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Abbreviations 

1.5T  1.5 Tesla 

3T  3 Tesla 

ADL  Activity of Daily Living 

APC  Antigen-presenting cell 

BICAMS  Brief International Cognitive Assessment for Multiple Sclerosis 

BRB-N Brief Repeatable Battery of Neuropsychological tests  

BVMT-R Brief Visuospatial Memory Test - Revised 

CCI   Confirmed Cognitively Impaired / Confirmed Cognitive Impairment 

CCP  Confirmed Cognitively Preserved / Confirmed Cognitive Preservation 

CD20  Cluster of Differentiation 20 

CD4+  Cluster of Differentiation 4 positive 

CD52  Cluster of Differentiation 52 

CD8+  Cluster of Differentiation 8 positive 

CDP  Confirmed Disability Progression 

CI  Cognitively impaired / Cognitive impairment 

CIS  Clinically Isolated Syndrome 

CNS  Central Nervous System 

CP  Cognitively Preserved / Cognitive Preservation 

CSF  Cerebrospinal fluid 

CVLT-II California Verbal Learning Test, 2nd edition 

DIS  Dissemination in space 

DIT  Dissemination in time 

DMT  Disease-Modifying Therapy 

EBNA-1 Epstein-Barr virus Nuclear Antigen-1 

EBV  Epstein-Barr Virus 

EDSS  Expanded Disability Status Scale 

FLAIR Fluid Attenuated Inversion Recovery 

fMRI  Functional Magnetic Resonance Imaging 

FSMC  Fatigue Scale for Motor and Cognitive functions 
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Abstract in English 

Background: Cognitive impairment (CI) is a common symptom in patients with 

multiple sclerosis (MS) with a potentially large impact on quality of life, 

employment, and social life. It may occur at any stage and with any subtype of the 

disease, yet it is often underreported and not routinely investigated. Early 

identification and treatment of CI therefore represent a considerable potential to 

reduce the individual and socioeconomic burden of the disease. Screening and 

monitoring of cognitive function in patients with MS should therefore be 

incorporated into everyday clinical practice. The Brief International Cognitive 

Assessment for Multiple Sclerosis (BICAMS) is a short and easily administered 15-

minute test battery designed to evaluate cognitive function in patients with MS. The 

test battery consists of the oral version of the Symbols Digit Modalities Test (SDMT) 

and the learning trials included in both the California Verbal Learning Test 2nd edition 

(CVLT-II) and the Brief Visuospatial Memory Test Revised (BVMT-R).  

 

Objectives:  The main objective of the thesis was to investigate whether the 

Norwegian version of the BICAMS could be recommended in clinical practice as part 

of routine follow-up of patients with MS in an early stage of the disease. In a 2-year 

follow-up study, we used the BICAMS to investigate the prevalence and development 

of cognitive impairment in a cohort of newly diagnosed patients with relapsing-

remitting MS (RRMS). By including brain volume measurements, derived from 

magnetic resonance imaging (MRI) examinations, we further explored associations 

between the BICAMS, cognitive impairment, and MRI findings.  

 

Methods:  A sample of newly diagnosed patients with RRMS (n=65) and healthy 

controls (HCs) (n=68) were assessed with the BICAMS test battery at baseline. A 

subset of randomly selected HCs (n=29) was retested after 1-4 weeks to establish 

reliability data. The RRMS patients were reassessed annually for two years, and 3 

Tesla (3T) MRI scans were performed ±4 weeks of BICAMS evaluations at baseline 

and the follow-ups. All participants completed questionnaires about general health, 
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education, and employment status, including mental health screening (Hospital 

Anxiety and Depression Scale; HADS). The patients also reported on fatigue 

symptoms (Fatigue Scale for Motor and Cognitive Functions; FSMC). 

 

Results:  

I. BICAMS baseline study (MS; n=65/HC; n=68): We found statistically significant 

differences between the patients with MS and HCs on all three BICAMS subtests. 

After adjusting for education, MS patients still obtained significantly lower scores, 

but only on the CVLT-II and BVMT-R subtests. There were strong test-retest 

correlations for SDMT and BVMT-R (r≥0.8), and CVLT-II achieved an adequate 

value of r=0.6. Cognitive impairment, defined as a test score at least 1.5 standard 

deviations (SD) below the mean in the control group, was observed in 46% (n=30/65) 

of the MS patients at baseline, where 15% (n=10/65) had two or more impaired test 

scores. Altogether 31% (p=0.003) and 26% (p=0.008) of the patients had impaired 

scores on CVLT-II and BVMT-R, respectively, but the SDMT score was impaired in 

only 11% of the patients (not statistically significant).  

 

II. BICAMS follow-up study (MS: n=58): Results on SDMT and CVLT-II 

demonstrated a statistically significant improvement from baseline to first follow-up, 

an improvement which remained stable until the end of the study. The BVMT-R 

remained overall stable, with initial deterioration in the first year followed by 

improvement to near baseline level at year two. Approximately 30% of the patients 

were longitudinally defined as cognitively impaired on at least one measure at both 

baseline and follow-up. 

 

III. MRI-study (MS; n=49): We found strong correlations between the BICAMS 

subtests and the normalised whole brain volume (NBV) and grey matter volume 

(NGV) measures. Only performance on the CVLT-II was significantly correlated 

with T2 (T2LV) and T1 lesion volumes (T1LV) at both baseline and two-year follow-

up. We also found a statistically significant loss of grey matter and white matter 

volume, as well as an increase in T1LV for the whole sample. The group of patients 
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longitudinally defined as “confirmed cognitively impaired” (CCI, i.e, impaired at 

both baseline and follow-up) and “preserved” (CCP, i.e., no impairment at any time 

point) also exhibited significant differences on all included MRI volume measures at 

both time points, except for the measure of white matter volume (NWV). Only the 

CCI subgroup showed statistically significant white matter atrophy and increase in 

T2LV. 

 

Conclusions: Taken together, results from these three studies support that the 

Norwegian version of the BICAMS should be introduced as part of the clinical 

follow-up routine of patients with MS in clinical practice. The improvement in test 

scores from baseline to the first follow-up examination, indicates a practice effect that 

should be kept in mind when interpreting the results. There were strong correlations 

between whole brain and grey matter volumes and performance on the BICAMS 

subtests as well as significant changes in global volumes from baseline to follow-up. 

A strong role for white matter pathology was indicated by the clear differences 

between the confirmed cognitively impaired and preserved patients on measures of 

white matter atrophy and T2 lesion volume in early stages of the disease. 
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Abstract in Norwegian 

Bakgrunn: Kognitiv svekkelse er et vanlig symptom hos pasienter med multippel 

sklerose (MS), med potentielt stor innvirkning på livskvalitet, yrkesdeltagelse og 

sosialt liv. Dette kan oppstå i alle stadier og alle subtyper av sykdommen, men er 

likevel ofte underrapportert og ikke rutinemessig undersøkt. Tidlig identifisering og 

behandling av kognitiv svekkelse representerer derfor et betydelig potensial for å 

redusere byrden av sykdommen for den enkelte pasient og den sosioøkonomiske 

effekten den har for samfunnet. Screening og overvåking av kognitiv funksjon hos 

MS-pasienter bør derfor inngå i klinisk praksis. Brief International Cognitive 

Assessment for MS (BICAMS) er et kort og lett administrert testbatteri som kan 

utføres på 15 minutter, utviklet for å evaluere kognitiv funksjon hos pasienter med 

MS. Testbatteriet består av den muntlige versjonen av Symbols Digit Modalities Test 

(SDMT) og læringsforsøkene som inngår i California Verbal Learning Test 2nd edition 

(CVLT-II) og Brief Visuospatial Memory Test Revised (BVMT-R). 

 

Mål: Hovedmålet med studien var å undersøke om den norske versjonen av BICAMS 

kan anbefales i klinisk praksis som en del av rutinemessig oppfølging av MS-

pasienter i en tidlig fase av sykdommen. Ved å bruke BICAMS i en toårig 

oppfølgingsstudie ønsket vi å undersøke forekomst og utvikling av kognitiv svekkelse 

i en kohort av nylig diagnostiserte pasienter med attakkpreget MS (relapsing-

remitting MS; RRMS). Ved å inkludere hjernevolummålinger, avledet fra magnetisk 

resonans (MR)-undersøkelser, utforsket vi assosiasjoner mellom BICAMS, kognitiv 

svekkelse og MR-funn. 

 

Metoder: Nylig diagnostiserte RRMS-pasienter (n=65) og friske kontroller (HCs) 

(n=68) ble undersøkt med BICAMS-testbatteriet ved baseline, og en gruppe tilfeldig 

utvalgte kontroller (n=29) ble testet på nytt etter 1-4 uker for reliabilitetssjekk. MS-

pasientene ble testet årlig i to år og 3 Tesla (3T) MR-undersøkelse ble utført ±4 uker 

rundt BICAMS-undersøkelsene ved baseline og oppfølging. Alle deltakere fylte ut 

spørreskjemaer om generell helse, utdanning og yrkesdeltakelse, samt screening av 
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mental helse (Hospital Anxiety and Depression Scale; HADS). Pasientene rapporterte 

også om utmattelsessymptomer (Fatigue Scale for Motor and Cognitive Functions; 

FSMC). 

 

Resultater:  

I. BICAMS baseline-studien (MS; n=65/HC; n=68): Vi fant statistisk signifikante 

forskjeller mellom MS-pasientene og de friske kontrollene på alle tre subtester som 

inngår i BICAMS. Etter justering for utdanningsnivå hadde pasientgruppen fortsatt 

signifikant lavere score, men bare på CVLT-II og BVMT-R. Det var sterke test-

retest-korrelasjoner for SDMT og BVMT-R (r≥0.8), og CVLT-II oppnådde en 

adekvat verdi på r=0.6. Kognitiv svekkelse, definert som en testscore lik eller 

svakere enn 1.5 standardavvik under gjennomsnittet i kontrollgruppen, ble påvist hos 

46% (n=30/65) av pasientene ved baseline, hvorav 15% (n=10/65) hadde to eller 

flere svekkede testresultater. Til sammen 31% (p=0.003) og 26 % (p=0.008) hadde 

svekkede testresultater på henholdsvis CVLT-II og BVMT-R, mens SDMT var 

nedsatt hos bare 11% av pasientene (ikke statistisk signifikant). 

 

II. BICAMS oppfølgingsstudien (MS; n=58): Resultatene på SDMT og CVLT-II 

viste en statistisk signifikant forbedring fra baseline til første oppfølging, en 

forbedring som forble stabil over to år. BVMT-R resultatene forble generelt stabile, 

med en initial forverring første året etterfulgt av forbedring til nært baselinenivå etter 

to år. Om lag 30% av pasientene var definert som kognitivt svekket på minst én av de 

tre testene både ved baseline og oppfølging etter to år. 

 

III. MR-studien (MS; n=49): Vi fant sterke korrelasjoner mellom BICAMS-testene 

og normalisert helhjernevolum (NBV) og gråsubstansvolum (NGV). Kun prestasjoner 

på CVLT-II var statistisk signifikant korrelert med T2- (T2LV) og T1- (T1LV) 

lesjonsvolum ved både baseline og to års oppfølging. Vi ble også funnet et statistisk 

signifikant tap av grå og hvit substans, samt økning i T1 lesjonsvolum. Gruppen av 

pasienter longitudinelt definert som bekreftet kognitivt svekket (CCI, dvs. svekket 

både ved baseline og oppfølging) og bevarte (CCP, dvs. ingen svekkelse på noe 
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tidspunkt) fremviste statistisk signifikante forskjeller på alle MR-volummål ved 

begge tidspunkt, bortsett fra hvitsubstansvolum (NWV). Kun CCI-gruppen viste 

statistisk signifikant atrofi av hvitsubstans og økning i T2-lesjonsvolum. 

 

Konklusjoner: Sett under ett, støtter alle tre studiene oppunder at den norske 

versjonen av BICAMS bør introduseres som en del av den kliniske 

oppfølgingsrutinen av MS-pasienter i klinisk praksis. Bedring av testresultatene fra 

baseline til første oppfølging tyder på en læringseffekt som må tas i betraktning ved 
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1. Introduction 

1.1 Multiple Sclerosis (MS) 

1.1.1 Epidemiology and burden of disease 

Multiple sclerosis (MS) is a chronic immune-mediated disease characterized by 

demyelination and neurodegeneration in the central nervous system (CNS)1 affecting 

more than 2.8 million people worldwide2. The overall prevalence has been steadily 

increasing2-4 and in 2020 the global prevalence was 36 per 100.000 people, which is 

an absolute increase of 50% since 20132. Norway has one of the highest prevalence 

rates of MS in the world, and as of May 2023, there were 255 per 100.000 people, 

giving almost 14.000 patients living with MS in Norway5. Earlier and more precise 

diagnosis combined with better disease-modifying therapies leading to longer life 

expectancy, as well as better understanding of the underlying causes and mechanisms 

of MS are all factors thought to be contributing to the epidemiological changes over 

the past few decades6.  

 

The geographical distribution of MS across the world is significantly correlated to 

latitude with increasing risk further away from equator in both the southern and 

northern hemispheres7,8. This effect is thought to be mediated through gradually 

lower levels of sun exposure in geographic areas further away from equator, leading 

to low levels of cutaneous vitamin D early in life9, even before birth10-12. However, 

there are notable exceptions in Scandinavia, where no clear prevalence gradient has 

been found despite covering a broad latitudinal range13. The lack of a south-to-north 

gradient within Norway has been attributed to the customary diet rich in vitamin D in 

the northern regions and frequent outdoor activity14-16, as well as the admixture of the 

indigenous Sami population who have a significantly lower prevalence of MS 

compared to other Norwegians17,18. 
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Figure 1. Illustration of the prevalence of MS in different regions of the world reported per 

100.000 people. There are 13.765 people in Norway living with MS (2.9 million people 

worldwide) as of May 2023. Reproduced with permission from The Multiple Sclerosis 

International Federation, Atlas of MS19 

 

MS most frequently manifests in early adulthood and is the leading cause of 

neurological disability in young adults1. The disease emerges at a vulnerable period 

of life when the patients are making decisions related to education, career, and family 

planning. It causes considerable individual and socioeconomic costs by contributing 

to loss of work capacity and early retirement due to disability20. Even though physical 

symptoms are the main reason for MS-patients leaving the workforce prematurely, a 

significant portion of the patients also experience cognitive impairment (CI) that 

hinders their ability to work21,22. Maintaining employment with MS is found to be 

positively associated with improved quality of life and positive coping strategies23 

and is therefore a treatment goal worth striving for. 

 

1.1.2 Aetiology and pathogenesis 

Well known risk factors for MS include childhood obesity24-26, cigarette smoking27-29,  

and low exposure to sunlight30,31 (i.e., ultraviolet radiation) with subsequent low 

levels of vitamin D16,32,33 which is demonstrated by the aforementioned global 
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latitude gradient. However, there is also a strong genetic basis for MS risk which 

explains the clustering of MS cases in families34-36. Genome-wide association studies 

(GWAS) have identified over 200 loci involved in MS susceptibility, including both 

the innate and adaptive immune system, which may explain almost 50% of the 

hereditability37. 

 

Historically, MS had been regarded as an organ-specific T-cell mediated disease but 

increasing evidence from the use and effectiveness of B-cell targeted therapies in 

later years have shifted this view38,39. MS is characterized by a diverse collection of 

neurological symptoms arising from demyelination, neurodegeneration, and 

lymphocyte infiltration in localized “plaques” throughout the CNS40,41. 

Neurodegeneration is present along with inflammation from the early stages of the 

disease42,43, and has even been demonstrated up to six year prior to the first clinical 

event44. 

 

Myelin is an insulating sheath of protein and fatty substances which facilitates rapid 

nerve transmission and protects the axons from injury45. Microglia represent the 

innate immune cells in the CNS and can act as antigen-presenting cells (APCs) 

recruiting the adaptive immune cells (T- and B-lymphocytes) to the CNS46. Microglia 

can also act as macrophages – activated by invading immune cells – and contribute to 

demyelination through phagocytosis46. The loss and destabilization of myelin 

ultimately leads to irreversible axonal damage facilitated by several mechanisms, 

such as mitochondrial injury through oxidative stress40,47.  

 

The precise mechanism through which MS is initiated, whether neurodegeneration or 

inflammation comes first, is still under discussion48-50. However, a delayed primary 

infection with Epstein-Barr virus (EBV) is shown to be essential for the process to 

initiate51-55. EBV is a common lymphotropic human herpesvirus which infects 95% of 

the population and causes a latent infection to be established in memory B-cells56. 

Most EBV-infections are asymptomatic but may present as infectious mononucleosis 

in adolescents and young adults. A recent study demonstrated a more than 30-fold 

 21 

latitude gradient. However, there is also a strong genetic basis for MS risk which 

explains the clustering of MS cases in families34-36. Genome-wide association studies 

(GWAS) have identified over 200 loci involved in MS susceptibility, including both 

the innate and adaptive immune system, which may explain almost 50% of the 

hereditability37. 

 

Historically, MS had been regarded as an organ-specific T-cell mediated disease but 

increasing evidence from the use and effectiveness of B-cell targeted therapies in 

later years have shifted this view38,39. MS is characterized by a diverse collection of 

neurological symptoms arising from demyelination, neurodegeneration, and 

lymphocyte infiltration in localized “plaques” throughout the CNS40,41. 

Neurodegeneration is present along with inflammation from the early stages of the 

disease42,43, and has even been demonstrated up to six year prior to the first clinical 

event44. 

 

Myelin is an insulating sheath of protein and fatty substances which facilitates rapid 

nerve transmission and protects the axons from injury45. Microglia represent the 

innate immune cells in the CNS and can act as antigen-presenting cells (APCs) 

recruiting the adaptive immune cells (T- and B-lymphocytes) to the CNS46. Microglia 

can also act as macrophages – activated by invading immune cells – and contribute to 

demyelination through phagocytosis46. The loss and destabilization of myelin 

ultimately leads to irreversible axonal damage facilitated by several mechanisms, 

such as mitochondrial injury through oxidative stress40,47.  

 

The precise mechanism through which MS is initiated, whether neurodegeneration or 

inflammation comes first, is still under discussion48-50. However, a delayed primary 

infection with Epstein-Barr virus (EBV) is shown to be essential for the process to 

initiate51-55. EBV is a common lymphotropic human herpesvirus which infects 95% of 

the population and causes a latent infection to be established in memory B-cells56. 

Most EBV-infections are asymptomatic but may present as infectious mononucleosis 

in adolescents and young adults. A recent study demonstrated a more than 30-fold 

 21 

latitude gradient. However, there is also a strong genetic basis for MS risk which 

explains the clustering of MS cases in families34-36. Genome-wide association studies 

(GWAS) have identified over 200 loci involved in MS susceptibility, including both 

the innate and adaptive immune system, which may explain almost 50% of the 

hereditability37. 

 

Historically, MS had been regarded as an organ-specific T-cell mediated disease but 

increasing evidence from the use and effectiveness of B-cell targeted therapies in 

later years have shifted this view38,39. MS is characterized by a diverse collection of 

neurological symptoms arising from demyelination, neurodegeneration, and 

lymphocyte infiltration in localized “plaques” throughout the CNS40,41. 

Neurodegeneration is present along with inflammation from the early stages of the 

disease42,43, and has even been demonstrated up to six year prior to the first clinical 

event44. 

 

Myelin is an insulating sheath of protein and fatty substances which facilitates rapid 

nerve transmission and protects the axons from injury45. Microglia represent the 

innate immune cells in the CNS and can act as antigen-presenting cells (APCs) 

recruiting the adaptive immune cells (T- and B-lymphocytes) to the CNS46. Microglia 

can also act as macrophages – activated by invading immune cells – and contribute to 

demyelination through phagocytosis46. The loss and destabilization of myelin 

ultimately leads to irreversible axonal damage facilitated by several mechanisms, 

such as mitochondrial injury through oxidative stress40,47.  

 

The precise mechanism through which MS is initiated, whether neurodegeneration or 

inflammation comes first, is still under discussion48-50. However, a delayed primary 

infection with Epstein-Barr virus (EBV) is shown to be essential for the process to 

initiate51-55. EBV is a common lymphotropic human herpesvirus which infects 95% of 

the population and causes a latent infection to be established in memory B-cells56. 

Most EBV-infections are asymptomatic but may present as infectious mononucleosis 

in adolescents and young adults. A recent study demonstrated a more than 30-fold 

 21 

latitude gradient. However, there is also a strong genetic basis for MS risk which 

explains the clustering of MS cases in families
34-36

. Genome-wide association studies 

(GWAS) have identified over 200 loci involved in MS susceptibility, including both 

the innate and adaptive immune system, which may explain almost 50% of the 

hereditability
37

. 

 

Historically, MS had been regarded as an organ-specific T-cell mediated disease but 

increasing evidence from the use and effectiveness of B-cell targeted therapies in 

later years have shifted this view
38,39

. MS is characterized by a diverse collection of 

neurological symptoms arising from demyelination, neurodegeneration, and 

lymphocyte infiltration in localized “plaques” throughout the CNS
40,41

. 

Neurodegeneration is present along with inflammation from the early stages of the 

disease
42,43

, and has even been demonstrated up to six year prior to the first clinical 

event
44

. 

 

Myelin is an insulating sheath of protein and fatty substances which facilitates rapid 

nerve transmission and protects the axons from injury
45

. Microglia represent the 

innate immune cells in the CNS and can act as antigen-presenting cells (APCs) 

recruiting the adaptive immune cells (T- and B-lymphocytes) to the CNS
46

. Microglia 

can also act as macrophages – activated by invading immune cells – and contribute to 

demyelination through phagocytosis
46

. The loss and destabilization of myelin 

ultimately leads to irreversible axonal damage facilitated by several mechanisms, 

such as mitochondrial injury through oxidative stress
40,47

.  

 

The precise mechanism through which MS is initiated, whether neurodegeneration or 

inflammation comes first, is still under discussion
48-50

. However, a delayed primary 

infection with Epstein-Barr virus (EBV) is shown to be essential for the process to 

initiate
51-55

. EBV is a common lymphotropic human herpesvirus which infects 95% of 

the population and causes a latent infection to be established in memory B-cells
56

. 

Most EBV-infections are asymptomatic but may present as infectious mononucleosis 

in adolescents and young adults. A recent study demonstrated a more than 30-fold 

 21 

latitude gradient. However, there is also a strong genetic basis for MS risk which 

explains the clustering of MS cases in families
34-36

. Genome-wide association studies 

(GWAS) have identified over 200 loci involved in MS susceptibility, including both 

the innate and adaptive immune system, which may explain almost 50% of the 

hereditability
37

. 

 

Historically, MS had been regarded as an organ-specific T-cell mediated disease but 

increasing evidence from the use and effectiveness of B-cell targeted therapies in 

later years have shifted this view
38,39

. MS is characterized by a diverse collection of 

neurological symptoms arising from demyelination, neurodegeneration, and 

lymphocyte infiltration in localized “plaques” throughout the CNS
40,41

. 

Neurodegeneration is present along with inflammation from the early stages of the 

disease
42,43

, and has even been demonstrated up to six year prior to the first clinical 

event
44

. 

 

Myelin is an insulating sheath of protein and fatty substances which facilitates rapid 

nerve transmission and protects the axons from injury
45

. Microglia represent the 

innate immune cells in the CNS and can act as antigen-presenting cells (APCs) 

recruiting the adaptive immune cells (T- and B-lymphocytes) to the CNS
46

. Microglia 

can also act as macrophages – activated by invading immune cells – and contribute to 

demyelination through phagocytosis
46

. The loss and destabilization of myelin 

ultimately leads to irreversible axonal damage facilitated by several mechanisms, 

such as mitochondrial injury through oxidative stress
40,47

.  

 

The precise mechanism through which MS is initiated, whether neurodegeneration or 

inflammation comes first, is still under discussion
48-50

. However, a delayed primary 

infection with Epstein-Barr virus (EBV) is shown to be essential for the process to 

initiate
51-55

. EBV is a common lymphotropic human herpesvirus which infects 95% of 

the population and causes a latent infection to be established in memory B-cells
56

. 

Most EBV-infections are asymptomatic but may present as infectious mononucleosis 

in adolescents and young adults. A recent study demonstrated a more than 30-fold 

 21 

latitude gradient. However, there is also a strong genetic basis for MS risk which 

explains the clustering of MS cases in families
34-36

. Genome-wide association studies 

(GWAS) have identified over 200 loci involved in MS susceptibility, including both 

the innate and adaptive immune system, which may explain almost 50% of the 

hereditability
37

. 

 

Historically, MS had been regarded as an organ-specific T-cell mediated disease but 

increasing evidence from the use and effectiveness of B-cell targeted therapies in 

later years have shifted this view
38,39

. MS is characterized by a diverse collection of 

neurological symptoms arising from demyelination, neurodegeneration, and 

lymphocyte infiltration in localized “plaques” throughout the CNS
40,41

. 

Neurodegeneration is present along with inflammation from the early stages of the 

disease
42,43

, and has even been demonstrated up to six year prior to the first clinical 

event
44

. 

 

Myelin is an insulating sheath of protein and fatty substances which facilitates rapid 

nerve transmission and protects the axons from injury
45

. Microglia represent the 

innate immune cells in the CNS and can act as antigen-presenting cells (APCs) 

recruiting the adaptive immune cells (T- and B-lymphocytes) to the CNS
46

. Microglia 

can also act as macrophages – activated by invading immune cells – and contribute to 

demyelination through phagocytosis
46

. The loss and destabilization of myelin 

ultimately leads to irreversible axonal damage facilitated by several mechanisms, 

such as mitochondrial injury through oxidative stress
40,47

.  

 

The precise mechanism through which MS is initiated, whether neurodegeneration or 

inflammation comes first, is still under discussion
48-50

. However, a delayed primary 

infection with Epstein-Barr virus (EBV) is shown to be essential for the process to 

initiate
51-55

. EBV is a common lymphotropic human herpesvirus which infects 95% of 

the population and causes a latent infection to be established in memory B-cells
56

. 

Most EBV-infections are asymptomatic but may present as infectious mononucleosis 

in adolescents and young adults. A recent study demonstrated a more than 30-fold 

 21 

latitude gradient. However, there is also a strong genetic basis for MS risk which 

explains the clustering of MS cases in families
34-36

. Genome-wide association studies 

(GWAS) have identified over 200 loci involved in MS susceptibility, including both 

the innate and adaptive immune system, which may explain almost 50% of the 

hereditability
37

. 

 

Historically, MS had been regarded as an organ-specific T-cell mediated disease but 

increasing evidence from the use and effectiveness of B-cell targeted therapies in 

later years have shifted this view
38,39

. MS is characterized by a diverse collection of 

neurological symptoms arising from demyelination, neurodegeneration, and 

lymphocyte infiltration in localized “plaques” throughout the CNS
40,41

. 

Neurodegeneration is present along with inflammation from the early stages of the 

disease
42,43

, and has even been demonstrated up to six year prior to the first clinical 

event
44

. 

 

Myelin is an insulating sheath of protein and fatty substances which facilitates rapid 

nerve transmission and protects the axons from injury
45

. Microglia represent the 

innate immune cells in the CNS and can act as antigen-presenting cells (APCs) 

recruiting the adaptive immune cells (T- and B-lymphocytes) to the CNS
46

. Microglia 

can also act as macrophages – activated by invading immune cells – and contribute to 

demyelination through phagocytosis
46

. The loss and destabilization of myelin 

ultimately leads to irreversible axonal damage facilitated by several mechanisms, 

such as mitochondrial injury through oxidative stress
40,47

.  

 

The precise mechanism through which MS is initiated, whether neurodegeneration or 

inflammation comes first, is still under discussion
48-50

. However, a delayed primary 

infection with Epstein-Barr virus (EBV) is shown to be essential for the process to 

initiate
51-55

. EBV is a common lymphotropic human herpesvirus which infects 95% of 

the population and causes a latent infection to be established in memory B-cells
56

. 

Most EBV-infections are asymptomatic but may present as infectious mononucleosis 

in adolescents and young adults. A recent study demonstrated a more than 30-fold 

 21 

latitude gradient. However, there is also a strong genetic basis for MS risk which 

explains the clustering of MS cases in families
34-36

. Genome-wide association studies 

(GWAS) have identified over 200 loci involved in MS susceptibility, including both 

the innate and adaptive immune system, which may explain almost 50% of the 

hereditability
37

. 

 

Historically, MS had been regarded as an organ-specific T-cell mediated disease but 

increasing evidence from the use and effectiveness of B-cell targeted therapies in 

later years have shifted this view
38,39

. MS is characterized by a diverse collection of 

neurological symptoms arising from demyelination, neurodegeneration, and 

lymphocyte infiltration in localized “plaques” throughout the CNS
40,41

. 

Neurodegeneration is present along with inflammation from the early stages of the 

disease
42,43

, and has even been demonstrated up to six year prior to the first clinical 

event
44

. 

 

Myelin is an insulating sheath of protein and fatty substances which facilitates rapid 

nerve transmission and protects the axons from injury
45

. Microglia represent the 

innate immune cells in the CNS and can act as antigen-presenting cells (APCs) 

recruiting the adaptive immune cells (T- and B-lymphocytes) to the CNS
46

. Microglia 

can also act as macrophages – activated by invading immune cells – and contribute to 

demyelination through phagocytosis
46

. The loss and destabilization of myelin 

ultimately leads to irreversible axonal damage facilitated by several mechanisms, 

such as mitochondrial injury through oxidative stress
40,47

.  

 

The precise mechanism through which MS is initiated, whether neurodegeneration or 

inflammation comes first, is still under discussion
48-50

. However, a delayed primary 

infection with Epstein-Barr virus (EBV) is shown to be essential for the process to 

initiate
51-55

. EBV is a common lymphotropic human herpesvirus which infects 95% of 

the population and causes a latent infection to be established in memory B-cells
56

. 

Most EBV-infections are asymptomatic but may present as infectious mononucleosis 

in adolescents and young adults. A recent study demonstrated a more than 30-fold 

 21 

latitude gradient. However, there is also a strong genetic basis for MS risk which 

explains the clustering of MS cases in families
34-36

. Genome-wide association studies 

(GWAS) have identified over 200 loci involved in MS susceptibility, including both 

the innate and adaptive immune system, which may explain almost 50% of the 

hereditability
37

. 

 

Historically, MS had been regarded as an organ-specific T-cell mediated disease but 

increasing evidence from the use and effectiveness of B-cell targeted therapies in 

later years have shifted this view
38,39

. MS is characterized by a diverse collection of 

neurological symptoms arising from demyelination, neurodegeneration, and 

lymphocyte infiltration in localized “plaques” throughout the CNS
40,41

. 

Neurodegeneration is present along with inflammation from the early stages of the 

disease
42,43

, and has even been demonstrated up to six year prior to the first clinical 

event
44

. 

 

Myelin is an insulating sheath of protein and fatty substances which facilitates rapid 

nerve transmission and protects the axons from injury
45

. Microglia represent the 

innate immune cells in the CNS and can act as antigen-presenting cells (APCs) 

recruiting the adaptive immune cells (T- and B-lymphocytes) to the CNS
46

. Microglia 

can also act as macrophages – activated by invading immune cells – and contribute to 

demyelination through phagocytosis
46

. The loss and destabilization of myelin 

ultimately leads to irreversible axonal damage facilitated by several mechanisms, 

such as mitochondrial injury through oxidative stress
40,47

.  

 

The precise mechanism through which MS is initiated, whether neurodegeneration or 

inflammation comes first, is still under discussion
48-50

. However, a delayed primary 

infection with Epstein-Barr virus (EBV) is shown to be essential for the process to 

initiate
51-55

. EBV is a common lymphotropic human herpesvirus which infects 95% of 

the population and causes a latent infection to be established in memory B-cells
56

. 

Most EBV-infections are asymptomatic but may present as infectious mononucleosis 

in adolescents and young adults. A recent study demonstrated a more than 30-fold 



 22 

increased risk of MS after adult onset EBV-infection57,58. In susceptible people, MS 

may then be triggered by molecular mimicry59, promoting an uncontrolled immune 

response to EBV through pro-inflammatory antigen-presenting B-cells activating 

pathogenic CD4+ and CD8+ T-cells60. CD4+ T-cells specifically reactive to Epstein-

Barr nuclear antigen-1 (EBNA-1) are clonally expanded in patients with MS and 

shown to cross-react with myelin antigens61,62.  

 

It is believed that an interplay of genetic and modifiable environmental factors 

determines a person’s susceptibility for developing MS63-66, but an initial infection 

with EBV is now considered essential51-55. 

 

1.1.3 Clinical symptoms and signs 

Symptoms of MS are widespread and include motor, sensory and autonomic 

disturbances, as well as so-called “invisible” symptoms like fatigue, mood disorders 

and cognitive impairment1. Depending on the locus of demyelination, a variety of 

symptoms may occur in MS. Common presenting symptoms of MS include 

inflammation of the optic nerve (uni- or bilateral painful vision loss/blurring), spinal 

cord (loss of motor control in one or more of the extremities, altered sensory function, 

bladder and/or bowel dysfunction), brainstem/cerebellum (diplopia, vertigo, gait 

ataxia and/or loss of coordination, facial muscle weakness and/or numbness) and/or 

cerebral hemispheres (loss of motor and/or sensory function in opposite side of the 

body)67. Without therapy, most patients will eventually develop severe disability but 

there is considerable individual variation in symptomatology and course of the 

disease. 

 

MS-related disability is usually clinically assessed by the Expanded Disability Status 

Scale (EDSS)68, ranging from zero (no clinical symptoms and normal neurological 

examination) to ten (death by MS). Scores of <4.0 are mainly determined by clinical 

findings of impairment affecting the following seven neurological domains: cerebral, 

visual, brainstem, sensory, motor, cerebellar, and bowel-/bladder functions. From 4.0 
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examination) to ten (death by MS). Scores of <4.0 are mainly determined by clinical 

findings of impairment affecting the following seven neurological domains: cerebral, 

visual, brainstem, sensory, motor, cerebellar, and bowel-/bladder functions. From 4.0 
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to 6.5, ambulatory function is the major contributor, i.e., how far a patient can walk 

either unaided or with uni- or bilateral support. From 7.0 to 9.5 a patients’ disability 

status is mainly determined by wheelchair dependence, self-care, and ability to 

maintain crude survival – eating and/or communicating.  

 

1.1.4 Diagnostic criteria and clinical phenotypes 

The McDonald criteria for the diagnosis of MS, most recently revised in 201769,70, 

relies on typical clinical, cerebrospinal fluid (CSF), and magnetic resonance imaging 

(MRI) findings, and is crudely based on multiplicity in time and space, i.e., more than 

one clinical incident in more than one location in the CNS (DIT = dissemination in 

time; DIS = dissemination in space). MRI is the most sensitive tool for detecting MS 

lesions in the CNS, and is also helpful for differential diagnostics67 as MS is still 

considered a diagnosis of exclusion and other possible causes for the patients’ 

presenting symptom therefore must be excluded. The temporal criterion is fulfilled 

when there is anamnestic and clinical evidence of more than one clinical attack, or 

simultaneous visualisation of enhancing and non-enhancing lesions on MRI, or 

appearance of new lesions compared to a previous scan. In case of first clinical event 

(clinically isolated syndrome, CIS), the presence of oligoclonal bands (OCBs) in the 

CSF serve as an indicator of previous disease as research have shown that CIS 

patients fulfilling the spatial criterion with CSF-specific OCBs have high risk of 

conversion to MS within the next few years71-73.  The spatial criterion is fulfilled 

when there is anamnestic and clinical evidence of more than one attack implicating 

more than one location in the CNS, or visualisation of typical MS lesions, both 

symptomatic and asymptomatic, in two or more locations on MRI (periventricular, 

cortical, juxtacortical, infratentorial or spinal cord)74,75. 

 

MS is largely divided into two phenotypes, relapsing-remitting and progressive76. In 

2013, the original MS-classification77 was revised to include information about 

disease activity (i.e., new MRI lesions and/or clinical relapses) and progression (i.e., 

clinical worsening independent of relapse activity). This incorporated a timeline, or 
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temporal aspect in the clinical course description78-80 (Figure 2). Most patients have a 

relapsing-remitting phenotype (RRMS) from onset (85-90%) characterized by 

episodes of clinical attacks, accompanied by focal inflammation in the CNS and 

macroscopic lesions visualized on MRI, followed by a stable phase of complete or 

near-complete remission. Patients who experience a gradual worsening over time 

without clear episodes or bursts of disease activity are defined as progressive MS 

(PMS) and when this phenotype is present from onset it is called primary progressive 

(PPMS). Without treatment most RRMS-patients will eventually convert to a 

secondary progressive phase (SPMS).  

 

 

Figure 2. The 2013 multiple sclerosis phenotype descriptions (adapted from Lublin et al.76). 

*Activity determined by clinical relapses or MRI activity. **CIS, if subsequently active and 

fulfilling current diagnosis criteria, becomes RRMS. **Progression measured by clinical 

evaluation of disability worsening independent of relapses during progressive phase 

(PPMS/SPMS) (Reprinted with permission from Oh et.al., 2018)67 

 

Women are more susceptible to MS than men with a 2-3 times increased risk, but 

men tend to have worse prognosis regarding relapse-recovery, brain atrophy, 
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cognitive impairment, and conversion to progressive phase78-80. Primary progressive 

phenotypes seem to be gender equal, and age of onset is also generally a decade later 

than for relapsing-remitting phenotype80.  

 

1.1.5 Treatment and prognosis 

Due to increasingly effective disease-modifying treatments (DMTs), the overall 

prognosis of MS has changed dramatically81. In Norway, MS is estimated to give a 

loss of 32 undiscounted quality-adjusted life years (QALYs) compared to the normal, 

healthy population82 and a longitudinal population-based study reported a median 

reduction in life expectancy of 7 years83.  

 

An emerging treatment target is “No Evidence of Disease Activity” (NEDA) which 

was originally composed of three parameters (NEDA-3): (1) no relapse, (2) no 

clinical progression, and (3) no new or enlarging lesions on MRI. However, these 

factors predominantly reflect the inflammatory processes of MS and not the 

neurodegenerative, so in recent years it has been proposed to add cerebral atrophy 

and/or cognitive function as a fourth dimension (NEDA-4)84-86. A recent meta-

analysis found that NEDA-4 had two times higher odds for no long-term confirmed 

disability progression (CDP) at 1-2 years, however, there were no advantages over 

NEDA-3 as an outcome measure in clinical trials87. 

 

Disease-modifying treatments (DMTs) were introduced in the 1990s and have since 

become increasingly more effective81,88,89. The recently revised Norwegian 

recommendation is to start all newly diagnosed RRMS patients on high efficacy 

therapy unless there are medical contraindications, or the patient does not want such 

therapy90. The different DMTs target different sites of the MS pathogenesis – mainly 

through immune suppression. High efficacy DMTs include anti-CD20-antibodies 

(rituximab, ocrelizumab, ofatumumab), anti-CD52-antibodies (alemtuzumab), 

sphingosine-1-phosphate (S1P) receptor modulators (fingolimod, ponesimod, 

ozanimod), cladribine (deoxyadenosine analogue), and natalizumab (anti-α4-integrin 
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antibody). Moderately effective DMTs include dimethyl fumarate, diroximel 

fumarate, glatiramer acetate, teriflunomide, and interferon-beta. 

 

Hematopoietic stem cell treatment (HSCT) is also shown to be highly effective, 

especially for RRMS patients with substantial breakthrough disease activity while 

receiving DMT. Studies on the safety and efficacy of HSCT show that more than 

80% achieve NEDA-3 status within two years, and there is also a 30% increase in 

employment91,92.  

1.2 Cognitive impairment in MS 

1.2.1 Epidemiology and clinical presentation 

Cognitive impairment (CI) in MS has been known from the first descriptions of the 

disease by Charcot in the 19th century93. It affects up to 70% of patients and may 

present in all subtypes and all stages of the disease94,95. CI has been listed as one of 

the most important reasons for leaving the work force prematurely in addition to 

fatigue and physical disability in upper and lower extremities22,96 - and is thus an 

important driving factor of unemployment in young patients with MS, representing a 

significant socioeconomic burden21,22,96,97. Loss of productive years can be substantial 

given that cognitive impairment has been shown to sometimes manifest before the 

physical symptoms of MS. Studies have demonstrated signs of CI in patients with 

clinically isolated syndrome (CIS)98,99, even preceding clinical onset by up to two 

years100. In addition, cognitive impairment may interfere with social and recreational 

activities, driving, rehabilitation and treatment outcomes, as well as impacting 

caregiver strain101. 

 

Normal cognitive function is dependent on an efficient working of neural networks. 

CI in MS has been regarded as a consequence of neurodegeneration that over time 

reaches a threshold leading to network collapse102 (Figure 3). Neural networks can 

also be disturbed temporarily by factors such as anxiety, depression, and fatigue, 
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which are shown to impede cognitive domains such as processing speed and 

executive functioning103-106.  

 

Cognitive function refers to a variety of mental processes that enable us to acquire, 

process, store and use information. These functions include learning and memory, 

reasoning, language and visuospatial skills, the ability to focus attention and stay 

vigilant101, as well as executive function, which are crucial for controlling and 

coordinating other cognitive behaviours and abilities107. Processing speed, learning 

and different aspects of executive functions are most frequently reported as impaired 

in studies of patients with MS108-110. Typically, CI in MS manifests as requiring more 

time to identify, learn, and retrieve information, as well as solving tasks where 

focused attention and tempo in task-execution are needed. Severe global decline (i.e., 

dementia), however, is rare110.  

 

Several studies have observed a disconnect between the disease burden of MS and 

clinical disability – also known as a clinico-radiological paradox111,112 – where there 

is no consistent association between the extent and development of the lesions 

visualized on MRI and the clinical and/or cognitive status of the patient. This is 

clearly demonstrated by the presence of CI in the preclinical phase of MS98-100. The 

reserve hypothesis113,114 has been used to try to explain this paradox. It states that 

larger brain growth in childhood (brain reserve) and higher intellectual enrichment 

(cognitive reserve) in early adulthood promotes a more resilient brain through larger 

synaptic volume and more complex and efficient neuronal networks. Maximum 

lifetime brain growth (MLBG) is defined by hereditary factors, but intellectual 

enrichment is largely a modifiable factor that can be targeted for preventive 

purposes112,115. This hypothesis is supported by studies showing that higher degree of 

education, intellectual vocation, and participation in cognitively stimulating pastime 

activities, reduce the risk of dementia116,117. Further support of the reserve hypothesis 

was found in a recent, large genome-wide association study (GWAS). They found 

strong association between higher education was associated and lesser long-term 
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disease severity after adjusting for socioeconomic factors (i.e., smoking, income), 

implicating a potential biological effect of intellectual enrichment118. 

 

Figure 3. A hypothesis of 

network collapse as a cause for 

developing cognitive impairment 

in MS. In early stages of MS, 

structural damage is low, leaving 

network efficiency relatively high. 

As the structural damage 

accumulates over time, network 

efficiency levels drop, inducing a 

network collapse after a critical 

threshold (indicated by the dotted 

line) is exceeded. After this, the 

network is unable to function 

normally, and cognitive 

impairment develops. Reprinted 

with permission (CC BY licence) 

from Schoonheim et.al, 2015102 

 

 

1.2.2 Neuropsychological assessment 

Reduced information processing speed is reported to be an early sign of CI in patients 

with MS119,120, and, together with memory impairment, it constitutes the most 

prevalent cognitive deficit in MS94,109,121. Psychometrically valid measures of these 

two functions are included in neuropsychological test batteries such as the Brief 

Repeatable Battery of Neuropsychological tests (BRB-N95) and the Minimal 

Assessment of Cognitive Functions in MS (MACFIMS122,123). Given the high 

prevalence of CI in patients with MS, neuropsychological assessment is 

recommended. However, time-restrictions may rule out the possibility to prioritize a 

full neuropsychological examination in an out-patient setting. In addition, these test 
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batteries require neuropsychologists – commonly not available at the ward – to run, 

interpret and convey the results to the patients, relatives, and health professionals.  

 

In 2018, recommendations for screening and management of cognitive impairment in 

MS were proposed124, including early baseline screening when the patient is clinically 

stable and subsequent annual reassessments with the same instrument. This will 

contribute to detection of newly emerging CI, acute disease activity or progression in 

CI, as well as to assess treatment efficacy. However, adequate access to screening is 

essential, and implementing such procedures in routine follow-up from the early 

stages of MS will therefore be very useful in achieving this goal. 

 

1.2.2.1 The Brief International Cognitive Assessment for MS (BICAMS) 

The BICAMS was developed in 2011 by a panel of experts in the field of 

neuropsychology and MS to meet the need for a short and easily administered clinical 

tool for monitoring cognitive impairment in MS in everyday clinical practice125. This 

test battery comprises the Symbols Digit Modalities Test (SDMT)126, and the learning 

trials of the second edition of the California Verbal Learning Test (CVLT-II)127,128 

and the revised Brief Visuospatial Memory Test (BVMT-R)129. These tests were 

included based on an evaluation of psychometric qualities (reliability, validity, and 

sensitivity) as well as international applicability and feasibility125, and cover measures 

of information processing speed, verbal and visual short-term memory, 

respectively94,109,110. Only the learning trials of the CVLT-II and the BVMT-R are 

included in the BICAMS as immediate recall has been reported as the most sensitive 

test component in relation to memory deficits in patients with MS123,130,131. The 

remaining subtests (delayed recall, recognition and forced recognition) are therefore 

not administered, and this contributes to significantly reducing the time spent on 

testing. BICAMS can thus be completed in 15 minutes and does not require 

specialized equipment or extensive training.  
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An international standard for validation was subsequently published132 and the 

BICAMS has since been translated and validated in several countries133,134. It has 

been shown to be a reliable and valid test battery for emerging cognitive impairment 

in MS and has performed well in comparison to other, more comprehensive 

neuropsychological test batteries in use today135-137.  

 

The BICAMS is also shown to be a good predictor of employment136,138-140 and 

studies implementing the BICAMS as a tool for prediction of performance in 

activities of daily living  (ADL) have found that patients performed significantly 

worse than healthy controls on both the BICAMS subtests and on everyday tasks, 

and, conversely, better performance on the BICAMS were positively correlated with 

independence in ADL141.  

 

1.2.3 Treatment strategies and prognosis 

There are 16 DMTs currently available in Norway today, all with documented effect 

on relapse rate and progression. However, benefits of DMT on cognition has been 

reported as small to moderate142. Aerobic exercise is widely used in physical 

rehabilitation and is recommended for maintenance of physical health in MS143. As a 

desirable side effect, it has been found to increase hippocampal volume and 

connectivity, improving memory function in patients with MS144. Along with studies 

showing that low levels of serum vitamin D and smoking after clinical onset are 

associated with worse long-term cognitive function145, these studies show that 

lifestyle modifications may be beneficial for improving or maintaining cognitive 

function in patients with MS.  Exercise, healthy food, and avoidance of vices like 

smoking and excessive use of alcohol, as well as participation in cognitively 

stimulating pastime activities may also help promote cognitive reserve and protect 

against disease-related cognitive decline112,115.  

 

Cognitive rehabilitation in MS has amassed a large body of evidence over the last 

decade. The goals of neuropsychological rehabilitation is to reduce cognitive deficits, 
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but also to reduce the impact of cognitive impairment by helping the patients to 

understand and accommodate their disability in daily living through psychoeducation 

and counselling regarding factors which may affect day-to-day function (i.e., mood, 

fatigue, sleep, pain, medications etc.) and by learning compensatory strategies101.  

 

Effective rehabilitation strategies include retrieval practice146, and the self-generation 

learning program (self-GEN)147 either alone or in combination with other techniques 

like Spaced Learning148. There is also compelling evidence for using music 

mnemonics as a memory aid149,150 and computerized software (RehaCOM)151, alone 

or in combination with physical rehabilitation152. Nonetheless, there is only one 

treatment strategy which can be classified as a practice standard, the modified Story 

Memory Technique (mSMT). This treatment is administered over 10 sessions using 

imagery and context to improve verbal learning and memory153,154 and was recently 

found effective also in patients with progressive MS155, with effects lasting at least 

three months. 

 

Overall, there is high-quality evidence for improvement of CI by cognitive training 

and rehabilitation156-158, but heterogeneity regarding methods and reporting bias 

reduces the comparability of the studies. Larger-scale, longitudinal, multi-center 

RCTs using more sensitive and standardized cognitive outcome measures over a 

longer follow-up time are indeed needed to strengthen the evidence.  

 

Cognitive impairment (CI) in the early stages of MS has been found to predict 

disability progression and conversion to secondary progressive phase. Patients with 

CI were found to physically decline three times faster than cognitively preserved (CP) 

patients and enter a progressive phase twice as fast159. CI is also known to progress 

over time160, but the assumption of a linear, inevitable decline is contested by recent 

research reporting a more fluid and fluctuating functional pattern throughout the 

course of the disease, especially in the earliest stages161 Furthermore, the lower-than-

expected rate of decline in the first half-decade of the disease indicates a therapeutic 
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window where intervention may be beneficial to slow down the decline and help 

obtain optimal cognitive function99. 

 

1.3 MRI and cognition 

Cognitive impairment is largely associated with neurodegeneration and loss of 

parenchymal brain volume, and CI in the early stages have been shown to be more 

dependent on brain volume loss than lesion load162,163. However, studies have also 

shown that patients with higher lesion load and lower brain parenchymal fraction 

demonstrates a higher risk of obtaining abnormal scores on cognitive tests164, 

indicating that the predictive ability of lesion load should not be discounted.  

 

Both white and grey matter atrophy are central in MS pathology, but an important 

caveat when interpreting white matter atrophy is distinguishing disease-related 

atrophy from pseudo atrophy - a reduction of tissue volume due to the receding 

inflammation and oedema known to occur in the early phase after initiation of 

DMT165,166. Mean global atrophy rate has been proposed to be pathological if it 

exceeds -0.4% per year167 and there is an assumption of accelerated atrophy 

accumulation in patients with CI in the early stages of MS168-170. However, given this 

relatively low rate of annual brain volume loss, longer follow-up periods are needed 

to detect any meaningful pathological changes, especially in smaller regions of the 

brain, such as deep grey matter structures like the thalamus and hippocampus171. 

Therefore, a consensus report has recommended that global, rather than regional, 

volume measures should be used when assessing associations between clinical and 

radiological outcomes in MS172. 

 

Grey matter atrophy and widespread tissue damage may arise either directly through 

localized inflammation or indirectly through interrupted pathways in normal-

appearing white matter (NAWM), leading to a “disconnection syndrome” or 

disruption in functional networks in the brain173. Together with widespread cortical 
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thinning and cortical lesions, these changes are shown to be strong predictors of 

cognitive impairment174-176. Unfortunately, conventional MRI machines with 1.5T 

field strength, which are most widely used, do not readily allow for clear 

visualization of cortical lesions. A recent study validating the latest in MRI 

visualization techniques (both 1.5T and 3T) against histopathologically confirmed 

cortical lesions, achieved a less than 25% detection rate177.  Therefore, these lesions 

are largely underdiagnosed, which may be a possible explanation for the 

aforementioned cognitive clinico-radiological paradox111,178. On the other hand, 

evidence of cortical reorganization in the early stages of MS suggests that some 

degree of brain plasticity and cognitive reserve may contribute to the maintenance of 

a normal level of cognitive function and limit the cognitive deficits despite 

widespread tissue damage113,114,173,179.  

 

The notion of functional network disruption102,180 is increasingly used to address the 

pathophysiology of CI by implementing graph theory181. This generates computerized 

models of the brain and its functional networks and connections through hubs, 

pathways, and hierarchical organization. Deficits in global transmission and 

integration of information is then associated with clinical and structural correlates of 

MS-related CI102,182,183. A large multicentre functional MRI (fMRI) study 

investigating functional networks in relation to cognition180 found significant 

differences between cognitively preserved (CP) and CI patients in terms of centrality 

(i.e., number of functional connections between each grey matter voxel and the rest of 

the brain) of primary sensory-motor networks and resting state default mode 

networks (i.e., specific brain systems activated at passive rest, when engaged in 

internally focused tasks, mind-wandering, and thinking about oneself or others, 

etc.184). Other fMRI evaluating the efficacy of neuropsychological rehabilitation and 

exercise, has found increased connectivity and volume in regions involved in memory 

functions144,185,186, thus making fMRI studies useful also in monitoring effects of 

cognitive rehabilitation. However, these examinations are not as readily available as 

conventional MRI techniques where global and regional atrophy, as well as lesion 
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2 Study rationale and objectives 

The high prevalence rate and socioeconomic burden of the disease, along with the 

evidence of early, and even preclinical, cognitive symptoms, highlight the need for a 

standardized tool for early screening of cognitive function in patients with MS. The 

Brief International Cognitive Assessment for MS (BICAMS) is meant to be such a 

tool, used to identify and monitor MS patients with potential CI. This study 

investigated the feasibility of using the BICAMS in routine follow-up of Norwegian 

MS patients, from the early phase of the disease.  

2.1 Paper I: The Norwegian translation of the brief international cognitive 

assessment for multiple sclerosis (BICAMS). 

The main objectives for paper I was to investigate the Norwegian translation of the 

BICAMS using the proposed international “validation protocol”132, and to assess the 

prevalence of cognitive impairment in the early stages of MS using a sample of 

healthy controls and newly diagnosed patients with RRMS (≤5 years of disease 

activity) in a cross-sectional baseline study. 

2.2 Paper II: A two-year longitudinal follow-up of cognitive performance 

assessed by BICAMS in newly diagnosed patients with MS 

The aims of paper II was to evaluate cognitive performance in the early stages of MS 

and to investigate trajectories of change in cognitive function by annual assessments 

with the BICAMS for two years, and by this assess feasability of implementing 

yearly cognitive evaluations in clinical practice. 
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2.3 Paper III: Brief international cognitive assessment for MS (BICAMS) and 

global brain volumes in early stages of MS - A longitudinal correlation 

study.  

Paper III was an extension of paper II, including brain volume measures derived from 

concurrent MRI examinations analysed by the automated Icometrix ‘icobrain ms’ 

tool. The main objectives were to investigate associations between cognitive function 

and global brain volumes at baseline and after two years follow-up, and to evaluate 

the changes in brain volumes in relation to changes in cognitive function. 
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3 Methods and materials 

3.1 Study design 

This thesis is based on observational, quantitative research with both a cross-sectional 

and a prospective longitudinal design. The patients received standard treatment and 

care and underwent cognitive testing not widely accessible in everyday clinical 

practice. Papers I-III were based on different study designs and are therefore 

described separately below.  

3.1.1 Paper I  

Paper I was based on a case-control, cross-sectional design where a group of recently 

diagnosed patients with RRMS and a group of healthy controls (HCs) were compared 

on cognitive measures assessed with the BICAMS test battery. A subset of randomly 

chosen HCs were subsequently retested within 4 weeks to establish test-retest data. 

The study was performed in accordance with the proposed “validation protocol”132 

and patients and controls were matched by age, gender and education.  

3.1.2 Paper II  

Paper II was based on a prospective longitudinal design investigating the prevalence 

of cognitive impairment and changes in cognitive performance assessed by the 

BICAMS in recently diagnosed patients with RRMS over a 2-year follow-up period.  

3.1.3 Paper III 

Paper III was based on both a cross-sectional and a prospective longitudinal design. 

Performances on the BICAMS subtests were correlated with global brain volume 

measures at baseline and at the 2-year follow-up. The presence of cognitive 

impairment at the two time points were compared, and the change in both cognitive 

function and brain volumes over the 2-year follow-up period were evaluated for the 

whole sample and for subgroups defined as cognitively impaired and preserved, 

respectively.  
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3.2 Study population 

3.2.1 Patients 

For this study we established a patient cohort of recently diagnosed patients with MS. 

Patient selection started in November 2015, and the inclusion phase lasted from 

September 2016 until September 2017.  

3.2.1.1  Inclusion criteria 

The inclusion criteria for the study were: 1) Age 18-65; 2) Definite MS- or CIS-

diagnosis (2010 McDonald revision)70 3) Attending follow-up at Haukeland 

University Hospital; 4) Year of diagnosis 2014-2017.  5) Clinical disease onset no 

more than three years prior to diagnosis.  

3.2.1.2  Exclusion criteria 

The exclusion criteria for the study were: 1) Clinical disease onset more than three 

years prior to diagnosis. 2) Physical conditions that could interfere with the 

implementation of tests (i.e., substantial visual or hearing impairment, severe 

weakness of upper limb, dysarthria and/or aphasia). 3) Comorbidity, including other 

brain diseases and psychiatric conditions that could preclude participation. 

3.2.1.3  Establishing a cohort: selection and recruitment 

The patient cohort was established by screening the hospital patient registry for “first 

time diagnosis” G35 Multiple Sclerosis (ICD-10) from January 1st, 2014, to August 

31st, 2017 (n=272). The lists of patients were manually checked against the patients’ 

hospital records and pre-screened for eligibility. The patients who fit the inclusion 

criteria but were diagnosed with MS as part of a second opinion evaluation, were pre-

excluded as they belonged to other health care regions and were not available for 

routine follow-up locally. The patients who were a preliminary match to the inclusion 

criteria were sent an invitation letter by mail (n=158), including information about 

the study. All patients who replied (n=97) were then interviewed over the telephone 

for final inclusion or exclusion. Graphic rendering of patient inclusion and selection 

to cohort and publications is shown in Figure 4. The total number of patients at 
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baseline was 73 (PPMS=2, CIS=5, RRMS=66), but given the large discrepancy in 

group sizes, the PPMS patients were later excluded from statistical analyses. The 

CIS-patients were retained in the cohort despite the low number due to the potential 

for conversion to RRMS but were excluded from statistical analyses as long as the 

CIS diagnosis remained valid. One patient with RRMS was excluded from the cohort 

due to completely normalised MRI and clinical findings within the first year of 

follow-up (i.e., uncertain diagnosis). Thus, a total of 70 patients were included in the 

cohort for this thesis (RRMS=65, CIS=5) at baseline. During first year of follow-up 

one CIS patient experienced new clinical symptoms and two CIS patients were 

reclassified as RRMS due to revisions of the diagnostic criteria in 2017. Therefore the 

follow-up cohort comprised of 68 patients with RRMS and 2 patients with CIS. 

3.2.2 Controls  

According to recommendations for validation of the BICAMS test battery, a sample 

size of at least 65 healthy controls should provide enough power for correlation with 

MS patients132. The healthy controls were matched to the patient sample on age, 

gender, and education. 

3.2.2.1 Recruitment and selection  

Healthy controls (HCs) between 18 and 65 years of age were asked to participate, 

recruited by local announcement (posters in the hospital campus buildings) and 

assessed at the Neuropsychological out-patient clinic at the University of Bergen. 

None of the participants reported substance abuse or present/previous physical, 

neurological, or psychiatric illness that could impede cognition or interfere with 

implementation of the tests. All participants who volunteered (n=61) were tested at 

baseline, but three participants were subsequently excluded due to non-fluency in 

Norwegian (German, Senegalese, and Lithuanian, respectively). The remaining 58 

HCs were included, but preliminary analyses revealed there was a mismatch with the 

patient group regarding education (significantly more patients within the lower  
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implementation of the tests. All participants who volunteered (n=61) were tested at 

baseline, but three participants were subsequently excluded due to non-fluency in 
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Figure 4. Graphic rendering of patient selection <to cohort and publication. * 1 CIS patient had 

clinical progression to RRMS during first year of follow-up and 2 CIS patients were retroactively 

reclassified as RRMS due to the 2017 revisions to the McDonald criteria. 
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brackets of education than in the control group). Therefore, an additional 10 

participants with education levels <13 years (high school equivalent) were added to 

adjust the discrepancy. From the included sample of HCs (n=68), a subset of 

randomly selected participants was retested within 4 weeks of baseline (n=29) to 

establish test-retest (reliability) data, aiming for Pearson correlation coefficients of 

≥0.7132.  

3.3 Ethics 

3.3.1 Ethical approval and consent 

The study was approved by the Regional Ethics Committee of Western Norway in 

February 2016 (registration number 2016/31/REK Vest) and participation was based 

on written informed consent for both patients and healthy controls.  

The sample of healthy controls (HCs) was originally not included in the ethics 

application and was therefore approved as an addendum to the original approval in 

May 2016. 

Specifically for paper III we had to obtain additional consent from the patients to 

export MRI data out of the country for automated analyses by Icometrix ® in Leuven, 

Belgium. This was obtained by passive consent (i.e., the patients were given written 

information and the opportunity to object). This mode of consent acquisition was 

approved by REK Vest as an addendum in August 2018.  

3.3.2 Compensation and incentives 

The HCs were compensated with validated parking and two cinema tickets per testing 

(i.e., the randomly selected retested controls received four cinema tickets in total). 

The MS patients did not receive any incentive to participate other than follow-up 

appointments at the neurology department’s out-patient clinic free of charge for the 

duration of the study (every six months, in total 5 appointments). 
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3.4 Procedures and data collection 

Demographic and clinical data, including screening for mood disorders and fatigue 

were collected at each test session. Cognitive assessment was performed at baseline 

(HC and MS) and after 12 and 24 months (MS), and all patients were offered a 3T 

MRI evaluation in relation to the BICAMS test sessions (±4 weeks). 

3.4.1 Demographic data 

All participants were asked to complete a questionnaire on general health, education, 

and employment prior to all BICAMS test sessions. Age, gender, years of education 

and employment status were registered. 

3.4.2 Clinical data (MS patients only) 

For the purpose of inclusion, the following clinical parameters pertaining to the 

diagnosis were collected prior to testing: disease duration (month and year of onset, 

and month and year of diagnosis), presenting symptom, presence of oligoclonal bands 

in the cerebrospinal fluid and MRI findings at time of diagnosis. 

3.4.3 Neurological assessments 

All patients were examined with a complete neurological exam, including scoring 

with the EDSS68 at baseline and every six months for 2 years (5 evaluations in total).  

3.4.4 Mood disorders 

All participants were requested to complete the Hospital Anxiety and Depression 

Scale (HADS)187 prior to BICAMS testing. This is a 14-item self-report 

questionnaire, widely used for screening of anxiety and depression in patients with 

chronic illness, which is validated for use in MS populations188. Clinically meaningful 

anxiety and depression are shown to have some modulatory effect on cognition, and 

concurrent assessment of mood disorders are therefore recommended104-106. 

Traditionally, the cut-off scores for the HADS-Anxiety and HADS-Depression 

subscales are set at ≥8 for clinically meaningful anxiety or depression, respectively. 

Studies have shown increased specificity and positive predictive value when 
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increasing the cut-off scores to ≥11 in the MS population189, but for the purpose of 

this study the traditional cut-off was used as the optimal balance between sensitivity 

and specificity in most studies were met with a score of 8 or more on both HADS-A 

and –D190. Patients and HCs with abnormal scores on the HADS were advised to 

contact their family doctor/GP for further evaluation and treatment. 

3.4.5 Fatigue  

Fatigue is a highly prevalent symptom in patients with MS (up to 80%)191 and is 

known to affect cognitive performance103,192. To assess the extent of fatigue in our 

sample, all patients were therefore asked to complete the Fatigue Scale for Motor and 

Cognitive Function (FSMC)193 prior to testing. The FSMC questionnaire comprises 

20 questions related to cognitive and motor fatigue which are highly sensitive to MS-

related symptoms. The combined score of ≥43 was used as the cut-off for MS-related 

fatigue (≥22 for either subscale). The most common confounding factor to the FSMC 

is depression which may be controlled for by the simultaneous use of HADS193.  

3.5 Cognitive assessment 

3.5.1 Brief International Cognitive Assessment for MS (BICAMS) 

Cognitive assessment was performed using the Brief International Cognitive 

Assessment for Multiple Sclerosis (BICAMS)125,132. This test battery comprises the 

oral version of the Symbols Digit Modalities Test (SDMT)126,194, the learning trials 

from the California Verbal Learning Test 2nd edition (CVLT-II)127,128 and the learning 

trials from the Brief Visuospatial Memory Test Revised (BVMT-R)129. It is 

completed in 15 minutes, included allotted time for instructions, and no special 

training or equipment is needed other than a pencil, an eraser, and a stopwatch.  

3.5.1.1 BICAMS “validation protocol” recommendations132 

I. Test stimuli should be standardized for language and culture. 
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II. Examiners instructions should be standardized and translated to the language 

in question, including information from manuals necessary for administration 

and interpretation.  

III. A selection of at least 65 healthy controls should be tested for normative 

information matched to patient population by age, gender, and education. 

IV. Test-retest-reliability is examined by retesting a small sample of the healthy 

controls 1-3 weeks after baseline.  

V. Validity is established by comparing the healthy controls against the MS-

patients. 

3.5.1.2  Symbols Digit Modalities Test – Information processing speed 

An A4 sheet of paper with rows of nine abstract symbols arranged randomly is 

presented to the subject. A cipher key linking each of these symbols to a single digit 

(1-9) is located at the top of the page. After a short, written practice session on the 

first 10 symbols, the test subject must voice the digit corresponding to each symbol as 

rapidly as possible for 90 seconds. The outcome measure is the number of correctly 

identified symbols in the 90-second timeframe. The same version of SDMT was 

presented in the test and retest sessions. 

3.5.1.3  California Verbal Learning Test 2nd ed. – Verbal short-term memory 

The examiner reads aloud a list of 16 words which are semantically divided into 4 

categories, and the test subject is then asked to repeat as many words as possible in 

no particular order. This is documented by the examiner and the list is repeated four 

more times. The outcome measure is the number of correct words remembered across 

the five trials. For the first retest session in the present study, the 16 words from the 

interference list (“List B”) of the standard format of CVLT-II were used. The word 

list (“List A”) from the baseline session was then reintroduced as part of the second 

follow-up session after two years. 

3.5.1.4  Brief Visuospatial Memory Test Revised – Visual short-term memory 

A stimulus sheet with six abstract figures arranged 2x3 are presented for 10 seconds, 

before it is hidden from view. The subject is then asked to draw these figures 
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V. Validity is established by comparing the healthy controls against the MS-

patients. 

3.5.1.2  Symbols Digit Modalities Test – Information processing speed 

An A4 sheet of paper with rows of nine abstract symbols arranged randomly is 

presented to the subject. A cipher key linking each of these symbols to a single digit 

(1-9) is located at the top of the page. After a short, written practice session on the 

first 10 symbols, the test subject must voice the digit corresponding to each symbol as 

rapidly as possible for 90 seconds. The outcome measure is the number of correctly 

identified symbols in the 90-second timeframe. The same version of SDMT was 

presented in the test and retest sessions. 

3.5.1.3  California Verbal Learning Test 2
nd

 ed. – Verbal short-term memory 

The examiner reads aloud a list of 16 words which are semantically divided into 4 

categories, and the test subject is then asked to repeat as many words as possible in 

no particular order. This is documented by the examiner and the list is repeated four 

more times. The outcome measure is the number of correct words remembered across 

the five trials. For the first retest session in the present study, the 16 words from the 

interference list (“List B”) of the standard format of CVLT-II were used. The word 

list (“List A”) from the baseline session was then reintroduced as part of the second 

follow-up session after two years. 

3.5.1.4  Brief Visuospatial Memory Test Revised – Visual short-term memory 

A stimulus sheet with six abstract figures arranged 2x3 are presented for 10 seconds, 

before it is hidden from view. The subject is then asked to draw these figures 
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correctly and in the same spatial arrangement at it was presented. The score is based 

on accuracy and location (0-2 points per figure). The stimulus is presented in total 

three times and the outcome measure is the total number of points across the three 

trials. For the BVMT-R, we used Forms 1, 2 and 3 at the different test sessions, 

respectively (for the healthy controls Forms 1 and 2 was used for the test and retest 

sessions, respectively).  

3.5.2 Definition of cognitive impairment and preservation 

Cut-off values were calculated for each subtest (≤1.5 standard deviations below the 

mean score of the control group), and patients were defined as either “cognitively 

impaired” (CI) or “cognitively preserved” (CP) based on the occurrence of abnormal 

test scores on at least one subtest195. Patients who were classified as cognitively 

impaired at both baseline and follow-up were termed “confirmed cognitively 

impaired” (CCI). Conversely, patients were classified as “confirmed cognitively 

preserved” (CCP) when classified as CP at all time points. 

3.6 Magnetic Resonance Imaging (MRI) 

All patients were offered MRI examinations conducted on a 3T Magnetom Prisma 

MR scanner (Siemens Healthcare, Germany), with a specialized protocol (see Table 

1) within 4 weeks of BICAMS testing (69, 66 and 60 patients at baseline, 1- and 2-

year follow-up, respectively). Reasons for not performing the MRI were mainly that 

the appointed time did not suit the patient and could not be rescheduled, or in case of 

pregnancy. If MRI scans at any point revealed probable disease activity (new T2- or 

enlarging T1-lesions and/or contrast enhancement) the patient was contacted, and the 

current treatment was reassessed and usually escalated.  

3.6.1 Icometrix ®  

As part of the study, MRI data material was exported to Icometrix in Leuven, 

Belgium for supervised digital analysis yielding cross-sectional brain and lesion 

volumes, and longitudinal atrophy measures by using the Icobrain MS tool 

(MSMetrix version 4.3.3)196-199. The brain volume measurements were normalized for 
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intracranial volume200 and corrected for age and gender. Due to technical challenges, 

we were only able to retrieve 49 linked sets of BICAMS- and MRI data from both 

baseline and the two-year follow-up. Data from the one-year follow-up was not 

included as we wanted longest possible follow-up time. A total of 297 measures of 

volume and volume change (atrophy) were calculated per scan (891 per patient). For 

this thesis the following measures were extracted per time point; Normalised whole 

brain volume (NBV), normalised grey matter volume (NGV), normalised white 

matter volume (NWV), normalised lateral ventricle volume (NVV), total hypointense 

T1 lesion volume (T1LV), total hyperintense T2 FLAIR lesion volume (T2LV). 

 

 Anatomical T1-

weighted volumes  
T2-FLAIR volumes  T2 volumes  

 

 
MPRAGE 3D T1-

weighted sagittal 

volume 

SPACE 3D T2-

weighted sagittal 

volume 

2D TSE T2-weighted 

axial volume 
  

TE/TR/TI 2.28 ms/1.8 s/900 ms 386 ms/5 s/1600 ms 100 ms/6000 ms/- 

Acquisition matrix  256 × 256 × 192 256 × 256 × 192 512 × 512 × 112 

Field of view (FOV) 256 × 256 mm2 256 × 256 mm2 220 × 220 mm2 

Slice thickness  1 mm 1 mm 4 mm 

Readout bandwith 200 Hz/px 751 Hz/px 723 Hz/px 

Total acquisition 

duration  
7.40 min 6.17 min 2.10 min 

 
Table 1. Detailed MRI acquisition protocol 

3.7 Statistical analyses  

Statistical analyses were performed using SPSS version 24 (papers I and II) and 

version 26 (paper III) (IBM Corp., Armonk, NY), and figures were made using 

StataSE version 15 (paper I) and version 16 (paper II) (StataCorp LLC, College 

Station, Texas). Statistical significance was set at alpha level <0.05.  

 

Effect sizes were calculated and defined according to Cohen’s d statistic (and 

according to Hedges g where applicable, to account for small and unequal sample 

sizes) (0.2=small, 0.5=medium, 0.8=large). Pearson’s correlation coefficients were 
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considered strong when r≥±0.5, moderate when r=±0.30 - ±0.49, and weak when 

r≤±0.29. Cross-sectional between-group differences were examined with independent 

samples student’s t test and McNemar test for continuous and categorical 

dichotomous variables, respectively. Longitudinal within-group differences were 

examined with student’s paired samples t test and McNemar test for continuous and 

categorical dichotomous variables, respectively. A stepwise linear regression was 

performed to assess if BICAMS performance predicted self-reported employment 

status at baseline. Age, gender, education level, EDSS, disease duration and HADS-

scores were entered as predictors in the first step and the BICAMS-scores in the 

second step.   

 

Missing values were analysed by multiple imputation and pattern analysis. Overall 

missing values were 0.8% (9/1096) and 1.1% (9/807) for the baseline MS cohort and 

healthy controls, respectively (paper I). For paper II there were 1.8% (51/2733) 

missing values, and for paper III there were no missing values. There were no 

missing BICAMS data for either paper as patient samples were selected based on 

100% completeness of BICAMS and/or MRI data. 
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4 Summary of results 

4.1 Paper I: The Norwegian translation of the brief international cognitive 

 assessment for multiple sclerosis (BICAMS). 

In paper I, we reported on the psychometric properties of the BICAMS in a healthy 

control (HC) sample (n=68) and results from the baseline assessment in a sample of 

newly diagnosed patients with RRMS (n=65).  

 

There were strong test-retest correlations for all three subtests. SDMT and BVMT-R 

both obtained r-values ≥0.8, and CVLT-II achieved an r=0.6. There was a significant 

improvement on the SDMT-scores (d=0.44) from baseline to retest, but there was no 

significant correlation between the improvement in test scores and the time interval 

between test sessions.  

 

All BICAMS raw scores were significantly lower in the MS group compared to the 

HCs, but when adjusting for the differences in level of education and anxiety scores, 

the SDMT-scores were no longer significantly different in the two groups.  

 

Cut-off scores for each of the subtests were calculated and applied throughout the 

study (score ≤1.5 SD below the mean in the control group) – SDMT 43 points, 

CVLT-II 49 points, and BVMT-R 23 points. Cognitive impairment (CI), i.e., ≥1 

impaired test score195, was found in almost 50% of the patients and 20% of the HCs. 

Two or more impaired test scores were found in 15% of the patients and 4% of the 

HCs, whereas three impaired test scores were found in 6% and 3% of the MS and 

control groups, respectively (ns).  

 

Two thirds (n=21/30) of the impaired MS patients had only one abnormal test score 

and the majority were impaired on the CVLT-II (n=12/21), followed by the BVMT-R 

(n=8/21) and the SDMT (n=1/21). Overall, the SDMT identified only 11% of the MS 

sample as impaired, and the BVMT-R and CVLT-II identified 26% and 31%, 
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respectively. Corresponding results from the HCs were 8% (ns), 9%, and 10% for the 

SDMT, BVMT-R, and CVLT-II, respectively.  

 

Although mean scores on the anxiety subscale were significantly higher in the MS 

group, the proportion of clinically meaningful anxiety was not significantly higher in 

patients with MS compared to the healthy controls. The depression subscale showed 

similar levels in both groups, and the proportions of clinically meaningful depression 

were not significantly different between the groups. Fatigue of any degree was 

reported by 22% of the patient sample (14% mild, 5% moderate and 3% severe 

fatigue). Neither the FSMC nor HADS sub scores correlated significantly with the 

BICAMS test scores at baseline. 

4.2 Paper II: A two-year longitudinal follow-up of cognitive performance 

 assessed by BICAMS in newly diagnosed patients with MS 

In paper II, we reported on the longitudinal 2-year follow-up of 58 newly diagnosed 

MS patients using the BICAMS to assess cognitive performance annually as part of 

routine follow-up. 

 

There were significant overall improvements in performance on the SDMT and 

CVLT-II from baseline to first year follow-up (d=0.41 and d=0.39, respectively) 

which remained stable until the end of the study (d>0.5 for both tests,). The results on 

the BVMT-R showed an initial improvement to year one (ns) followed by a 

significant deterioration at year two but overall change from baseline to the two-year 

follow-up was not significant.  

 

Test-retest correlations from baseline through the first to the second follow-up were 

strong for all three subtests (SDMT r=0.88, CVLT-II r=0.77, and BVMT-R r=0.74). 

In this follow-up study 47% (n=27/58) of the sample was defined as CI at baseline, 

with a significant reduction to 28% (n=16/58) after one year followed by an increase 

to 38% (n=22/58) at the end of the study (ns change from baseline).  
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Proportions of clinically meaningful anxiety, depression and fatigue at baseline were 

24%, 7% and 22%, respectively, and did not change significantly throughout the 

study. At baseline we found no significant correlations between the BICAMS subtest 

scores and the scores on the HADS and FSMC (paper I), but after one year we found 

significant weak to moderate negative correlations between performances on the 

SDMT and CVLT-II and the depression- and the cognitive fatigue sub score. At the 

two-year follow-up there were significant negative correlations between the 

performance on the SDMT cognitive fatigue sub score, and between performance on 

the CVLT-II and the depression sub score. Performance on the BVMT-R did not, at 

any time point, correlate significantly with the HADS or FSMC scores.  

4.3 Paper III: Brief international cognitive assessment for MS (BICAMS) and    

global brain volumes in early stages of MS - A longitudinal correlation 

study.  

Paper III was an extension of paper II with inclusion of MRI data derived from 

concurrent MRI scans (n=49) which were analysed by artificial intelligence software 

to yield normalised global brain volumes. The correlations between the two time 

points for all volume measures were extremely strong, with r-values approaching 1.0 

for all included MRI measures.  

 

Normalised whole brain volume (NBV) and grey matter volume (NGV) were 

strongly correlated with performances on all three BICAMS subtests at both time 

points. Both lesion volumes (T2LV and T1LV) were moderately correlated with 

CVLT-II and BVMT-R at baseline, but only the CVLT-II retained significant 

correlations after two years. Normalised white matter volume (NWV) was not 

significantly correlated to any of the subtests at any point in the study.  
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Overall, there was significant whole brain atrophy with loss of both white and grey 

matter and a corresponding increase in ventricle volume. There was also a significant 

increase in T1LV, but no increase in T2LV during the two years follow-up. 

 

At baseline 45% (n=22/49) of the patients were defined as CI, and during the 

observation time, almost 80% of the total sample were longitudinally classified as 

either confirmed cognitively impaired (CCI, n=14, 29%) or confirmed cognitively 

preserved (CCP, n=24, 49%).  

 

Data extracted from the patients who were defined as CCI or CCP, showed that the 

CCI group had significantly lower volumes of whole brain, grey matter, and white 

matter than the CCP group, and larger lateral ventricle volumes and lesion volumes at 

both time points. Changes in whole brain, grey matter, and ventricle volumes from 

baseline to follow-up were significant in both groups, but only the CCI patients also 

had significant white matter atrophy and increased lesion volumes. Mean global 

atrophy rate from baseline to the two-year follow-up was lower in the CCP group (-

0.15%) than in the CCI group (-0.25%), but the difference was not statistically 

significant. 
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5 Discussion  

This study contributes to the international effort of BICAMS validation by providing 

the first data from a Norwegian cohort of MS patients. We included patients with 

shorter disease duration than the majority of other BICAMS studies133,134, yielding 

insight into cognitive function in the early stages of the disease. Furthermore, this 

study was one of the first to provide longitudinal data from repeated testing with the 

BICAMS, including correlations with MRI data, in newly diagnosed patients with 

RRMS. 

5.1 Psychometric properties of the BICAMS in a Norwegian sample – 

reliability and validity 

The overall balance of sensitivity and specificity for the BICAMS is reported to be 

good195, and the test battery performs well in comparison to traditional 

neuropsychological test batteries135-137. In this study we also found overall good 

psychometric properties for the three subtests with strong test-retest correlations in 

the HC group for the SDMT and BVMT-r (r≥0.8). The CVLT-II achieved a value of 

r=0.6, which is just short of the recommended r=0.7 proposed in the international 

guidelines132. However, when used annually for the MS patients in this study, the 

CVLT-II achieved an r-value approaching 0.8 making the BICAMS test battery a 

suitable tool for monitoring cognitive function.  

 

Most BICAMS studies have chosen to use the same CVLT-II forms at test and 

retest130,201-211 (or this information was not provided)135,195,212-216. With no official 

guidelines for the use of alternative stimuli for the shortened BICAMS-version of the 

test for the retest session, we found it convenient to use the words from the 

interference list (List B) as it is constructed similarly to the standard list and is not 

presented as part of the baseline assessment. Our results gave some support to this 

choice by showing a statistically significant correlation between the two lists in the 

control group. Furthermore, two other studies have also chosen to use List B at retest 
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r=0.6, which is just short of the recommended r=0.7 proposed in the international 
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Most BICAMS studies have chosen to use the same CVLT-II forms at test and 
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 (or this information was not provided)
135,195,212-216

. With no official 

guidelines for the use of alternative stimuli for the shortened BICAMS-version of the 

test for the retest session, we found it convenient to use the words from the 

interference list (List B) as it is constructed similarly to the standard list and is not 

presented as part of the baseline assessment. Our results gave some support to this 

choice by showing a statistically significant correlation between the two lists in the 

control group. Furthermore, two other studies have also chosen to use List B at retest 
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achieving r-values >0.8217,218. Still, the validity of including this list for repeated 

testing with the BICAMS should be further investigated and proper guidelines 

established. Another interesting point is that several of the studies found that the 

CVLT-II could not reliably discriminate patients with MS from HCs130,139,202,213,219, 

whereas we found the CVLT-II to be the most sensitive indicator of CI with over 

30% impaired results at baseline. The considerable heterogeneity in the results 

achieved by CVLT-II (or equivalents) in the various BICAMS studies134, has thus 

raised a question regarding linguistic and cultural differences limiting true 

international applicability of this test130,220,221. 

 

Processing speed is reported to be the first cognitive deficit to emerge119,120,222 and the 

SDMT is well established as the strongest and most robust indicator of CI in patients 

with MS135,222,223. The SDMT is therefore widely used as a standalone test for 

cognitive screening both in clinical practice and in clinical trials124,171. In the most 

recent meta-analysis incorporating 26 BICAMS studies134 (including our study), over 

70% of the studies reporting percentage of impairment on the individual tests 

confirmed the SDMT to be the most sensitive of the three subtests. Contrary to this, 

our study was the only one reporting both low sensitivity and non-significant results 

when comparing SDMT performance in the HC group to patients with MS. Before 

adjusting our results for differences in level of education there was a significant 

difference in SDMT scores in the patient and control groups. However, the 

differences in percentage of impairment on the SDMT between the two groups were 

still non-significant.  

 

The low percentage of CI measured by SDMT was confirmed when used annually in 

the two-year follow-up study of patients with MS, yielding similar percentages 

throughout the study. The unexpectedly weak performance of the SDMT may be due 

to sample characteristics. Our sample included younger patients with shorter disease 

duration and high employment rate compared to most other studies. However, 

considering the relatively large percentage of impairment detected by the BVMT-R 

and CVLT-II (25% and 30%, respectively) this could imply a rather high rate of false 
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positive abnormal results on these two tests. Therefore, we found these results to be 

conflicting as to whether the low proportion of impairment on SDMT reflect a poor 

sensitivity of the test in our sample, or if impairment of processing speed is truly not 

as evident in the early stages of MS.  

 

Considering our results and the common practice of using SDMT as a standalone test 

for screening cognitive function, the number of patients defined as cognitively 

impaired would be greatly underestimated based on SDMT performance alone. This 

should definitely support the recommendation using the whole test battery for 

screening and monitoring of CI in patients with MS224.  

 

5.2 Cognitive impairment in the early stages of MS 

At the time paper II was written, there were some recent publications reporting 

longitudinal data on CI in MS patients161,225-228, but only a few studies presented 

results from repeated testing with the BICAMS in a longer time perspective 229,230. 

This study was therefore one of the first to report follow-up data on the BICAMS in 

early stages of MS. Since then, some follow-up studies have been published reporting 

both stability or improvement231, and decline203 with a follow-up period of five years. 

 

At baseline, we observed CI on at least one subtest in almost 50% of the patient 

sample. However, there was a significant decrease in the proportion of CI from 

baseline to first follow-up by almost 20%, followed by a subsequent increase of 10% 

during year two, yielding an overall non-significant decline from baseline.  

Overall, the majority of the sample exhibited cognitive stability as 80% were 

longitudinally confirmed as either cognitively impaired (CCI; 30%) or preserved 

(CCP; 50%) at baseline and 2-year follow-up. Furthermore, 10% of the CCI patients 

had a temporary improvement at year one. The remaining 20% of the sample showed 

lasting improvement (14.5%) or deterioration (6.5%) from baseline to the two-year 

mark. This indicates that cognitive impairment is not always a fixed disability with a 
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linear decline but can also be flexible and dynamic161,232,233. The low incidence of 

emerging CI during follow-up (6.5%) also supports a slower-than-expected rate of 

decline in the early stages of the disease99. We did not further investigate 

characteristics of these patients, as the disproportionate groups sizes would lead to 

significant loss of statistical power. 

 

Improvements in test performance from a baseline evaluation to subsequent 

evaluations, often due to familiarity with test material procedures, are known as 

practice effects234. The improvement we observed in the SDMT-results in the 

baseline study (paper I) was attributed to a likely practice effect even though there 

were no significant correlations between improvement in test score and length of test 

interval (7-32 days). Previous research specifically investigating practice effects for 

the SDMT had concluded with minimal practice effect when applied monthly235 and 

we therefore assumed that a test interval of 12 months in the follow-up study was 

long enough not to warrant alternate test stimuli for this test. However, in the first 

year of follow-up (paper II) there were significant improvements in group-level 

performances on both the SDMT and CVLT-II which remained stable until the end of 

the study. There has been reported a practice effect on the SDMT in the first 12 

months whereby results deteriorated236, indicating a practice effect beyond one year is 

less likely. However, a meta-analysis by Scharfen et.al found that at least 16-month 

intervals might be necessary to completely eliminate this effect, although this will 

vary between different cognitive tests and domains tested 237.  

 

Taken together, we could not eliminate practice effects as a cause of the initial 

improvement of the SDMT and CVLT-II scores in our sample, and most likely the 

improvement in test scores did not reflect an actual gain in cognitive functioning. 

Some reports indicate that the higher baseline score on the SDMT, the higher 

probability of improvement on subsequent testing and more benefit from practice225. 

Indeed, when analysed separately, it emerged that this improvement in test scores was 

mainly represented by the CP patients. However, there was no clear tendency in our 

sample indicating that high scorers improved more than low scorers. In the end, the 
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mere fact that the patients were made aware of CI as a potential symptom may have 

inadvertently treated the patients through psychoeducational feedback238. This 

underlines the need of a re-baseline assessment to ascertain a patient’s “true” level of 

cognitive functioning after test familiarity, test anxiety and the effect of 

psychoeducation is established.  

5.3 Global brain volumes and cognitive impairment 

In the MRI study, we found that performances on all three BICAMS subtests were 

strongly correlated with normalised whole brain volume (NBV) and grey matter 

volume (NGV), but we found no significant correlations between normalised white 

matter volume (NWV) and performances on either of the subtests at any time point. 

Performance on the CVLT-II was the only measure of CI to consistently show 

significant correlations with lesion volumes (T1LV and T2LV) was CVLT-II, A 

similar result was also found in a recent study highlighting lesion volume as a 

significant predictor of CI when assessed by the shortened BICAMS-version of the 

CVLT-II239. We found no correlations between SDMT and lesion volumes, and only 

a weak to moderate baseline correlation between BVMT-R and lesion volumes, 

contrasting findings associating visual memory function and processing speed with 

lesion volume94,175,240-244.  

 

Both the confirmed cognitively impaired (CCI) and preserved (CCP) patients showed 

significant atrophy of NBV and NGV, as well as an increase in lateral ventricle 

volume (NVV), but only the CCI group showed significant increase in T2LV. These 

findings are in accordance with results in a recent study, reporting that white matter 

lesion volumes may be the main propagator of cognitive impairment in the early 

stage of MS245. Given the high percentage of CI defined by the CVLT-II and the 

strong correlations performance on this test and lesion volumes, this supports the role 

of disease burden, measured by lesion load, as a contributor to CI in the early stages 

of MS175,241-243. However, the overall increase in T1LV, but not in T2LV, indicate a 

stability in the inflammatory processes, with little or no new lesions appearing during 
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follow-up. Together with the clinical stability measured by the EDSS, this lends 

support to subclinical development of CI demonstrating the clinico-radiological 

paradox and disconnect between lesion load, physical disability and cognition, 

especially in the early stages of the disease112. 

 

We also found a significant overall white matter atrophy from baseline to follow-up, 

but when analysed separately, this was only significant for the patients defined as 

CCI and not for those defined as CCP, implicating white matter volume loss in the 

pathology of CI in the early stages of MS and, furthermore, that white matter atrophy 

may contribute to separate cognitively impaired patients from patients with preserved 

cognitive function over time240. However, the reduction of white matter volume may 

also be due to some degree of pseudoatrophy165 since this effect may persist beyond 

the first year of treatment166 and this current sample of patients were newly diagnosed 

and thus recently started disease modifying treatment (DMT). We did collect 

information regarding use of DMT, but when stratifying the patients by treatment, the 

groups become too small (n ranging from 2 to 20) to be included in statistical 

analyses without significant loss of power. Therefore, we could not assess whether 

stability or change in cognitive function, EDSS, or MRI findings were associated to 

type of DMT. 

 

Even though the overall loss of whole brain volume was significant in the study, the 

mean annualized whole brain atrophy rate was unexpectedly low (-0.18%). The 

proposed threshold for pathological volume loss is proposed to be -0.4% per year167, 

and even when analysing the CCI and CCP patients separately, the threshold was still 

not met and the difference between the groups was not statistically significant. This 

implies that the accelerated atrophy accumulation in cognitively impaired patients 

may not be pronounced in the earliest stages of the disease and challenges the 

previously reported relationship between early brain atrophy and cognitive 

function94,168-170. However, several points may explain our findings, including that the 

present patient sample was relatively young, newly diagnosed and with a low level of 

disability. Time from diagnosis to initiation, and type of disease modifying therapy 
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(DMT) was probably also a contributing factor, but these data were not available for 

the present study. Another plausible explanation for the similar atrophy rate despite 

significant volumetric differences between the two groups, may be that the patients 

have different cerebral “starting points” prior to onset of MS, lending support to the 

cognitive and brain reserve theories113,114. These differences may prove to be more 

pronounced later in the disease course and it would be especially interesting to 

investigate the differences in patients classified as impaired around time of diagnosis 

and those developing CI at a later stage.  

5.4 Methodological considerations and limitations 

5.4.1 General limitations and strenghts of the present study 

This study was based on the BICAMS initiative and the “international standards for 

validation”132. However, it was not a true validation as we did not validate the 

BICAMS definition of impairment against a definition based on established and more 

extensive neuropsychological evaluations. We also did not perform Receiver 

Operating Characteristics (ROC)-analyses to ascertain the accuracy, sensitivity, and 

specificity of the tests in our sample. In addition, we did not time our sessions to 

assess whether the Norwegian version of the BICAMS does in fact adhere to the 15-

minute timeframe. A main strength of the present study lies in the inclusion of a 

relatively young sample of newly diagnosed patients with low degree of accumulated 

physical disability and the concurrent collection of data regarding fatigue, mood 

disorders and MRI. Furthermore, all patients were assessed by the same neurologist 

(EDS), at approximately the same time of day for repeated testing (±1 hour) to 

circumvent the potential effect of diurnal variation in fatigue and alertness. The 

healthy controls were tested at the Department of Biological and Medical Psychology 

by trained test technicians supervised by one of the co-supervisors (AJL). A 

limitation of the longitudinal study is the lack of control for demographic variables 

(age, gender, education, employment), but we considered the cohort to be too small in 

the present study to yield sufficient statistical power. Furthermore, we did not intend 
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to make predictions on an individual level, but rather investigate overall projections 

over time for a group of individuals with newly diagnosed MS.  

 

Strengths of the BICAMS as a screening instrument in general include its brevity and 

easy administration in addition to being very well tolerated by the patients. On the 

other hand, a perceived weakness of the BICAMS is the use of strict cut-off scores 

which reduces cognitive impairment to a dichotomous variable, disregarding the 

degree of impairment on a given test. However, this was addressed in a recent study 

showing that the majority of patients with only one impaired test score were 

reconfirmed as cognitively impaired when assessed by a more extensive 

neuropsychological test battery246 lending support to the “one-or-more abnormal test 

score” as a reliable definition of CI.  

  

Brain scans from healthy controls were not available for this study, so our scans were 

normalised according to a reference brain and adjusted for age and gender. Thus, the 

influence of normal ageing and gender differences on our results were reduced, and 

no further adjustments had to be made to the MRI data. The patients acted as their 

own controls gauging changes over time at both individual and group levels. 

The use of artificial intelligence (AI) to analyse MRI data is considered a strength as 

it reduces both intra- and interrater variability. The Icometrix tool is a validated and 

increasingly utilized software in MRI-studies investigating MS patients197,199,247, but 

the significant differences in the results yielded from various software currently in 

use poses a challenge when comparing results across different studies248,249.  

 

Finally, we reported the lesion volumes as global measures of the total T2LV and 

T1LV, even though analyses of regional lesion volumes could have yielded different 

results, given the impact of lesion localization on clinical presentation of the disease, 

including cognition. Furthermore, we did not include measures of normal appearing 

white matter (NAWM), network connectivity or pathway disruption mechanisms 

which are shown to reflect white matter pathophysiology of importance to 
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cognition176,180,250 as this was beyond the scope of the study, requiring functional MRI 

examinations. 

5.4.2 Selection bias and sample size 

All patients who were diagnosed with MS at Haukeland University Hospital between 

January 2014 and September 2017 were considered for participation in this study. 

The hospital records were then pre-screened for preliminary matches to the inclusion 

criteria and almost 60% were eligible for participation and formally invited (44% of 

all invitees were ultimately included). Selection bias was therefore probably low, 

although self-selection bias or volunteer bias cannot be excluded.  

 

For the control sample there may be a participation bias introduced in the recruitment 

method (flyers/posters in the hospital buildings) which led mainly hospital staff to 

volunteer (nurses, orderlies, physical therapists, doctors, bioengineers etc.). The 

mismatch in education level may also be a consequence of this recruitment strategy, 

and efforts to equalize by selectively recruiting participants with only high 

school/vocational school education in the same manner, may have selected certain 

occupational groups commonly found in the hospital area and further homogenized 

the sample. Despite this addition to the sample, we were not able to eliminate the 

group differences altogether, so we performed adjustments to the analyses to account 

for the discrepancies (linear regression with group and level of education as 

predictors of BICAMS test scores).  

 

The establishment of national norms for BICAMS was beyond the scope of this study 

in regards to time and resources, as it would require samples of 150 or more 

volunteers132. We applied the minimum demand of 65 healthy controls to achieve 

enough statistical power to make comparisons to our patient sample. The cut-off 

scores this study yielded may therefore not be representative to the MS-population 

nationwide. Also, the tendency of higher educational level in the control group 

compared to the MS group may have inflated the cut-off scores leading to an 

overestimation of CI in the patients group.  

 60 

cognition176,180,250 as this was beyond the scope of the study, requiring functional MRI 

examinations. 

5.4.2 Selection bias and sample size 

All patients who were diagnosed with MS at Haukeland University Hospital between 

January 2014 and September 2017 were considered for participation in this study. 

The hospital records were then pre-screened for preliminary matches to the inclusion 

criteria and almost 60% were eligible for participation and formally invited (44% of 

all invitees were ultimately included). Selection bias was therefore probably low, 

although self-selection bias or volunteer bias cannot be excluded.  

 

For the control sample there may be a participation bias introduced in the recruitment 

method (flyers/posters in the hospital buildings) which led mainly hospital staff to 

volunteer (nurses, orderlies, physical therapists, doctors, bioengineers etc.). The 

mismatch in education level may also be a consequence of this recruitment strategy, 

and efforts to equalize by selectively recruiting participants with only high 

school/vocational school education in the same manner, may have selected certain 

occupational groups commonly found in the hospital area and further homogenized 

the sample. Despite this addition to the sample, we were not able to eliminate the 

group differences altogether, so we performed adjustments to the analyses to account 

for the discrepancies (linear regression with group and level of education as 

predictors of BICAMS test scores).  

 

The establishment of national norms for BICAMS was beyond the scope of this study 

in regards to time and resources, as it would require samples of 150 or more 

volunteers132. We applied the minimum demand of 65 healthy controls to achieve 

enough statistical power to make comparisons to our patient sample. The cut-off 

scores this study yielded may therefore not be representative to the MS-population 

nationwide. Also, the tendency of higher educational level in the control group 

compared to the MS group may have inflated the cut-off scores leading to an 

overestimation of CI in the patients group.  

 60 

cognition176,180,250 as this was beyond the scope of the study, requiring functional MRI 

examinations. 

5.4.2 Selection bias and sample size 

All patients who were diagnosed with MS at Haukeland University Hospital between 

January 2014 and September 2017 were considered for participation in this study. 

The hospital records were then pre-screened for preliminary matches to the inclusion 

criteria and almost 60% were eligible for participation and formally invited (44% of 

all invitees were ultimately included). Selection bias was therefore probably low, 

although self-selection bias or volunteer bias cannot be excluded.  

 

For the control sample there may be a participation bias introduced in the recruitment 

method (flyers/posters in the hospital buildings) which led mainly hospital staff to 

volunteer (nurses, orderlies, physical therapists, doctors, bioengineers etc.). The 

mismatch in education level may also be a consequence of this recruitment strategy, 

and efforts to equalize by selectively recruiting participants with only high 

school/vocational school education in the same manner, may have selected certain 

occupational groups commonly found in the hospital area and further homogenized 

the sample. Despite this addition to the sample, we were not able to eliminate the 

group differences altogether, so we performed adjustments to the analyses to account 

for the discrepancies (linear regression with group and level of education as 

predictors of BICAMS test scores).  

 

The establishment of national norms for BICAMS was beyond the scope of this study 

in regards to time and resources, as it would require samples of 150 or more 

volunteers132. We applied the minimum demand of 65 healthy controls to achieve 

enough statistical power to make comparisons to our patient sample. The cut-off 

scores this study yielded may therefore not be representative to the MS-population 

nationwide. Also, the tendency of higher educational level in the control group 

compared to the MS group may have inflated the cut-off scores leading to an 

overestimation of CI in the patients group.  

 60 

cognition
176,180,250

 as this was beyond the scope of the study, requiring functional MRI 

examinations. 

5.4.2 Selection bias and sample size 

All patients who were diagnosed with MS at Haukeland University Hospital between 

January 2014 and September 2017 were considered for participation in this study. 

The hospital records were then pre-screened for preliminary matches to the inclusion 

criteria and almost 60% were eligible for participation and formally invited (44% of 

all invitees were ultimately included). Selection bias was therefore probably low, 

although self-selection bias or volunteer bias cannot be excluded.  

 

For the control sample there may be a participation bias introduced in the recruitment 

method (flyers/posters in the hospital buildings) which led mainly hospital staff to 

volunteer (nurses, orderlies, physical therapists, doctors, bioengineers etc.). The 

mismatch in education level may also be a consequence of this recruitment strategy, 

and efforts to equalize by selectively recruiting participants with only high 

school/vocational school education in the same manner, may have selected certain 

occupational groups commonly found in the hospital area and further homogenized 

the sample. Despite this addition to the sample, we were not able to eliminate the 

group differences altogether, so we performed adjustments to the analyses to account 

for the discrepancies (linear regression with group and level of education as 

predictors of BICAMS test scores).  

 

The establishment of national norms for BICAMS was beyond the scope of this study 

in regards to time and resources, as it would require samples of 150 or more 

volunteers
132

. We applied the minimum demand of 65 healthy controls to achieve 

enough statistical power to make comparisons to our patient sample. The cut-off 

scores this study yielded may therefore not be representative to the MS-population 

nationwide. Also, the tendency of higher educational level in the control group 

compared to the MS group may have inflated the cut-off scores leading to an 

overestimation of CI in the patients group.  

 60 

cognition
176,180,250

 as this was beyond the scope of the study, requiring functional MRI 

examinations. 

5.4.2 Selection bias and sample size 

All patients who were diagnosed with MS at Haukeland University Hospital between 

January 2014 and September 2017 were considered for participation in this study. 

The hospital records were then pre-screened for preliminary matches to the inclusion 

criteria and almost 60% were eligible for participation and formally invited (44% of 

all invitees were ultimately included). Selection bias was therefore probably low, 

although self-selection bias or volunteer bias cannot be excluded.  

 

For the control sample there may be a participation bias introduced in the recruitment 

method (flyers/posters in the hospital buildings) which led mainly hospital staff to 

volunteer (nurses, orderlies, physical therapists, doctors, bioengineers etc.). The 

mismatch in education level may also be a consequence of this recruitment strategy, 

and efforts to equalize by selectively recruiting participants with only high 

school/vocational school education in the same manner, may have selected certain 

occupational groups commonly found in the hospital area and further homogenized 

the sample. Despite this addition to the sample, we were not able to eliminate the 

group differences altogether, so we performed adjustments to the analyses to account 

for the discrepancies (linear regression with group and level of education as 

predictors of BICAMS test scores).  

 

The establishment of national norms for BICAMS was beyond the scope of this study 

in regards to time and resources, as it would require samples of 150 or more 

volunteers
132

. We applied the minimum demand of 65 healthy controls to achieve 

enough statistical power to make comparisons to our patient sample. The cut-off 

scores this study yielded may therefore not be representative to the MS-population 

nationwide. Also, the tendency of higher educational level in the control group 

compared to the MS group may have inflated the cut-off scores leading to an 

overestimation of CI in the patients group.  

 60 

cognition
176,180,250

 as this was beyond the scope of the study, requiring functional MRI 

examinations. 

5.4.2 Selection bias and sample size 

All patients who were diagnosed with MS at Haukeland University Hospital between 

January 2014 and September 2017 were considered for participation in this study. 

The hospital records were then pre-screened for preliminary matches to the inclusion 

criteria and almost 60% were eligible for participation and formally invited (44% of 

all invitees were ultimately included). Selection bias was therefore probably low, 

although self-selection bias or volunteer bias cannot be excluded.  

 

For the control sample there may be a participation bias introduced in the recruitment 

method (flyers/posters in the hospital buildings) which led mainly hospital staff to 

volunteer (nurses, orderlies, physical therapists, doctors, bioengineers etc.). The 

mismatch in education level may also be a consequence of this recruitment strategy, 

and efforts to equalize by selectively recruiting participants with only high 

school/vocational school education in the same manner, may have selected certain 

occupational groups commonly found in the hospital area and further homogenized 

the sample. Despite this addition to the sample, we were not able to eliminate the 

group differences altogether, so we performed adjustments to the analyses to account 

for the discrepancies (linear regression with group and level of education as 

predictors of BICAMS test scores).  

 

The establishment of national norms for BICAMS was beyond the scope of this study 

in regards to time and resources, as it would require samples of 150 or more 

volunteers
132

. We applied the minimum demand of 65 healthy controls to achieve 

enough statistical power to make comparisons to our patient sample. The cut-off 

scores this study yielded may therefore not be representative to the MS-population 

nationwide. Also, the tendency of higher educational level in the control group 

compared to the MS group may have inflated the cut-off scores leading to an 

overestimation of CI in the patients group.  

 60 

cognition
176,180,250

 as this was beyond the scope of the study, requiring functional MRI 

examinations. 

5.4.2 Selection bias and sample size 

All patients who were diagnosed with MS at Haukeland University Hospital between 

January 2014 and September 2017 were considered for participation in this study. 

The hospital records were then pre-screened for preliminary matches to the inclusion 

criteria and almost 60% were eligible for participation and formally invited (44% of 

all invitees were ultimately included). Selection bias was therefore probably low, 

although self-selection bias or volunteer bias cannot be excluded.  

 

For the control sample there may be a participation bias introduced in the recruitment 

method (flyers/posters in the hospital buildings) which led mainly hospital staff to 

volunteer (nurses, orderlies, physical therapists, doctors, bioengineers etc.). The 

mismatch in education level may also be a consequence of this recruitment strategy, 

and efforts to equalize by selectively recruiting participants with only high 

school/vocational school education in the same manner, may have selected certain 

occupational groups commonly found in the hospital area and further homogenized 

the sample. Despite this addition to the sample, we were not able to eliminate the 

group differences altogether, so we performed adjustments to the analyses to account 

for the discrepancies (linear regression with group and level of education as 

predictors of BICAMS test scores).  

 

The establishment of national norms for BICAMS was beyond the scope of this study 

in regards to time and resources, as it would require samples of 150 or more 

volunteers
132

. We applied the minimum demand of 65 healthy controls to achieve 

enough statistical power to make comparisons to our patient sample. The cut-off 

scores this study yielded may therefore not be representative to the MS-population 

nationwide. Also, the tendency of higher educational level in the control group 

compared to the MS group may have inflated the cut-off scores leading to an 

overestimation of CI in the patients group.  

 60 

cognition
176,180,250

 as this was beyond the scope of the study, requiring functional MRI 

examinations. 

5.4.2 Selection bias and sample size 

All patients who were diagnosed with MS at Haukeland University Hospital between 

January 2014 and September 2017 were considered for participation in this study. 

The hospital records were then pre-screened for preliminary matches to the inclusion 

criteria and almost 60% were eligible for participation and formally invited (44% of 

all invitees were ultimately included). Selection bias was therefore probably low, 

although self-selection bias or volunteer bias cannot be excluded.  

 

For the control sample there may be a participation bias introduced in the recruitment 

method (flyers/posters in the hospital buildings) which led mainly hospital staff to 

volunteer (nurses, orderlies, physical therapists, doctors, bioengineers etc.). The 

mismatch in education level may also be a consequence of this recruitment strategy, 

and efforts to equalize by selectively recruiting participants with only high 

school/vocational school education in the same manner, may have selected certain 

occupational groups commonly found in the hospital area and further homogenized 

the sample. Despite this addition to the sample, we were not able to eliminate the 

group differences altogether, so we performed adjustments to the analyses to account 

for the discrepancies (linear regression with group and level of education as 

predictors of BICAMS test scores).  

 

The establishment of national norms for BICAMS was beyond the scope of this study 

in regards to time and resources, as it would require samples of 150 or more 

volunteers
132

. We applied the minimum demand of 65 healthy controls to achieve 

enough statistical power to make comparisons to our patient sample. The cut-off 

scores this study yielded may therefore not be representative to the MS-population 

nationwide. Also, the tendency of higher educational level in the control group 

compared to the MS group may have inflated the cut-off scores leading to an 

overestimation of CI in the patients group.  

 60 

cognition
176,180,250

 as this was beyond the scope of the study, requiring functional MRI 

examinations. 

5.4.2 Selection bias and sample size 

All patients who were diagnosed with MS at Haukeland University Hospital between 

January 2014 and September 2017 were considered for participation in this study. 

The hospital records were then pre-screened for preliminary matches to the inclusion 

criteria and almost 60% were eligible for participation and formally invited (44% of 

all invitees were ultimately included). Selection bias was therefore probably low, 

although self-selection bias or volunteer bias cannot be excluded.  

 

For the control sample there may be a participation bias introduced in the recruitment 

method (flyers/posters in the hospital buildings) which led mainly hospital staff to 

volunteer (nurses, orderlies, physical therapists, doctors, bioengineers etc.). The 

mismatch in education level may also be a consequence of this recruitment strategy, 

and efforts to equalize by selectively recruiting participants with only high 

school/vocational school education in the same manner, may have selected certain 

occupational groups commonly found in the hospital area and further homogenized 

the sample. Despite this addition to the sample, we were not able to eliminate the 

group differences altogether, so we performed adjustments to the analyses to account 

for the discrepancies (linear regression with group and level of education as 

predictors of BICAMS test scores).  

 

The establishment of national norms for BICAMS was beyond the scope of this study 

in regards to time and resources, as it would require samples of 150 or more 

volunteers
132

. We applied the minimum demand of 65 healthy controls to achieve 

enough statistical power to make comparisons to our patient sample. The cut-off 

scores this study yielded may therefore not be representative to the MS-population 

nationwide. Also, the tendency of higher educational level in the control group 

compared to the MS group may have inflated the cut-off scores leading to an 

overestimation of CI in the patients group.  



 61 

 

We did not retain the control sample for longitudinal follow-up and realize that it 

would have improved the impact of the study to see the average cognitive decline in 

non-MS patients over the same follow-up period. Although our cohort was relatively 

small, it was well-defined with low loss-to-follow-up (4% first year and 10% second 

year (14% total). To achieve complete BICAMS and/or MRI data for the publications 

we had to extract different sample sizes from the cohort (65/58/49), but overall 

prevalence of impairment on the BICAMS tests was the same for all three 

publications. 

5.4.3 Confounders 

The exact nature of how anxiety, depression and fatigue may confound the 

performances on the cognitive tests remains unclear. Even though the anxiety sub 

scores were significantly higher in the MS group than in the control group, the 

prevalence of clinically meaningful anxiety and depression was low105,251,252. 

Correlations between cognitive performance and mood disorders were non-significant 

at baseline, and at follow-up, weak but significant correlations emerged between 

SDMT/CVLT-II and depression corresponding to the current literature stating that 

mild anxiety and depression do not seem to impede cognition, but stronger 

associations emerges with increased severity of mood disturbances103,106. The 

prevalence of fatigue in the sample was also lower than expected251,253 and showed no 

significant correlation with BICAMS at baseline similarly to another study with 

similar sample characteristics regarding clinical and vocational variables212. Like the 

HADS-scores, weak but significant negative correlations emerged at follow-up 

between the SDMT and CVLT sub scores and results on the FSMC, again in line with 

current research reporting a stronger association with stronger severity of 

fatigue103,106,191,192,227,254. The emergence of significant correlations during follow-up 

strengthens the importance of concurrent assessment of mood and fatigue when 

evaluating cognitive impairment. The exact nature and extent to which these factors 

impact one another needs further investigation so that more reliable assessments can 

be made. 
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6 Concluding remarks and future perspectives 

The BICAMS test battery is proven to be a reliable screening tool for cognitive 

impairment across cultures and languages133,134, and provides a platform of 

international comparability in the field of MS and cognition. In this thesis we have 

shown that the Norwegian translation of the BICAMS is feasible to use and well-

accepted by patients in an out-patient setting. We can therefore recommend that the 

BICAMS is included as a screening instrument in routine follow-up of patients with 

MS. A proposed algorithm for implementation is presented in Figure 5.  

 

To achieve optimal clinical applicability, there is a need for studies investigating 

practice effects for the BICAMS subtests, establishing optimal assessment intervals 

and proper guidelines for the use of alternative stimuli. A certain practice effect from 

baseline to first follow-up is unavoidable as the patients are unlikely to completely 

forget everything about the baseline testing. Thus, a re-baseline assessment is 

recommended to ascertain the “true” level of cognitive function, accounting for this 

effect of “situational test familiarity”. Furthermore, the interpretation of test scores 

needs to be standardized, i.e., generating and applying “reliable change” methodology 

to the individual tests to define clinically meaningful improvement or 

deterioration255,256, thus limiting the risk of overloading the local neuropsychological 

services with “false positives”, and referrals based on the clinicians discretion. 

 

However, exactly how to use the BICAMS results on an individual level needs 

further investigation. In our study, we found cognitive impairment in almost half the 

sample of patients, but also in 20% of the healthy controls. Although this was 

statistically significant, the effect sizes for the tests were small to medium, and 

therefore, our results may only be relevant on a group-level. Population-based 

national norms based on studies of larger samples controlled for demographic 

variables like age, gender, and education, are therefore needed to reliably evaluate 

individual performances in a clinical setting. Given the heterogeneity of results 
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guidelines should be developed nationally, rather than internationally221.  
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A B S T R A C T

Background: Cognitive impairment is a common symptom in all stages of multiple sclerosis (MS), yet it is un-
derreported and not routinely evaluated. The Brief International Cognitive Assessment for Multiple Sclerosis
(BICAMS) is a short and easily administered test battery for screening of cognitive impairment in MS that can be
completed within 15 min and incorporated into routine clinical practice. The test battery consists of the oral
version of the Symbols Digit Modalities Test (SDMT) and the initial learning trials of the California Verbal
Learning Test 2nd edition (CVLT-II) and the Brief Visuospatial Memory Test Revised (BVMT-R).
Objective: To investigate if the Norwegian version of the BICAMS could identify cognitive impairment in early
stages of MS and be used as part of routine follow-up procedures.
Methods: A total of 65 relapsing-remitting MS (RRMS) patients and 68 healthy controls were examined with the
BICAMS test battery. A randomly selected subset of 29 controls were retested 1–4 weeks after baseline. All
participants were screened for anxiety and depression using the Hospital Anxiety and Depression Scale (HADS).
Results: There were statistically significant differences between the patients with MS and the healthy controls on
all three subtests, and the differences remained significant for the CVLT-II (p=0.003) and BVMT-R (p=0.011)
after adjusting for education. There were no statistically significant correlations between BICAMS scores and
anxiety and depression. SDMT and BVMT-R results in the control group at baseline and re-test were strongly
correlated (r≥0.70, p<0.001), and CVLT-II achieved an adequate value of r=0.60 (p=0.001). On the SDMT,
there was a statistically significant improvement between the two test-sessions. Cognitive impairment, defined as
an abnormal test score on ≥1 subtest, was identified in 46.2% of the patient sample, whereas 15.4% were
considered cognitively impaired on ≥2 subtests.
Conclusion: This study supports that the Norwegian version of the BICAMS should be included as a screening
procedure for cognitive impairment in Norwegian MS patients.

1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease of the
central nervous system, affecting approximately 2.3 million people
worldwide (Thompson et al., 2018). Cognitive impairment is a well-
documented symptom in MS, and affects up to 65% of the patients
(Amato et al., 2006; Bobholz and Rao, 2003; Chiaravalloti and
DeLuca, 2008; Rao et al., 1991). It is present in all subtypes and at all
stages of the disease, and it is known to progress over time (Amato
et al., 2001, 2006; Patti et al., 2009; Rao et al., 1991). Many patients
with MS exhibit signs of cognitive impairment even before the first
physical symptom of the disease manifests (Cortese et al., 2016), which
implies a preclinical disease activity affecting cognition. The high

prevalence rate, along with the evidence of preclinical cognitive
symptoms, highlight the need for a standardized tool for screening of
cognitive function in patients with MS.

Awareness of cognitive symptoms associated with MS has improved
during the recent years. Traditionally, the cognitive assessment of pa-
tients with MS has been performed by trained neuropsychologists in
specialized centers, and involves time-consuming comprehensive test
batteries, such as the Brief Repeatable Battery of Neuropsychological
tests (BRB-N) and the Minimal Assessment of Cognitive Function in
Multiple Sclerosis (MACFIMS) (Benedict et al., 2006; Strober et al.,
2009). Such evaluations have been reserved for patients who already
have an apparent degree of cognitive impairment, and is not routinely
offered to young or employed patients with MS. In order to detect the
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ABSTRACT

Background:Cognitiveimpairmentisacommonsymptominallstagesofmultiplesclerosis(MS),yetitisun-
derreportedandnotroutinelyevaluated.TheBriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS)isashortandeasilyadministeredtestbatteryforscreeningofcognitiveimpairmentinMSthatcanbe
completedwithin15minandincorporatedintoroutineclinicalpractice.Thetestbatteryconsistsoftheoral
versionoftheSymbolsDigitModalitiesTest(SDMT)andtheinitiallearningtrialsoftheCaliforniaVerbal
LearningTest2ndedition(CVLT-II)andtheBriefVisuospatialMemoryTestRevised(BVMT-R).
Objective:ToinvestigateiftheNorwegianversionoftheBICAMScouldidentifycognitiveimpairmentinearly
stagesofMSandbeusedaspartofroutinefollow-upprocedures.
Methods:Atotalof65relapsing-remittingMS(RRMS)patientsand68healthycontrolswereexaminedwiththe
BICAMStestbattery.Arandomlyselectedsubsetof29controlswereretested1–4weeksafterbaseline.All
participantswerescreenedforanxietyanddepressionusingtheHospitalAnxietyandDepressionScale(HADS).
Results:TherewerestatisticallysignificantdifferencesbetweenthepatientswithMSandthehealthycontrolson
allthreesubtests,andthedifferencesremainedsignificantfortheCVLT-II(p=0.003)andBVMT-R(p=0.011)
afteradjustingforeducation.TherewerenostatisticallysignificantcorrelationsbetweenBICAMSscoresand
anxietyanddepression.SDMTandBVMT-Rresultsinthecontrolgroupatbaselineandre-testwerestrongly
correlated(r≥0.70,p<0.001),andCVLT-IIachievedanadequatevalueofr=0.60(p=0.001).OntheSDMT,
therewasastatisticallysignificantimprovementbetweenthetwotest-sessions.Cognitiveimpairment,definedas
anabnormaltestscoreon≥1subtest,wasidentifiedin46.2%ofthepatientsample,whereas15.4%were
consideredcognitivelyimpairedon≥2subtests.
Conclusion:ThisstudysupportsthattheNorwegianversionoftheBICAMSshouldbeincludedasascreening
procedureforcognitiveimpairmentinNorwegianMSpatients.

1.Introduction

Multiplesclerosis(MS)isachronicinflammatorydiseaseofthe
centralnervoussystem,affectingapproximately2.3millionpeople
worldwide(Thompsonetal.,2018).Cognitiveimpairmentisawell-
documentedsymptominMS,andaffectsupto65%ofthepatients
(Amatoetal.,2006;BobholzandRao,2003;Chiaravallotiand
DeLuca,2008;Raoetal.,1991).Itispresentinallsubtypesandatall
stagesofthedisease,anditisknowntoprogressovertime(Amato
etal.,2001,2006;Pattietal.,2009;Raoetal.,1991).Manypatients
withMSexhibitsignsofcognitiveimpairmentevenbeforethefirst
physicalsymptomofthediseasemanifests(Corteseetal.,2016),which
impliesapreclinicaldiseaseactivityaffectingcognition.Thehigh

prevalencerate,alongwiththeevidenceofpreclinicalcognitive
symptoms,highlighttheneedforastandardizedtoolforscreeningof
cognitivefunctioninpatientswithMS.

AwarenessofcognitivesymptomsassociatedwithMShasimproved
duringtherecentyears.Traditionally,thecognitiveassessmentofpa-
tientswithMShasbeenperformedbytrainedneuropsychologistsin
specializedcenters,andinvolvestime-consumingcomprehensivetest
batteries,suchastheBriefRepeatableBatteryofNeuropsychological
tests(BRB-N)andtheMinimalAssessmentofCognitiveFunctionin
MultipleSclerosis(MACFIMS)(Benedictetal.,2006;Stroberetal.,
2009).Suchevaluationshavebeenreservedforpatientswhoalready
haveanapparentdegreeofcognitiveimpairment,andisnotroutinely
offeredtoyoungoremployedpatientswithMS.Inordertodetectthe
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Objective: To investigate if the Norwegian version of the BICAMS could identify cognitive impairment in early
stages of MS and be used as part of routine follow-up procedures.
Methods: A total of 65 relapsing-remitting MS (RRMS) patients and 68 healthy controls were examined with the
BICAMS test battery. A randomly selected subset of 29 controls were retested 1–4 weeks after baseline. All
participants were screened for anxiety and depression using the Hospital Anxiety and Depression Scale (HADS).
Results: There were statistically significant differences between the patients with MS and the healthy controls on
all three subtests, and the differences remained significant for the CVLT-II (p=0.003) and BVMT-R (p=0.011)
after adjusting for education. There were no statistically significant correlations between BICAMS scores and
anxiety and depression. SDMT and BVMT-R results in the control group at baseline and re-test were strongly
correlated (r≥0.70, p<0.001), and CVLT-II achieved an adequate value of r=0.60 (p=0.001). On the SDMT,
there was a statistically significant improvement between the two test-sessions. Cognitive impairment, defined as
an abnormal test score on ≥1 subtest, was identified in 46.2% of the patient sample, whereas 15.4% were
considered cognitively impaired on ≥2 subtests.
Conclusion: This study supports that the Norwegian version of the BICAMS should be included as a screening
procedure for cognitive impairment in Norwegian MS patients.

1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease of the
central nervous system, affecting approximately 2.3 million people
worldwide (Thompson et al., 2018). Cognitive impairment is a well-
documented symptom in MS, and affects up to 65% of the patients
(Amato et al., 2006; Bobholz and Rao, 2003; Chiaravalloti and
DeLuca, 2008; Rao et al., 1991). It is present in all subtypes and at all
stages of the disease, and it is known to progress over time (Amato
et al., 2001, 2006; Patti et al., 2009; Rao et al., 1991). Many patients
with MS exhibit signs of cognitive impairment even before the first
physical symptom of the disease manifests (Cortese et al., 2016), which
implies a preclinical disease activity affecting cognition. The high

prevalence rate, along with the evidence of preclinical cognitive
symptoms, highlight the need for a standardized tool for screening of
cognitive function in patients with MS.

Awareness of cognitive symptoms associated with MS has improved
during the recent years. Traditionally, the cognitive assessment of pa-
tients with MS has been performed by trained neuropsychologists in
specialized centers, and involves time-consuming comprehensive test
batteries, such as the Brief Repeatable Battery of Neuropsychological
tests (BRB-N) and the Minimal Assessment of Cognitive Function in
Multiple Sclerosis (MACFIMS) (Benedict et al., 2006; Strober et al.,
2009). Such evaluations have been reserved for patients who already
have an apparent degree of cognitive impairment, and is not routinely
offered to young or employed patients with MS. In order to detect the
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Background:Cognitiveimpairmentisacommonsymptominallstagesofmultiplesclerosis(MS),yetitisun-
derreportedandnotroutinelyevaluated.TheBriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS)isashortandeasilyadministeredtestbatteryforscreeningofcognitiveimpairmentinMSthatcanbe
completedwithin15minandincorporatedintoroutineclinicalpractice.Thetestbatteryconsistsoftheoral
versionoftheSymbolsDigitModalitiesTest(SDMT)andtheinitiallearningtrialsoftheCaliforniaVerbal
LearningTest2ndedition(CVLT-II)andtheBriefVisuospatialMemoryTestRevised(BVMT-R).
Objective:ToinvestigateiftheNorwegianversionoftheBICAMScouldidentifycognitiveimpairmentinearly
stagesofMSandbeusedaspartofroutinefollow-upprocedures.
Methods:Atotalof65relapsing-remittingMS(RRMS)patientsand68healthycontrolswereexaminedwiththe
BICAMStestbattery.Arandomlyselectedsubsetof29controlswereretested1–4weeksafterbaseline.All
participantswerescreenedforanxietyanddepressionusingtheHospitalAnxietyandDepressionScale(HADS).
Results:TherewerestatisticallysignificantdifferencesbetweenthepatientswithMSandthehealthycontrolson
allthreesubtests,andthedifferencesremainedsignificantfortheCVLT-II(p=0.003)andBVMT-R(p=0.011)
afteradjustingforeducation.TherewerenostatisticallysignificantcorrelationsbetweenBICAMSscoresand
anxietyanddepression.SDMTandBVMT-Rresultsinthecontrolgroupatbaselineandre-testwerestrongly
correlated(r≥0.70,p<0.001),andCVLT-IIachievedanadequatevalueofr=0.60(p=0.001).OntheSDMT,
therewasastatisticallysignificantimprovementbetweenthetwotest-sessions.Cognitiveimpairment,definedas
anabnormaltestscoreon≥1subtest,wasidentifiedin46.2%ofthepatientsample,whereas15.4%were
consideredcognitivelyimpairedon≥2subtests.
Conclusion:ThisstudysupportsthattheNorwegianversionoftheBICAMSshouldbeincludedasascreening
procedureforcognitiveimpairmentinNorwegianMSpatients.

1.Introduction

Multiplesclerosis(MS)isachronicinflammatorydiseaseofthe
centralnervoussystem,affectingapproximately2.3millionpeople
worldwide(Thompsonetal.,2018).Cognitiveimpairmentisawell-
documentedsymptominMS,andaffectsupto65%ofthepatients
(Amatoetal.,2006;BobholzandRao,2003;Chiaravallotiand
DeLuca,2008;Raoetal.,1991).Itispresentinallsubtypesandatall
stagesofthedisease,anditisknowntoprogressovertime(Amato
etal.,2001,2006;Pattietal.,2009;Raoetal.,1991).Manypatients
withMSexhibitsignsofcognitiveimpairmentevenbeforethefirst
physicalsymptomofthediseasemanifests(Corteseetal.,2016),which
impliesapreclinicaldiseaseactivityaffectingcognition.Thehigh

prevalencerate,alongwiththeevidenceofpreclinicalcognitive
symptoms,highlighttheneedforastandardizedtoolforscreeningof
cognitivefunctioninpatientswithMS.

AwarenessofcognitivesymptomsassociatedwithMShasimproved
duringtherecentyears.Traditionally,thecognitiveassessmentofpa-
tientswithMShasbeenperformedbytrainedneuropsychologistsin
specializedcenters,andinvolvestime-consumingcomprehensivetest
batteries,suchastheBriefRepeatableBatteryofNeuropsychological
tests(BRB-N)andtheMinimalAssessmentofCognitiveFunctionin
MultipleSclerosis(MACFIMS)(Benedictetal.,2006;Stroberetal.,
2009).Suchevaluationshavebeenreservedforpatientswhoalready
haveanapparentdegreeofcognitiveimpairment,andisnotroutinely
offeredtoyoungoremployedpatientswithMS.Inordertodetectthe
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early, subtle changes in cognition, there has been a call for a short,
sensitive and easily administered test battery; one that can be in-
corporated into standard routines when diagnosing and following up
patients with MS. The Brief International Cognitive Assessment for
Multiple Sclerosis (BICAMS) was developed for this purpose
(Langdon et al., 2012).

The BICAMS can be completed in 15 min without requiring any
special equipment or extensive assessor training, and is shown to be
sensitive to cognitive changes associated with MS (Langdon et al.,
2012). Subtests are included based on psychometric qualities (relia-
bility, validity and sensitivity) and international applicability and fea-
sibility. The BICAMS evaluates (1) information processing speed by the
Symbol Digit Modalities Test (SDMT), (2) verbal memory function by
the learning trials of the California Verbal Learning test, 2nd edition
(CVLT-II) and (3) visual memory function by the learning trials of the
revised Brief Visuospatial Memory Test (BVMT-R) (Langdon et al.,
2012). The test battery thereby includes measures of the cognitive
functions that are most commonly affected in MS (Chiaravalloti and
DeLuca, 2008; Langdon, 2011). An international standard for validation
has been developed (Benedict et al., 2012) and the BICAMS has been
translated and validated in several countries (Corfield and
Langdon, 2018; Costers et al., 2017; Dusankova et al., 2012;
Filser et al., 2018; O'Connell et al., 2015; Polychroniadou et al., 2016;
Sandi et al., 2015; Sousa et al., 2018; Walker et al., 2016).

This paper presents results on the Norwegian version of the BICAMS
in a cohort of newly diagnosed MS patients with disease duration of less
than 6 years. From previous studies we expected that the tests would
discriminate well between the patients and the controls and that a
significant proportion of the MS patients would be defined as impaired
on at least one of the tests. The BICAMS tests were used in accordance
with the proposed international validation protocol (Benedict et al.,
2012).

2. Methods

2.1. Study population

2.1.1. Patients
All relapsing-remitting MS (RRMS) patients between 18 and 65

years of age, with first-time diagnosis (Polman et al., 2011) between
January 1st 2014 and September 1st 2017, were screened using hos-
pital records at Haukeland University Hospital, Western Norway. A
total of 158 patients with less than three years of documented disease
activity prior to diagnosis were invited to participate in the study, and
98 (62%) agreed to participate. Following a telephone interview, 33
patients were excluded, leaving 65 RRMS patients for inclusion. Rea-
sons for exclusion were: self-reported MS-related symptoms more than
three years prior to diagnosis (n=18), primary language not Norwe-
gian (n=1), neurological or psychiatric comorbidities that could im-
pede cognition (n=2), affiliation to other health care region (n=1),
unresponsive to contact (n=1), withdrawal of consent (n=2), clini-
cally isolated syndrome or progressive subtype (n=8).

2.1.2. Controls
We recruited 68 healthy controls from the community through

posters in the Hospital buildings and advertisements on the Norwegian
MS Society web site. The controls were between 18 and 65 years of age
with Norwegian as their primary language. None of the participants
reported present or previous neurological or psychiatric illnesses that
could impede cognition.

2.2. Procedures

The study was approved by the Regional Ethics Committee of
Western Norway (registration number 2016/31/REK Vest), and parti-
cipation was based on written informed consent.

The controls received two cinema tickets and free parking as com-
pensation for their participation, and the patients with MS were com-
pensated for their deductible related to the study examinations.

2.2.1. Questionnaires
To assess whether depression or anxiety influenced cognitive per-

formance, both the patients with MS and the healthy controls were
asked to complete the Hospital Anxiety and Depression Scale (HADS)
(Zigmond and Snaith, 1983) which has been translated into Norwegian
and validated for use in the MS population (Pais-Ribeiro et al., 2018). In
addition, all participants completed a self-report questionnaire listing
their education, employment status and general health status.

2.2.2. Physical examination
All patients with MS were examined with a full neurological eva-

luation, including scoring of the Expanded Disability Status Scale
(EDSS) (Kurtzke, 1983).

2.2.3. Neuropsychological tests: BICAMS
The oral version of the Symbol Digit Modalities Test (SDMT)

(Smith, 1982) is included as a measure of information processing speed.
An A4 sheet of paper with rows of nine abstract symbols arranged
pseudo-randomly is presented to the subject. A cipher key linking each
of these symbols to a single digit is located at the top of the page. After a
short written practice session on the first 10 symbols, the test subject
has to voice the digit corresponding to each symbol as rapidly as pos-
sible for 90 s. The outcome measure is the number of correctly identi-
fied symbols in the 90-second timeframe. No translation is required as
the symbols have no semantic meaning. A previous study has reported
high sensitivity, a good test-retest reliability and only a minor learning
effect on this version of the SDMT (Strober et al., 2009). The same
version of SDMT was therefore presented in the test and re-test session.

The first five learning trials of the official Norwegian translation
(Lundervold, 2004) of the 2nd edition of the California Verbal Learning
Test (CVLT-II) (Delis et al., 1987) are included to obtain a measure of
verbal memory function. The restriction to the learning trials is based
on results from previous studies (Stegen et al., 2010). The examiner
reads aloud a list of 16 words (List A) and the test subject is then asked
to repeat as many words as possible. The list is repeated five times, and
the number of correct words remembered across the five trials is used as
the outcome measure. To reduce the risk of a learning effect, an alter-
nate list of 16 words is included in the re-test session. The use of such an
alternate form is highly recommended during the short-interval re-
peated assessment of memory function in patients with MS
(Benedict, 2005), but studies validating alternate forms of the shor-
tened version of CVLT-II included in the BICAMS are still missing. For
the re-test session in the present study, the 16 words from the inter-
ference list of the standard format of CVLT-II (List B) were selected, as
they were not presented as part of the first test session and is con-
structed similarly to the original list.

The first three learning trials of the BVMT-R (Benedict, 1997) are
included to obtain a measure of visual memory function. The restriction
to the learning trials is based results from previous studies
(Benedict et al., 2006; Costers et al., 2017). A stimulus sheet showing an
array of 2×3 abstract designs is presented to the test subject for 10 s.
When the stimulus is then hidden from view, the test subject is asked to
draw from memory the same abstract designs in the same spatial ar-
rangement as presented on the stimulus sheet. This is repeated three
times and the outcome measure is the total score achieved over all three
trials. There is a potential learning effect with repeated testing. The test
stimuli are therefore different at baseline and re-test (Form 1 and Form
2, respectively).

2.3. Statistical analyses

Statistical analyses were performed using SPSS version 24 (IBM
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patientswithMS.TheBriefInternationalCognitiveAssessmentfor
MultipleSclerosis(BICAMS)wasdevelopedforthispurpose
(Langdonetal.,2012).

TheBICAMScanbecompletedin15minwithoutrequiringany
specialequipmentorextensiveassessortraining,andisshowntobe
sensitivetocognitivechangesassociatedwithMS(Langdonetal.,
2012).Subtestsareincludedbasedonpsychometricqualities(relia-
bility,validityandsensitivity)andinternationalapplicabilityandfea-
sibility.TheBICAMSevaluates(1)informationprocessingspeedbythe
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(CVLT-II)and(3)visualmemoryfunctionbythelearningtrialsofthe
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onatleastoneofthetests.TheBICAMStestswereusedinaccordance
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2012).
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pitalrecordsatHaukelandUniversityHospital,WesternNorway.A
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early, subtle changes in cognition, there has been a call for a short,
sensitive and easily administered test battery; one that can be in-
corporated into standard routines when diagnosing and following up
patients with MS. The Brief International Cognitive Assessment for
Multiple Sclerosis (BICAMS) was developed for this purpose
(Langdon et al., 2012).

The BICAMS can be completed in 15 min without requiring any
special equipment or extensive assessor training, and is shown to be
sensitive to cognitive changes associated with MS (Langdon et al.,
2012). Subtests are included based on psychometric qualities (relia-
bility, validity and sensitivity) and international applicability and fea-
sibility. The BICAMS evaluates (1) information processing speed by the
Symbol Digit Modalities Test (SDMT), (2) verbal memory function by
the learning trials of the California Verbal Learning test, 2nd edition
(CVLT-II) and (3) visual memory function by the learning trials of the
revised Brief Visuospatial Memory Test (BVMT-R) (Langdon et al.,
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functions that are most commonly affected in MS (Chiaravalloti and
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luation, including scoring of the Expanded Disability Status Scale
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high sensitivity, a good test-retest reliability and only a minor learning
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The study was approved by the Regional Ethics Committee of
Western Norway (registration number 2016/31/REK Vest), and parti-
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2.2.1. Questionnaires
To assess whether depression or anxiety influenced cognitive per-
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2.3. Statistical analyses

Statistical analyses were performed using SPSS version 24 (IBM

E. Skorve, et al. Multiple Sclerosis and Related Disorders 36 (2019) 101408

2

early,subtlechangesincognition,therehasbeenacallforashort,
sensitiveandeasilyadministeredtestbattery;onethatcanbein-
corporatedintostandardroutineswhendiagnosingandfollowingup
patientswithMS.TheBriefInternationalCognitiveAssessmentfor
MultipleSclerosis(BICAMS)wasdevelopedforthispurpose
(Langdonetal.,2012).

TheBICAMScanbecompletedin15minwithoutrequiringany
specialequipmentorextensiveassessortraining,andisshowntobe
sensitivetocognitivechangesassociatedwithMS(Langdonetal.,
2012).Subtestsareincludedbasedonpsychometricqualities(relia-
bility,validityandsensitivity)andinternationalapplicabilityandfea-
sibility.TheBICAMSevaluates(1)informationprocessingspeedbythe
SymbolDigitModalitiesTest(SDMT),(2)verbalmemoryfunctionby
thelearningtrialsoftheCaliforniaVerbalLearningtest,2ndedition
(CVLT-II)and(3)visualmemoryfunctionbythelearningtrialsofthe
revisedBriefVisuospatialMemoryTest(BVMT-R)(Langdonetal.,
2012).Thetestbatterytherebyincludesmeasuresofthecognitive
functionsthataremostcommonlyaffectedinMS(Chiaravallotiand
DeLuca,2008;Langdon,2011).Aninternationalstandardforvalidation
hasbeendeveloped(Benedictetal.,2012)andtheBICAMShasbeen
translatedandvalidatedinseveralcountries(Corfieldand
Langdon,2018;Costersetal.,2017;Dusankovaetal.,2012;
Filseretal.,2018;O'Connelletal.,2015;Polychroniadouetal.,2016;
Sandietal.,2015;Sousaetal.,2018;Walkeretal.,2016).

ThispaperpresentsresultsontheNorwegianversionoftheBICAMS
inacohortofnewlydiagnosedMSpatientswithdiseasedurationofless
than6years.Frompreviousstudiesweexpectedthatthetestswould
discriminatewellbetweenthepatientsandthecontrolsandthata
significantproportionoftheMSpatientswouldbedefinedasimpaired
onatleastoneofthetests.TheBICAMStestswereusedinaccordance
withtheproposedinternationalvalidationprotocol(Benedictetal.,
2012).

2.Methods

2.1.Studypopulation

2.1.1.Patients
Allrelapsing-remittingMS(RRMS)patientsbetween18and65

yearsofage,withfirst-timediagnosis(Polmanetal.,2011)between
January1st2014andSeptember1st2017,werescreenedusinghos-
pitalrecordsatHaukelandUniversityHospital,WesternNorway.A
totalof158patientswithlessthanthreeyearsofdocumenteddisease
activitypriortodiagnosiswereinvitedtoparticipateinthestudy,and
98(62%)agreedtoparticipate.Followingatelephoneinterview,33
patientswereexcluded,leaving65RRMSpatientsforinclusion.Rea-
sonsforexclusionwere:self-reportedMS-relatedsymptomsmorethan
threeyearspriortodiagnosis(n=18),primarylanguagenotNorwe-
gian(n=1),neurologicalorpsychiatriccomorbiditiesthatcouldim-
pedecognition(n=2),affiliationtootherhealthcareregion(n=1),
unresponsivetocontact(n=1),withdrawalofconsent(n=2),clini-
callyisolatedsyndromeorprogressivesubtype(n=8).

2.1.2.Controls
Werecruited68healthycontrolsfromthecommunitythrough

postersintheHospitalbuildingsandadvertisementsontheNorwegian
MSSocietywebsite.Thecontrolswerebetween18and65yearsofage
withNorwegianastheirprimarylanguage.Noneoftheparticipants
reportedpresentorpreviousneurologicalorpsychiatricillnessesthat
couldimpedecognition.

2.2.Procedures

ThestudywasapprovedbytheRegionalEthicsCommitteeof
WesternNorway(registrationnumber2016/31/REKVest),andparti-
cipationwasbasedonwritteninformedconsent.

Thecontrolsreceivedtwocinematicketsandfreeparkingascom-
pensationfortheirparticipation,andthepatientswithMSwerecom-
pensatedfortheirdeductiblerelatedtothestudyexaminations.
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timesandtheoutcomemeasureisthetotalscoreachievedoverallthree
trials.Thereisapotentiallearningeffectwithrepeatedtesting.Thetest
stimuliarethereforedifferentatbaselineandre-test(Form1andForm
2,respectively).

2.3.Statisticalanalyses

StatisticalanalyseswereperformedusingSPSSversion24(IBM
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inacohortofnewlydiagnosedMSpatientswithdiseasedurationofless
than6years.Frompreviousstudiesweexpectedthatthetestswould
discriminatewellbetweenthepatientsandthecontrolsandthata
significantproportionoftheMSpatientswouldbedefinedasimpaired
onatleastoneofthetests.TheBICAMStestswereusedinaccordance
withtheproposedinternationalvalidationprotocol(Benedictetal.,
2012).

2.Methods

2.1.Studypopulation

2.1.1.Patients
Allrelapsing-remittingMS(RRMS)patientsbetween18and65

yearsofage,withfirst-timediagnosis(Polmanetal.,2011)between
January1st2014andSeptember1st2017,werescreenedusinghos-
pitalrecordsatHaukelandUniversityHospital,WesternNorway.A
totalof158patientswithlessthanthreeyearsofdocumenteddisease
activitypriortodiagnosiswereinvitedtoparticipateinthestudy,and
98(62%)agreedtoparticipate.Followingatelephoneinterview,33
patientswereexcluded,leaving65RRMSpatientsforinclusion.Rea-
sonsforexclusionwere:self-reportedMS-relatedsymptomsmorethan
threeyearspriortodiagnosis(n=18),primarylanguagenotNorwe-
gian(n=1),neurologicalorpsychiatriccomorbiditiesthatcouldim-
pedecognition(n=2),affiliationtootherhealthcareregion(n=1),
unresponsivetocontact(n=1),withdrawalofconsent(n=2),clini-
callyisolatedsyndromeorprogressivesubtype(n=8).

2.1.2.Controls
Werecruited68healthycontrolsfromthecommunitythrough

postersintheHospitalbuildingsandadvertisementsontheNorwegian
MSSocietywebsite.Thecontrolswerebetween18and65yearsofage
withNorwegianastheirprimarylanguage.Noneoftheparticipants
reportedpresentorpreviousneurologicalorpsychiatricillnessesthat
couldimpedecognition.

2.2.Procedures

ThestudywasapprovedbytheRegionalEthicsCommitteeof
WesternNorway(registrationnumber2016/31/REKVest),andparti-
cipationwasbasedonwritteninformedconsent.

Thecontrolsreceivedtwocinematicketsandfreeparkingascom-
pensationfortheirparticipation,andthepatientswithMSwerecom-
pensatedfortheirdeductiblerelatedtothestudyexaminations.

2.2.1.Questionnaires
Toassesswhetherdepressionoranxietyinfluencedcognitiveper-

formance,boththepatientswithMSandthehealthycontrolswere
askedtocompletetheHospitalAnxietyandDepressionScale(HADS)
(ZigmondandSnaith,1983)whichhasbeentranslatedintoNorwegian
andvalidatedforuseintheMSpopulation(Pais-Ribeiroetal.,2018).In
addition,allparticipantscompletedaself-reportquestionnairelisting
theireducation,employmentstatusandgeneralhealthstatus.

2.2.2.Physicalexamination
AllpatientswithMSwereexaminedwithafullneurologicaleva-

luation,includingscoringoftheExpandedDisabilityStatusScale
(EDSS)(Kurtzke,1983).

2.2.3.Neuropsychologicaltests:BICAMS
TheoralversionoftheSymbolDigitModalitiesTest(SDMT)

(Smith,1982)isincludedasameasureofinformationprocessingspeed.
AnA4sheetofpaperwithrowsofnineabstractsymbolsarranged
pseudo-randomlyispresentedtothesubject.Acipherkeylinkingeach
ofthesesymbolstoasingledigitislocatedatthetopofthepage.Aftera
shortwrittenpracticesessiononthefirst10symbols,thetestsubject
hastovoicethedigitcorrespondingtoeachsymbolasrapidlyaspos-
siblefor90s.Theoutcomemeasureisthenumberofcorrectlyidenti-
fiedsymbolsinthe90-secondtimeframe.Notranslationisrequiredas
thesymbolshavenosemanticmeaning.Apreviousstudyhasreported
highsensitivity,agoodtest-retestreliabilityandonlyaminorlearning
effectonthisversionoftheSDMT(Stroberetal.,2009).Thesame
versionofSDMTwasthereforepresentedinthetestandre-testsession.

ThefirstfivelearningtrialsoftheofficialNorwegiantranslation
(Lundervold,2004)ofthe2ndeditionoftheCaliforniaVerbalLearning
Test(CVLT-II)(Delisetal.,1987)areincludedtoobtainameasureof
verbalmemoryfunction.Therestrictiontothelearningtrialsisbased
onresultsfrompreviousstudies(Stegenetal.,2010).Theexaminer
readsaloudalistof16words(ListA)andthetestsubjectisthenasked
torepeatasmanywordsaspossible.Thelistisrepeatedfivetimes,and
thenumberofcorrectwordsrememberedacrossthefivetrialsisusedas
theoutcomemeasure.Toreducetheriskofalearningeffect,analter-
natelistof16wordsisincludedinthere-testsession.Theuseofsuchan
alternateformishighlyrecommendedduringtheshort-intervalre-
peatedassessmentofmemoryfunctioninpatientswithMS
(Benedict,2005),butstudiesvalidatingalternateformsoftheshor-
tenedversionofCVLT-IIincludedintheBICAMSarestillmissing.For
there-testsessioninthepresentstudy,the16wordsfromtheinter-
ferencelistofthestandardformatofCVLT-II(ListB)wereselected,as
theywerenotpresentedaspartofthefirsttestsessionandiscon-
structedsimilarlytotheoriginallist.

ThefirstthreelearningtrialsoftheBVMT-R(Benedict,1997)are
includedtoobtainameasureofvisualmemoryfunction.Therestriction
tothelearningtrialsisbasedresultsfrompreviousstudies
(Benedictetal.,2006;Costersetal.,2017).Astimulussheetshowingan
arrayof2×3abstractdesignsispresentedtothetestsubjectfor10s.
Whenthestimulusisthenhiddenfromview,thetestsubjectisaskedto
drawfrommemorythesameabstractdesignsinthesamespatialar-
rangementaspresentedonthestimulussheet.Thisisrepeatedthree
timesandtheoutcomemeasureisthetotalscoreachievedoverallthree
trials.Thereisapotentiallearningeffectwithrepeatedtesting.Thetest
stimuliarethereforedifferentatbaselineandre-test(Form1andForm
2,respectively).

2.3.Statisticalanalyses

StatisticalanalyseswereperformedusingSPSSversion24(IBM
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Corp., Armonk, NY), and figures were made using StataSE version 15
(StataCorp LLC, College Station, Texas). Statistical significance was set
at alpha level< 0.05. Between-group differences were examined with
student's t-test and chi-square for continuous and categorical variables,
respectively. Effect sizes were calculated according to Cohen's d statistic
(0.2=small, 0.5=medium, 0.8=large). The relationship between the
BICAMS scores and anxiety/depression (HADS-scores) was calculated
by running a Pearson's correlational analysis. Correlation analysis was
also used to assess the test-retest reliability of the BICAMS subtests and
paired t tests were calculated to evaluate improvement from baseline to
re-test in the control group. Cut-off values were calculated for each
subtest (≤1.5 standard deviations below the mean of the control
group), and participants were defined as cognitively impaired or cog-
nitively preserved based on the occurrence of abnormal test scores on
one, two and three subtests, respectively. A stepwise linear regression
was performed to assess if BICAMS performance predicted self-reported
employment status. Age, gender, education level, EDSS, disease dura-
tion and HADS-scores were entered as predictors on the first step and
the BICAMS-scores on the second step.

3. Results

3.1. Demographic characteristics

We included 65 patients with RRMS and 68 healthy controls in the
study. Baseline demographic characteristics are outlined in Table 1.
There were no statistically significant differences between the groups
regarding age or gender, but the number of participants with the lowest
level of education was significantly higher in the MS than the control
group, with a corresponding higher number of controls at the two
highest levels. Almost all participants in both groups were employed,
and more than two thirds were employed full time

All participants in the MS group had a relapsing-remitting subtype,
with an EDSS score ranging from 0 to 3 (mean 1.28±0.88), and an
average disease duration (time from first documented clinical symptom
to BICAMS testing) ranging from 0.25 to 5.33 (mean 1.81±1.23)
years.

3.2. Impact of anxiety and depression on BICAMS performance

The scores on the Hospital Anxiety and Depression Scale (HADS)
showed that the patients with MS reported significantly higher levels of
anxiety compared to the controls (Table 2), with a non-significant dif-
ference in level of depression. The combined anxiety and depression
score (HADS-total) was significantly higher in the MS than the control
group (p=0.041). The level of anxiety and depression did not, how-
ever, correlate significantly to the BICAMS scores in either group
(Table 3).

3.3. Group differences on BICAMS measures

The mean scores on the SDMT, CVLT-II and BVMT-R were all sig-
nificantly lower in the MS group than in the control group (Table 4),
with differences of small to medium effect sizes. When adjusting for
group mismatch in education and anxiety/depression, the scores re-
mained significantly lower in the MS group on the CVLT-II and the
BVMT-R, but not for the SDMT.

3.4. Test-retest data in the control group

We retested the healthy controls 7 to 32 (mean 19.63±7.87) days
after the baseline assessment and the test-retest data are shown in
Table 5 and Fig. 1. Strong correlations between the results at baseline
and retest were found for all subtests; the SDMT and BVMT-R both
achieved excellent r-values of ∼ 0.80 (p<0.001) whereas the CVLT-II
obtained an r-value of ∼ 0.60 (p=0.001). There was a statistically
significant improvement on the SDMT between the two sessions (∼ 3.5
points, p=0.024).

3.5. Cognitive impairment in the MS group

A score ≤1.5 standard deviations below the mean score of the
control group defined the cut-off value for cognitive impairment on
each of the three BICAMS tests. Following the criteria of ≥1 abnormal
test score (Dusankova et al., 2012), 46.2% of the patient sample were
considered cognitively impaired (Table 6). They were most likely to be
impaired on the CVLT-II, with 30.8% of the patients scoring below the
cut-off value. On the BVMT-R and SDMT, 26.2% and 10.8% were
considered cognitively impaired, respectively. When the definition of
cognitive impairment was defined as ≥ 2 abnormal tests, only 15.4% of
the patients with MS were considered cognitively impaired, and a small
subset of 6.2% scored below the cut-off value on all three tests.

3.6. BICAMS and employment

There was no significant difference between the groups in regards to
overall employment status (Table 1). When entered into a stepwise
regression model, only age (F= 5.077, p=0.028) was retained in the

Table 1
Baseline demographic characteristics in the MS group (MS) and the healthy
control group (HC).

MS (N=65) HC (N=68) p-value

Gender male/female, N (% female) 23/42 (64.6) 23/45 (66.2) 0.850
Age (years), mean± SD 37.02±10.40 38.13± 11.40 0.556
Education, N
<14 years 23 11 0.038
14–16 years 24 31
>16 years 18 26
Employed,% 89.2 97.0 0.080
Fulltime,% 70.3 76.6 0.423
Disease duration (years), mean± SD
Since first symptom 1.81± 1.23 – –
Since diagnosis 1.08± 0.74 – –
EDSS, mean±SD 1.28± 0.88 – –

SD= Standard deviation. EDSS= Expanded Disability Status Scale.

Table 2
Group differences on measures of anxiety and depression among patients with
MS and healthy controls (HC).

MS HC
Mean (± SD) Mean (± SD) t p-value

HADS-Anxiety 5.64 (± 4.00) 4.29 (± 3.16) 2.145 0.034
HADS-Depression 2.95 (± 3.23) 2.20 (± 2.48 1.494 0.138
HADS-Total 8.59 (± 6.49) 6.48 (± 5.11) 2.062 0.041

SD= Standard deviation. HADS= Hospital Anxiety and Depression Scale.

Table 3
Correlations between the BICAMS subtests and anxiety/depression.

Test Group HADS-total

Pearson's r p-value

SDMT MS −0.018 0.888
HC −0.034 0.787

CVLT-II MS −0.135 0.288
HC 0.024 0.846

BVMT-R MS −0.080 0.532
HC 0.006 0.962

MS= (patients with) Multiple Sclerosis. HC= Healthy controls. HADS=
Hospital Anxiety and Depression Scale. SDMT= Symbols Digit Modalities Test.
CVLT-II= California Verbal Learning Test, 2nd edition. BVMT-R= Brief
Visuospatial Memory Test, Revised.
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Corp.,Armonk,NY),andfiguresweremadeusingStataSEversion15
(StataCorpLLC,CollegeStation,Texas).Statisticalsignificancewasset
atalphalevel<0.05.Between-groupdifferenceswereexaminedwith
student'st-testandchi-squareforcontinuousandcategoricalvariables,
respectively.EffectsizeswerecalculatedaccordingtoCohen'sdstatistic
(0.2=small,0.5=medium,0.8=large).Therelationshipbetweenthe
BICAMSscoresandanxiety/depression(HADS-scores)wascalculated
byrunningaPearson'scorrelationalanalysis.Correlationanalysiswas
alsousedtoassessthetest-retestreliabilityoftheBICAMSsubtestsand
pairedttestswerecalculatedtoevaluateimprovementfrombaselineto
re-testinthecontrolgroup.Cut-offvalueswerecalculatedforeach
subtest(≤1.5standarddeviationsbelowthemeanofthecontrol
group),andparticipantsweredefinedascognitivelyimpairedorcog-
nitivelypreservedbasedontheoccurrenceofabnormaltestscoreson
one,twoandthreesubtests,respectively.Astepwiselinearregression
wasperformedtoassessifBICAMSperformancepredictedself-reported
employmentstatus.Age,gender,educationlevel,EDSS,diseasedura-
tionandHADS-scoreswereenteredaspredictorsonthefirststepand
theBICAMS-scoresonthesecondstep.

3.Results

3.1.Demographiccharacteristics

Weincluded65patientswithRRMSand68healthycontrolsinthe
study.BaselinedemographiccharacteristicsareoutlinedinTable1.
Therewerenostatisticallysignificantdifferencesbetweenthegroups
regardingageorgender,butthenumberofparticipantswiththelowest
levelofeducationwassignificantlyhigherintheMSthanthecontrol
group,withacorrespondinghighernumberofcontrolsatthetwo
highestlevels.Almostallparticipantsinbothgroupswereemployed,
andmorethantwothirdswereemployedfulltime

AllparticipantsintheMSgrouphadarelapsing-remittingsubtype,
withanEDSSscorerangingfrom0to3(mean1.28±0.88),andan
averagediseaseduration(timefromfirstdocumentedclinicalsymptom
toBICAMStesting)rangingfrom0.25to5.33(mean1.81±1.23)
years.

3.2.ImpactofanxietyanddepressiononBICAMSperformance

ThescoresontheHospitalAnxietyandDepressionScale(HADS)
showedthatthepatientswithMSreportedsignificantlyhigherlevelsof
anxietycomparedtothecontrols(Table2),withanon-significantdif-
ferenceinlevelofdepression.Thecombinedanxietyanddepression
score(HADS-total)wassignificantlyhigherintheMSthanthecontrol
group(p=0.041).Thelevelofanxietyanddepressiondidnot,how-
ever,correlatesignificantlytotheBICAMSscoresineithergroup
(Table3).

3.3.GroupdifferencesonBICAMSmeasures

ThemeanscoresontheSDMT,CVLT-IIandBVMT-Rwereallsig-
nificantlylowerintheMSgroupthaninthecontrolgroup(Table4),
withdifferencesofsmalltomediumeffectsizes.Whenadjustingfor
groupmismatchineducationandanxiety/depression,thescoresre-
mainedsignificantlylowerintheMSgroupontheCVLT-IIandthe
BVMT-R,butnotfortheSDMT.

3.4.Test-retestdatainthecontrolgroup

Weretestedthehealthycontrols7to32(mean19.63±7.87)days
afterthebaselineassessmentandthetest-retestdataareshownin
Table5andFig.1.Strongcorrelationsbetweentheresultsatbaseline
andretestwerefoundforallsubtests;theSDMTandBVMT-Rboth
achievedexcellentr-valuesof∼0.80(p<0.001)whereastheCVLT-II
obtainedanr-valueof∼0.60(p=0.001).Therewasastatistically
significantimprovementontheSDMTbetweenthetwosessions(∼3.5
points,p=0.024).

3.5.CognitiveimpairmentintheMSgroup

Ascore≤1.5standarddeviationsbelowthemeanscoreofthe
controlgroupdefinedthecut-offvalueforcognitiveimpairmenton
eachofthethreeBICAMStests.Followingthecriteriaof≥1abnormal
testscore(Dusankovaetal.,2012),46.2%ofthepatientsamplewere
consideredcognitivelyimpaired(Table6).Theyweremostlikelytobe
impairedontheCVLT-II,with30.8%ofthepatientsscoringbelowthe
cut-offvalue.OntheBVMT-RandSDMT,26.2%and10.8%were
consideredcognitivelyimpaired,respectively.Whenthedefinitionof
cognitiveimpairmentwasdefinedas≥2abnormaltests,only15.4%of
thepatientswithMSwereconsideredcognitivelyimpaired,andasmall
subsetof6.2%scoredbelowthecut-offvalueonallthreetests.

3.6.BICAMSandemployment

Therewasnosignificantdifferencebetweenthegroupsinregardsto
overallemploymentstatus(Table1).Whenenteredintoastepwise
regressionmodel,onlyage(F=5.077,p=0.028)wasretainedinthe

Table1
BaselinedemographiccharacteristicsintheMSgroup(MS)andthehealthy
controlgroup(HC).

MS(N=65)HC(N=68)p-value

Gendermale/female,N(%female)23/42(64.6)23/45(66.2)0.850
Age(years),mean±SD37.02±10.4038.13±11.400.556
Education,N
<14years23110.038
14–16years2431
>16years1826
Employed,%89.297.00.080
Fulltime,%70.376.60.423
Diseaseduration(years),mean±SD
Sincefirstsymptom1.81±1.23––
Sincediagnosis1.08±0.74––
EDSS,mean±SD1.28±0.88––

SD=Standarddeviation.EDSS=ExpandedDisabilityStatusScale.

Table2
Groupdifferencesonmeasuresofanxietyanddepressionamongpatientswith
MSandhealthycontrols(HC).

MSHC
Mean(±SD)Mean(±SD)tp-value

HADS-Anxiety5.64(±4.00)4.29(±3.16)2.1450.034
HADS-Depression2.95(±3.23)2.20(±2.481.4940.138
HADS-Total8.59(±6.49)6.48(±5.11)2.0620.041

SD=Standarddeviation.HADS=HospitalAnxietyandDepressionScale.

Table3
CorrelationsbetweentheBICAMSsubtestsandanxiety/depression.

TestGroupHADS-total

Pearson'srp-value

SDMTMS−0.0180.888
HC−0.0340.787

CVLT-IIMS−0.1350.288
HC0.0240.846

BVMT-RMS−0.0800.532
HC0.0060.962

MS=(patientswith)MultipleSclerosis.HC=Healthycontrols.HADS=
HospitalAnxietyandDepressionScale.SDMT=SymbolsDigitModalitiesTest.
CVLT-II=CaliforniaVerbalLearningTest,2ndedition.BVMT-R=Brief
VisuospatialMemoryTest,Revised.
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Corp.,Armonk,NY),andfiguresweremadeusingStataSEversion15
(StataCorpLLC,CollegeStation,Texas).Statisticalsignificancewasset
atalphalevel<0.05.Between-groupdifferenceswereexaminedwith
student'st-testandchi-squareforcontinuousandcategoricalvariables,
respectively.EffectsizeswerecalculatedaccordingtoCohen'sdstatistic
(0.2=small,0.5=medium,0.8=large).Therelationshipbetweenthe
BICAMSscoresandanxiety/depression(HADS-scores)wascalculated
byrunningaPearson'scorrelationalanalysis.Correlationanalysiswas
alsousedtoassessthetest-retestreliabilityoftheBICAMSsubtestsand
pairedttestswerecalculatedtoevaluateimprovementfrombaselineto
re-testinthecontrolgroup.Cut-offvalueswerecalculatedforeach
subtest(≤1.5standarddeviationsbelowthemeanofthecontrol
group),andparticipantsweredefinedascognitivelyimpairedorcog-
nitivelypreservedbasedontheoccurrenceofabnormaltestscoreson
one,twoandthreesubtests,respectively.Astepwiselinearregression
wasperformedtoassessifBICAMSperformancepredictedself-reported
employmentstatus.Age,gender,educationlevel,EDSS,diseasedura-
tionandHADS-scoreswereenteredaspredictorsonthefirststepand
theBICAMS-scoresonthesecondstep.

3.Results

3.1.Demographiccharacteristics

Weincluded65patientswithRRMSand68healthycontrolsinthe
study.BaselinedemographiccharacteristicsareoutlinedinTable1.
Therewerenostatisticallysignificantdifferencesbetweenthegroups
regardingageorgender,butthenumberofparticipantswiththelowest
levelofeducationwassignificantlyhigherintheMSthanthecontrol
group,withacorrespondinghighernumberofcontrolsatthetwo
highestlevels.Almostallparticipantsinbothgroupswereemployed,
andmorethantwothirdswereemployedfulltime

AllparticipantsintheMSgrouphadarelapsing-remittingsubtype,
withanEDSSscorerangingfrom0to3(mean1.28±0.88),andan
averagediseaseduration(timefromfirstdocumentedclinicalsymptom
toBICAMStesting)rangingfrom0.25to5.33(mean1.81±1.23)
years.

3.2.ImpactofanxietyanddepressiononBICAMSperformance

ThescoresontheHospitalAnxietyandDepressionScale(HADS)
showedthatthepatientswithMSreportedsignificantlyhigherlevelsof
anxietycomparedtothecontrols(Table2),withanon-significantdif-
ferenceinlevelofdepression.Thecombinedanxietyanddepression
score(HADS-total)wassignificantlyhigherintheMSthanthecontrol
group(p=0.041).Thelevelofanxietyanddepressiondidnot,how-
ever,correlatesignificantlytotheBICAMSscoresineithergroup
(Table3).

3.3.GroupdifferencesonBICAMSmeasures

ThemeanscoresontheSDMT,CVLT-IIandBVMT-Rwereallsig-
nificantlylowerintheMSgroupthaninthecontrolgroup(Table4),
withdifferencesofsmalltomediumeffectsizes.Whenadjustingfor
groupmismatchineducationandanxiety/depression,thescoresre-
mainedsignificantlylowerintheMSgroupontheCVLT-IIandthe
BVMT-R,butnotfortheSDMT.

3.4.Test-retestdatainthecontrolgroup

Weretestedthehealthycontrols7to32(mean19.63±7.87)days
afterthebaselineassessmentandthetest-retestdataareshownin
Table5andFig.1.Strongcorrelationsbetweentheresultsatbaseline
andretestwerefoundforallsubtests;theSDMTandBVMT-Rboth
achievedexcellentr-valuesof∼0.80(p<0.001)whereastheCVLT-II
obtainedanr-valueof∼0.60(p=0.001).Therewasastatistically
significantimprovementontheSDMTbetweenthetwosessions(∼3.5
points,p=0.024).

3.5.CognitiveimpairmentintheMSgroup

Ascore≤1.5standarddeviationsbelowthemeanscoreofthe
controlgroupdefinedthecut-offvalueforcognitiveimpairmenton
eachofthethreeBICAMStests.Followingthecriteriaof≥1abnormal
testscore(Dusankovaetal.,2012),46.2%ofthepatientsamplewere
consideredcognitivelyimpaired(Table6).Theyweremostlikelytobe
impairedontheCVLT-II,with30.8%ofthepatientsscoringbelowthe
cut-offvalue.OntheBVMT-RandSDMT,26.2%and10.8%were
consideredcognitivelyimpaired,respectively.Whenthedefinitionof
cognitiveimpairmentwasdefinedas≥2abnormaltests,only15.4%of
thepatientswithMSwereconsideredcognitivelyimpaired,andasmall
subsetof6.2%scoredbelowthecut-offvalueonallthreetests.

3.6.BICAMSandemployment

Therewasnosignificantdifferencebetweenthegroupsinregardsto
overallemploymentstatus(Table1).Whenenteredintoastepwise
regressionmodel,onlyage(F=5.077,p=0.028)wasretainedinthe

Table1
BaselinedemographiccharacteristicsintheMSgroup(MS)andthehealthy
controlgroup(HC).

MS(N=65)HC(N=68)p-value

Gendermale/female,N(%female)23/42(64.6)23/45(66.2)0.850
Age(years),mean±SD37.02±10.4038.13±11.400.556
Education,N
<14years23110.038
14–16years2431
>16years1826
Employed,%89.297.00.080
Fulltime,%70.376.60.423
Diseaseduration(years),mean±SD
Sincefirstsymptom1.81±1.23––
Sincediagnosis1.08±0.74––
EDSS,mean±SD1.28±0.88––

SD=Standarddeviation.EDSS=ExpandedDisabilityStatusScale.

Table2
Groupdifferencesonmeasuresofanxietyanddepressionamongpatientswith
MSandhealthycontrols(HC).

MSHC
Mean(±SD)Mean(±SD)tp-value

HADS-Anxiety5.64(±4.00)4.29(±3.16)2.1450.034
HADS-Depression2.95(±3.23)2.20(±2.481.4940.138
HADS-Total8.59(±6.49)6.48(±5.11)2.0620.041

SD=Standarddeviation.HADS=HospitalAnxietyandDepressionScale.

Table3
CorrelationsbetweentheBICAMSsubtestsandanxiety/depression.

TestGroupHADS-total

Pearson'srp-value

SDMTMS−0.0180.888
HC−0.0340.787

CVLT-IIMS−0.1350.288
HC0.0240.846

BVMT-RMS−0.0800.532
HC0.0060.962

MS=(patientswith)MultipleSclerosis.HC=Healthycontrols.HADS=
HospitalAnxietyandDepressionScale.SDMT=SymbolsDigitModalitiesTest.
CVLT-II=CaliforniaVerbalLearningTest,2ndedition.BVMT-R=Brief
VisuospatialMemoryTest,Revised.
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Corp., Armonk, NY), and figures were made using StataSE version 15
(StataCorp LLC, College Station, Texas). Statistical significance was set
at alpha level< 0.05. Between-group differences were examined with
student's t-test and chi-square for continuous and categorical variables,
respectively. Effect sizes were calculated according to Cohen's d statistic
(0.2=small, 0.5=medium, 0.8=large). The relationship between the
BICAMS scores and anxiety/depression (HADS-scores) was calculated
by running a Pearson's correlational analysis. Correlation analysis was
also used to assess the test-retest reliability of the BICAMS subtests and
paired t tests were calculated to evaluate improvement from baseline to
re-test in the control group. Cut-off values were calculated for each
subtest (≤1.5 standard deviations below the mean of the control
group), and participants were defined as cognitively impaired or cog-
nitively preserved based on the occurrence of abnormal test scores on
one, two and three subtests, respectively. A stepwise linear regression
was performed to assess if BICAMS performance predicted self-reported
employment status. Age, gender, education level, EDSS, disease dura-
tion and HADS-scores were entered as predictors on the first step and
the BICAMS-scores on the second step.

3. Results

3.1. Demographic characteristics

We included 65 patients with RRMS and 68 healthy controls in the
study. Baseline demographic characteristics are outlined in Table 1.
There were no statistically significant differences between the groups
regarding age or gender, but the number of participants with the lowest
level of education was significantly higher in the MS than the control
group, with a corresponding higher number of controls at the two
highest levels. Almost all participants in both groups were employed,
and more than two thirds were employed full time

All participants in the MS group had a relapsing-remitting subtype,
with an EDSS score ranging from 0 to 3 (mean 1.28±0.88), and an
average disease duration (time from first documented clinical symptom
to BICAMS testing) ranging from 0.25 to 5.33 (mean 1.81±1.23)
years.

3.2. Impact of anxiety and depression on BICAMS performance

The scores on the Hospital Anxiety and Depression Scale (HADS)
showed that the patients with MS reported significantly higher levels of
anxiety compared to the controls (Table 2), with a non-significant dif-
ference in level of depression. The combined anxiety and depression
score (HADS-total) was significantly higher in the MS than the control
group (p=0.041). The level of anxiety and depression did not, how-
ever, correlate significantly to the BICAMS scores in either group
(Table 3).

3.3. Group differences on BICAMS measures

The mean scores on the SDMT, CVLT-II and BVMT-R were all sig-
nificantly lower in the MS group than in the control group (Table 4),
with differences of small to medium effect sizes. When adjusting for
group mismatch in education and anxiety/depression, the scores re-
mained significantly lower in the MS group on the CVLT-II and the
BVMT-R, but not for the SDMT.

3.4. Test-retest data in the control group

We retested the healthy controls 7 to 32 (mean 19.63±7.87) days
after the baseline assessment and the test-retest data are shown in
Table 5 and Fig. 1. Strong correlations between the results at baseline
and retest were found for all subtests; the SDMT and BVMT-R both
achieved excellent r-values of ∼ 0.80 (p<0.001) whereas the CVLT-II
obtained an r-value of ∼ 0.60 (p=0.001). There was a statistically
significant improvement on the SDMT between the two sessions (∼ 3.5
points, p=0.024).

3.5. Cognitive impairment in the MS group

A score ≤1.5 standard deviations below the mean score of the
control group defined the cut-off value for cognitive impairment on
each of the three BICAMS tests. Following the criteria of ≥1 abnormal
test score (Dusankova et al., 2012), 46.2% of the patient sample were
considered cognitively impaired (Table 6). They were most likely to be
impaired on the CVLT-II, with 30.8% of the patients scoring below the
cut-off value. On the BVMT-R and SDMT, 26.2% and 10.8% were
considered cognitively impaired, respectively. When the definition of
cognitive impairment was defined as ≥ 2 abnormal tests, only 15.4% of
the patients with MS were considered cognitively impaired, and a small
subset of 6.2% scored below the cut-off value on all three tests.

3.6. BICAMS and employment

There was no significant difference between the groups in regards to
overall employment status (Table 1). When entered into a stepwise
regression model, only age (F= 5.077, p=0.028) was retained in the

Table 1
Baseline demographic characteristics in the MS group (MS) and the healthy
control group (HC).

MS (N=65) HC (N=68) p-value

Gender male/female, N (% female) 23/42 (64.6) 23/45 (66.2) 0.850
Age (years), mean± SD 37.02±10.40 38.13± 11.40 0.556
Education, N
<14 years 23 11 0.038
14–16 years 24 31
>16 years 18 26
Employed,% 89.2 97.0 0.080
Fulltime,% 70.3 76.6 0.423
Disease duration (years), mean± SD
Since first symptom 1.81± 1.23 – –
Since diagnosis 1.08± 0.74 – –
EDSS, mean±SD 1.28± 0.88 – –

SD= Standard deviation. EDSS= Expanded Disability Status Scale.

Table 2
Group differences on measures of anxiety and depression among patients with
MS and healthy controls (HC).

MS HC
Mean (± SD) Mean (± SD) t p-value

HADS-Anxiety 5.64 (± 4.00) 4.29 (± 3.16) 2.145 0.034
HADS-Depression 2.95 (± 3.23) 2.20 (± 2.48 1.494 0.138
HADS-Total 8.59 (± 6.49) 6.48 (± 5.11) 2.062 0.041

SD= Standard deviation. HADS= Hospital Anxiety and Depression Scale.

Table 3
Correlations between the BICAMS subtests and anxiety/depression.

Test Group HADS-total

Pearson's r p-value

SDMT MS −0.018 0.888
HC −0.034 0.787

CVLT-II MS −0.135 0.288
HC 0.024 0.846

BVMT-R MS −0.080 0.532
HC 0.006 0.962

MS= (patients with) Multiple Sclerosis. HC= Healthy controls. HADS=
Hospital Anxiety and Depression Scale. SDMT= Symbols Digit Modalities Test.
CVLT-II= California Verbal Learning Test, 2nd edition. BVMT-R= Brief
Visuospatial Memory Test, Revised.
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Corp.,Armonk,NY),andfiguresweremadeusingStataSEversion15
(StataCorpLLC,CollegeStation,Texas).Statisticalsignificancewasset
atalphalevel<0.05.Between-groupdifferenceswereexaminedwith
student'st-testandchi-squareforcontinuousandcategoricalvariables,
respectively.EffectsizeswerecalculatedaccordingtoCohen'sdstatistic
(0.2=small,0.5=medium,0.8=large).Therelationshipbetweenthe
BICAMSscoresandanxiety/depression(HADS-scores)wascalculated
byrunningaPearson'scorrelationalanalysis.Correlationanalysiswas
alsousedtoassessthetest-retestreliabilityoftheBICAMSsubtestsand
pairedttestswerecalculatedtoevaluateimprovementfrombaselineto
re-testinthecontrolgroup.Cut-offvalueswerecalculatedforeach
subtest(≤1.5standarddeviationsbelowthemeanofthecontrol
group),andparticipantsweredefinedascognitivelyimpairedorcog-
nitivelypreservedbasedontheoccurrenceofabnormaltestscoreson
one,twoandthreesubtests,respectively.Astepwiselinearregression
wasperformedtoassessifBICAMSperformancepredictedself-reported
employmentstatus.Age,gender,educationlevel,EDSS,diseasedura-
tionandHADS-scoreswereenteredaspredictorsonthefirststepand
theBICAMS-scoresonthesecondstep.

3.Results

3.1.Demographiccharacteristics

Weincluded65patientswithRRMSand68healthycontrolsinthe
study.BaselinedemographiccharacteristicsareoutlinedinTable1.
Therewerenostatisticallysignificantdifferencesbetweenthegroups
regardingageorgender,butthenumberofparticipantswiththelowest
levelofeducationwassignificantlyhigherintheMSthanthecontrol
group,withacorrespondinghighernumberofcontrolsatthetwo
highestlevels.Almostallparticipantsinbothgroupswereemployed,
andmorethantwothirdswereemployedfulltime

AllparticipantsintheMSgrouphadarelapsing-remittingsubtype,
withanEDSSscorerangingfrom0to3(mean1.28±0.88),andan
averagediseaseduration(timefromfirstdocumentedclinicalsymptom
toBICAMStesting)rangingfrom0.25to5.33(mean1.81±1.23)
years.

3.2.ImpactofanxietyanddepressiononBICAMSperformance

ThescoresontheHospitalAnxietyandDepressionScale(HADS)
showedthatthepatientswithMSreportedsignificantlyhigherlevelsof
anxietycomparedtothecontrols(Table2),withanon-significantdif-
ferenceinlevelofdepression.Thecombinedanxietyanddepression
score(HADS-total)wassignificantlyhigherintheMSthanthecontrol
group(p=0.041).Thelevelofanxietyanddepressiondidnot,how-
ever,correlatesignificantlytotheBICAMSscoresineithergroup
(Table3).

3.3.GroupdifferencesonBICAMSmeasures

ThemeanscoresontheSDMT,CVLT-IIandBVMT-Rwereallsig-
nificantlylowerintheMSgroupthaninthecontrolgroup(Table4),
withdifferencesofsmalltomediumeffectsizes.Whenadjustingfor
groupmismatchineducationandanxiety/depression,thescoresre-
mainedsignificantlylowerintheMSgroupontheCVLT-IIandthe
BVMT-R,butnotfortheSDMT.

3.4.Test-retestdatainthecontrolgroup

Weretestedthehealthycontrols7to32(mean19.63±7.87)days
afterthebaselineassessmentandthetest-retestdataareshownin
Table5andFig.1.Strongcorrelationsbetweentheresultsatbaseline
andretestwerefoundforallsubtests;theSDMTandBVMT-Rboth
achievedexcellentr-valuesof∼0.80(p<0.001)whereastheCVLT-II
obtainedanr-valueof∼0.60(p=0.001).Therewasastatistically
significantimprovementontheSDMTbetweenthetwosessions(∼3.5
points,p=0.024).

3.5.CognitiveimpairmentintheMSgroup

Ascore≤1.5standarddeviationsbelowthemeanscoreofthe
controlgroupdefinedthecut-offvalueforcognitiveimpairmenton
eachofthethreeBICAMStests.Followingthecriteriaof≥1abnormal
testscore(Dusankovaetal.,2012),46.2%ofthepatientsamplewere
consideredcognitivelyimpaired(Table6).Theyweremostlikelytobe
impairedontheCVLT-II,with30.8%ofthepatientsscoringbelowthe
cut-offvalue.OntheBVMT-RandSDMT,26.2%and10.8%were
consideredcognitivelyimpaired,respectively.Whenthedefinitionof
cognitiveimpairmentwasdefinedas≥2abnormaltests,only15.4%of
thepatientswithMSwereconsideredcognitivelyimpaired,andasmall
subsetof6.2%scoredbelowthecut-offvalueonallthreetests.

3.6.BICAMSandemployment

Therewasnosignificantdifferencebetweenthegroupsinregardsto
overallemploymentstatus(Table1).Whenenteredintoastepwise
regressionmodel,onlyage(F=5.077,p=0.028)wasretainedinthe

Table1
BaselinedemographiccharacteristicsintheMSgroup(MS)andthehealthy
controlgroup(HC).

MS(N=65)HC(N=68)p-value

Gendermale/female,N(%female)23/42(64.6)23/45(66.2)0.850
Age(years),mean±SD37.02±10.4038.13±11.400.556
Education,N
<14years23110.038
14–16years2431
>16years1826
Employed,%89.297.00.080
Fulltime,%70.376.60.423
Diseaseduration(years),mean±SD
Sincefirstsymptom1.81±1.23––
Sincediagnosis1.08±0.74––
EDSS,mean±SD1.28±0.88––

SD=Standarddeviation.EDSS=ExpandedDisabilityStatusScale.

Table2
Groupdifferencesonmeasuresofanxietyanddepressionamongpatientswith
MSandhealthycontrols(HC).

MSHC
Mean(±SD)Mean(±SD)tp-value

HADS-Anxiety5.64(±4.00)4.29(±3.16)2.1450.034
HADS-Depression2.95(±3.23)2.20(±2.481.4940.138
HADS-Total8.59(±6.49)6.48(±5.11)2.0620.041

SD=Standarddeviation.HADS=HospitalAnxietyandDepressionScale.

Table3
CorrelationsbetweentheBICAMSsubtestsandanxiety/depression.

TestGroupHADS-total

Pearson'srp-value

SDMTMS−0.0180.888
HC−0.0340.787

CVLT-IIMS−0.1350.288
HC0.0240.846

BVMT-RMS−0.0800.532
HC0.0060.962

MS=(patientswith)MultipleSclerosis.HC=Healthycontrols.HADS=
HospitalAnxietyandDepressionScale.SDMT=SymbolsDigitModalitiesTest.
CVLT-II=CaliforniaVerbalLearningTest,2ndedition.BVMT-R=Brief
VisuospatialMemoryTest,Revised.
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SD=Standarddeviation.EDSS=ExpandedDisabilityStatusScale.

Table2
Groupdifferencesonmeasuresofanxietyanddepressionamongpatientswith
MSandhealthycontrols(HC).

MSHC
Mean(±SD)Mean(±SD)tp-value

HADS-Anxiety5.64(±4.00)4.29(±3.16)2.1450.034
HADS-Depression2.95(±3.23)2.20(±2.481.4940.138
HADS-Total8.59(±6.49)6.48(±5.11)2.0620.041

SD=Standarddeviation.HADS=HospitalAnxietyandDepressionScale.

Table3
CorrelationsbetweentheBICAMSsubtestsandanxiety/depression.

TestGroupHADS-total

Pearson'srp-value

SDMTMS−0.0180.888
HC−0.0340.787

CVLT-IIMS−0.1350.288
HC0.0240.846

BVMT-RMS−0.0800.532
HC0.0060.962

MS=(patientswith)MultipleSclerosis.HC=Healthycontrols.HADS=
HospitalAnxietyandDepressionScale.SDMT=SymbolsDigitModalitiesTest.
CVLT-II=CaliforniaVerbalLearningTest,2ndedition.BVMT-R=Brief
VisuospatialMemoryTest,Revised.
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Corp.,Armonk,NY),andfiguresweremadeusingStataSEversion15
(StataCorpLLC,CollegeStation,Texas).Statisticalsignificancewasset
atalphalevel<0.05.Between-groupdifferenceswereexaminedwith
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wasperformedtoassessifBICAMSperformancepredictedself-reported
employmentstatus.Age,gender,educationlevel,EDSS,diseasedura-
tionandHADS-scoreswereenteredaspredictorsonthefirststepand
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obtainedanr-valueof∼0.60(p=0.001).Therewasastatistically
significantimprovementontheSDMTbetweenthetwosessions(∼3.5
points,p=0.024).

3.5.CognitiveimpairmentintheMSgroup

Ascore≤1.5standarddeviationsbelowthemeanscoreofthe
controlgroupdefinedthecut-offvalueforcognitiveimpairmenton
eachofthethreeBICAMStests.Followingthecriteriaof≥1abnormal
testscore(Dusankovaetal.,2012),46.2%ofthepatientsamplewere
consideredcognitivelyimpaired(Table6).Theyweremostlikelytobe
impairedontheCVLT-II,with30.8%ofthepatientsscoringbelowthe
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Table1
BaselinedemographiccharacteristicsintheMSgroup(MS)andthehealthy
controlgroup(HC).

MS(N=65)HC(N=68)p-value

Gendermale/female,N(%female)23/42(64.6)23/45(66.2)0.850
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HospitalAnxietyandDepressionScale.SDMT=SymbolsDigitModalitiesTest.
CVLT-II=CaliforniaVerbalLearningTest,2ndedition.BVMT-R=Brief
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model as a significant predictor (variables entered: age, gender, disease
duration (from onset and from diagnosis), level of education, EDSS,
HADS-scores and raw scores on the BICAMS subtests).

4. Discussion

The present study found that the BICAMS subtests discriminated
well between the MS and the control group, a finding that was retained
for CVLT-II and BMVT-R when accounting for level of education and
anxiety/depression. Almost half of the MS patients were identified with
cognitive impairment on at least one subtest, and results at baseline and
re-test were significantly correlated on all BICAMS tests in the control
group, with a weak improvement on the SDMT.

Most other published BICAMS-studies present data from patient
groups with mean disease duration of ∼10 years (Corfield and
Langdon, 2018). To our knowledge, this is the first BICAMS-study to
investigate newly diagnosed patients with a specific criterion of less
than three years from first clinical symptom to diagnosis. This provides
an insight into the development of cognitive impairment in the earliest
stages of the disease, but may also limit the value of direct comparisons
to other BICAMS-studies.

With cognitive impairment defined as at least one abnormal test
score (Dusankova et al., 2012), the BICAMS battery identified 46.2% of
the current patient sample as cognitively impaired. This is lower than
the prevalence found in Canada (57.9%) (Walker et al., 2016), Ireland
(57%) (O'Connell et al., 2015) and Hungary (52.3%) (Sandi et al.,
2015), which were all in line with the prevalence documented by the
Czech study comparing BICAMS and MACFIMS (55% and 58% re-
spectively) (Dusankova et al., 2012). It was, however, significantly
higher than the prevalence reported from the Portuguese (24.8%)
(Sousa et al., 2018) and German (32.6%) (Filser et al., 2018) studies.
When cognitive impairment was defined as at least two abnormal test
scores, the number of patients with impairment was cut to a third of the
original estimate (15.4%), indicating that the cognitive impairment
should be characterized as mild in most of the affected patients.

Separate analyses of the subtests showed, in contrast to other
BICAMS-publications, that CVLT-II identified impairment in a higher
number of patients (30.8%) than the other subtests (BVMT-R 26.4% and
SDMT 10.8%) (Costers et al., 2017; Filser et al., 2018;
Polychroniadou et al., 2016; Sandi et al., 2015; Sousa et al., 2018;
Walker et al., 2016). The low rate of impaired SDMT scores was sur-
prising especially since low scores on this subtest has been reported to
be a strong indicator of cognitive impairment in patients with MS

(Benedict et al., 2017). The non-significant proportion of patients
identified as impaired by the SDMT in our sample may be explained by
the inclusion of only RRMS patients in an early stage of the disease.

The SDMT showed a statistically significant improvement from
baseline to retest at a group-level, suggesting that at least some of the
participants may have remembered symbol-number associations over
the short time-period between the two test sessions. However, the lack
of significant correlations between test intervals and SDMT score
change in the present study did not support this (data not shown). In
any case, such a learning effect will probably be milder with the longer
time-frame planned for the re-test of MS patients (≥ 12 months). For
the CVLT-II and BVMT-R we found non-significant differences between
performances at the two time points and significant correlations be-
tween performances a baseline and re-test. Although results for the
alternate word lists in CVLT-II fell short of the requested goal from the
validation standards of r≥0.70 (Benedict et al., 2012), we conclude
that our results support the use of all three tests as part of follow-up
procedures in Norwegian MS patients. However, the validity of the re-
test list for the CVLT-II included in the present study should be further
investigated.

Despite the relatively high prevalence of cognitive impairment in
this sample, there was a low degree of unemployment (10.8%) and only
age was found to be a statistically significant predictor of employment
status at this early stage of the disease. This indicates that most patients
continue to work in spite of mild signs of cognitive impairment. With
early identification of cognitive impairment we may optimize treat-
ment, implement coping strategies and work place customization, as
well as cognitive rehabilitation (Goverover et al., 2018;
Hamalainen and Rosti-Otajarvi, 2016), and therefore hopefully post-
pone or prevent early retirement due to MS. Exactly how to define a
“positive” screening result on the BICAMS in clinical practice, however,
remains unclear. Using the one-or-more criterion as a threshold for
referral to further evaluation may overload the local neuropsycholo-
gical services and classify normal variation as pathology. Restriction to
the two-or-more criterion may, on the other hand, overlook patients in
real need of help, with the risk of giving treatment options too late to be
effective. Further investigation into the optimal scoring and follow-up
of a positive screening result on the BICAMS is therefore required.

5. Conclusions

Used in accordance with the proposed international validation
protocol (Benedict et al., 2012), the Norwegian version of the BICAMS

Table 4
Group differences on BICAMS measures, independent samples t-test.

Test MS (mean±SD) HC (mean± SD) Mean ∆ t p-value Adjusted p-value* Cohen's d

SDMT 54.65± 10.79 58.52± 10.53 3.87 −2.09 0.039 0.201 0.37
CVLT-II 54.55± 10.86 60.32± 7.75 5.77 −3.51 0.001 0.008 0.62
BVMT-R 26.55± 5.76 29.03± 4.01 2.48 −2.89 0.005 0.027 0.51

HC= Healthy controls. ∆= difference. SD= Standard deviation. SDMT= Symbols Digit Modalities Test. CVLT-II= California Verbal Learning Test, 2nd edition.
BVMT-R= Brief Visuospatial Memory Test, Revised.

⁎ Adjusted for level of education and anxiety/depression.

Table 5
Test-retest means and correlations for control group.

Paired samples t-test Pearson's correlation
Test Retest
Mean± SD Mean± SD Mean ∆ t p-value Pearson's r p-value

SDMT 60.21± 12.13 63.69± 12.90 −3.48 −2.378 0.024 0.803 < 0.001
CVLT-II 59.24± 7.44 61.07± 6.68 −1.83 −1.532 0.137 0.590 0.001
BVMT-R 28.86± 4.23 29.07± 4.68 −0.21 −0.375 0.710 0.783 < 0.001

SD =Standard deviation. SDMT=Symbols Digit Modalities Test. CVLT-II=California Verbal Learning Test, 2nd edition. BVMT-R=Brief Visuospatial Memory Test,
Revised.
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modelasasignificantpredictor(variablesentered:age,gender,disease
duration(fromonsetandfromdiagnosis),levelofeducation,EDSS,
HADS-scoresandrawscoresontheBICAMSsubtests).

4.Discussion

ThepresentstudyfoundthattheBICAMSsubtestsdiscriminated
wellbetweentheMSandthecontrolgroup,afindingthatwasretained
forCVLT-IIandBMVT-Rwhenaccountingforlevelofeducationand
anxiety/depression.AlmosthalfoftheMSpatientswereidentifiedwith
cognitiveimpairmentonatleastonesubtest,andresultsatbaselineand
re-testweresignificantlycorrelatedonallBICAMStestsinthecontrol
group,withaweakimprovementontheSDMT.

MostotherpublishedBICAMS-studiespresentdatafrompatient
groupswithmeandiseasedurationof∼10years(Corfieldand
Langdon,2018).Toourknowledge,thisisthefirstBICAMS-studyto
investigatenewlydiagnosedpatientswithaspecificcriterionofless
thanthreeyearsfromfirstclinicalsymptomtodiagnosis.Thisprovides
aninsightintothedevelopmentofcognitiveimpairmentintheearliest
stagesofthedisease,butmayalsolimitthevalueofdirectcomparisons
tootherBICAMS-studies.

Withcognitiveimpairmentdefinedasatleastoneabnormaltest
score(Dusankovaetal.,2012),theBICAMSbatteryidentified46.2%of
thecurrentpatientsampleascognitivelyimpaired.Thisislowerthan
theprevalencefoundinCanada(57.9%)(Walkeretal.,2016),Ireland
(57%)(O'Connelletal.,2015)andHungary(52.3%)(Sandietal.,
2015),whichwereallinlinewiththeprevalencedocumentedbythe
CzechstudycomparingBICAMSandMACFIMS(55%and58%re-
spectively)(Dusankovaetal.,2012).Itwas,however,significantly
higherthantheprevalencereportedfromthePortuguese(24.8%)
(Sousaetal.,2018)andGerman(32.6%)(Filseretal.,2018)studies.
Whencognitiveimpairmentwasdefinedasatleasttwoabnormaltest
scores,thenumberofpatientswithimpairmentwascuttoathirdofthe
originalestimate(15.4%),indicatingthatthecognitiveimpairment
shouldbecharacterizedasmildinmostoftheaffectedpatients.

Separateanalysesofthesubtestsshowed,incontrasttoother
BICAMS-publications,thatCVLT-IIidentifiedimpairmentinahigher
numberofpatients(30.8%)thantheothersubtests(BVMT-R26.4%and
SDMT10.8%)(Costersetal.,2017;Filseretal.,2018;
Polychroniadouetal.,2016;Sandietal.,2015;Sousaetal.,2018;
Walkeretal.,2016).ThelowrateofimpairedSDMTscoreswassur-
prisingespeciallysincelowscoresonthissubtesthasbeenreportedto
beastrongindicatorofcognitiveimpairmentinpatientswithMS

(Benedictetal.,2017).Thenon-significantproportionofpatients
identifiedasimpairedbytheSDMTinoursamplemaybeexplainedby
theinclusionofonlyRRMSpatientsinanearlystageofthedisease.

TheSDMTshowedastatisticallysignificantimprovementfrom
baselinetoretestatagroup-level,suggestingthatatleastsomeofthe
participantsmayhaverememberedsymbol-numberassociationsover
theshorttime-periodbetweenthetwotestsessions.However,thelack
ofsignificantcorrelationsbetweentestintervalsandSDMTscore
changeinthepresentstudydidnotsupportthis(datanotshown).In
anycase,suchalearningeffectwillprobablybemilderwiththelonger
time-frameplannedforthere-testofMSpatients(≥12months).For
theCVLT-IIandBVMT-Rwefoundnon-significantdifferencesbetween
performancesatthetwotimepointsandsignificantcorrelationsbe-
tweenperformancesabaselineandre-test.Althoughresultsforthe
alternatewordlistsinCVLT-IIfellshortoftherequestedgoalfromthe
validationstandardsofr≥0.70(Benedictetal.,2012),weconclude
thatourresultssupporttheuseofallthreetestsaspartoffollow-up
proceduresinNorwegianMSpatients.However,thevalidityofthere-
testlistfortheCVLT-IIincludedinthepresentstudyshouldbefurther
investigated.

Despitetherelativelyhighprevalenceofcognitiveimpairmentin
thissample,therewasalowdegreeofunemployment(10.8%)andonly
agewasfoundtobeastatisticallysignificantpredictorofemployment
statusatthisearlystageofthedisease.Thisindicatesthatmostpatients
continuetoworkinspiteofmildsignsofcognitiveimpairment.With
earlyidentificationofcognitiveimpairmentwemayoptimizetreat-
ment,implementcopingstrategiesandworkplacecustomization,as
wellascognitiverehabilitation(Goveroveretal.,2018;
HamalainenandRosti-Otajarvi,2016),andthereforehopefullypost-
poneorpreventearlyretirementduetoMS.Exactlyhowtodefinea
“positive”screeningresultontheBICAMSinclinicalpractice,however,
remainsunclear.Usingtheone-or-morecriterionasathresholdfor
referraltofurtherevaluationmayoverloadthelocalneuropsycholo-
gicalservicesandclassifynormalvariationaspathology.Restrictionto
thetwo-or-morecriterionmay,ontheotherhand,overlookpatientsin
realneedofhelp,withtheriskofgivingtreatmentoptionstoolatetobe
effective.Furtherinvestigationintotheoptimalscoringandfollow-up
ofapositivescreeningresultontheBICAMSisthereforerequired.

5.Conclusions

Usedinaccordancewiththeproposedinternationalvalidation
protocol(Benedictetal.,2012),theNorwegianversionoftheBICAMS

Table4
GroupdifferencesonBICAMSmeasures,independentsamplest-test.

TestMS(mean±SD)HC(mean±SD)Mean∆tp-valueAdjustedp-value*Cohen'sd

SDMT54.65±10.7958.52±10.533.87−2.090.0390.2010.37
CVLT-II54.55±10.8660.32±7.755.77−3.510.0010.0080.62
BVMT-R26.55±5.7629.03±4.012.48−2.890.0050.0270.51

HC=Healthycontrols.∆=difference.SD=Standarddeviation.SDMT=SymbolsDigitModalitiesTest.CVLT-II=CaliforniaVerbalLearningTest,2ndedition.
BVMT-R=BriefVisuospatialMemoryTest,Revised.

⁎Adjustedforlevelofeducationandanxiety/depression.

Table5
Test-retestmeansandcorrelationsforcontrolgroup.

Pairedsamplest-testPearson'scorrelation
TestRetest
Mean±SDMean±SDMean∆tp-valuePearson'srp-value

SDMT60.21±12.1363.69±12.90−3.48−2.3780.0240.803<0.001
CVLT-II59.24±7.4461.07±6.68−1.83−1.5320.1370.5900.001
BVMT-R28.86±4.2329.07±4.68−0.21−0.3750.7100.783<0.001

SD=Standarddeviation.SDMT=SymbolsDigitModalitiesTest.CVLT-II=CaliforniaVerbalLearningTest,2ndedition.BVMT-R=BriefVisuospatialMemoryTest,
Revised.
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modelasasignificantpredictor(variablesentered:age,gender,disease
duration(fromonsetandfromdiagnosis),levelofeducation,EDSS,
HADS-scoresandrawscoresontheBICAMSsubtests).

4.Discussion

ThepresentstudyfoundthattheBICAMSsubtestsdiscriminated
wellbetweentheMSandthecontrolgroup,afindingthatwasretained
forCVLT-IIandBMVT-Rwhenaccountingforlevelofeducationand
anxiety/depression.AlmosthalfoftheMSpatientswereidentifiedwith
cognitiveimpairmentonatleastonesubtest,andresultsatbaselineand
re-testweresignificantlycorrelatedonallBICAMStestsinthecontrol
group,withaweakimprovementontheSDMT.
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model as a significant predictor (variables entered: age, gender, disease
duration (from onset and from diagnosis), level of education, EDSS,
HADS-scores and raw scores on the BICAMS subtests).

4. Discussion

The present study found that the BICAMS subtests discriminated
well between the MS and the control group, a finding that was retained
for CVLT-II and BMVT-R when accounting for level of education and
anxiety/depression. Almost half of the MS patients were identified with
cognitive impairment on at least one subtest, and results at baseline and
re-test were significantly correlated on all BICAMS tests in the control
group, with a weak improvement on the SDMT.

Most other published BICAMS-studies present data from patient
groups with mean disease duration of ∼10 years (Corfield and
Langdon, 2018). To our knowledge, this is the first BICAMS-study to
investigate newly diagnosed patients with a specific criterion of less
than three years from first clinical symptom to diagnosis. This provides
an insight into the development of cognitive impairment in the earliest
stages of the disease, but may also limit the value of direct comparisons
to other BICAMS-studies.

With cognitive impairment defined as at least one abnormal test
score (Dusankova et al., 2012), the BICAMS battery identified 46.2% of
the current patient sample as cognitively impaired. This is lower than
the prevalence found in Canada (57.9%) (Walker et al., 2016), Ireland
(57%) (O'Connell et al., 2015) and Hungary (52.3%) (Sandi et al.,
2015), which were all in line with the prevalence documented by the
Czech study comparing BICAMS and MACFIMS (55% and 58% re-
spectively) (Dusankova et al., 2012). It was, however, significantly
higher than the prevalence reported from the Portuguese (24.8%)
(Sousa et al., 2018) and German (32.6%) (Filser et al., 2018) studies.
When cognitive impairment was defined as at least two abnormal test
scores, the number of patients with impairment was cut to a third of the
original estimate (15.4%), indicating that the cognitive impairment
should be characterized as mild in most of the affected patients.

Separate analyses of the subtests showed, in contrast to other
BICAMS-publications, that CVLT-II identified impairment in a higher
number of patients (30.8%) than the other subtests (BVMT-R 26.4% and
SDMT 10.8%) (Costers et al., 2017; Filser et al., 2018;
Polychroniadou et al., 2016; Sandi et al., 2015; Sousa et al., 2018;
Walker et al., 2016). The low rate of impaired SDMT scores was sur-
prising especially since low scores on this subtest has been reported to
be a strong indicator of cognitive impairment in patients with MS

(Benedict et al., 2017). The non-significant proportion of patients
identified as impaired by the SDMT in our sample may be explained by
the inclusion of only RRMS patients in an early stage of the disease.

The SDMT showed a statistically significant improvement from
baseline to retest at a group-level, suggesting that at least some of the
participants may have remembered symbol-number associations over
the short time-period between the two test sessions. However, the lack
of significant correlations between test intervals and SDMT score
change in the present study did not support this (data not shown). In
any case, such a learning effect will probably be milder with the longer
time-frame planned for the re-test of MS patients (≥ 12 months). For
the CVLT-II and BVMT-R we found non-significant differences between
performances at the two time points and significant correlations be-
tween performances a baseline and re-test. Although results for the
alternate word lists in CVLT-II fell short of the requested goal from the
validation standards of r≥0.70 (Benedict et al., 2012), we conclude
that our results support the use of all three tests as part of follow-up
procedures in Norwegian MS patients. However, the validity of the re-
test list for the CVLT-II included in the present study should be further
investigated.

Despite the relatively high prevalence of cognitive impairment in
this sample, there was a low degree of unemployment (10.8%) and only
age was found to be a statistically significant predictor of employment
status at this early stage of the disease. This indicates that most patients
continue to work in spite of mild signs of cognitive impairment. With
early identification of cognitive impairment we may optimize treat-
ment, implement coping strategies and work place customization, as
well as cognitive rehabilitation (Goverover et al., 2018;
Hamalainen and Rosti-Otajarvi, 2016), and therefore hopefully post-
pone or prevent early retirement due to MS. Exactly how to define a
“positive” screening result on the BICAMS in clinical practice, however,
remains unclear. Using the one-or-more criterion as a threshold for
referral to further evaluation may overload the local neuropsycholo-
gical services and classify normal variation as pathology. Restriction to
the two-or-more criterion may, on the other hand, overlook patients in
real need of help, with the risk of giving treatment options too late to be
effective. Further investigation into the optimal scoring and follow-up
of a positive screening result on the BICAMS is therefore required.

5. Conclusions

Used in accordance with the proposed international validation
protocol (Benedict et al., 2012), the Norwegian version of the BICAMS

Table 4
Group differences on BICAMS measures, independent samples t-test.

Test MS (mean±SD) HC (mean± SD) Mean ∆ t p-value Adjusted p-value* Cohen's d

SDMT 54.65± 10.79 58.52± 10.53 3.87 −2.09 0.039 0.201 0.37
CVLT-II 54.55± 10.86 60.32± 7.75 5.77 −3.51 0.001 0.008 0.62
BVMT-R 26.55± 5.76 29.03± 4.01 2.48 −2.89 0.005 0.027 0.51

HC= Healthy controls. ∆= difference. SD= Standard deviation. SDMT= Symbols Digit Modalities Test. CVLT-II= California Verbal Learning Test, 2nd edition.
BVMT-R= Brief Visuospatial Memory Test, Revised.

⁎
Adjusted for level of education and anxiety/depression.

Table 5
Test-retest means and correlations for control group.

Paired samples t-test Pearson's correlation
Test Retest
Mean± SD Mean± SD Mean ∆ t p-value Pearson's r p-value

SDMT 60.21± 12.13 63.69± 12.90 −3.48 −2.378 0.024 0.803 < 0.001
CVLT-II 59.24± 7.44 61.07± 6.68 −1.83 −1.532 0.137 0.590 0.001
BVMT-R 28.86± 4.23 29.07± 4.68 −0.21 −0.375 0.710 0.783 < 0.001

SD =Standard deviation. SDMT=Symbols Digit Modalities Test. CVLT-II=California Verbal Learning Test, 2nd edition. BVMT-R=Brief Visuospatial Memory Test,
Revised.
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modelasasignificantpredictor(variablesentered:age,gender,disease
duration(fromonsetandfromdiagnosis),levelofeducation,EDSS,
HADS-scoresandrawscoresontheBICAMSsubtests).

4.Discussion

ThepresentstudyfoundthattheBICAMSsubtestsdiscriminated
wellbetweentheMSandthecontrolgroup,afindingthatwasretained
forCVLT-IIandBMVT-Rwhenaccountingforlevelofeducationand
anxiety/depression.AlmosthalfoftheMSpatientswereidentifiedwith
cognitiveimpairmentonatleastonesubtest,andresultsatbaselineand
re-testweresignificantlycorrelatedonallBICAMStestsinthecontrol
group,withaweakimprovementontheSDMT.

MostotherpublishedBICAMS-studiespresentdatafrompatient
groupswithmeandiseasedurationof∼10years(Corfieldand
Langdon,2018).Toourknowledge,thisisthefirstBICAMS-studyto
investigatenewlydiagnosedpatientswithaspecificcriterionofless
thanthreeyearsfromfirstclinicalsymptomtodiagnosis.Thisprovides
aninsightintothedevelopmentofcognitiveimpairmentintheearliest
stagesofthedisease,butmayalsolimitthevalueofdirectcomparisons
tootherBICAMS-studies.

Withcognitiveimpairmentdefinedasatleastoneabnormaltest
score(Dusankovaetal.,2012),theBICAMSbatteryidentified46.2%of
thecurrentpatientsampleascognitivelyimpaired.Thisislowerthan
theprevalencefoundinCanada(57.9%)(Walkeretal.,2016),Ireland
(57%)(O'Connelletal.,2015)andHungary(52.3%)(Sandietal.,
2015),whichwereallinlinewiththeprevalencedocumentedbythe
CzechstudycomparingBICAMSandMACFIMS(55%and58%re-
spectively)(Dusankovaetal.,2012).Itwas,however,significantly
higherthantheprevalencereportedfromthePortuguese(24.8%)
(Sousaetal.,2018)andGerman(32.6%)(Filseretal.,2018)studies.
Whencognitiveimpairmentwasdefinedasatleasttwoabnormaltest
scores,thenumberofpatientswithimpairmentwascuttoathirdofthe
originalestimate(15.4%),indicatingthatthecognitiveimpairment
shouldbecharacterizedasmildinmostoftheaffectedpatients.

Separateanalysesofthesubtestsshowed,incontrasttoother
BICAMS-publications,thatCVLT-IIidentifiedimpairmentinahigher
numberofpatients(30.8%)thantheothersubtests(BVMT-R26.4%and
SDMT10.8%)(Costersetal.,2017;Filseretal.,2018;
Polychroniadouetal.,2016;Sandietal.,2015;Sousaetal.,2018;
Walkeretal.,2016).ThelowrateofimpairedSDMTscoreswassur-
prisingespeciallysincelowscoresonthissubtesthasbeenreportedto
beastrongindicatorofcognitiveimpairmentinpatientswithMS

(Benedictetal.,2017).Thenon-significantproportionofpatients
identifiedasimpairedbytheSDMTinoursamplemaybeexplainedby
theinclusionofonlyRRMSpatientsinanearlystageofthedisease.

TheSDMTshowedastatisticallysignificantimprovementfrom
baselinetoretestatagroup-level,suggestingthatatleastsomeofthe
participantsmayhaverememberedsymbol-numberassociationsover
theshorttime-periodbetweenthetwotestsessions.However,thelack
ofsignificantcorrelationsbetweentestintervalsandSDMTscore
changeinthepresentstudydidnotsupportthis(datanotshown).In
anycase,suchalearningeffectwillprobablybemilderwiththelonger
time-frameplannedforthere-testofMSpatients(≥12months).For
theCVLT-IIandBVMT-Rwefoundnon-significantdifferencesbetween
performancesatthetwotimepointsandsignificantcorrelationsbe-
tweenperformancesabaselineandre-test.Althoughresultsforthe
alternatewordlistsinCVLT-IIfellshortoftherequestedgoalfromthe
validationstandardsofr≥0.70(Benedictetal.,2012),weconclude
thatourresultssupporttheuseofallthreetestsaspartoffollow-up
proceduresinNorwegianMSpatients.However,thevalidityofthere-
testlistfortheCVLT-IIincludedinthepresentstudyshouldbefurther
investigated.

Despitetherelativelyhighprevalenceofcognitiveimpairmentin
thissample,therewasalowdegreeofunemployment(10.8%)andonly
agewasfoundtobeastatisticallysignificantpredictorofemployment
statusatthisearlystageofthedisease.Thisindicatesthatmostpatients
continuetoworkinspiteofmildsignsofcognitiveimpairment.With
earlyidentificationofcognitiveimpairmentwemayoptimizetreat-
ment,implementcopingstrategiesandworkplacecustomization,as
wellascognitiverehabilitation(Goveroveretal.,2018;
HamalainenandRosti-Otajarvi,2016),andthereforehopefullypost-
poneorpreventearlyretirementduetoMS.Exactlyhowtodefinea
“positive”screeningresultontheBICAMSinclinicalpractice,however,
remainsunclear.Usingtheone-or-morecriterionasathresholdfor
referraltofurtherevaluationmayoverloadthelocalneuropsycholo-
gicalservicesandclassifynormalvariationaspathology.Restrictionto
thetwo-or-morecriterionmay,ontheotherhand,overlookpatientsin
realneedofhelp,withtheriskofgivingtreatmentoptionstoolatetobe
effective.Furtherinvestigationintotheoptimalscoringandfollow-up
ofapositivescreeningresultontheBICAMSisthereforerequired.

5.Conclusions

Usedinaccordancewiththeproposedinternationalvalidation
protocol(Benedictetal.,2012),theNorwegianversionoftheBICAMS

Table4
GroupdifferencesonBICAMSmeasures,independentsamplest-test.

TestMS(mean±SD)HC(mean±SD)Mean∆tp-valueAdjustedp-value*Cohen'sd

SDMT54.65±10.7958.52±10.533.87−2.090.0390.2010.37
CVLT-II54.55±10.8660.32±7.755.77−3.510.0010.0080.62
BVMT-R26.55±5.7629.03±4.012.48−2.890.0050.0270.51

HC=Healthycontrols.∆=difference.SD=Standarddeviation.SDMT=SymbolsDigitModalitiesTest.CVLT-II=CaliforniaVerbalLearningTest,2ndedition.
BVMT-R=BriefVisuospatialMemoryTest,Revised.

⁎
Adjustedforlevelofeducationandanxiety/depression.

Table5
Test-retestmeansandcorrelationsforcontrolgroup.

Pairedsamplest-testPearson'scorrelation
TestRetest
Mean±SDMean±SDMean∆tp-valuePearson'srp-value

SDMT60.21±12.1363.69±12.90−3.48−2.3780.0240.803<0.001
CVLT-II59.24±7.4461.07±6.68−1.83−1.5320.1370.5900.001
BVMT-R28.86±4.2329.07±4.68−0.21−0.3750.7100.783<0.001

SD=Standarddeviation.SDMT=SymbolsDigitModalitiesTest.CVLT-II=CaliforniaVerbalLearningTest,2ndedition.BVMT-R=BriefVisuospatialMemoryTest,
Revised.
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identifiedasimpairedbytheSDMTinoursamplemaybeexplainedby
theinclusionofonlyRRMSpatientsinanearlystageofthedisease.

TheSDMTshowedastatisticallysignificantimprovementfrom
baselinetoretestatagroup-level,suggestingthatatleastsomeofthe
participantsmayhaverememberedsymbol-numberassociationsover
theshorttime-periodbetweenthetwotestsessions.However,thelack
ofsignificantcorrelationsbetweentestintervalsandSDMTscore
changeinthepresentstudydidnotsupportthis(datanotshown).In
anycase,suchalearningeffectwillprobablybemilderwiththelonger
time-frameplannedforthere-testofMSpatients(≥12months).For
theCVLT-IIandBVMT-Rwefoundnon-significantdifferencesbetween
performancesatthetwotimepointsandsignificantcorrelationsbe-
tweenperformancesabaselineandre-test.Althoughresultsforthe
alternatewordlistsinCVLT-IIfellshortoftherequestedgoalfromthe
validationstandardsofr≥0.70(Benedictetal.,2012),weconclude
thatourresultssupporttheuseofallthreetestsaspartoffollow-up
proceduresinNorwegianMSpatients.However,thevalidityofthere-
testlistfortheCVLT-IIincludedinthepresentstudyshouldbefurther
investigated.

Despitetherelativelyhighprevalenceofcognitiveimpairmentin
thissample,therewasalowdegreeofunemployment(10.8%)andonly
agewasfoundtobeastatisticallysignificantpredictorofemployment
statusatthisearlystageofthedisease.Thisindicatesthatmostpatients
continuetoworkinspiteofmildsignsofcognitiveimpairment.With
earlyidentificationofcognitiveimpairmentwemayoptimizetreat-
ment,implementcopingstrategiesandworkplacecustomization,as
wellascognitiverehabilitation(Goveroveretal.,2018;
HamalainenandRosti-Otajarvi,2016),andthereforehopefullypost-
poneorpreventearlyretirementduetoMS.Exactlyhowtodefinea
“positive”screeningresultontheBICAMSinclinicalpractice,however,
remainsunclear.Usingtheone-or-morecriterionasathresholdfor
referraltofurtherevaluationmayoverloadthelocalneuropsycholo-
gicalservicesandclassifynormalvariationaspathology.Restrictionto
thetwo-or-morecriterionmay,ontheotherhand,overlookpatientsin
realneedofhelp,withtheriskofgivingtreatmentoptionstoolatetobe
effective.Furtherinvestigationintotheoptimalscoringandfollow-up
ofapositivescreeningresultontheBICAMSisthereforerequired.

5.Conclusions

Usedinaccordancewiththeproposedinternationalvalidation
protocol(Benedictetal.,2012),theNorwegianversionoftheBICAMS

Table4
GroupdifferencesonBICAMSmeasures,independentsamplest-test.

TestMS(mean±SD)HC(mean±SD)Mean∆tp-valueAdjustedp-value*Cohen'sd

SDMT54.65±10.7958.52±10.533.87−2.090.0390.2010.37
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was found to discriminate well between MS patients and controls and
identify individuals with suspect cognitive impairment in an early stage
of the disease. We therefore recommend implementation of the BICAMS
into clinical practice and routine evaluation of Norwegian MS patients.
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of the disease. We therefore recommend implementation of the BICAMS
into clinical practice and routine evaluation of Norwegian MS patients.
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A B S T R A C T

Background: : Cognitive impairment is common in patients with multiple sclerosis (MS) and may occur at any
stage and with any subtype of the disease. Screening and monitoring of cognitive function should therefore be
implemented into everyday clinical neurology practice. The Brief International Cognitive Assessment for
Multiple Sclerosis (BICAMS) was developed for this purpose. Although several cross-sectional studies have va-
lidated BICAMS, longitudinal studies evaluating its use as part of a clinical follow-up routine are still lacking.
Objective: : To investigate cognitive function and trajectories of change assessed by the BICAMS test battery in a
cohort of newly diagnosed relapsing-remitting MS (RRMS) patients examined at baseline and after 12 and 24
months.
Methods: : BICAMS was used to assess cognitive function in 58 RRMS patients, who also filled in the Hospital
Anxiety and Depression Scale (HADS) and the Fatigue Scale for Motor and Cognitive Functions (FSMC), and
underwent standard neurological evaluations at baseline and at the two follow-ups.
Results: : A total of 27 patients (46.6%) were defined as cognitively impaired at baseline on at least one test, and
22 (37.9%) were defined as impaired at follow-up after 24 months. Throughout the study, 8 (13.8%) and 4
(6.9%) patients were consistently defined as impaired on two or three tests, respectively. The mean raw scores
on two BICAMS subtests (SDMT and CVLT-II) improved significantly from baseline to the first follow-up, and
then remained stable the next year, whereas the visual memory test (BVMT-R) were overall unchanged from
baseline to the end of the study. The correlations between the scores on HADS, FSMC and the BICAMS subtests
were non-significant at baseline, but weak to moderate negative correlations were found at the one- and two-
year follow-ups.
Conclusion: : The patients showed improved test results from baseline to the first follow-up examination, in-
dicating that an effect of previous practise should be taken into account when interpreting the results. With
results showing both trajectories of stability and change, our study supported the validity of including BICAMS
as part of a clinical follow-up routine of RRMS patients. Anxiety, depression, fatigue and cognition should always
be assessed at the same time to reveal interaction effects that are expected to affect the daily-life functioning of at
least some of the RRMS patients.

1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease of the
central nervous system affecting mainly young adults (Thompson et al.,
2018). Without therapy, most patients will eventually develop severe
disability. Increasingly more effective therapies have become available
to reduce disease activity and minimize the neurological symptoms
associated with the disease (Dobson and Giovannoni, 2019;
Torkildsen et al., 2016). Still, many patients experience impairment of

cognitive and emotional functions (Whitehouse et al., 2019).
Cognitive impairment in patients with MS may be present from the

early stages of the disease course (Amato et al., 2001, 2006;
Bobholz and Rao, 2003; Chiaravalloti and DeLuca, 2008; Cortese et al.,
2016), and represents an economic and social burden on the individual
as well as the society, mainly due to loss of work capacity and latency of
work place customization. An international effort has therefore been
put into the work to validate and standardize clinical routines including
assessment of cognitive function. The Brief International Cognitive

https://doi.org/10.1016/j.msard.2020.102577
Received 30 April 2020; Received in revised form 9 October 2020; Accepted 11 October 2020

⁎ Corresponding author. Department of Neurology, Haukeland University Hospital, Jonas Lies vei 71, 5053 Bergen.
E-mail address: ellen.skorve@helse-bergen.no (E. Skorve).

Multiple Sclerosis and Related Disorders 46 (2020) 102577

Available online 12 October 2020
2211-0348/ © 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/).

T

ContentslistsavailableatScienceDirect

MultipleSclerosisandRelatedDisorders

journalhomepage:www.elsevier.com/locate/msard

Originalarticle

Atwo-yearlongitudinalfollow-upofcognitiveperformanceassessedby
BICAMSinnewlydiagnosedpatientswithMS
EllenSkorvea,b,⁎,AstriJ.Lundervoldc,ØivindTorkildsena,b,Kjell-MortenMyhrb
aNeuro-SysMed,DepartmentofNeurology,HaukelandUniversityHospital,Bergen,Norway
bDepartmentofClinicalMedicine,UniversityofBergen,Bergen,Norway
cDepartmentofBiologicalandMedicalPsychology,UniversityofBergen,Bergen,Norway

ARTICLEINFO

Keywords:
Multiplesclerosis
Cognition
Cognitiveimpairment
BICAMS
Neuropsychology

ABSTRACT

Background::Cognitiveimpairmentiscommoninpatientswithmultiplesclerosis(MS)andmayoccuratany
stageandwithanysubtypeofthedisease.Screeningandmonitoringofcognitivefunctionshouldthereforebe
implementedintoeverydayclinicalneurologypractice.TheBriefInternationalCognitiveAssessmentfor
MultipleSclerosis(BICAMS)wasdevelopedforthispurpose.Althoughseveralcross-sectionalstudieshaveva-
lidatedBICAMS,longitudinalstudiesevaluatingitsuseaspartofaclinicalfollow-uproutinearestilllacking.
Objective::ToinvestigatecognitivefunctionandtrajectoriesofchangeassessedbytheBICAMStestbatteryina
cohortofnewlydiagnosedrelapsing-remittingMS(RRMS)patientsexaminedatbaselineandafter12and24
months.
Methods::BICAMSwasusedtoassesscognitivefunctionin58RRMSpatients,whoalsofilledintheHospital
AnxietyandDepressionScale(HADS)andtheFatigueScaleforMotorandCognitiveFunctions(FSMC),and
underwentstandardneurologicalevaluationsatbaselineandatthetwofollow-ups.
Results::Atotalof27patients(46.6%)weredefinedascognitivelyimpairedatbaselineonatleastonetest,and
22(37.9%)weredefinedasimpairedatfollow-upafter24months.Throughoutthestudy,8(13.8%)and4
(6.9%)patientswereconsistentlydefinedasimpairedontwoorthreetests,respectively.Themeanrawscores
ontwoBICAMSsubtests(SDMTandCVLT-II)improvedsignificantlyfrombaselinetothefirstfollow-up,and
thenremainedstablethenextyear,whereasthevisualmemorytest(BVMT-R)wereoverallunchangedfrom
baselinetotheendofthestudy.ThecorrelationsbetweenthescoresonHADS,FSMCandtheBICAMSsubtests
werenon-significantatbaseline,butweaktomoderatenegativecorrelationswerefoundattheone-andtwo-
yearfollow-ups.
Conclusion::Thepatientsshowedimprovedtestresultsfrombaselinetothefirstfollow-upexamination,in-
dicatingthataneffectofpreviouspractiseshouldbetakenintoaccountwheninterpretingtheresults.With
resultsshowingbothtrajectoriesofstabilityandchange,ourstudysupportedthevalidityofincludingBICAMS
aspartofaclinicalfollow-uproutineofRRMSpatients.Anxiety,depression,fatigueandcognitionshouldalways
beassessedatthesametimetorevealinteractioneffectsthatareexpectedtoaffectthedaily-lifefunctioningofat
leastsomeoftheRRMSpatients.

1.Introduction

Multiplesclerosis(MS)isachronicinflammatorydiseaseofthe
centralnervoussystemaffectingmainlyyoungadults(Thompsonetal.,
2018).Withouttherapy,mostpatientswilleventuallydevelopsevere
disability.Increasinglymoreeffectivetherapieshavebecomeavailable
toreducediseaseactivityandminimizetheneurologicalsymptoms
associatedwiththedisease(DobsonandGiovannoni,2019;
Torkildsenetal.,2016).Still,manypatientsexperienceimpairmentof

cognitiveandemotionalfunctions(Whitehouseetal.,2019).
CognitiveimpairmentinpatientswithMSmaybepresentfromthe

earlystagesofthediseasecourse(Amatoetal.,2001,2006;
BobholzandRao,2003;ChiaravallotiandDeLuca,2008;Corteseetal.,
2016),andrepresentsaneconomicandsocialburdenontheindividual
aswellasthesociety,mainlyduetolossofworkcapacityandlatencyof
workplacecustomization.Aninternationalefforthasthereforebeen
putintotheworktovalidateandstandardizeclinicalroutinesincluding
assessmentofcognitivefunction.TheBriefInternationalCognitive
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A B S T R A C T

Background: : Cognitive impairment is common in patients with multiple sclerosis (MS) and may occur at any
stage and with any subtype of the disease. Screening and monitoring of cognitive function should therefore be
implemented into everyday clinical neurology practice. The Brief International Cognitive Assessment for
Multiple Sclerosis (BICAMS) was developed for this purpose. Although several cross-sectional studies have va-
lidated BICAMS, longitudinal studies evaluating its use as part of a clinical follow-up routine are still lacking.
Objective: : To investigate cognitive function and trajectories of change assessed by the BICAMS test battery in a
cohort of newly diagnosed relapsing-remitting MS (RRMS) patients examined at baseline and after 12 and 24
months.
Methods: : BICAMS was used to assess cognitive function in 58 RRMS patients, who also filled in the Hospital
Anxiety and Depression Scale (HADS) and the Fatigue Scale for Motor and Cognitive Functions (FSMC), and
underwent standard neurological evaluations at baseline and at the two follow-ups.
Results: : A total of 27 patients (46.6%) were defined as cognitively impaired at baseline on at least one test, and
22 (37.9%) were defined as impaired at follow-up after 24 months. Throughout the study, 8 (13.8%) and 4
(6.9%) patients were consistently defined as impaired on two or three tests, respectively. The mean raw scores
on two BICAMS subtests (SDMT and CVLT-II) improved significantly from baseline to the first follow-up, and
then remained stable the next year, whereas the visual memory test (BVMT-R) were overall unchanged from
baseline to the end of the study. The correlations between the scores on HADS, FSMC and the BICAMS subtests
were non-significant at baseline, but weak to moderate negative correlations were found at the one- and two-
year follow-ups.
Conclusion: : The patients showed improved test results from baseline to the first follow-up examination, in-
dicating that an effect of previous practise should be taken into account when interpreting the results. With
results showing both trajectories of stability and change, our study supported the validity of including BICAMS
as part of a clinical follow-up routine of RRMS patients. Anxiety, depression, fatigue and cognition should always
be assessed at the same time to reveal interaction effects that are expected to affect the daily-life functioning of at
least some of the RRMS patients.

1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease of the
central nervous system affecting mainly young adults (Thompson et al.,
2018). Without therapy, most patients will eventually develop severe
disability. Increasingly more effective therapies have become available
to reduce disease activity and minimize the neurological symptoms
associated with the disease (Dobson and Giovannoni, 2019;
Torkildsen et al., 2016). Still, many patients experience impairment of

cognitive and emotional functions (Whitehouse et al., 2019).
Cognitive impairment in patients with MS may be present from the

early stages of the disease course (Amato et al., 2001, 2006;
Bobholz and Rao, 2003; Chiaravalloti and DeLuca, 2008; Cortese et al.,
2016), and represents an economic and social burden on the individual
as well as the society, mainly due to loss of work capacity and latency of
work place customization. An international effort has therefore been
put into the work to validate and standardize clinical routines including
assessment of cognitive function. The Brief International Cognitive
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ABSTRACT

Background::Cognitiveimpairmentiscommoninpatientswithmultiplesclerosis(MS)andmayoccuratany
stageandwithanysubtypeofthedisease.Screeningandmonitoringofcognitivefunctionshouldthereforebe
implementedintoeverydayclinicalneurologypractice.TheBriefInternationalCognitiveAssessmentfor
MultipleSclerosis(BICAMS)wasdevelopedforthispurpose.Althoughseveralcross-sectionalstudieshaveva-
lidatedBICAMS,longitudinalstudiesevaluatingitsuseaspartofaclinicalfollow-uproutinearestilllacking.
Objective::ToinvestigatecognitivefunctionandtrajectoriesofchangeassessedbytheBICAMStestbatteryina
cohortofnewlydiagnosedrelapsing-remittingMS(RRMS)patientsexaminedatbaselineandafter12and24
months.
Methods::BICAMSwasusedtoassesscognitivefunctionin58RRMSpatients,whoalsofilledintheHospital
AnxietyandDepressionScale(HADS)andtheFatigueScaleforMotorandCognitiveFunctions(FSMC),and
underwentstandardneurologicalevaluationsatbaselineandatthetwofollow-ups.
Results::Atotalof27patients(46.6%)weredefinedascognitivelyimpairedatbaselineonatleastonetest,and
22(37.9%)weredefinedasimpairedatfollow-upafter24months.Throughoutthestudy,8(13.8%)and4
(6.9%)patientswereconsistentlydefinedasimpairedontwoorthreetests,respectively.Themeanrawscores
ontwoBICAMSsubtests(SDMTandCVLT-II)improvedsignificantlyfrombaselinetothefirstfollow-up,and
thenremainedstablethenextyear,whereasthevisualmemorytest(BVMT-R)wereoverallunchangedfrom
baselinetotheendofthestudy.ThecorrelationsbetweenthescoresonHADS,FSMCandtheBICAMSsubtests
werenon-significantatbaseline,butweaktomoderatenegativecorrelationswerefoundattheone-andtwo-
yearfollow-ups.
Conclusion::Thepatientsshowedimprovedtestresultsfrombaselinetothefirstfollow-upexamination,in-
dicatingthataneffectofpreviouspractiseshouldbetakenintoaccountwheninterpretingtheresults.With
resultsshowingbothtrajectoriesofstabilityandchange,ourstudysupportedthevalidityofincludingBICAMS
aspartofaclinicalfollow-uproutineofRRMSpatients.Anxiety,depression,fatigueandcognitionshouldalways
beassessedatthesametimetorevealinteractioneffectsthatareexpectedtoaffectthedaily-lifefunctioningofat
leastsomeoftheRRMSpatients.

1.Introduction

Multiplesclerosis(MS)isachronicinflammatorydiseaseofthe
centralnervoussystemaffectingmainlyyoungadults(Thompsonetal.,
2018).Withouttherapy,mostpatientswilleventuallydevelopsevere
disability.Increasinglymoreeffectivetherapieshavebecomeavailable
toreducediseaseactivityandminimizetheneurologicalsymptoms
associatedwiththedisease(DobsonandGiovannoni,2019;
Torkildsenetal.,2016).Still,manypatientsexperienceimpairmentof

cognitiveandemotionalfunctions(Whitehouseetal.,2019).
CognitiveimpairmentinpatientswithMSmaybepresentfromthe

earlystagesofthediseasecourse(Amatoetal.,2001,2006;
BobholzandRao,2003;ChiaravallotiandDeLuca,2008;Corteseetal.,
2016),andrepresentsaneconomicandsocialburdenontheindividual
aswellasthesociety,mainlyduetolossofworkcapacityandlatencyof
workplacecustomization.Aninternationalefforthasthereforebeen
putintotheworktovalidateandstandardizeclinicalroutinesincluding
assessmentofcognitivefunction.TheBriefInternationalCognitive
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Assessment for Multiple Sclerosis (BICAMS) is an outcome from this
work (Benedict et al., 2012; Langdon et al., 2012). Several cross-sec-
tional studies have shown that the BICAMS is a reliable and valid test
battery to identify cognitive impairment in patients with MS
(Corfield and Langdon, 2018), and we have recently reported that al-
most 50% of newly diagnosed patients with MS had some degree of
cognitive impairment measured by the BICAMS (Skorve et al., 2019).

The aim of the current study was to investigate cognitive perfor-
mance in a sample of newly diagnosed patients with MS using the
BICAMS test battery in a two-year longitudinal study. Although some
recent studies present longitudinal data on cognitive impairment in MS-
patients (Barbu et al., 2018; Berard et al., 2018; Damasceno et al., 2019;
Healy et al., 2020; Katsari et al., 2020), few studies have presented
results from repeated assessment with the BICAMS subtests over longer
intervals (Frau et al., 2018; Jakimovski et al., 2019), and none with
cognitive evaluation as primary focus. Therefore, this study is probably
the first longitudinal study to evaluate the results on the BICAMS
subtests in a sample of newly diagnosed patients, and will by this
contribute to evaluate if the test battery should be included in a clinical
follow-up routine of patients with MS from an early stage of the disease.

2. Methods

2.1. Study population

BICAMS was used to evaluate cognitive function in a sample of 58
patients with relapsing-remitting MS (RRMS) and less than two years
mean disease duration. Baseline data were recently published
(Skorve et al., 2019) and in this paper we present follow-up data from
evaluations after 12 and 24 months.

2.2. Procedures

Participation in the study was based on written informed consent,
and the study was approved by the Regional Ethics Committee of
Western Norway (registration number 2016/31/REK Vest)

The patients did not receive any economic compensation for their
participation other than follow-up appointments free of charge during
the study. All clinical and cognitive tests were performed by a clinical
neurologist (E.S).

2.2.1. Questionnaires (Norwegian translations)
Symptoms of depression and anxiety were assessed at each test

session by self-reports on the Hospital Anxiety and Depression Scale
(HADS) (Pais-Ribeiro et al., 2018; Zigmond and Snaith, 1983). A score
of ≥8 on each of the HADS sub scores were used to define a clinically
meaningful anxiety or depression disorder (Bjelland et al., 2002;
Dahl et al., 2009). Prevalence of fatigue were assessed by self-reports on
the Fatigue Scale for Motor and Cognitive Functions (FSMC), and the
combined score of ≥43 was used as the cut-off to define MS-related
fatigue (Penner et al., 2009). A self-report questionnaire listing their
education and employment status were also completed at each test
session.

2.2.2. Clinical evaluations
All participants underwent a standard neurological status ex-

amination, including scoring of the Expanded Disability Status Scale
(EDSS) (Kurtzke, 1983).

2.2.3. Neuropsychological tests: BICAMS
The oral version of the Symbol Digit Modalities Test (SDMT)

(Smith, 1982) was included as a measure of information processing
speed both at baseline and the follow-up sessions. No alternative stimuli
was included, as studies have shown only minor learning effects and a
high test-retest reliability of SDMT (Strober et al., 2009). The initial
learning trials of the official Norwegian translation of the 2nd edition of

the California Verbal Learning Test (CVLT-II) (Delis et al., 1987) was
included as a measure of verbal memory function. To reduce the risk of
a learning effect, known to be significant from baseline to the first
follow-up session (Lundervold et al., 2014), an alternative list of 16
words was included in the second assessment procedure. This alter-
native list included the words from the interference list of the standard
format of CVLT-II (List B) as this list was not presented as part of the
first test session and have a similar construction as the original list. The
word list (List A) from the baseline session was then reintroduced as
part of the second follow-up session at 24 months. The initial learning
trials of the BVMT-R (Benedict, 1997) were included as a measure of
visual memory function. Due to a potential learning effect, the test
stimuli were different at baseline and the follow-up sessions (Form 1,
Form 2 and Form 3, respectively). A test score was defined as abnormal
if the score was ≥1.5 standard deviation below the mean in a control
group examined in a previous study (Skorve et al., 2019).

2.3. Statistical analyses

Statistical analyses were performed using SPSS version 24 (IBM
Corp., Armonk, NY), and figures were made using StataSE version 16
(StataCorp LLC, College Station, Texas). Statistical significance was set
at alpha level <0.05. Within-group differences were examined with
student's paired samples t-test and McNemar test for continuous and
categorical variables, respectively. Effect sizes were calculated and
defined according to Cohen's d statistic (0.2 = small, 0.5 = medium,
0.8 = large).

3. Results

3.1. Demographic characteristics

The sample included 58 RRMS patients (18 men, 44 women) with
mean age of 37.6 (± 10.6) years at baseline and mean disease duration
of 1.9 (± 1.3) years since onset of the first symptom (range 0.3–5.3)
and 1.2 (± 0.8) years since diagnosis (range 0.2–2.7). Most (89.5%) of
the patients were employed at baseline, and 83.9% were still employed
at the last follow-up (p = 0.39).

3.2. Clinical characteristics

Median EDSS was 1.5 and remained stable throughout the study
duration. No significant changes were observed for the EDSS (p= 0.11)
or the mean HADS (p = 0.78) scores from baseline to 24 months
(Table 1). Both fatigue sub-scores (motor and cognitive) showed a
significant worsening from baseline to 12 months (p = 0.021, and
p = 0.025, respectively), but only the motor score showed significant
overall worsening from baseline to 24 months (p = 0.028) (Table 1).

At baseline, 93.1% of the patients received disease modifying
therapy (DMT), and 98.3% were on active treatment at the end of the
study. From baseline to 24 months 34.5% of the patients changed DMT
due to intolerable adverse effects (13.8%) or disease activity revealed
by clinical and/or radiological examinations (20.7%). 45% (n = 9) of
the patients who changed therapy had a deterioration in EDSS score
(mean change +1.06 points, range 0.5–2.0 points), 20% (n = 4)
showed an improvement (mean change −0.63 points, range 0.5–1.0
points), and 35% (n= 7) were clinically stable (Table 1). 65% (n= 13)
escalated therapy from “active” to “highly-active”, 15% (n = 3) were
treatment naïve at the start of the study, and 20% (n = 4) changed to
another “highly-active” therapy.

3.3. Cognitive performance (BICAMS) from baseline to follow-up
examinations

A total of 27 patients (46.6%) were defined as cognitively impaired
at baseline (i.e. more than one abnormal test score (Dusankova et al.,
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work(Benedictetal.,2012;Langdonetal.,2012).Severalcross-sec-
tionalstudieshaveshownthattheBICAMSisareliableandvalidtest
batterytoidentifycognitiveimpairmentinpatientswithMS
(CorfieldandLangdon,2018),andwehaverecentlyreportedthatal-
most50%ofnewlydiagnosedpatientswithMShadsomedegreeof
cognitiveimpairmentmeasuredbytheBICAMS(Skorveetal.,2019).
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manceinasampleofnewlydiagnosedpatientswithMSusingthe
BICAMStestbatteryinatwo-yearlongitudinalstudy.Althoughsome
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patients(Barbuetal.,2018;Berardetal.,2018;Damascenoetal.,2019;
Healyetal.,2020;Katsarietal.,2020),fewstudieshavepresented
resultsfromrepeatedassessmentwiththeBICAMSsubtestsoverlonger
intervals(Frauetal.,2018;Jakimovskietal.,2019),andnonewith
cognitiveevaluationasprimaryfocus.Therefore,thisstudyisprobably
thefirstlongitudinalstudytoevaluatetheresultsontheBICAMS
subtestsinasampleofnewlydiagnosedpatients,andwillbythis
contributetoevaluateifthetestbatteryshouldbeincludedinaclinical
follow-uproutineofpatientswithMSfromanearlystageofthedisease.

2.Methods

2.1.Studypopulation

BICAMSwasusedtoevaluatecognitivefunctioninasampleof58
patientswithrelapsing-remittingMS(RRMS)andlessthantwoyears
meandiseaseduration.Baselinedatawererecentlypublished
(Skorveetal.,2019)andinthispaperwepresentfollow-updatafrom
evaluationsafter12and24months.

2.2.Procedures

Participationinthestudywasbasedonwritteninformedconsent,
andthestudywasapprovedbytheRegionalEthicsCommitteeof
WesternNorway(registrationnumber2016/31/REKVest)

Thepatientsdidnotreceiveanyeconomiccompensationfortheir
participationotherthanfollow-upappointmentsfreeofchargeduring
thestudy.Allclinicalandcognitivetestswereperformedbyaclinical
neurologist(E.S).

2.2.1.Questionnaires(Norwegiantranslations)
Symptomsofdepressionandanxietywereassessedateachtest

sessionbyself-reportsontheHospitalAnxietyandDepressionScale
(HADS)(Pais-Ribeiroetal.,2018;ZigmondandSnaith,1983).Ascore
of≥8oneachoftheHADSsubscoreswereusedtodefineaclinically
meaningfulanxietyordepressiondisorder(Bjellandetal.,2002;
Dahletal.,2009).Prevalenceoffatiguewereassessedbyself-reportson
theFatigueScaleforMotorandCognitiveFunctions(FSMC),andthe
combinedscoreof≥43wasusedasthecut-offtodefineMS-related
fatigue(Penneretal.,2009).Aself-reportquestionnairelistingtheir
educationandemploymentstatuswerealsocompletedateachtest
session.

2.2.2.Clinicalevaluations
Allparticipantsunderwentastandardneurologicalstatusex-

amination,includingscoringoftheExpandedDisabilityStatusScale
(EDSS)(Kurtzke,1983).

2.2.3.Neuropsychologicaltests:BICAMS
TheoralversionoftheSymbolDigitModalitiesTest(SDMT)

(Smith,1982)wasincludedasameasureofinformationprocessing
speedbothatbaselineandthefollow-upsessions.Noalternativestimuli
wasincluded,asstudieshaveshownonlyminorlearningeffectsanda
hightest-retestreliabilityofSDMT(Stroberetal.,2009).Theinitial
learningtrialsoftheofficialNorwegiantranslationofthe2ndeditionof

theCaliforniaVerbalLearningTest(CVLT-II)(Delisetal.,1987)was
includedasameasureofverbalmemoryfunction.Toreducetheriskof
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follow-upsession(Lundervoldetal.,2014),analternativelistof16
wordswasincludedinthesecondassessmentprocedure.Thisalter-
nativelistincludedthewordsfromtheinterferencelistofthestandard
formatofCVLT-II(ListB)asthislistwasnotpresentedaspartofthe
firsttestsessionandhaveasimilarconstructionastheoriginallist.The
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2.3.Statisticalanalyses

StatisticalanalyseswereperformedusingSPSSversion24(IBM
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definedaccordingtoCohen'sdstatistic(0.2=small,0.5=medium,
0.8=large).

3.Results
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atthelastfollow-up(p=0.39).
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(Table1).Bothfatiguesub-scores(motorandcognitive)showeda
significantworseningfrombaselineto12months(p=0.021,and
p=0.025,respectively),butonlythemotorscoreshowedsignificant
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showedanimprovement(meanchange−0.63points,range0.5–1.0
points),and35%(n=7)wereclinicallystable(Table1).65%(n=13)
escalatedtherapyfrom“active”to“highly-active”,15%(n=3)were
treatmentnaïveatthestartofthestudy,and20%(n=4)changedto
another“highly-active”therapy.

3.3.Cognitiveperformance(BICAMS)frombaselinetofollow-up
examinations

Atotalof27patients(46.6%)weredefinedascognitivelyimpaired
atbaseline(i.e.morethanoneabnormaltestscore(Dusankovaetal.,
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the first longitudinal study to evaluate the results on the BICAMS
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2. Methods
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evaluations after 12 and 24 months.

2.2. Procedures

Participation in the study was based on written informed consent,
and the study was approved by the Regional Ethics Committee of
Western Norway (registration number 2016/31/REK Vest)

The patients did not receive any economic compensation for their
participation other than follow-up appointments free of charge during
the study. All clinical and cognitive tests were performed by a clinical
neurologist (E.S).

2.2.1. Questionnaires (Norwegian translations)
Symptoms of depression and anxiety were assessed at each test

session by self-reports on the Hospital Anxiety and Depression Scale
(HADS) (Pais-Ribeiro et al., 2018; Zigmond and Snaith, 1983). A score
of ≥8 on each of the HADS sub scores were used to define a clinically
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(EDSS) (Kurtzke, 1983).

2.2.3. Neuropsychological tests: BICAMS
The oral version of the Symbol Digit Modalities Test (SDMT)

(Smith, 1982) was included as a measure of information processing
speed both at baseline and the follow-up sessions. No alternative stimuli
was included, as studies have shown only minor learning effects and a
high test-retest reliability of SDMT (Strober et al., 2009). The initial
learning trials of the official Norwegian translation of the 2nd edition of

the California Verbal Learning Test (CVLT-II) (Delis et al., 1987) was
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stimuli were different at baseline and the follow-up sessions (Form 1,
Form 2 and Form 3, respectively). A test score was defined as abnormal
if the score was ≥1.5 standard deviation below the mean in a control
group examined in a previous study (Skorve et al., 2019).

2.3. Statistical analyses

Statistical analyses were performed using SPSS version 24 (IBM
Corp., Armonk, NY), and figures were made using StataSE version 16
(StataCorp LLC, College Station, Texas). Statistical significance was set
at alpha level <0.05. Within-group differences were examined with
student's paired samples t-test and McNemar test for continuous and
categorical variables, respectively. Effect sizes were calculated and
defined according to Cohen's d statistic (0.2 = small, 0.5 = medium,
0.8 = large).

3. Results

3.1. Demographic characteristics

The sample included 58 RRMS patients (18 men, 44 women) with
mean age of 37.6 (± 10.6) years at baseline and mean disease duration
of 1.9 (± 1.3) years since onset of the first symptom (range 0.3–5.3)
and 1.2 (± 0.8) years since diagnosis (range 0.2–2.7). Most (89.5%) of
the patients were employed at baseline, and 83.9% were still employed
at the last follow-up (p = 0.39).

3.2. Clinical characteristics

Median EDSS was 1.5 and remained stable throughout the study
duration. No significant changes were observed for the EDSS (p= 0.11)
or the mean HADS (p = 0.78) scores from baseline to 24 months
(Table 1). Both fatigue sub-scores (motor and cognitive) showed a
significant worsening from baseline to 12 months (p = 0.021, and
p = 0.025, respectively), but only the motor score showed significant
overall worsening from baseline to 24 months (p = 0.028) (Table 1).

At baseline, 93.1% of the patients received disease modifying
therapy (DMT), and 98.3% were on active treatment at the end of the
study. From baseline to 24 months 34.5% of the patients changed DMT
due to intolerable adverse effects (13.8%) or disease activity revealed
by clinical and/or radiological examinations (20.7%). 45% (n = 9) of
the patients who changed therapy had a deterioration in EDSS score
(mean change +1.06 points, range 0.5–2.0 points), 20% (n = 4)
showed an improvement (mean change −0.63 points, range 0.5–1.0
points), and 35% (n= 7) were clinically stable (Table 1). 65% (n= 13)
escalated therapy from “active” to “highly-active”, 15% (n = 3) were
treatment naïve at the start of the study, and 20% (n = 4) changed to
another “highly-active” therapy.

3.3. Cognitive performance (BICAMS) from baseline to follow-up
examinations

A total of 27 patients (46.6%) were defined as cognitively impaired
at baseline (i.e. more than one abnormal test score (Dusankova et al.,
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AssessmentforMultipleSclerosis(BICAMS)isanoutcomefromthis
work(Benedictetal.,2012;Langdonetal.,2012).Severalcross-sec-
tionalstudieshaveshownthattheBICAMSisareliableandvalidtest
batterytoidentifycognitiveimpairmentinpatientswithMS
(CorfieldandLangdon,2018),andwehaverecentlyreportedthatal-
most50%ofnewlydiagnosedpatientswithMShadsomedegreeof
cognitiveimpairmentmeasuredbytheBICAMS(Skorveetal.,2019).

Theaimofthecurrentstudywastoinvestigatecognitiveperfor-
manceinasampleofnewlydiagnosedpatientswithMSusingthe
BICAMStestbatteryinatwo-yearlongitudinalstudy.Althoughsome
recentstudiespresentlongitudinaldataoncognitiveimpairmentinMS-
patients(Barbuetal.,2018;Berardetal.,2018;Damascenoetal.,2019;
Healyetal.,2020;Katsarietal.,2020),fewstudieshavepresented
resultsfromrepeatedassessmentwiththeBICAMSsubtestsoverlonger
intervals(Frauetal.,2018;Jakimovskietal.,2019),andnonewith
cognitiveevaluationasprimaryfocus.Therefore,thisstudyisprobably
thefirstlongitudinalstudytoevaluatetheresultsontheBICAMS
subtestsinasampleofnewlydiagnosedpatients,andwillbythis
contributetoevaluateifthetestbatteryshouldbeincludedinaclinical
follow-uproutineofpatientswithMSfromanearlystageofthedisease.

2.Methods

2.1.Studypopulation

BICAMSwasusedtoevaluatecognitivefunctioninasampleof58
patientswithrelapsing-remittingMS(RRMS)andlessthantwoyears
meandiseaseduration.Baselinedatawererecentlypublished
(Skorveetal.,2019)andinthispaperwepresentfollow-updatafrom
evaluationsafter12and24months.

2.2.Procedures

Participationinthestudywasbasedonwritteninformedconsent,
andthestudywasapprovedbytheRegionalEthicsCommitteeof
WesternNorway(registrationnumber2016/31/REKVest)

Thepatientsdidnotreceiveanyeconomiccompensationfortheir
participationotherthanfollow-upappointmentsfreeofchargeduring
thestudy.Allclinicalandcognitivetestswereperformedbyaclinical
neurologist(E.S).

2.2.1.Questionnaires(Norwegiantranslations)
Symptomsofdepressionandanxietywereassessedateachtest

sessionbyself-reportsontheHospitalAnxietyandDepressionScale
(HADS)(Pais-Ribeiroetal.,2018;ZigmondandSnaith,1983).Ascore
of≥8oneachoftheHADSsubscoreswereusedtodefineaclinically
meaningfulanxietyordepressiondisorder(Bjellandetal.,2002;
Dahletal.,2009).Prevalenceoffatiguewereassessedbyself-reportson
theFatigueScaleforMotorandCognitiveFunctions(FSMC),andthe
combinedscoreof≥43wasusedasthecut-offtodefineMS-related
fatigue(Penneretal.,2009).Aself-reportquestionnairelistingtheir
educationandemploymentstatuswerealsocompletedateachtest
session.

2.2.2.Clinicalevaluations
Allparticipantsunderwentastandardneurologicalstatusex-

amination,includingscoringoftheExpandedDisabilityStatusScale
(EDSS)(Kurtzke,1983).

2.2.3.Neuropsychologicaltests:BICAMS
TheoralversionoftheSymbolDigitModalitiesTest(SDMT)

(Smith,1982)wasincludedasameasureofinformationprocessing
speedbothatbaselineandthefollow-upsessions.Noalternativestimuli
wasincluded,asstudieshaveshownonlyminorlearningeffectsanda
hightest-retestreliabilityofSDMT(Stroberetal.,2009).Theinitial
learningtrialsoftheofficialNorwegiantranslationofthe2ndeditionof

theCaliforniaVerbalLearningTest(CVLT-II)(Delisetal.,1987)was
includedasameasureofverbalmemoryfunction.Toreducetheriskof
alearningeffect,knowntobesignificantfrombaselinetothefirst
follow-upsession(Lundervoldetal.,2014),analternativelistof16
wordswasincludedinthesecondassessmentprocedure.Thisalter-
nativelistincludedthewordsfromtheinterferencelistofthestandard
formatofCVLT-II(ListB)asthislistwasnotpresentedaspartofthe
firsttestsessionandhaveasimilarconstructionastheoriginallist.The
wordlist(ListA)fromthebaselinesessionwasthenreintroducedas
partofthesecondfollow-upsessionat24months.Theinitiallearning
trialsoftheBVMT-R(Benedict,1997)wereincludedasameasureof
visualmemoryfunction.Duetoapotentiallearningeffect,thetest
stimuliweredifferentatbaselineandthefollow-upsessions(Form1,
Form2andForm3,respectively).Atestscorewasdefinedasabnormal
ifthescorewas≥1.5standarddeviationbelowthemeaninacontrol
groupexaminedinapreviousstudy(Skorveetal.,2019).

2.3.Statisticalanalyses

StatisticalanalyseswereperformedusingSPSSversion24(IBM
Corp.,Armonk,NY),andfiguresweremadeusingStataSEversion16
(StataCorpLLC,CollegeStation,Texas).Statisticalsignificancewasset
atalphalevel<0.05.Within-groupdifferenceswereexaminedwith
student'spairedsamplest-testandMcNemartestforcontinuousand
categoricalvariables,respectively.Effectsizeswerecalculatedand
definedaccordingtoCohen'sdstatistic(0.2=small,0.5=medium,
0.8=large).

3.Results

3.1.Demographiccharacteristics

Thesampleincluded58RRMSpatients(18men,44women)with
meanageof37.6(±10.6)yearsatbaselineandmeandiseaseduration
of1.9(±1.3)yearssinceonsetofthefirstsymptom(range0.3–5.3)
and1.2(±0.8)yearssincediagnosis(range0.2–2.7).Most(89.5%)of
thepatientswereemployedatbaseline,and83.9%werestillemployed
atthelastfollow-up(p=0.39).

3.2.Clinicalcharacteristics

MedianEDSSwas1.5andremainedstablethroughoutthestudy
duration.NosignificantchangeswereobservedfortheEDSS(p=0.11)
orthemeanHADS(p=0.78)scoresfrombaselineto24months
(Table1).Bothfatiguesub-scores(motorandcognitive)showeda
significantworseningfrombaselineto12months(p=0.021,and
p=0.025,respectively),butonlythemotorscoreshowedsignificant
overallworseningfrombaselineto24months(p=0.028)(Table1).

Atbaseline,93.1%ofthepatientsreceiveddiseasemodifying
therapy(DMT),and98.3%wereonactivetreatmentattheendofthe
study.Frombaselineto24months34.5%ofthepatientschangedDMT
duetointolerableadverseeffects(13.8%)ordiseaseactivityrevealed
byclinicaland/orradiologicalexaminations(20.7%).45%(n=9)of
thepatientswhochangedtherapyhadadeteriorationinEDSSscore
(meanchange+1.06points,range0.5–2.0points),20%(n=4)
showedanimprovement(meanchange−0.63points,range0.5–1.0
points),and35%(n=7)wereclinicallystable(Table1).65%(n=13)
escalatedtherapyfrom“active”to“highly-active”,15%(n=3)were
treatmentnaïveatthestartofthestudy,and20%(n=4)changedto
another“highly-active”therapy.

3.3.Cognitiveperformance(BICAMS)frombaselinetofollow-up
examinations

Atotalof27patients(46.6%)weredefinedascognitivelyimpaired
atbaseline(i.e.morethanoneabnormaltestscore(Dusankovaetal.,
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significantworseningfrombaselineto12months(p=0.021,and
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byclinicaland/orradiologicalexaminations(20.7%).45%(n=9)of
thepatientswhochangedtherapyhadadeteriorationinEDSSscore
(meanchange+1.06points,range0.5–2.0points),20%(n=4)
showedanimprovement(meanchange−0.63points,range0.5–1.0
points),and35%(n=7)wereclinicallystable(Table1).65%(n=13)
escalatedtherapyfrom“active”to“highly-active”,15%(n=3)were
treatmentnaïveatthestartofthestudy,and20%(n=4)changedto
another“highly-active”therapy.

3.3.Cognitiveperformance(BICAMS)frombaselinetofollow-up
examinations

Atotalof27patients(46.6%)weredefinedascognitivelyimpaired
atbaseline(i.e.morethanoneabnormaltestscore(Dusankovaetal.,
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Table 1
Clinical characteristics at baseline, 12 months and 24 months follow-up.

Baseline (N = 58) 12 months (N = 58) 24 months (N = 57)

EDSS, mean (median) 1.35 (1.50) 1.50 (1.50) 1.53 (1.50)
EDSS, change from baseline
Stable,% (N) – 41.4 (24) 40.4 (23)
Worsening,% (N) – 36.2 (21) 40.4 (23)
mean score ∆ – −0.77 points −0.95 points
Improvement,% (N) – 22.4 (13) 19.3 (11)
mean score ∆ – +0.88 points +1.05 points

HADS total score, mean ± SD 7.8 ± 5.9 7.4 ± 5.5 7.5 ± 5.5
Anxiety, mean ± SD 5.1 ± 3.7 4.9 ± 3.6 4.8 ± 3.6
Depression, mean ± SD 2.7 ± 2.9 2.5 ± 2.5 2.7 ± 2.6

FSMC total score, mean ± SD 26.8 ± 19.3 31.5 ± 21.0* 30.6 ± 20.3*
Cognitive, mean±SD 13.6 ± 10.1 15.8 ± 10.9* 15.3 ± 10.1
Motor, mean± SD 13.2 ± 9.8 15.7 ± 10.4* 15.3 ± 10.7*

SD= standard deviation; EDSS= Expanded Disability Status Scale; HADS= Hospital Anxiety and Depression Scale; FSMC= Fatigue Scale for Motor and Cognitive
Functions.

⁎ Statistically significant change from baseline (p < 0.05).

Fig. 1. Number of patients performing below the cut-off scores on the BICAMS subtests (SDMT 43; CVLT-II 50; BVMT 23) at baseline and at the 24-months follow-up,
and correlations between the test performances at the two time points.

Table 2
Mean raw scores on BICAMS subtests at baseline, 12 months and 24 months.

Baseline 12 months 24 months
Mean SD Mean SD Cohens d⁎⁎ Mean SD Cohens d⁎⁎

SDMT 54.84 10.83 57.28* 11.40 0.41 58.24* 11.34 0.62
CVLT-II 54.29 10.85 57.47* 8.00 0.39 58.10* 10.34 0.53
BVMT-R 27.16 5.59 28.26 5.77 0.20 26.90 5.74 0.06

SD= Standard deviation; SDMT = Symbols Digit Modalities Test; CVLT-II = California Verbal Learning Test, 2nd edition; BVMT-R = Brief Visuospatial Memory
Test, revised.

⁎ Statistically significant change from baseline (p < 0.05).
⁎⁎ Effect size for dependent samples, compared to baseline results.
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MeanrawscoresonBICAMSsubtestsatbaseline,12monthsand24months.

Baseline12months24months
MeanSDMeanSDCohensd⁎⁎MeanSDCohensd⁎⁎

SDMT54.8410.8357.28*11.400.4158.24*11.340.62
CVLT-II54.2910.8557.47*8.000.3958.10*10.340.53
BVMT-R27.165.5928.265.770.2026.905.740.06

SD=Standarddeviation;SDMT=SymbolsDigitModalitiesTest;CVLT-II=CaliforniaVerbalLearningTest,2ndedition;BVMT-R=BriefVisuospatialMemory
Test,revised.

⁎Statisticallysignificantchangefrombaseline(p<0.05).
⁎⁎Effectsizefordependentsamples,comparedtobaselineresults.
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⁎⁎
Effect size for dependent samples, compared to baseline results.
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⁎⁎
Effectsizefordependentsamples,comparedtobaselineresults.
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Anxiety,mean±SD5.1±3.74.9±3.64.8±3.6
Depression,mean±SD2.7±2.92.5±2.52.7±2.6

FSMCtotalscore,mean±SD26.8±19.331.5±21.0*30.6±20.3*
Cognitive,mean±SD13.6±10.115.8±10.9*15.3±10.1
Motor,mean±SD13.2±9.815.7±10.4*15.3±10.7*

SD=standarddeviation;EDSS=ExpandedDisabilityStatusScale;HADS=HospitalAnxietyandDepressionScale;FSMC=FatigueScaleforMotorandCognitive
Functions.

⁎
Statisticallysignificantchangefrombaseline(p<0.05).

Fig.1.Numberofpatientsperformingbelowthecut-offscoresontheBICAMSsubtests(SDMT43;CVLT-II50;BVMT23)atbaselineandatthe24-monthsfollow-up,
andcorrelationsbetweenthetestperformancesatthetwotimepoints.

Table2
MeanrawscoresonBICAMSsubtestsatbaseline,12monthsand24months.

Baseline12months24months
MeanSDMeanSDCohensd

⁎⁎
MeanSDCohensd

⁎⁎

SDMT54.8410.8357.28*11.400.4158.24*11.340.62
CVLT-II54.2910.8557.47*8.000.3958.10*10.340.53
BVMT-R27.165.5928.265.770.2026.905.740.06

SD=Standarddeviation;SDMT=SymbolsDigitModalitiesTest;CVLT-II=CaliforniaVerbalLearningTest,2ndedition;BVMT-R=BriefVisuospatialMemory
Test,revised.

⁎
Statisticallysignificantchangefrombaseline(p<0.05).

⁎⁎
Effectsizefordependentsamples,comparedtobaselineresults.
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2012; Skorve et al., 2019)). 19 patients (32.8%) were impaired on only
one BICAMS test, and 4 patients (6.9%) scored below the cut-off for
impairment on two tests and 4 on all three tests. At the 12 months
follow-up assessment, the number of patients with abnormal test results
was significantly reduced to 16 patients (27.6%, p = 0.01), while 22
patients (37.9%, p= 0.27) were defined as cognitively impaired at the
end of the study (14 patients showed impairment on one subtest, 4
patients on two tests and 4 patients on three tests) There were no sig-
nificant changes in number of patients who showed impairment on
either of the three BICAMS subtests from baseline to 24 months (see
Fig. 1). The mean raw scores for the subtests at baseline, 12 and 24
months are presented in Table 2. Both the SDMT and the CVLT-II scores
were significantly improved from baseline to 12 months (p= 0.003 and
p= 0.004, respectively) and from baseline to 24 months (p< 0.001 for
both tests). The BVMT-R results were overall unchanged from baseline
to the end of the study.

The test-retest correlations between test performances at the dif-
ferent time points were significant at p< 0.001 for all three tests, with
a gradual strengthening of the correlations from baseline through the
first to the second follow-up session, reaching r > 0.75 by 24 months
(Fig. 1).

3.4. Anxiety, depression and fatigue – correlations with cognitive
performances

The prevalence of clinically meaningful anxiety and depression at
baseline (HADS sub-score ≥8) were 14 (24.1%) and 4 (6.9%), respec-
tively, and these numbers remained unchanged at the 24 months
follow-up. Only 13 (22.4%) patients reported some degree of fatigue
(i.e., FSMC total score ≥43) at baseline, and this number increased to
19 patients (32.8%) at 24 months. The corresponding changes in pre-
valence on the cognitive and motor subscales from baseline to the last
follow-up were 22.4% to 29.3%, and 20.7% to 25.9%, respectively. All
changes in the prevalence of anxiety, depression and fatigue at were
statistically non-significant. Correlations between the BICAMS subtests
and the mean HADS and FSMC scores are shown in Tables 3a – 3c. No
correlations were statistically significant at baseline, but there was a
weak to moderate, significant negative correlation between depression,
SDMT and CVLT-II, and between the cognitive fatigue subscale, SDMT
and CVLT-II at 12 months. At 24 months, only the correlations between
depression and CVLT-II, and between the cognitive fatigue subscale and
SDMT remained significant. There were no statistically significant
correlations between BVMT-R and the HADS and FSMC subscales at any
time point.

4. Discussion

To the authors’ knowledge, this is the first longitudinal study where
cognitive performance is measured by repeated testing with the
BICAMS in a sample of newly diagnosed RRMS patients. We found that
the group of MS-patients improved significantly from baseline to the
first follow-up examination, indicating that the effect of being part of a
previous BICAMS assessment is substantial even after 12 months.
Furthermore, large variability in detection of impairment between the
subtests support that all three subtests should be included when
BICAMS is used as a clinical screening tool for cognitive impairment in

patients with MS.
The BICAMS test battery has been validated in several countries and

has become widely accepted as a robust and effective screening tool for
cognitive impairment in MS patients (Corfield and Langdon, 2018). The
aforementioned validation studies have retested healthy controls and
patient samples within the 1–3 week interval recommended to ascertain
test-retest reliability (Benedict et al., 2012). Of the few longitudinal
studies using the BICAMS specifically for evaluation of cognitive
function, one is comparable to the present study regarding sample size,
retest interval and level of physical disability (Frau et al., 2018). Our
patient sample, however, differed by including patients at a younger
age and with a shorter disease duration. Furthermore, our study had a
stronger focus on detection and monitoring of cognitive impairment
within the sample. By this, our longitudinal study presents data that can
be used to evaluate the usability of BICAMS in a routine, clinical
practice.

The mean raw scores on the SDMT and the CVLT-II improved sig-
nificantly from baseline to 12 months and remained stable to the end of
the study, whereas the BVMT-R score showed a mild improvement at 12
months but were overall essentially unchanged from baseline to the end
of the study. Initial improvement in test performance on a first re-test
assessment is known as the practice effect (Ferrer et al., 2004), an effect
that has been explained by factors like increased familiarity with the
content of the test and the test procedure, and may also be related to a
reduced test anxiety. The duration of this effect is, however, not es-
tablished. A recent meta-analysis on this effect on performance on tests
of working memory capacity found that at least 16 months interval was
necessary to eliminate the effect of having performed the same test at
an earlier time point (Scharfen, 2018). Others have shown that this
effect is dependent on the cognitive domain tested (Ferrer et al., 2004).
Therefore, despite the test interval of 12 months, practice effects cannot
be excluded. Studies investigating the practice effects of BICAMS are
needed for better interpretation of the results.

Even patients with impaired BICAMS results at baseline showed
some improvement at follow-up examinations. While almost 50% of the
sample were defined as cognitively impaired at baseline (i.e. abnormal
results on at least on one test), the proportion was reduced to below
30% after 12 months and to below 40% by the end of the study. Most of

Table 3a
Correlations between BICAMS and HADS and FSMC at baseline.

BICAMS subtest HADS sub scores FSMC sub scores
Anxiety Depression Motor Cognitive
r p r p r p r p

SDMT −0.02 0.86 −0.02 0.87 −0.01 0.95 −0.08 0.55
CVLT-II −0.05 0.74 −0.11 0.44 −0.13 0.34 −0.18 0.18
BVMT-R −0.06 0.68 −0.06 0.69 −0.13 0.34 −0.10 0.48

Table 3b
Correlations between BICAMS subtests and HADS- and FSMC sub scores at 12
months.

BICAMS subtest HADS sub scores FSMC sub scores
Anxiety Depression Motor Cognitive
r p r p r p r p

SDMT −0.16 0.23 −0.29* 0.03 −0.2 0.15 −0.35* 0.01
CVLT-II −0.12 0.40 −0.33* 0.02 −0.17 0.22 −0.27* 0.05
BVMT-R 0.09 0.54 −0.15 0.29 −0.09 0.51 −0.2 0.15

Table 3c
Correlations between BICAMS subtests and HADS- and FSMC sub scores at 24
months.

BICAMS subtest HADS sub scores FSMC sub scores
Anxiety Depression Motor Cognitive
r p r p r p r p

SDMT −0.03 0.82 −0.2 0.16 −0.26 0.05 −0.35* 0.01
CVLT-II −0.03 0.83 −0.27* 0.05 −0.18 0.18 −0.24 0.08
BVMT-R 0.16 025 −0.10 0.5 −0.04 0.75 −0.11 0.41

BICAMS = Brief International Cognitive Assessment for Multiple Sclerosis.
SDMT = Symbol Digit Modalities Test. CVLT-II = California Verbal Learning
Test, 2nd edition. BVMT-R = Brief Visuospatial Memory Test, Revised.
HADS = Hospital Anxiety and Depression Scale. FSMC = Fatigue Score for
Motor and Cognitive Function.

⁎ Statistically significant correlation.
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2012;Skorveetal.,2019)).19patients(32.8%)wereimpairedononly
oneBICAMStest,and4patients(6.9%)scoredbelowthecut-offfor
impairmentontwotestsand4onallthreetests.Atthe12months
follow-upassessment,thenumberofpatientswithabnormaltestresults
wassignificantlyreducedto16patients(27.6%,p=0.01),while22
patients(37.9%,p=0.27)weredefinedascognitivelyimpairedatthe
endofthestudy(14patientsshowedimpairmentononesubtest,4
patientsontwotestsand4patientsonthreetests)Therewerenosig-
nificantchangesinnumberofpatientswhoshowedimpairmenton
eitherofthethreeBICAMSsubtestsfrombaselineto24months(see
Fig.1).Themeanrawscoresforthesubtestsatbaseline,12and24
monthsarepresentedinTable2.BoththeSDMTandtheCVLT-IIscores
weresignificantlyimprovedfrombaselineto12months(p=0.003and
p=0.004,respectively)andfrombaselineto24months(p<0.001for
bothtests).TheBVMT-Rresultswereoverallunchangedfrombaseline
totheendofthestudy.

Thetest-retestcorrelationsbetweentestperformancesatthedif-
ferenttimepointsweresignificantatp<0.001forallthreetests,with
agradualstrengtheningofthecorrelationsfrombaselinethroughthe
firsttothesecondfollow-upsession,reachingr>0.75by24months
(Fig.1).

3.4.Anxiety,depressionandfatigue–correlationswithcognitive
performances

Theprevalenceofclinicallymeaningfulanxietyanddepressionat
baseline(HADSsub-score≥8)were14(24.1%)and4(6.9%),respec-
tively,andthesenumbersremainedunchangedatthe24months
follow-up.Only13(22.4%)patientsreportedsomedegreeoffatigue
(i.e.,FSMCtotalscore≥43)atbaseline,andthisnumberincreasedto
19patients(32.8%)at24months.Thecorrespondingchangesinpre-
valenceonthecognitiveandmotorsubscalesfrombaselinetothelast
follow-upwere22.4%to29.3%,and20.7%to25.9%,respectively.All
changesintheprevalenceofanxiety,depressionandfatigueatwere
statisticallynon-significant.CorrelationsbetweentheBICAMSsubtests
andthemeanHADSandFSMCscoresareshowninTables3a–3c.No
correlationswerestatisticallysignificantatbaseline,buttherewasa
weaktomoderate,significantnegativecorrelationbetweendepression,
SDMTandCVLT-II,andbetweenthecognitivefatiguesubscale,SDMT
andCVLT-IIat12months.At24months,onlythecorrelationsbetween
depressionandCVLT-II,andbetweenthecognitivefatiguesubscaleand
SDMTremainedsignificant.Therewerenostatisticallysignificant
correlationsbetweenBVMT-RandtheHADSandFSMCsubscalesatany
timepoint.

4.Discussion

Totheauthors’knowledge,thisisthefirstlongitudinalstudywhere
cognitiveperformanceismeasuredbyrepeatedtestingwiththe
BICAMSinasampleofnewlydiagnosedRRMSpatients.Wefoundthat
thegroupofMS-patientsimprovedsignificantlyfrombaselinetothe
firstfollow-upexamination,indicatingthattheeffectofbeingpartofa
previousBICAMSassessmentissubstantialevenafter12months.
Furthermore,largevariabilityindetectionofimpairmentbetweenthe
subtestssupportthatallthreesubtestsshouldbeincludedwhen
BICAMSisusedasaclinicalscreeningtoolforcognitiveimpairmentin

patientswithMS.
TheBICAMStestbatteryhasbeenvalidatedinseveralcountriesand

hasbecomewidelyacceptedasarobustandeffectivescreeningtoolfor
cognitiveimpairmentinMSpatients(CorfieldandLangdon,2018).The
aforementionedvalidationstudieshaveretestedhealthycontrolsand
patientsampleswithinthe1–3weekintervalrecommendedtoascertain
test-retestreliability(Benedictetal.,2012).Ofthefewlongitudinal
studiesusingtheBICAMSspecificallyforevaluationofcognitive
function,oneiscomparabletothepresentstudyregardingsamplesize,
retestintervalandlevelofphysicaldisability(Frauetal.,2018).Our
patientsample,however,differedbyincludingpatientsatayounger
ageandwithashorterdiseaseduration.Furthermore,ourstudyhada
strongerfocusondetectionandmonitoringofcognitiveimpairment
withinthesample.Bythis,ourlongitudinalstudypresentsdatathatcan
beusedtoevaluatetheusabilityofBICAMSinaroutine,clinical
practice.

ThemeanrawscoresontheSDMTandtheCVLT-IIimprovedsig-
nificantlyfrombaselineto12monthsandremainedstabletotheendof
thestudy,whereastheBVMT-Rscoreshowedamildimprovementat12
monthsbutwereoverallessentiallyunchangedfrombaselinetotheend
ofthestudy.Initialimprovementintestperformanceonafirstre-test
assessmentisknownasthepracticeeffect(Ferreretal.,2004),aneffect
thathasbeenexplainedbyfactorslikeincreasedfamiliaritywiththe
contentofthetestandthetestprocedure,andmayalsoberelatedtoa
reducedtestanxiety.Thedurationofthiseffectis,however,notes-
tablished.Arecentmeta-analysisonthiseffectonperformanceontests
ofworkingmemorycapacityfoundthatatleast16monthsintervalwas
necessarytoeliminatetheeffectofhavingperformedthesametestat
anearliertimepoint(Scharfen,2018).Othershaveshownthatthis
effectisdependentonthecognitivedomaintested(Ferreretal.,2004).
Therefore,despitethetestintervalof12months,practiceeffectscannot
beexcluded.StudiesinvestigatingthepracticeeffectsofBICAMSare
neededforbetterinterpretationoftheresults.

EvenpatientswithimpairedBICAMSresultsatbaselineshowed
someimprovementatfollow-upexaminations.Whilealmost50%ofthe
sampleweredefinedascognitivelyimpairedatbaseline(i.e.abnormal
resultsonatleastononetest),theproportionwasreducedtobelow
30%after12monthsandtobelow40%bytheendofthestudy.Mostof

Table3a
CorrelationsbetweenBICAMSandHADSandFSMCatbaseline.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.020.86−0.020.87−0.010.95−0.080.55
CVLT-II−0.050.74−0.110.44−0.130.34−0.180.18
BVMT-R−0.060.68−0.060.69−0.130.34−0.100.48

Table3b
CorrelationsbetweenBICAMSsubtestsandHADS-andFSMCsubscoresat12
months.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.160.23−0.29*0.03−0.20.15−0.35*0.01
CVLT-II−0.120.40−0.33*0.02−0.170.22−0.27*0.05
BVMT-R0.090.54−0.150.29−0.090.51−0.20.15

Table3c
CorrelationsbetweenBICAMSsubtestsandHADS-andFSMCsubscoresat24
months.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.030.82−0.20.16−0.260.05−0.35*0.01
CVLT-II−0.030.83−0.27*0.05−0.180.18−0.240.08
BVMT-R0.16025−0.100.5−0.040.75−0.110.41

BICAMS=BriefInternationalCognitiveAssessmentforMultipleSclerosis.
SDMT=SymbolDigitModalitiesTest.CVLT-II=CaliforniaVerbalLearning
Test,2ndedition.BVMT-R=BriefVisuospatialMemoryTest,Revised.
HADS=HospitalAnxietyandDepressionScale.FSMC=FatigueScorefor
MotorandCognitiveFunction.

⁎Statisticallysignificantcorrelation.
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2012;Skorveetal.,2019)).19patients(32.8%)wereimpairedononly
oneBICAMStest,and4patients(6.9%)scoredbelowthecut-offfor
impairmentontwotestsand4onallthreetests.Atthe12months
follow-upassessment,thenumberofpatientswithabnormaltestresults
wassignificantlyreducedto16patients(27.6%,p=0.01),while22
patients(37.9%,p=0.27)weredefinedascognitivelyimpairedatthe
endofthestudy(14patientsshowedimpairmentononesubtest,4
patientsontwotestsand4patientsonthreetests)Therewerenosig-
nificantchangesinnumberofpatientswhoshowedimpairmenton
eitherofthethreeBICAMSsubtestsfrombaselineto24months(see
Fig.1).Themeanrawscoresforthesubtestsatbaseline,12and24
monthsarepresentedinTable2.BoththeSDMTandtheCVLT-IIscores
weresignificantlyimprovedfrombaselineto12months(p=0.003and
p=0.004,respectively)andfrombaselineto24months(p<0.001for
bothtests).TheBVMT-Rresultswereoverallunchangedfrombaseline
totheendofthestudy.

Thetest-retestcorrelationsbetweentestperformancesatthedif-
ferenttimepointsweresignificantatp<0.001forallthreetests,with
agradualstrengtheningofthecorrelationsfrombaselinethroughthe
firsttothesecondfollow-upsession,reachingr>0.75by24months
(Fig.1).

3.4.Anxiety,depressionandfatigue–correlationswithcognitive
performances

Theprevalenceofclinicallymeaningfulanxietyanddepressionat
baseline(HADSsub-score≥8)were14(24.1%)and4(6.9%),respec-
tively,andthesenumbersremainedunchangedatthe24months
follow-up.Only13(22.4%)patientsreportedsomedegreeoffatigue
(i.e.,FSMCtotalscore≥43)atbaseline,andthisnumberincreasedto
19patients(32.8%)at24months.Thecorrespondingchangesinpre-
valenceonthecognitiveandmotorsubscalesfrombaselinetothelast
follow-upwere22.4%to29.3%,and20.7%to25.9%,respectively.All
changesintheprevalenceofanxiety,depressionandfatigueatwere
statisticallynon-significant.CorrelationsbetweentheBICAMSsubtests
andthemeanHADSandFSMCscoresareshowninTables3a–3c.No
correlationswerestatisticallysignificantatbaseline,buttherewasa
weaktomoderate,significantnegativecorrelationbetweendepression,
SDMTandCVLT-II,andbetweenthecognitivefatiguesubscale,SDMT
andCVLT-IIat12months.At24months,onlythecorrelationsbetween
depressionandCVLT-II,andbetweenthecognitivefatiguesubscaleand
SDMTremainedsignificant.Therewerenostatisticallysignificant
correlationsbetweenBVMT-RandtheHADSandFSMCsubscalesatany
timepoint.

4.Discussion

Totheauthors’knowledge,thisisthefirstlongitudinalstudywhere
cognitiveperformanceismeasuredbyrepeatedtestingwiththe
BICAMSinasampleofnewlydiagnosedRRMSpatients.Wefoundthat
thegroupofMS-patientsimprovedsignificantlyfrombaselinetothe
firstfollow-upexamination,indicatingthattheeffectofbeingpartofa
previousBICAMSassessmentissubstantialevenafter12months.
Furthermore,largevariabilityindetectionofimpairmentbetweenthe
subtestssupportthatallthreesubtestsshouldbeincludedwhen
BICAMSisusedasaclinicalscreeningtoolforcognitiveimpairmentin

patientswithMS.
TheBICAMStestbatteryhasbeenvalidatedinseveralcountriesand

hasbecomewidelyacceptedasarobustandeffectivescreeningtoolfor
cognitiveimpairmentinMSpatients(CorfieldandLangdon,2018).The
aforementionedvalidationstudieshaveretestedhealthycontrolsand
patientsampleswithinthe1–3weekintervalrecommendedtoascertain
test-retestreliability(Benedictetal.,2012).Ofthefewlongitudinal
studiesusingtheBICAMSspecificallyforevaluationofcognitive
function,oneiscomparabletothepresentstudyregardingsamplesize,
retestintervalandlevelofphysicaldisability(Frauetal.,2018).Our
patientsample,however,differedbyincludingpatientsatayounger
ageandwithashorterdiseaseduration.Furthermore,ourstudyhada
strongerfocusondetectionandmonitoringofcognitiveimpairment
withinthesample.Bythis,ourlongitudinalstudypresentsdatathatcan
beusedtoevaluatetheusabilityofBICAMSinaroutine,clinical
practice.

ThemeanrawscoresontheSDMTandtheCVLT-IIimprovedsig-
nificantlyfrombaselineto12monthsandremainedstabletotheendof
thestudy,whereastheBVMT-Rscoreshowedamildimprovementat12
monthsbutwereoverallessentiallyunchangedfrombaselinetotheend
ofthestudy.Initialimprovementintestperformanceonafirstre-test
assessmentisknownasthepracticeeffect(Ferreretal.,2004),aneffect
thathasbeenexplainedbyfactorslikeincreasedfamiliaritywiththe
contentofthetestandthetestprocedure,andmayalsoberelatedtoa
reducedtestanxiety.Thedurationofthiseffectis,however,notes-
tablished.Arecentmeta-analysisonthiseffectonperformanceontests
ofworkingmemorycapacityfoundthatatleast16monthsintervalwas
necessarytoeliminatetheeffectofhavingperformedthesametestat
anearliertimepoint(Scharfen,2018).Othershaveshownthatthis
effectisdependentonthecognitivedomaintested(Ferreretal.,2004).
Therefore,despitethetestintervalof12months,practiceeffectscannot
beexcluded.StudiesinvestigatingthepracticeeffectsofBICAMSare
neededforbetterinterpretationoftheresults.

EvenpatientswithimpairedBICAMSresultsatbaselineshowed
someimprovementatfollow-upexaminations.Whilealmost50%ofthe
sampleweredefinedascognitivelyimpairedatbaseline(i.e.abnormal
resultsonatleastononetest),theproportionwasreducedtobelow
30%after12monthsandtobelow40%bytheendofthestudy.Mostof

Table3a
CorrelationsbetweenBICAMSandHADSandFSMCatbaseline.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.020.86−0.020.87−0.010.95−0.080.55
CVLT-II−0.050.74−0.110.44−0.130.34−0.180.18
BVMT-R−0.060.68−0.060.69−0.130.34−0.100.48

Table3b
CorrelationsbetweenBICAMSsubtestsandHADS-andFSMCsubscoresat12
months.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.160.23−0.29*0.03−0.20.15−0.35*0.01
CVLT-II−0.120.40−0.33*0.02−0.170.22−0.27*0.05
BVMT-R0.090.54−0.150.29−0.090.51−0.20.15

Table3c
CorrelationsbetweenBICAMSsubtestsandHADS-andFSMCsubscoresat24
months.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.030.82−0.20.16−0.260.05−0.35*0.01
CVLT-II−0.030.83−0.27*0.05−0.180.18−0.240.08
BVMT-R0.16025−0.100.5−0.040.75−0.110.41

BICAMS=BriefInternationalCognitiveAssessmentforMultipleSclerosis.
SDMT=SymbolDigitModalitiesTest.CVLT-II=CaliforniaVerbalLearning
Test,2ndedition.BVMT-R=BriefVisuospatialMemoryTest,Revised.
HADS=HospitalAnxietyandDepressionScale.FSMC=FatigueScorefor
MotorandCognitiveFunction.
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2012; Skorve et al., 2019)). 19 patients (32.8%) were impaired on only
one BICAMS test, and 4 patients (6.9%) scored below the cut-off for
impairment on two tests and 4 on all three tests. At the 12 months
follow-up assessment, the number of patients with abnormal test results
was significantly reduced to 16 patients (27.6%, p = 0.01), while 22
patients (37.9%, p= 0.27) were defined as cognitively impaired at the
end of the study (14 patients showed impairment on one subtest, 4
patients on two tests and 4 patients on three tests) There were no sig-
nificant changes in number of patients who showed impairment on
either of the three BICAMS subtests from baseline to 24 months (see
Fig. 1). The mean raw scores for the subtests at baseline, 12 and 24
months are presented in Table 2. Both the SDMT and the CVLT-II scores
were significantly improved from baseline to 12 months (p= 0.003 and
p= 0.004, respectively) and from baseline to 24 months (p< 0.001 for
both tests). The BVMT-R results were overall unchanged from baseline
to the end of the study.

The test-retest correlations between test performances at the dif-
ferent time points were significant at p< 0.001 for all three tests, with
a gradual strengthening of the correlations from baseline through the
first to the second follow-up session, reaching r > 0.75 by 24 months
(Fig. 1).

3.4. Anxiety, depression and fatigue – correlations with cognitive
performances

The prevalence of clinically meaningful anxiety and depression at
baseline (HADS sub-score ≥8) were 14 (24.1%) and 4 (6.9%), respec-
tively, and these numbers remained unchanged at the 24 months
follow-up. Only 13 (22.4%) patients reported some degree of fatigue
(i.e., FSMC total score ≥43) at baseline, and this number increased to
19 patients (32.8%) at 24 months. The corresponding changes in pre-
valence on the cognitive and motor subscales from baseline to the last
follow-up were 22.4% to 29.3%, and 20.7% to 25.9%, respectively. All
changes in the prevalence of anxiety, depression and fatigue at were
statistically non-significant. Correlations between the BICAMS subtests
and the mean HADS and FSMC scores are shown in Tables 3a – 3c. No
correlations were statistically significant at baseline, but there was a
weak to moderate, significant negative correlation between depression,
SDMT and CVLT-II, and between the cognitive fatigue subscale, SDMT
and CVLT-II at 12 months. At 24 months, only the correlations between
depression and CVLT-II, and between the cognitive fatigue subscale and
SDMT remained significant. There were no statistically significant
correlations between BVMT-R and the HADS and FSMC subscales at any
time point.

4. Discussion

To the authors’ knowledge, this is the first longitudinal study where
cognitive performance is measured by repeated testing with the
BICAMS in a sample of newly diagnosed RRMS patients. We found that
the group of MS-patients improved significantly from baseline to the
first follow-up examination, indicating that the effect of being part of a
previous BICAMS assessment is substantial even after 12 months.
Furthermore, large variability in detection of impairment between the
subtests support that all three subtests should be included when
BICAMS is used as a clinical screening tool for cognitive impairment in

patients with MS.
The BICAMS test battery has been validated in several countries and

has become widely accepted as a robust and effective screening tool for
cognitive impairment in MS patients (Corfield and Langdon, 2018). The
aforementioned validation studies have retested healthy controls and
patient samples within the 1–3 week interval recommended to ascertain
test-retest reliability (Benedict et al., 2012). Of the few longitudinal
studies using the BICAMS specifically for evaluation of cognitive
function, one is comparable to the present study regarding sample size,
retest interval and level of physical disability (Frau et al., 2018). Our
patient sample, however, differed by including patients at a younger
age and with a shorter disease duration. Furthermore, our study had a
stronger focus on detection and monitoring of cognitive impairment
within the sample. By this, our longitudinal study presents data that can
be used to evaluate the usability of BICAMS in a routine, clinical
practice.

The mean raw scores on the SDMT and the CVLT-II improved sig-
nificantly from baseline to 12 months and remained stable to the end of
the study, whereas the BVMT-R score showed a mild improvement at 12
months but were overall essentially unchanged from baseline to the end
of the study. Initial improvement in test performance on a first re-test
assessment is known as the practice effect (Ferrer et al., 2004), an effect
that has been explained by factors like increased familiarity with the
content of the test and the test procedure, and may also be related to a
reduced test anxiety. The duration of this effect is, however, not es-
tablished. A recent meta-analysis on this effect on performance on tests
of working memory capacity found that at least 16 months interval was
necessary to eliminate the effect of having performed the same test at
an earlier time point (Scharfen, 2018). Others have shown that this
effect is dependent on the cognitive domain tested (Ferrer et al., 2004).
Therefore, despite the test interval of 12 months, practice effects cannot
be excluded. Studies investigating the practice effects of BICAMS are
needed for better interpretation of the results.

Even patients with impaired BICAMS results at baseline showed
some improvement at follow-up examinations. While almost 50% of the
sample were defined as cognitively impaired at baseline (i.e. abnormal
results on at least on one test), the proportion was reduced to below
30% after 12 months and to below 40% by the end of the study. Most of

Table 3a
Correlations between BICAMS and HADS and FSMC at baseline.

BICAMS subtest HADS sub scores FSMC sub scores
Anxiety Depression Motor Cognitive
r p r p r p r p

SDMT −0.02 0.86 −0.02 0.87 −0.01 0.95 −0.08 0.55
CVLT-II −0.05 0.74 −0.11 0.44 −0.13 0.34 −0.18 0.18
BVMT-R −0.06 0.68 −0.06 0.69 −0.13 0.34 −0.10 0.48

Table 3b
Correlations between BICAMS subtests and HADS- and FSMC sub scores at 12
months.

BICAMS subtest HADS sub scores FSMC sub scores
Anxiety Depression Motor Cognitive
r p r p r p r p

SDMT −0.16 0.23 −0.29* 0.03 −0.2 0.15 −0.35* 0.01
CVLT-II −0.12 0.40 −0.33* 0.02 −0.17 0.22 −0.27* 0.05
BVMT-R 0.09 0.54 −0.15 0.29 −0.09 0.51 −0.2 0.15

Table 3c
Correlations between BICAMS subtests and HADS- and FSMC sub scores at 24
months.

BICAMS subtest HADS sub scores FSMC sub scores
Anxiety Depression Motor Cognitive
r p r p r p r p

SDMT −0.03 0.82 −0.2 0.16 −0.26 0.05 −0.35* 0.01
CVLT-II −0.03 0.83 −0.27* 0.05 −0.18 0.18 −0.24 0.08
BVMT-R 0.16 025 −0.10 0.5 −0.04 0.75 −0.11 0.41

BICAMS = Brief International Cognitive Assessment for Multiple Sclerosis.
SDMT = Symbol Digit Modalities Test. CVLT-II = California Verbal Learning
Test, 2nd edition. BVMT-R = Brief Visuospatial Memory Test, Revised.
HADS = Hospital Anxiety and Depression Scale. FSMC = Fatigue Score for
Motor and Cognitive Function.
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2012; Skorve et al., 2019)). 19 patients (32.8%) were impaired on only
one BICAMS test, and 4 patients (6.9%) scored below the cut-off for
impairment on two tests and 4 on all three tests. At the 12 months
follow-up assessment, the number of patients with abnormal test results
was significantly reduced to 16 patients (27.6%, p = 0.01), while 22
patients (37.9%, p= 0.27) were defined as cognitively impaired at the
end of the study (14 patients showed impairment on one subtest, 4
patients on two tests and 4 patients on three tests) There were no sig-
nificant changes in number of patients who showed impairment on
either of the three BICAMS subtests from baseline to 24 months (see
Fig. 1). The mean raw scores for the subtests at baseline, 12 and 24
months are presented in Table 2. Both the SDMT and the CVLT-II scores
were significantly improved from baseline to 12 months (p= 0.003 and
p= 0.004, respectively) and from baseline to 24 months (p< 0.001 for
both tests). The BVMT-R results were overall unchanged from baseline
to the end of the study.

The test-retest correlations between test performances at the dif-
ferent time points were significant at p< 0.001 for all three tests, with
a gradual strengthening of the correlations from baseline through the
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3.4. Anxiety, depression and fatigue – correlations with cognitive
performances

The prevalence of clinically meaningful anxiety and depression at
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cognitive performance is measured by repeated testing with the
BICAMS in a sample of newly diagnosed RRMS patients. We found that
the group of MS-patients improved significantly from baseline to the
first follow-up examination, indicating that the effect of being part of a
previous BICAMS assessment is substantial even after 12 months.
Furthermore, large variability in detection of impairment between the
subtests support that all three subtests should be included when
BICAMS is used as a clinical screening tool for cognitive impairment in

patients with MS.
The BICAMS test battery has been validated in several countries and

has become widely accepted as a robust and effective screening tool for
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The mean raw scores on the SDMT and the CVLT-II improved sig-
nificantly from baseline to 12 months and remained stable to the end of
the study, whereas the BVMT-R score showed a mild improvement at 12
months but were overall essentially unchanged from baseline to the end
of the study. Initial improvement in test performance on a first re-test
assessment is known as the practice effect (Ferrer et al., 2004), an effect
that has been explained by factors like increased familiarity with the
content of the test and the test procedure, and may also be related to a
reduced test anxiety. The duration of this effect is, however, not es-
tablished. A recent meta-analysis on this effect on performance on tests
of working memory capacity found that at least 16 months interval was
necessary to eliminate the effect of having performed the same test at
an earlier time point (Scharfen, 2018). Others have shown that this
effect is dependent on the cognitive domain tested (Ferrer et al., 2004).
Therefore, despite the test interval of 12 months, practice effects cannot
be excluded. Studies investigating the practice effects of BICAMS are
needed for better interpretation of the results.

Even patients with impaired BICAMS results at baseline showed
some improvement at follow-up examinations. While almost 50% of the
sample were defined as cognitively impaired at baseline (i.e. abnormal
results on at least on one test), the proportion was reduced to below
30% after 12 months and to below 40% by the end of the study. Most of
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2012;Skorveetal.,2019)).19patients(32.8%)wereimpairedononly
oneBICAMStest,and4patients(6.9%)scoredbelowthecut-offfor
impairmentontwotestsand4onallthreetests.Atthe12months
follow-upassessment,thenumberofpatientswithabnormaltestresults
wassignificantlyreducedto16patients(27.6%,p=0.01),while22
patients(37.9%,p=0.27)weredefinedascognitivelyimpairedatthe
endofthestudy(14patientsshowedimpairmentononesubtest,4
patientsontwotestsand4patientsonthreetests)Therewerenosig-
nificantchangesinnumberofpatientswhoshowedimpairmenton
eitherofthethreeBICAMSsubtestsfrombaselineto24months(see
Fig.1).Themeanrawscoresforthesubtestsatbaseline,12and24
monthsarepresentedinTable2.BoththeSDMTandtheCVLT-IIscores
weresignificantlyimprovedfrombaselineto12months(p=0.003and
p=0.004,respectively)andfrombaselineto24months(p<0.001for
bothtests).TheBVMT-Rresultswereoverallunchangedfrombaseline
totheendofthestudy.

Thetest-retestcorrelationsbetweentestperformancesatthedif-
ferenttimepointsweresignificantatp<0.001forallthreetests,with
agradualstrengtheningofthecorrelationsfrombaselinethroughthe
firsttothesecondfollow-upsession,reachingr>0.75by24months
(Fig.1).

3.4.Anxiety,depressionandfatigue–correlationswithcognitive
performances

Theprevalenceofclinicallymeaningfulanxietyanddepressionat
baseline(HADSsub-score≥8)were14(24.1%)and4(6.9%),respec-
tively,andthesenumbersremainedunchangedatthe24months
follow-up.Only13(22.4%)patientsreportedsomedegreeoffatigue
(i.e.,FSMCtotalscore≥43)atbaseline,andthisnumberincreasedto
19patients(32.8%)at24months.Thecorrespondingchangesinpre-
valenceonthecognitiveandmotorsubscalesfrombaselinetothelast
follow-upwere22.4%to29.3%,and20.7%to25.9%,respectively.All
changesintheprevalenceofanxiety,depressionandfatigueatwere
statisticallynon-significant.CorrelationsbetweentheBICAMSsubtests
andthemeanHADSandFSMCscoresareshowninTables3a–3c.No
correlationswerestatisticallysignificantatbaseline,buttherewasa
weaktomoderate,significantnegativecorrelationbetweendepression,
SDMTandCVLT-II,andbetweenthecognitivefatiguesubscale,SDMT
andCVLT-IIat12months.At24months,onlythecorrelationsbetween
depressionandCVLT-II,andbetweenthecognitivefatiguesubscaleand
SDMTremainedsignificant.Therewerenostatisticallysignificant
correlationsbetweenBVMT-RandtheHADSandFSMCsubscalesatany
timepoint.

4.Discussion

Totheauthors’knowledge,thisisthefirstlongitudinalstudywhere
cognitiveperformanceismeasuredbyrepeatedtestingwiththe
BICAMSinasampleofnewlydiagnosedRRMSpatients.Wefoundthat
thegroupofMS-patientsimprovedsignificantlyfrombaselinetothe
firstfollow-upexamination,indicatingthattheeffectofbeingpartofa
previousBICAMSassessmentissubstantialevenafter12months.
Furthermore,largevariabilityindetectionofimpairmentbetweenthe
subtestssupportthatallthreesubtestsshouldbeincludedwhen
BICAMSisusedasaclinicalscreeningtoolforcognitiveimpairmentin

patientswithMS.
TheBICAMStestbatteryhasbeenvalidatedinseveralcountriesand

hasbecomewidelyacceptedasarobustandeffectivescreeningtoolfor
cognitiveimpairmentinMSpatients(CorfieldandLangdon,2018).The
aforementionedvalidationstudieshaveretestedhealthycontrolsand
patientsampleswithinthe1–3weekintervalrecommendedtoascertain
test-retestreliability(Benedictetal.,2012).Ofthefewlongitudinal
studiesusingtheBICAMSspecificallyforevaluationofcognitive
function,oneiscomparabletothepresentstudyregardingsamplesize,
retestintervalandlevelofphysicaldisability(Frauetal.,2018).Our
patientsample,however,differedbyincludingpatientsatayounger
ageandwithashorterdiseaseduration.Furthermore,ourstudyhada
strongerfocusondetectionandmonitoringofcognitiveimpairment
withinthesample.Bythis,ourlongitudinalstudypresentsdatathatcan
beusedtoevaluatetheusabilityofBICAMSinaroutine,clinical
practice.

ThemeanrawscoresontheSDMTandtheCVLT-IIimprovedsig-
nificantlyfrombaselineto12monthsandremainedstabletotheendof
thestudy,whereastheBVMT-Rscoreshowedamildimprovementat12
monthsbutwereoverallessentiallyunchangedfrombaselinetotheend
ofthestudy.Initialimprovementintestperformanceonafirstre-test
assessmentisknownasthepracticeeffect(Ferreretal.,2004),aneffect
thathasbeenexplainedbyfactorslikeincreasedfamiliaritywiththe
contentofthetestandthetestprocedure,andmayalsoberelatedtoa
reducedtestanxiety.Thedurationofthiseffectis,however,notes-
tablished.Arecentmeta-analysisonthiseffectonperformanceontests
ofworkingmemorycapacityfoundthatatleast16monthsintervalwas
necessarytoeliminatetheeffectofhavingperformedthesametestat
anearliertimepoint(Scharfen,2018).Othershaveshownthatthis
effectisdependentonthecognitivedomaintested(Ferreretal.,2004).
Therefore,despitethetestintervalof12months,practiceeffectscannot
beexcluded.StudiesinvestigatingthepracticeeffectsofBICAMSare
neededforbetterinterpretationoftheresults.

EvenpatientswithimpairedBICAMSresultsatbaselineshowed
someimprovementatfollow-upexaminations.Whilealmost50%ofthe
sampleweredefinedascognitivelyimpairedatbaseline(i.e.abnormal
resultsonatleastononetest),theproportionwasreducedtobelow
30%after12monthsandtobelow40%bytheendofthestudy.Mostof

Table3a
CorrelationsbetweenBICAMSandHADSandFSMCatbaseline.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.020.86−0.020.87−0.010.95−0.080.55
CVLT-II−0.050.74−0.110.44−0.130.34−0.180.18
BVMT-R−0.060.68−0.060.69−0.130.34−0.100.48

Table3b
CorrelationsbetweenBICAMSsubtestsandHADS-andFSMCsubscoresat12
months.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.160.23−0.29*0.03−0.20.15−0.35*0.01
CVLT-II−0.120.40−0.33*0.02−0.170.22−0.27*0.05
BVMT-R0.090.54−0.150.29−0.090.51−0.20.15

Table3c
CorrelationsbetweenBICAMSsubtestsandHADS-andFSMCsubscoresat24
months.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.030.82−0.20.16−0.260.05−0.35*0.01
CVLT-II−0.030.83−0.27*0.05−0.180.18−0.240.08
BVMT-R0.16025−0.100.5−0.040.75−0.110.41

BICAMS=BriefInternationalCognitiveAssessmentforMultipleSclerosis.
SDMT=SymbolDigitModalitiesTest.CVLT-II=CaliforniaVerbalLearning
Test,2ndedition.BVMT-R=BriefVisuospatialMemoryTest,Revised.
HADS=HospitalAnxietyandDepressionScale.FSMC=FatigueScorefor
MotorandCognitiveFunction.

⁎
Statisticallysignificantcorrelation.

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

4

2012;Skorveetal.,2019)).19patients(32.8%)wereimpairedononly
oneBICAMStest,and4patients(6.9%)scoredbelowthecut-offfor
impairmentontwotestsand4onallthreetests.Atthe12months
follow-upassessment,thenumberofpatientswithabnormaltestresults
wassignificantlyreducedto16patients(27.6%,p=0.01),while22
patients(37.9%,p=0.27)weredefinedascognitivelyimpairedatthe
endofthestudy(14patientsshowedimpairmentononesubtest,4
patientsontwotestsand4patientsonthreetests)Therewerenosig-
nificantchangesinnumberofpatientswhoshowedimpairmenton
eitherofthethreeBICAMSsubtestsfrombaselineto24months(see
Fig.1).Themeanrawscoresforthesubtestsatbaseline,12and24
monthsarepresentedinTable2.BoththeSDMTandtheCVLT-IIscores
weresignificantlyimprovedfrombaselineto12months(p=0.003and
p=0.004,respectively)andfrombaselineto24months(p<0.001for
bothtests).TheBVMT-Rresultswereoverallunchangedfrombaseline
totheendofthestudy.

Thetest-retestcorrelationsbetweentestperformancesatthedif-
ferenttimepointsweresignificantatp<0.001forallthreetests,with
agradualstrengtheningofthecorrelationsfrombaselinethroughthe
firsttothesecondfollow-upsession,reachingr>0.75by24months
(Fig.1).

3.4.Anxiety,depressionandfatigue–correlationswithcognitive
performances

Theprevalenceofclinicallymeaningfulanxietyanddepressionat
baseline(HADSsub-score≥8)were14(24.1%)and4(6.9%),respec-
tively,andthesenumbersremainedunchangedatthe24months
follow-up.Only13(22.4%)patientsreportedsomedegreeoffatigue
(i.e.,FSMCtotalscore≥43)atbaseline,andthisnumberincreasedto
19patients(32.8%)at24months.Thecorrespondingchangesinpre-
valenceonthecognitiveandmotorsubscalesfrombaselinetothelast
follow-upwere22.4%to29.3%,and20.7%to25.9%,respectively.All
changesintheprevalenceofanxiety,depressionandfatigueatwere
statisticallynon-significant.CorrelationsbetweentheBICAMSsubtests
andthemeanHADSandFSMCscoresareshowninTables3a–3c.No
correlationswerestatisticallysignificantatbaseline,buttherewasa
weaktomoderate,significantnegativecorrelationbetweendepression,
SDMTandCVLT-II,andbetweenthecognitivefatiguesubscale,SDMT
andCVLT-IIat12months.At24months,onlythecorrelationsbetween
depressionandCVLT-II,andbetweenthecognitivefatiguesubscaleand
SDMTremainedsignificant.Therewerenostatisticallysignificant
correlationsbetweenBVMT-RandtheHADSandFSMCsubscalesatany
timepoint.

4.Discussion

Totheauthors’knowledge,thisisthefirstlongitudinalstudywhere
cognitiveperformanceismeasuredbyrepeatedtestingwiththe
BICAMSinasampleofnewlydiagnosedRRMSpatients.Wefoundthat
thegroupofMS-patientsimprovedsignificantlyfrombaselinetothe
firstfollow-upexamination,indicatingthattheeffectofbeingpartofa
previousBICAMSassessmentissubstantialevenafter12months.
Furthermore,largevariabilityindetectionofimpairmentbetweenthe
subtestssupportthatallthreesubtestsshouldbeincludedwhen
BICAMSisusedasaclinicalscreeningtoolforcognitiveimpairmentin

patientswithMS.
TheBICAMStestbatteryhasbeenvalidatedinseveralcountriesand

hasbecomewidelyacceptedasarobustandeffectivescreeningtoolfor
cognitiveimpairmentinMSpatients(CorfieldandLangdon,2018).The
aforementionedvalidationstudieshaveretestedhealthycontrolsand
patientsampleswithinthe1–3weekintervalrecommendedtoascertain
test-retestreliability(Benedictetal.,2012).Ofthefewlongitudinal
studiesusingtheBICAMSspecificallyforevaluationofcognitive
function,oneiscomparabletothepresentstudyregardingsamplesize,
retestintervalandlevelofphysicaldisability(Frauetal.,2018).Our
patientsample,however,differedbyincludingpatientsatayounger
ageandwithashorterdiseaseduration.Furthermore,ourstudyhada
strongerfocusondetectionandmonitoringofcognitiveimpairment
withinthesample.Bythis,ourlongitudinalstudypresentsdatathatcan
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practice.

ThemeanrawscoresontheSDMTandtheCVLT-IIimprovedsig-
nificantlyfrombaselineto12monthsandremainedstabletotheendof
thestudy,whereastheBVMT-Rscoreshowedamildimprovementat12
monthsbutwereoverallessentiallyunchangedfrombaselinetotheend
ofthestudy.Initialimprovementintestperformanceonafirstre-test
assessmentisknownasthepracticeeffect(Ferreretal.,2004),aneffect
thathasbeenexplainedbyfactorslikeincreasedfamiliaritywiththe
contentofthetestandthetestprocedure,andmayalsoberelatedtoa
reducedtestanxiety.Thedurationofthiseffectis,however,notes-
tablished.Arecentmeta-analysisonthiseffectonperformanceontests
ofworkingmemorycapacityfoundthatatleast16monthsintervalwas
necessarytoeliminatetheeffectofhavingperformedthesametestat
anearliertimepoint(Scharfen,2018).Othershaveshownthatthis
effectisdependentonthecognitivedomaintested(Ferreretal.,2004).
Therefore,despitethetestintervalof12months,practiceeffectscannot
beexcluded.StudiesinvestigatingthepracticeeffectsofBICAMSare
neededforbetterinterpretationoftheresults.

EvenpatientswithimpairedBICAMSresultsatbaselineshowed
someimprovementatfollow-upexaminations.Whilealmost50%ofthe
sampleweredefinedascognitivelyimpairedatbaseline(i.e.abnormal
resultsonatleastononetest),theproportionwasreducedtobelow
30%after12monthsandtobelow40%bytheendofthestudy.Mostof
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2012;Skorveetal.,2019)).19patients(32.8%)wereimpairedononly
oneBICAMStest,and4patients(6.9%)scoredbelowthecut-offfor
impairmentontwotestsand4onallthreetests.Atthe12months
follow-upassessment,thenumberofpatientswithabnormaltestresults
wassignificantlyreducedto16patients(27.6%,p=0.01),while22
patients(37.9%,p=0.27)weredefinedascognitivelyimpairedatthe
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(Fig.1).

3.4.Anxiety,depressionandfatigue–correlationswithcognitive
performances

Theprevalenceofclinicallymeaningfulanxietyanddepressionat
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follow-upwere22.4%to29.3%,and20.7%to25.9%,respectively.All
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BICAMSisusedasaclinicalscreeningtoolforcognitiveimpairmentin

patientswithMS.
TheBICAMStestbatteryhasbeenvalidatedinseveralcountriesand

hasbecomewidelyacceptedasarobustandeffectivescreeningtoolfor
cognitiveimpairmentinMSpatients(CorfieldandLangdon,2018).The
aforementionedvalidationstudieshaveretestedhealthycontrolsand
patientsampleswithinthe1–3weekintervalrecommendedtoascertain
test-retestreliability(Benedictetal.,2012).Ofthefewlongitudinal
studiesusingtheBICAMSspecificallyforevaluationofcognitive
function,oneiscomparabletothepresentstudyregardingsamplesize,
retestintervalandlevelofphysicaldisability(Frauetal.,2018).Our
patientsample,however,differedbyincludingpatientsatayounger
ageandwithashorterdiseaseduration.Furthermore,ourstudyhada
strongerfocusondetectionandmonitoringofcognitiveimpairment
withinthesample.Bythis,ourlongitudinalstudypresentsdatathatcan
beusedtoevaluatetheusabilityofBICAMSinaroutine,clinical
practice.

ThemeanrawscoresontheSDMTandtheCVLT-IIimprovedsig-
nificantlyfrombaselineto12monthsandremainedstabletotheendof
thestudy,whereastheBVMT-Rscoreshowedamildimprovementat12
monthsbutwereoverallessentiallyunchangedfrombaselinetotheend
ofthestudy.Initialimprovementintestperformanceonafirstre-test
assessmentisknownasthepracticeeffect(Ferreretal.,2004),aneffect
thathasbeenexplainedbyfactorslikeincreasedfamiliaritywiththe
contentofthetestandthetestprocedure,andmayalsoberelatedtoa
reducedtestanxiety.Thedurationofthiseffectis,however,notes-
tablished.Arecentmeta-analysisonthiseffectonperformanceontests
ofworkingmemorycapacityfoundthatatleast16monthsintervalwas
necessarytoeliminatetheeffectofhavingperformedthesametestat
anearliertimepoint(Scharfen,2018).Othershaveshownthatthis
effectisdependentonthecognitivedomaintested(Ferreretal.,2004).
Therefore,despitethetestintervalof12months,practiceeffectscannot
beexcluded.StudiesinvestigatingthepracticeeffectsofBICAMSare
neededforbetterinterpretationoftheresults.

EvenpatientswithimpairedBICAMSresultsatbaselineshowed
someimprovementatfollow-upexaminations.Whilealmost50%ofthe
sampleweredefinedascognitivelyimpairedatbaseline(i.e.abnormal
resultsonatleastononetest),theproportionwasreducedtobelow
30%after12monthsandtobelow40%bytheendofthestudy.Mostof

Table3a
CorrelationsbetweenBICAMSandHADSandFSMCatbaseline.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.020.86−0.020.87−0.010.95−0.080.55
CVLT-II−0.050.74−0.110.44−0.130.34−0.180.18
BVMT-R−0.060.68−0.060.69−0.130.34−0.100.48

Table3b
CorrelationsbetweenBICAMSsubtestsandHADS-andFSMCsubscoresat12
months.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.160.23−0.29*0.03−0.20.15−0.35*0.01
CVLT-II−0.120.40−0.33*0.02−0.170.22−0.27*0.05
BVMT-R0.090.54−0.150.29−0.090.51−0.20.15

Table3c
CorrelationsbetweenBICAMSsubtestsandHADS-andFSMCsubscoresat24
months.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.030.82−0.20.16−0.260.05−0.35*0.01
CVLT-II−0.030.83−0.27*0.05−0.180.18−0.240.08
BVMT-R0.16025−0.100.5−0.040.75−0.110.41

BICAMS=BriefInternationalCognitiveAssessmentforMultipleSclerosis.
SDMT=SymbolDigitModalitiesTest.CVLT-II=CaliforniaVerbalLearning
Test,2ndedition.BVMT-R=BriefVisuospatialMemoryTest,Revised.
HADS=HospitalAnxietyandDepressionScale.FSMC=FatigueScorefor
MotorandCognitiveFunction.
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bothtests).TheBVMT-Rresultswereoverallunchangedfrombaseline
totheendofthestudy.

Thetest-retestcorrelationsbetweentestperformancesatthedif-
ferenttimepointsweresignificantatp<0.001forallthreetests,with
agradualstrengtheningofthecorrelationsfrombaselinethroughthe
firsttothesecondfollow-upsession,reachingr>0.75by24months
(Fig.1).

3.4.Anxiety,depressionandfatigue–correlationswithcognitive
performances

Theprevalenceofclinicallymeaningfulanxietyanddepressionat
baseline(HADSsub-score≥8)were14(24.1%)and4(6.9%),respec-
tively,andthesenumbersremainedunchangedatthe24months
follow-up.Only13(22.4%)patientsreportedsomedegreeoffatigue
(i.e.,FSMCtotalscore≥43)atbaseline,andthisnumberincreasedto
19patients(32.8%)at24months.Thecorrespondingchangesinpre-
valenceonthecognitiveandmotorsubscalesfrombaselinetothelast
follow-upwere22.4%to29.3%,and20.7%to25.9%,respectively.All
changesintheprevalenceofanxiety,depressionandfatigueatwere
statisticallynon-significant.CorrelationsbetweentheBICAMSsubtests
andthemeanHADSandFSMCscoresareshowninTables3a–3c.No
correlationswerestatisticallysignificantatbaseline,buttherewasa
weaktomoderate,significantnegativecorrelationbetweendepression,
SDMTandCVLT-II,andbetweenthecognitivefatiguesubscale,SDMT
andCVLT-IIat12months.At24months,onlythecorrelationsbetween
depressionandCVLT-II,andbetweenthecognitivefatiguesubscaleand
SDMTremainedsignificant.Therewerenostatisticallysignificant
correlationsbetweenBVMT-RandtheHADSandFSMCsubscalesatany
timepoint.

4.Discussion

Totheauthors’knowledge,thisisthefirstlongitudinalstudywhere
cognitiveperformanceismeasuredbyrepeatedtestingwiththe
BICAMSinasampleofnewlydiagnosedRRMSpatients.Wefoundthat
thegroupofMS-patientsimprovedsignificantlyfrombaselinetothe
firstfollow-upexamination,indicatingthattheeffectofbeingpartofa
previousBICAMSassessmentissubstantialevenafter12months.
Furthermore,largevariabilityindetectionofimpairmentbetweenthe
subtestssupportthatallthreesubtestsshouldbeincludedwhen
BICAMSisusedasaclinicalscreeningtoolforcognitiveimpairmentin

patientswithMS.
TheBICAMStestbatteryhasbeenvalidatedinseveralcountriesand

hasbecomewidelyacceptedasarobustandeffectivescreeningtoolfor
cognitiveimpairmentinMSpatients(CorfieldandLangdon,2018).The
aforementionedvalidationstudieshaveretestedhealthycontrolsand
patientsampleswithinthe1–3weekintervalrecommendedtoascertain
test-retestreliability(Benedictetal.,2012).Ofthefewlongitudinal
studiesusingtheBICAMSspecificallyforevaluationofcognitive
function,oneiscomparabletothepresentstudyregardingsamplesize,
retestintervalandlevelofphysicaldisability(Frauetal.,2018).Our
patientsample,however,differedbyincludingpatientsatayounger
ageandwithashorterdiseaseduration.Furthermore,ourstudyhada
strongerfocusondetectionandmonitoringofcognitiveimpairment
withinthesample.Bythis,ourlongitudinalstudypresentsdatathatcan
beusedtoevaluatetheusabilityofBICAMSinaroutine,clinical
practice.

ThemeanrawscoresontheSDMTandtheCVLT-IIimprovedsig-
nificantlyfrombaselineto12monthsandremainedstabletotheendof
thestudy,whereastheBVMT-Rscoreshowedamildimprovementat12
monthsbutwereoverallessentiallyunchangedfrombaselinetotheend
ofthestudy.Initialimprovementintestperformanceonafirstre-test
assessmentisknownasthepracticeeffect(Ferreretal.,2004),aneffect
thathasbeenexplainedbyfactorslikeincreasedfamiliaritywiththe
contentofthetestandthetestprocedure,andmayalsoberelatedtoa
reducedtestanxiety.Thedurationofthiseffectis,however,notes-
tablished.Arecentmeta-analysisonthiseffectonperformanceontests
ofworkingmemorycapacityfoundthatatleast16monthsintervalwas
necessarytoeliminatetheeffectofhavingperformedthesametestat
anearliertimepoint(Scharfen,2018).Othershaveshownthatthis
effectisdependentonthecognitivedomaintested(Ferreretal.,2004).
Therefore,despitethetestintervalof12months,practiceeffectscannot
beexcluded.StudiesinvestigatingthepracticeeffectsofBICAMSare
neededforbetterinterpretationoftheresults.

EvenpatientswithimpairedBICAMSresultsatbaselineshowed
someimprovementatfollow-upexaminations.Whilealmost50%ofthe
sampleweredefinedascognitivelyimpairedatbaseline(i.e.abnormal
resultsonatleastononetest),theproportionwasreducedtobelow
30%after12monthsandtobelow40%bytheendofthestudy.Mostof

Table3a
CorrelationsbetweenBICAMSandHADSandFSMCatbaseline.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.020.86−0.020.87−0.010.95−0.080.55
CVLT-II−0.050.74−0.110.44−0.130.34−0.180.18
BVMT-R−0.060.68−0.060.69−0.130.34−0.100.48

Table3b
CorrelationsbetweenBICAMSsubtestsandHADS-andFSMCsubscoresat12
months.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.160.23−0.29*0.03−0.20.15−0.35*0.01
CVLT-II−0.120.40−0.33*0.02−0.170.22−0.27*0.05
BVMT-R0.090.54−0.150.29−0.090.51−0.20.15

Table3c
CorrelationsbetweenBICAMSsubtestsandHADS-andFSMCsubscoresat24
months.

BICAMSsubtestHADSsubscoresFSMCsubscores
AnxietyDepressionMotorCognitive
rprprprp

SDMT−0.030.82−0.20.16−0.260.05−0.35*0.01
CVLT-II−0.030.83−0.27*0.05−0.180.18−0.240.08
BVMT-R0.16025−0.100.5−0.040.75−0.110.41

BICAMS=BriefInternationalCognitiveAssessmentforMultipleSclerosis.
SDMT=SymbolDigitModalitiesTest.CVLT-II=CaliforniaVerbalLearning
Test,2ndedition.BVMT-R=BriefVisuospatialMemoryTest,Revised.
HADS=HospitalAnxietyandDepressionScale.FSMC=FatigueScorefor
MotorandCognitiveFunction.

⁎
Statisticallysignificantcorrelation.

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

4



these patients showed impairment on only one test. By this, the num-
bers of patients with a mild impairment at baseline were somewhat
higher than the number reported in a Danish BICAMS validation study
(Marstrand et al., 2020), where approximately 30% of the patients were
classified as cognitively impaired on more than one test. The percen-
tages of patients showing impairment on two or more tests were more
similar across the two studies and the present study contributed by
showing that the patients with a more extended impairment at baseline
remained impaired throughout the study. We suggest that this finding
support previous studies reporting that cognitive impairment shown in
early stages of the disease tends to persist over time (Barbu et al., 2018;
Berard et al., 2018). Among patients with impairment on only one
cognitive test, however, we confirm that the trajectories of change are
much more fluctuating (Katsari et al., 2020). This illustrates the chal-
lenge met by clinicians both regarding identification of patients with
cognitive impairment and when estimating their prognosis and needs
for treatment. Still, we will argue that the quality of the BICAMS gives
the clinician a valid screening instrument. We also suggest that patients
showing impairment on only one subtest should be invited to annual
follow-up assessments to evaluate the risk of a developing a more se-
vere impairment. Patients with impairment on more than one test, on
the other hand, should be considered for a more extensive neu-
ropsychological assessment and rehabilitation. With this routine, results
on the BICAMS subtests may serve as a gatekeeper for the referral of
patients to more extensive examinations with lower capacity and
availability than in most Neurological departments.

The psychometric properties of each of the BICAMS tests is also
worth a comment. A total of 34.5% of the sample showed abnormal test
results on the CVLT-II, while the percentages for BVMT-R and SDMT
were 22.4% and 8.6%, respectively (Skorve et al., 2019). The low
proportion of impairment detected by the SDMT is in contrast to find-
ings presented in other validation studies of BICAMS (Marstrand et al.,
2020; Polychroniadou et al., 2016; Sandi et al., 2015; Sousa et al.,
2018), in which the SDMT was found to be the most sensitive test of
cognitive changes in patients with MS. The Canadian (Walker et al.,
2016) and German (Filser et al., 2018) validation study, however,
found that the BVMT-R identified more patients with cognitive im-
pairment than the other tests, while the Irish study reported results
similar to ours with the CVLT-II identifying impairment in 40% of the
sample (O'Connell et al., 2015). International cut-off scores for the
subtests has been proposed (Beier et al., 2017), but given the large
variability and lack of consensus across studies from different countries
(Smerbeck et al., 2018), national rather than international norms
should be developed. It should be noted that SDMT is often used as a
stand-alone cognitive test in clinical trials and studies of patients with
MS (Benedict et al., 2017; Strober et al., 2019). Recent recommenda-
tions for screening and management of cognitive impairment in clinical
practice also underline the importance of results on the SDMT
(Kalb et al., 2018) as a minimum requirement for cognitive screening.
Our findings do not support this practice because most of the newly
diagnosed MS patients with mild cognitive impairment in our sample
would not have been detected if SDMT was included as the only test of
cognitive function. We therefore strongly argue for the implementation
of the complete BICAMS test battery into clinical practice. Still, it is
important to remember that BICAMS is a screening instrument.
Whenever a clinician is uncertain about the results, the patient should
be referred to a more extensive neuropsychological examination.

The prevalence of clinically meaningful anxiety in this sample was
found to be at the level of the national average reported for MS patients
(Dahl et al., 2009), whereas the prevalence of depression was relatively
low (Korostil and Feinstein, 2007; Patten and Metz, 1997). About 70%
of the participants did not report any fatigue, which is a higher pro-
portion than reported in previous studies (Weiland et al., 2015;
Wood et al., 2013). Similar findings have been reported in the Danish
validation study, which included a sample of patients with similar age
distribution and disease duration as our study (Marstrand et al., 2020).

The lack of significant correlations between results on the BICAMS
subtests and symptoms of anxiety, depression and fatigue at baseline is
also worth a comment. It corresponds to results reported by Golan and
colleagues indicating that mild depression and fatigue do not appear to
impede cognition (Golan et al., 2018). However, when re-assessed after
12 and 24 months, significant negative correlations emerged between
the scores on two of the three BICAMS subtests (SDMT and CVLT-II) and
the depression sub score from HADS and the cognitive subscale from
the FSMC. Thus, our results indicate that HADS and FSMC should be
included as part of the cognitive assessment in follow-up routines of
patients with MS (Portaccio, 2016), and that future longitudinal studies
investigating modulators of associations between emotional and cog-
nitive function are warranted.

More than 95% of the patients in our study received DMT, of whom
approximately 35% changed therapy during the study, 14% did so
because of disease activity. Additional analyses of patients who
changed therapy versus those who did not, revealed similar findings as
the sample as a whole. Given the small number of patients who changed
therapy due to disease activity between test sessions, we do not have
enough power to state whether or not performance on the BICAMS is
influenced by disease activity. In the future, cognitive testing during a
relapse could yield interesting insight into fluctuations in cognitive
performance over the disease course and its response to disease mod-
ifying therapy.

Almost 90% of the patients were employed at the start of the follow-
up, and more than 80% were still employed after two years. These
uplifting numbers may, in part, be due to the relatively low mean age of
the participants, their short disease duration, and low level of physical
disability, combined with the use of DMT. Increased focus on cognitive
impairment in MS may also have led the patients to request work place
customization, promoting an increase or at least a stable work capacity
at the individual level. Data was not collected to investigate this im-
portant issue, and further studies on the effect of participation in clin-
ical studies on the patients’ self-awareness, coping strategies and mo-
tivation should be performed.

A limitation of the study is the lack of control for demographic
variables, but we considered the cohort to be too small in the present
study to yield sufficient statistical power. Furthermore, we did not in-
tend to make predictions on an individual level, but rather investigate
overall projections over time for a group of individuals with newly
diagnosed MS. A group of healthy controls followed over the same time
period would have improved the impact of our results, but longitudinal
data from the control group was not available for the present study.
Although our cohort is relatively small, it is well-defined with almost no
loss of follow-ups so far. Hopefully, we will be able to run 5 and 10 year
follow-up studies to determine how well their performances on cogni-
tive tests correspond with results shown in other cohorts.

5. Conclusions

The BICAMS identified almost 50% of a newly diagnosed sample of
patients with MS as cognitively impaired on at least one test measure at
baseline. Abnormal results on more than one test seemed to predict
persistent cognitive impairment, while a more fluctuating develop-
mental pathway was shown by the patients with mild symptoms at
baseline, i.e., impairment on only one of the three BICAMS tests. Both
this within-subject variability in cognitive function and the significant
improvement from baseline to the first follow-up due to practice effects,
illustrates the importance of including repeated assessments of cogni-
tive function in patients with MS. The rather large differences in the
detection rate on the three subtests also highlights the value of in-
cluding all three subtests when using the BICAMS as a screening in-
strument. The symptoms of depression, anxiety and fatigue were mild
in the present sample, and although this did not seem to impede cog-
nition in the present study, we still will recommend including assess-
ment of anxiety, depression and fatigue when screening for cognitive
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thesepatientsshowedimpairmentononlyonetest.Bythis,thenum-
bersofpatientswithamildimpairmentatbaselineweresomewhat
higherthanthenumberreportedinaDanishBICAMSvalidationstudy
(Marstrandetal.,2020),whereapproximately30%ofthepatientswere
classifiedascognitivelyimpairedonmorethanonetest.Thepercen-
tagesofpatientsshowingimpairmentontwoormoretestsweremore
similaracrossthetwostudiesandthepresentstudycontributedby
showingthatthepatientswithamoreextendedimpairmentatbaseline
remainedimpairedthroughoutthestudy.Wesuggestthatthisfinding
supportpreviousstudiesreportingthatcognitiveimpairmentshownin
earlystagesofthediseasetendstopersistovertime(Barbuetal.,2018;
Berardetal.,2018).Amongpatientswithimpairmentononlyone
cognitivetest,however,weconfirmthatthetrajectoriesofchangeare
muchmorefluctuating(Katsarietal.,2020).Thisillustratesthechal-
lengemetbycliniciansbothregardingidentificationofpatientswith
cognitiveimpairmentandwhenestimatingtheirprognosisandneeds
fortreatment.Still,wewillarguethatthequalityoftheBICAMSgives
theclinicianavalidscreeninginstrument.Wealsosuggestthatpatients
showingimpairmentononlyonesubtestshouldbeinvitedtoannual
follow-upassessmentstoevaluatetheriskofadevelopingamorese-
vereimpairment.Patientswithimpairmentonmorethanonetest,on
theotherhand,shouldbeconsideredforamoreextensiveneu-
ropsychologicalassessmentandrehabilitation.Withthisroutine,results
ontheBICAMSsubtestsmayserveasagatekeeperforthereferralof
patientstomoreextensiveexaminationswithlowercapacityand
availabilitythaninmostNeurologicaldepartments.

ThepsychometricpropertiesofeachoftheBICAMStestsisalso
worthacomment.Atotalof34.5%ofthesampleshowedabnormaltest
resultsontheCVLT-II,whilethepercentagesforBVMT-RandSDMT
were22.4%and8.6%,respectively(Skorveetal.,2019).Thelow
proportionofimpairmentdetectedbytheSDMTisincontrasttofind-
ingspresentedinothervalidationstudiesofBICAMS(Marstrandetal.,
2020;Polychroniadouetal.,2016;Sandietal.,2015;Sousaetal.,
2018),inwhichtheSDMTwasfoundtobethemostsensitivetestof
cognitivechangesinpatientswithMS.TheCanadian(Walkeretal.,
2016)andGerman(Filseretal.,2018)validationstudy,however,
foundthattheBVMT-Ridentifiedmorepatientswithcognitiveim-
pairmentthantheothertests,whiletheIrishstudyreportedresults
similartoourswiththeCVLT-IIidentifyingimpairmentin40%ofthe
sample(O'Connelletal.,2015).Internationalcut-offscoresforthe
subtestshasbeenproposed(Beieretal.,2017),butgiventhelarge
variabilityandlackofconsensusacrossstudiesfromdifferentcountries
(Smerbecketal.,2018),nationalratherthaninternationalnorms
shouldbedeveloped.ItshouldbenotedthatSDMTisoftenusedasa
stand-alonecognitivetestinclinicaltrialsandstudiesofpatientswith
MS(Benedictetal.,2017;Stroberetal.,2019).Recentrecommenda-
tionsforscreeningandmanagementofcognitiveimpairmentinclinical
practicealsounderlinetheimportanceofresultsontheSDMT
(Kalbetal.,2018)asaminimumrequirementforcognitivescreening.
Ourfindingsdonotsupportthispracticebecausemostofthenewly
diagnosedMSpatientswithmildcognitiveimpairmentinoursample
wouldnothavebeendetectedifSDMTwasincludedastheonlytestof
cognitivefunction.Wethereforestronglyarguefortheimplementation
ofthecompleteBICAMStestbatteryintoclinicalpractice.Still,itis
importanttorememberthatBICAMSisascreeninginstrument.
Wheneveraclinicianisuncertainabouttheresults,thepatientshould
bereferredtoamoreextensiveneuropsychologicalexamination.

Theprevalenceofclinicallymeaningfulanxietyinthissamplewas
foundtobeatthelevelofthenationalaveragereportedforMSpatients
(Dahletal.,2009),whereastheprevalenceofdepressionwasrelatively
low(KorostilandFeinstein,2007;PattenandMetz,1997).About70%
oftheparticipantsdidnotreportanyfatigue,whichisahigherpro-
portionthanreportedinpreviousstudies(Weilandetal.,2015;
Woodetal.,2013).SimilarfindingshavebeenreportedintheDanish
validationstudy,whichincludedasampleofpatientswithsimilarage
distributionanddiseasedurationasourstudy(Marstrandetal.,2020).

ThelackofsignificantcorrelationsbetweenresultsontheBICAMS
subtestsandsymptomsofanxiety,depressionandfatigueatbaselineis
alsoworthacomment.ItcorrespondstoresultsreportedbyGolanand
colleaguesindicatingthatmilddepressionandfatiguedonotappearto
impedecognition(Golanetal.,2018).However,whenre-assessedafter
12and24months,significantnegativecorrelationsemergedbetween
thescoresontwoofthethreeBICAMSsubtests(SDMTandCVLT-II)and
thedepressionsubscorefromHADSandthecognitivesubscalefrom
theFSMC.Thus,ourresultsindicatethatHADSandFSMCshouldbe
includedaspartofthecognitiveassessmentinfollow-uproutinesof
patientswithMS(Portaccio,2016),andthatfuturelongitudinalstudies
investigatingmodulatorsofassociationsbetweenemotionalandcog-
nitivefunctionarewarranted.

Morethan95%ofthepatientsinourstudyreceivedDMT,ofwhom
approximately35%changedtherapyduringthestudy,14%didso
becauseofdiseaseactivity.Additionalanalysesofpatientswho
changedtherapyversusthosewhodidnot,revealedsimilarfindingsas
thesampleasawhole.Giventhesmallnumberofpatientswhochanged
therapyduetodiseaseactivitybetweentestsessions,wedonothave
enoughpowertostatewhetherornotperformanceontheBICAMSis
influencedbydiseaseactivity.Inthefuture,cognitivetestingduringa
relapsecouldyieldinterestinginsightintofluctuationsincognitive
performanceoverthediseasecourseanditsresponsetodiseasemod-
ifyingtherapy.

Almost90%ofthepatientswereemployedatthestartofthefollow-
up,andmorethan80%werestillemployedaftertwoyears.These
upliftingnumbersmay,inpart,beduetotherelativelylowmeanageof
theparticipants,theirshortdiseaseduration,andlowlevelofphysical
disability,combinedwiththeuseofDMT.Increasedfocusoncognitive
impairmentinMSmayalsohaveledthepatientstorequestworkplace
customization,promotinganincreaseoratleastastableworkcapacity
attheindividuallevel.Datawasnotcollectedtoinvestigatethisim-
portantissue,andfurtherstudiesontheeffectofparticipationinclin-
icalstudiesonthepatients’self-awareness,copingstrategiesandmo-
tivationshouldbeperformed.

Alimitationofthestudyisthelackofcontrolfordemographic
variables,butweconsideredthecohorttobetoosmallinthepresent
studytoyieldsufficientstatisticalpower.Furthermore,wedidnotin-
tendtomakepredictionsonanindividuallevel,butratherinvestigate
overallprojectionsovertimeforagroupofindividualswithnewly
diagnosedMS.Agroupofhealthycontrolsfollowedoverthesametime
periodwouldhaveimprovedtheimpactofourresults,butlongitudinal
datafromthecontrolgroupwasnotavailableforthepresentstudy.
Althoughourcohortisrelativelysmall,itiswell-definedwithalmostno
lossoffollow-upssofar.Hopefully,wewillbeabletorun5and10year
follow-upstudiestodeterminehowwelltheirperformancesoncogni-
tivetestscorrespondwithresultsshowninothercohorts.

5.Conclusions

TheBICAMSidentifiedalmost50%ofanewlydiagnosedsampleof
patientswithMSascognitivelyimpairedonatleastonetestmeasureat
baseline.Abnormalresultsonmorethanonetestseemedtopredict
persistentcognitiveimpairment,whileamorefluctuatingdevelop-
mentalpathwaywasshownbythepatientswithmildsymptomsat
baseline,i.e.,impairmentononlyoneofthethreeBICAMStests.Both
thiswithin-subjectvariabilityincognitivefunctionandthesignificant
improvementfrombaselinetothefirstfollow-upduetopracticeeffects,
illustratestheimportanceofincludingrepeatedassessmentsofcogni-
tivefunctioninpatientswithMS.Theratherlargedifferencesinthe
detectionrateonthethreesubtestsalsohighlightsthevalueofin-
cludingallthreesubtestswhenusingtheBICAMSasascreeningin-
strument.Thesymptomsofdepression,anxietyandfatigueweremild
inthepresentsample,andalthoughthisdidnotseemtoimpedecog-
nitioninthepresentstudy,westillwillrecommendincludingassess-
mentofanxiety,depressionandfatiguewhenscreeningforcognitive
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follow-upassessmentstoevaluatetheriskofadevelopingamorese-
vereimpairment.Patientswithimpairmentonmorethanonetest,on
theotherhand,shouldbeconsideredforamoreextensiveneu-
ropsychologicalassessmentandrehabilitation.Withthisroutine,results
ontheBICAMSsubtestsmayserveasagatekeeperforthereferralof
patientstomoreextensiveexaminationswithlowercapacityand
availabilitythaninmostNeurologicaldepartments.

ThepsychometricpropertiesofeachoftheBICAMStestsisalso
worthacomment.Atotalof34.5%ofthesampleshowedabnormaltest
resultsontheCVLT-II,whilethepercentagesforBVMT-RandSDMT
were22.4%and8.6%,respectively(Skorveetal.,2019).Thelow
proportionofimpairmentdetectedbytheSDMTisincontrasttofind-
ingspresentedinothervalidationstudiesofBICAMS(Marstrandetal.,
2020;Polychroniadouetal.,2016;Sandietal.,2015;Sousaetal.,
2018),inwhichtheSDMTwasfoundtobethemostsensitivetestof
cognitivechangesinpatientswithMS.TheCanadian(Walkeretal.,
2016)andGerman(Filseretal.,2018)validationstudy,however,
foundthattheBVMT-Ridentifiedmorepatientswithcognitiveim-
pairmentthantheothertests,whiletheIrishstudyreportedresults
similartoourswiththeCVLT-IIidentifyingimpairmentin40%ofthe
sample(O'Connelletal.,2015).Internationalcut-offscoresforthe
subtestshasbeenproposed(Beieretal.,2017),butgiventhelarge
variabilityandlackofconsensusacrossstudiesfromdifferentcountries
(Smerbecketal.,2018),nationalratherthaninternationalnorms
shouldbedeveloped.ItshouldbenotedthatSDMTisoftenusedasa
stand-alonecognitivetestinclinicaltrialsandstudiesofpatientswith
MS(Benedictetal.,2017;Stroberetal.,2019).Recentrecommenda-
tionsforscreeningandmanagementofcognitiveimpairmentinclinical
practicealsounderlinetheimportanceofresultsontheSDMT
(Kalbetal.,2018)asaminimumrequirementforcognitivescreening.
Ourfindingsdonotsupportthispracticebecausemostofthenewly
diagnosedMSpatientswithmildcognitiveimpairmentinoursample
wouldnothavebeendetectedifSDMTwasincludedastheonlytestof
cognitivefunction.Wethereforestronglyarguefortheimplementation
ofthecompleteBICAMStestbatteryintoclinicalpractice.Still,itis
importanttorememberthatBICAMSisascreeninginstrument.
Wheneveraclinicianisuncertainabouttheresults,thepatientshould
bereferredtoamoreextensiveneuropsychologicalexamination.

Theprevalenceofclinicallymeaningfulanxietyinthissamplewas
foundtobeatthelevelofthenationalaveragereportedforMSpatients
(Dahletal.,2009),whereastheprevalenceofdepressionwasrelatively
low(KorostilandFeinstein,2007;PattenandMetz,1997).About70%
oftheparticipantsdidnotreportanyfatigue,whichisahigherpro-
portionthanreportedinpreviousstudies(Weilandetal.,2015;
Woodetal.,2013).SimilarfindingshavebeenreportedintheDanish
validationstudy,whichincludedasampleofpatientswithsimilarage
distributionanddiseasedurationasourstudy(Marstrandetal.,2020).

ThelackofsignificantcorrelationsbetweenresultsontheBICAMS
subtestsandsymptomsofanxiety,depressionandfatigueatbaselineis
alsoworthacomment.ItcorrespondstoresultsreportedbyGolanand
colleaguesindicatingthatmilddepressionandfatiguedonotappearto
impedecognition(Golanetal.,2018).However,whenre-assessedafter
12and24months,significantnegativecorrelationsemergedbetween
thescoresontwoofthethreeBICAMSsubtests(SDMTandCVLT-II)and
thedepressionsubscorefromHADSandthecognitivesubscalefrom
theFSMC.Thus,ourresultsindicatethatHADSandFSMCshouldbe
includedaspartofthecognitiveassessmentinfollow-uproutinesof
patientswithMS(Portaccio,2016),andthatfuturelongitudinalstudies
investigatingmodulatorsofassociationsbetweenemotionalandcog-
nitivefunctionarewarranted.

Morethan95%ofthepatientsinourstudyreceivedDMT,ofwhom
approximately35%changedtherapyduringthestudy,14%didso
becauseofdiseaseactivity.Additionalanalysesofpatientswho
changedtherapyversusthosewhodidnot,revealedsimilarfindingsas
thesampleasawhole.Giventhesmallnumberofpatientswhochanged
therapyduetodiseaseactivitybetweentestsessions,wedonothave
enoughpowertostatewhetherornotperformanceontheBICAMSis
influencedbydiseaseactivity.Inthefuture,cognitivetestingduringa
relapsecouldyieldinterestinginsightintofluctuationsincognitive
performanceoverthediseasecourseanditsresponsetodiseasemod-
ifyingtherapy.

Almost90%ofthepatientswereemployedatthestartofthefollow-
up,andmorethan80%werestillemployedaftertwoyears.These
upliftingnumbersmay,inpart,beduetotherelativelylowmeanageof
theparticipants,theirshortdiseaseduration,andlowlevelofphysical
disability,combinedwiththeuseofDMT.Increasedfocusoncognitive
impairmentinMSmayalsohaveledthepatientstorequestworkplace
customization,promotinganincreaseoratleastastableworkcapacity
attheindividuallevel.Datawasnotcollectedtoinvestigatethisim-
portantissue,andfurtherstudiesontheeffectofparticipationinclin-
icalstudiesonthepatients’self-awareness,copingstrategiesandmo-
tivationshouldbeperformed.

Alimitationofthestudyisthelackofcontrolfordemographic
variables,butweconsideredthecohorttobetoosmallinthepresent
studytoyieldsufficientstatisticalpower.Furthermore,wedidnotin-
tendtomakepredictionsonanindividuallevel,butratherinvestigate
overallprojectionsovertimeforagroupofindividualswithnewly
diagnosedMS.Agroupofhealthycontrolsfollowedoverthesametime
periodwouldhaveimprovedtheimpactofourresults,butlongitudinal
datafromthecontrolgroupwasnotavailableforthepresentstudy.
Althoughourcohortisrelativelysmall,itiswell-definedwithalmostno
lossoffollow-upssofar.Hopefully,wewillbeabletorun5and10year
follow-upstudiestodeterminehowwelltheirperformancesoncogni-
tivetestscorrespondwithresultsshowninothercohorts.

5.Conclusions

TheBICAMSidentifiedalmost50%ofanewlydiagnosedsampleof
patientswithMSascognitivelyimpairedonatleastonetestmeasureat
baseline.Abnormalresultsonmorethanonetestseemedtopredict
persistentcognitiveimpairment,whileamorefluctuatingdevelop-
mentalpathwaywasshownbythepatientswithmildsymptomsat
baseline,i.e.,impairmentononlyoneofthethreeBICAMStests.Both
thiswithin-subjectvariabilityincognitivefunctionandthesignificant
improvementfrombaselinetothefirstfollow-upduetopracticeeffects,
illustratestheimportanceofincludingrepeatedassessmentsofcogni-
tivefunctioninpatientswithMS.Theratherlargedifferencesinthe
detectionrateonthethreesubtestsalsohighlightsthevalueofin-
cludingallthreesubtestswhenusingtheBICAMSasascreeningin-
strument.Thesymptomsofdepression,anxietyandfatigueweremild
inthepresentsample,andalthoughthisdidnotseemtoimpedecog-
nitioninthepresentstudy,westillwillrecommendincludingassess-
mentofanxiety,depressionandfatiguewhenscreeningforcognitive
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these patients showed impairment on only one test. By this, the num-
bers of patients with a mild impairment at baseline were somewhat
higher than the number reported in a Danish BICAMS validation study
(Marstrand et al., 2020), where approximately 30% of the patients were
classified as cognitively impaired on more than one test. The percen-
tages of patients showing impairment on two or more tests were more
similar across the two studies and the present study contributed by
showing that the patients with a more extended impairment at baseline
remained impaired throughout the study. We suggest that this finding
support previous studies reporting that cognitive impairment shown in
early stages of the disease tends to persist over time (Barbu et al., 2018;
Berard et al., 2018). Among patients with impairment on only one
cognitive test, however, we confirm that the trajectories of change are
much more fluctuating (Katsari et al., 2020). This illustrates the chal-
lenge met by clinicians both regarding identification of patients with
cognitive impairment and when estimating their prognosis and needs
for treatment. Still, we will argue that the quality of the BICAMS gives
the clinician a valid screening instrument. We also suggest that patients
showing impairment on only one subtest should be invited to annual
follow-up assessments to evaluate the risk of a developing a more se-
vere impairment. Patients with impairment on more than one test, on
the other hand, should be considered for a more extensive neu-
ropsychological assessment and rehabilitation. With this routine, results
on the BICAMS subtests may serve as a gatekeeper for the referral of
patients to more extensive examinations with lower capacity and
availability than in most Neurological departments.

The psychometric properties of each of the BICAMS tests is also
worth a comment. A total of 34.5% of the sample showed abnormal test
results on the CVLT-II, while the percentages for BVMT-R and SDMT
were 22.4% and 8.6%, respectively (Skorve et al., 2019). The low
proportion of impairment detected by the SDMT is in contrast to find-
ings presented in other validation studies of BICAMS (Marstrand et al.,
2020; Polychroniadou et al., 2016; Sandi et al., 2015; Sousa et al.,
2018), in which the SDMT was found to be the most sensitive test of
cognitive changes in patients with MS. The Canadian (Walker et al.,
2016) and German (Filser et al., 2018) validation study, however,
found that the BVMT-R identified more patients with cognitive im-
pairment than the other tests, while the Irish study reported results
similar to ours with the CVLT-II identifying impairment in 40% of the
sample (O'Connell et al., 2015). International cut-off scores for the
subtests has been proposed (Beier et al., 2017), but given the large
variability and lack of consensus across studies from different countries
(Smerbeck et al., 2018), national rather than international norms
should be developed. It should be noted that SDMT is often used as a
stand-alone cognitive test in clinical trials and studies of patients with
MS (Benedict et al., 2017; Strober et al., 2019). Recent recommenda-
tions for screening and management of cognitive impairment in clinical
practice also underline the importance of results on the SDMT
(Kalb et al., 2018) as a minimum requirement for cognitive screening.
Our findings do not support this practice because most of the newly
diagnosed MS patients with mild cognitive impairment in our sample
would not have been detected if SDMT was included as the only test of
cognitive function. We therefore strongly argue for the implementation
of the complete BICAMS test battery into clinical practice. Still, it is
important to remember that BICAMS is a screening instrument.
Whenever a clinician is uncertain about the results, the patient should
be referred to a more extensive neuropsychological examination.

The prevalence of clinically meaningful anxiety in this sample was
found to be at the level of the national average reported for MS patients
(Dahl et al., 2009), whereas the prevalence of depression was relatively
low (Korostil and Feinstein, 2007; Patten and Metz, 1997). About 70%
of the participants did not report any fatigue, which is a higher pro-
portion than reported in previous studies (Weiland et al., 2015;
Wood et al., 2013). Similar findings have been reported in the Danish
validation study, which included a sample of patients with similar age
distribution and disease duration as our study (Marstrand et al., 2020).

The lack of significant correlations between results on the BICAMS
subtests and symptoms of anxiety, depression and fatigue at baseline is
also worth a comment. It corresponds to results reported by Golan and
colleagues indicating that mild depression and fatigue do not appear to
impede cognition (Golan et al., 2018). However, when re-assessed after
12 and 24 months, significant negative correlations emerged between
the scores on two of the three BICAMS subtests (SDMT and CVLT-II) and
the depression sub score from HADS and the cognitive subscale from
the FSMC. Thus, our results indicate that HADS and FSMC should be
included as part of the cognitive assessment in follow-up routines of
patients with MS (Portaccio, 2016), and that future longitudinal studies
investigating modulators of associations between emotional and cog-
nitive function are warranted.

More than 95% of the patients in our study received DMT, of whom
approximately 35% changed therapy during the study, 14% did so
because of disease activity. Additional analyses of patients who
changed therapy versus those who did not, revealed similar findings as
the sample as a whole. Given the small number of patients who changed
therapy due to disease activity between test sessions, we do not have
enough power to state whether or not performance on the BICAMS is
influenced by disease activity. In the future, cognitive testing during a
relapse could yield interesting insight into fluctuations in cognitive
performance over the disease course and its response to disease mod-
ifying therapy.

Almost 90% of the patients were employed at the start of the follow-
up, and more than 80% were still employed after two years. These
uplifting numbers may, in part, be due to the relatively low mean age of
the participants, their short disease duration, and low level of physical
disability, combined with the use of DMT. Increased focus on cognitive
impairment in MS may also have led the patients to request work place
customization, promoting an increase or at least a stable work capacity
at the individual level. Data was not collected to investigate this im-
portant issue, and further studies on the effect of participation in clin-
ical studies on the patients’ self-awareness, coping strategies and mo-
tivation should be performed.

A limitation of the study is the lack of control for demographic
variables, but we considered the cohort to be too small in the present
study to yield sufficient statistical power. Furthermore, we did not in-
tend to make predictions on an individual level, but rather investigate
overall projections over time for a group of individuals with newly
diagnosed MS. A group of healthy controls followed over the same time
period would have improved the impact of our results, but longitudinal
data from the control group was not available for the present study.
Although our cohort is relatively small, it is well-defined with almost no
loss of follow-ups so far. Hopefully, we will be able to run 5 and 10 year
follow-up studies to determine how well their performances on cogni-
tive tests correspond with results shown in other cohorts.

5. Conclusions

The BICAMS identified almost 50% of a newly diagnosed sample of
patients with MS as cognitively impaired on at least one test measure at
baseline. Abnormal results on more than one test seemed to predict
persistent cognitive impairment, while a more fluctuating develop-
mental pathway was shown by the patients with mild symptoms at
baseline, i.e., impairment on only one of the three BICAMS tests. Both
this within-subject variability in cognitive function and the significant
improvement from baseline to the first follow-up due to practice effects,
illustrates the importance of including repeated assessments of cogni-
tive function in patients with MS. The rather large differences in the
detection rate on the three subtests also highlights the value of in-
cluding all three subtests when using the BICAMS as a screening in-
strument. The symptoms of depression, anxiety and fatigue were mild
in the present sample, and although this did not seem to impede cog-
nition in the present study, we still will recommend including assess-
ment of anxiety, depression and fatigue when screening for cognitive
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these patients showed impairment on only one test. By this, the num-
bers of patients with a mild impairment at baseline were somewhat
higher than the number reported in a Danish BICAMS validation study
(Marstrand et al., 2020), where approximately 30% of the patients were
classified as cognitively impaired on more than one test. The percen-
tages of patients showing impairment on two or more tests were more
similar across the two studies and the present study contributed by
showing that the patients with a more extended impairment at baseline
remained impaired throughout the study. We suggest that this finding
support previous studies reporting that cognitive impairment shown in
early stages of the disease tends to persist over time (Barbu et al., 2018;
Berard et al., 2018). Among patients with impairment on only one
cognitive test, however, we confirm that the trajectories of change are
much more fluctuating (Katsari et al., 2020). This illustrates the chal-
lenge met by clinicians both regarding identification of patients with
cognitive impairment and when estimating their prognosis and needs
for treatment. Still, we will argue that the quality of the BICAMS gives
the clinician a valid screening instrument. We also suggest that patients
showing impairment on only one subtest should be invited to annual
follow-up assessments to evaluate the risk of a developing a more se-
vere impairment. Patients with impairment on more than one test, on
the other hand, should be considered for a more extensive neu-
ropsychological assessment and rehabilitation. With this routine, results
on the BICAMS subtests may serve as a gatekeeper for the referral of
patients to more extensive examinations with lower capacity and
availability than in most Neurological departments.

The psychometric properties of each of the BICAMS tests is also
worth a comment. A total of 34.5% of the sample showed abnormal test
results on the CVLT-II, while the percentages for BVMT-R and SDMT
were 22.4% and 8.6%, respectively (Skorve et al., 2019). The low
proportion of impairment detected by the SDMT is in contrast to find-
ings presented in other validation studies of BICAMS (Marstrand et al.,
2020; Polychroniadou et al., 2016; Sandi et al., 2015; Sousa et al.,
2018), in which the SDMT was found to be the most sensitive test of
cognitive changes in patients with MS. The Canadian (Walker et al.,
2016) and German (Filser et al., 2018) validation study, however,
found that the BVMT-R identified more patients with cognitive im-
pairment than the other tests, while the Irish study reported results
similar to ours with the CVLT-II identifying impairment in 40% of the
sample (O'Connell et al., 2015). International cut-off scores for the
subtests has been proposed (Beier et al., 2017), but given the large
variability and lack of consensus across studies from different countries
(Smerbeck et al., 2018), national rather than international norms
should be developed. It should be noted that SDMT is often used as a
stand-alone cognitive test in clinical trials and studies of patients with
MS (Benedict et al., 2017; Strober et al., 2019). Recent recommenda-
tions for screening and management of cognitive impairment in clinical
practice also underline the importance of results on the SDMT
(Kalb et al., 2018) as a minimum requirement for cognitive screening.
Our findings do not support this practice because most of the newly
diagnosed MS patients with mild cognitive impairment in our sample
would not have been detected if SDMT was included as the only test of
cognitive function. We therefore strongly argue for the implementation
of the complete BICAMS test battery into clinical practice. Still, it is
important to remember that BICAMS is a screening instrument.
Whenever a clinician is uncertain about the results, the patient should
be referred to a more extensive neuropsychological examination.

The prevalence of clinically meaningful anxiety in this sample was
found to be at the level of the national average reported for MS patients
(Dahl et al., 2009), whereas the prevalence of depression was relatively
low (Korostil and Feinstein, 2007; Patten and Metz, 1997). About 70%
of the participants did not report any fatigue, which is a higher pro-
portion than reported in previous studies (Weiland et al., 2015;
Wood et al., 2013). Similar findings have been reported in the Danish
validation study, which included a sample of patients with similar age
distribution and disease duration as our study (Marstrand et al., 2020).

The lack of significant correlations between results on the BICAMS
subtests and symptoms of anxiety, depression and fatigue at baseline is
also worth a comment. It corresponds to results reported by Golan and
colleagues indicating that mild depression and fatigue do not appear to
impede cognition (Golan et al., 2018). However, when re-assessed after
12 and 24 months, significant negative correlations emerged between
the scores on two of the three BICAMS subtests (SDMT and CVLT-II) and
the depression sub score from HADS and the cognitive subscale from
the FSMC. Thus, our results indicate that HADS and FSMC should be
included as part of the cognitive assessment in follow-up routines of
patients with MS (Portaccio, 2016), and that future longitudinal studies
investigating modulators of associations between emotional and cog-
nitive function are warranted.

More than 95% of the patients in our study received DMT, of whom
approximately 35% changed therapy during the study, 14% did so
because of disease activity. Additional analyses of patients who
changed therapy versus those who did not, revealed similar findings as
the sample as a whole. Given the small number of patients who changed
therapy due to disease activity between test sessions, we do not have
enough power to state whether or not performance on the BICAMS is
influenced by disease activity. In the future, cognitive testing during a
relapse could yield interesting insight into fluctuations in cognitive
performance over the disease course and its response to disease mod-
ifying therapy.

Almost 90% of the patients were employed at the start of the follow-
up, and more than 80% were still employed after two years. These
uplifting numbers may, in part, be due to the relatively low mean age of
the participants, their short disease duration, and low level of physical
disability, combined with the use of DMT. Increased focus on cognitive
impairment in MS may also have led the patients to request work place
customization, promoting an increase or at least a stable work capacity
at the individual level. Data was not collected to investigate this im-
portant issue, and further studies on the effect of participation in clin-
ical studies on the patients’ self-awareness, coping strategies and mo-
tivation should be performed.

A limitation of the study is the lack of control for demographic
variables, but we considered the cohort to be too small in the present
study to yield sufficient statistical power. Furthermore, we did not in-
tend to make predictions on an individual level, but rather investigate
overall projections over time for a group of individuals with newly
diagnosed MS. A group of healthy controls followed over the same time
period would have improved the impact of our results, but longitudinal
data from the control group was not available for the present study.
Although our cohort is relatively small, it is well-defined with almost no
loss of follow-ups so far. Hopefully, we will be able to run 5 and 10 year
follow-up studies to determine how well their performances on cogni-
tive tests correspond with results shown in other cohorts.

5. Conclusions

The BICAMS identified almost 50% of a newly diagnosed sample of
patients with MS as cognitively impaired on at least one test measure at
baseline. Abnormal results on more than one test seemed to predict
persistent cognitive impairment, while a more fluctuating develop-
mental pathway was shown by the patients with mild symptoms at
baseline, i.e., impairment on only one of the three BICAMS tests. Both
this within-subject variability in cognitive function and the significant
improvement from baseline to the first follow-up due to practice effects,
illustrates the importance of including repeated assessments of cogni-
tive function in patients with MS. The rather large differences in the
detection rate on the three subtests also highlights the value of in-
cluding all three subtests when using the BICAMS as a screening in-
strument. The symptoms of depression, anxiety and fatigue were mild
in the present sample, and although this did not seem to impede cog-
nition in the present study, we still will recommend including assess-
ment of anxiety, depression and fatigue when screening for cognitive
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thesepatientsshowedimpairmentononlyonetest.Bythis,thenum-
bersofpatientswithamildimpairmentatbaselineweresomewhat
higherthanthenumberreportedinaDanishBICAMSvalidationstudy
(Marstrandetal.,2020),whereapproximately30%ofthepatientswere
classifiedascognitivelyimpairedonmorethanonetest.Thepercen-
tagesofpatientsshowingimpairmentontwoormoretestsweremore
similaracrossthetwostudiesandthepresentstudycontributedby
showingthatthepatientswithamoreextendedimpairmentatbaseline
remainedimpairedthroughoutthestudy.Wesuggestthatthisfinding
supportpreviousstudiesreportingthatcognitiveimpairmentshownin
earlystagesofthediseasetendstopersistovertime(Barbuetal.,2018;
Berardetal.,2018).Amongpatientswithimpairmentononlyone
cognitivetest,however,weconfirmthatthetrajectoriesofchangeare
muchmorefluctuating(Katsarietal.,2020).Thisillustratesthechal-
lengemetbycliniciansbothregardingidentificationofpatientswith
cognitiveimpairmentandwhenestimatingtheirprognosisandneeds
fortreatment.Still,wewillarguethatthequalityoftheBICAMSgives
theclinicianavalidscreeninginstrument.Wealsosuggestthatpatients
showingimpairmentononlyonesubtestshouldbeinvitedtoannual
follow-upassessmentstoevaluatetheriskofadevelopingamorese-
vereimpairment.Patientswithimpairmentonmorethanonetest,on
theotherhand,shouldbeconsideredforamoreextensiveneu-
ropsychologicalassessmentandrehabilitation.Withthisroutine,results
ontheBICAMSsubtestsmayserveasagatekeeperforthereferralof
patientstomoreextensiveexaminationswithlowercapacityand
availabilitythaninmostNeurologicaldepartments.

ThepsychometricpropertiesofeachoftheBICAMStestsisalso
worthacomment.Atotalof34.5%ofthesampleshowedabnormaltest
resultsontheCVLT-II,whilethepercentagesforBVMT-RandSDMT
were22.4%and8.6%,respectively(Skorveetal.,2019).Thelow
proportionofimpairmentdetectedbytheSDMTisincontrasttofind-
ingspresentedinothervalidationstudiesofBICAMS(Marstrandetal.,
2020;Polychroniadouetal.,2016;Sandietal.,2015;Sousaetal.,
2018),inwhichtheSDMTwasfoundtobethemostsensitivetestof
cognitivechangesinpatientswithMS.TheCanadian(Walkeretal.,
2016)andGerman(Filseretal.,2018)validationstudy,however,
foundthattheBVMT-Ridentifiedmorepatientswithcognitiveim-
pairmentthantheothertests,whiletheIrishstudyreportedresults
similartoourswiththeCVLT-IIidentifyingimpairmentin40%ofthe
sample(O'Connelletal.,2015).Internationalcut-offscoresforthe
subtestshasbeenproposed(Beieretal.,2017),butgiventhelarge
variabilityandlackofconsensusacrossstudiesfromdifferentcountries
(Smerbecketal.,2018),nationalratherthaninternationalnorms
shouldbedeveloped.ItshouldbenotedthatSDMTisoftenusedasa
stand-alonecognitivetestinclinicaltrialsandstudiesofpatientswith
MS(Benedictetal.,2017;Stroberetal.,2019).Recentrecommenda-
tionsforscreeningandmanagementofcognitiveimpairmentinclinical
practicealsounderlinetheimportanceofresultsontheSDMT
(Kalbetal.,2018)asaminimumrequirementforcognitivescreening.
Ourfindingsdonotsupportthispracticebecausemostofthenewly
diagnosedMSpatientswithmildcognitiveimpairmentinoursample
wouldnothavebeendetectedifSDMTwasincludedastheonlytestof
cognitivefunction.Wethereforestronglyarguefortheimplementation
ofthecompleteBICAMStestbatteryintoclinicalpractice.Still,itis
importanttorememberthatBICAMSisascreeninginstrument.
Wheneveraclinicianisuncertainabouttheresults,thepatientshould
bereferredtoamoreextensiveneuropsychologicalexamination.

Theprevalenceofclinicallymeaningfulanxietyinthissamplewas
foundtobeatthelevelofthenationalaveragereportedforMSpatients
(Dahletal.,2009),whereastheprevalenceofdepressionwasrelatively
low(KorostilandFeinstein,2007;PattenandMetz,1997).About70%
oftheparticipantsdidnotreportanyfatigue,whichisahigherpro-
portionthanreportedinpreviousstudies(Weilandetal.,2015;
Woodetal.,2013).SimilarfindingshavebeenreportedintheDanish
validationstudy,whichincludedasampleofpatientswithsimilarage
distributionanddiseasedurationasourstudy(Marstrandetal.,2020).

ThelackofsignificantcorrelationsbetweenresultsontheBICAMS
subtestsandsymptomsofanxiety,depressionandfatigueatbaselineis
alsoworthacomment.ItcorrespondstoresultsreportedbyGolanand
colleaguesindicatingthatmilddepressionandfatiguedonotappearto
impedecognition(Golanetal.,2018).However,whenre-assessedafter
12and24months,significantnegativecorrelationsemergedbetween
thescoresontwoofthethreeBICAMSsubtests(SDMTandCVLT-II)and
thedepressionsubscorefromHADSandthecognitivesubscalefrom
theFSMC.Thus,ourresultsindicatethatHADSandFSMCshouldbe
includedaspartofthecognitiveassessmentinfollow-uproutinesof
patientswithMS(Portaccio,2016),andthatfuturelongitudinalstudies
investigatingmodulatorsofassociationsbetweenemotionalandcog-
nitivefunctionarewarranted.

Morethan95%ofthepatientsinourstudyreceivedDMT,ofwhom
approximately35%changedtherapyduringthestudy,14%didso
becauseofdiseaseactivity.Additionalanalysesofpatientswho
changedtherapyversusthosewhodidnot,revealedsimilarfindingsas
thesampleasawhole.Giventhesmallnumberofpatientswhochanged
therapyduetodiseaseactivitybetweentestsessions,wedonothave
enoughpowertostatewhetherornotperformanceontheBICAMSis
influencedbydiseaseactivity.Inthefuture,cognitivetestingduringa
relapsecouldyieldinterestinginsightintofluctuationsincognitive
performanceoverthediseasecourseanditsresponsetodiseasemod-
ifyingtherapy.

Almost90%ofthepatientswereemployedatthestartofthefollow-
up,andmorethan80%werestillemployedaftertwoyears.These
upliftingnumbersmay,inpart,beduetotherelativelylowmeanageof
theparticipants,theirshortdiseaseduration,andlowlevelofphysical
disability,combinedwiththeuseofDMT.Increasedfocusoncognitive
impairmentinMSmayalsohaveledthepatientstorequestworkplace
customization,promotinganincreaseoratleastastableworkcapacity
attheindividuallevel.Datawasnotcollectedtoinvestigatethisim-
portantissue,andfurtherstudiesontheeffectofparticipationinclin-
icalstudiesonthepatients’self-awareness,copingstrategiesandmo-
tivationshouldbeperformed.

Alimitationofthestudyisthelackofcontrolfordemographic
variables,butweconsideredthecohorttobetoosmallinthepresent
studytoyieldsufficientstatisticalpower.Furthermore,wedidnotin-
tendtomakepredictionsonanindividuallevel,butratherinvestigate
overallprojectionsovertimeforagroupofindividualswithnewly
diagnosedMS.Agroupofhealthycontrolsfollowedoverthesametime
periodwouldhaveimprovedtheimpactofourresults,butlongitudinal
datafromthecontrolgroupwasnotavailableforthepresentstudy.
Althoughourcohortisrelativelysmall,itiswell-definedwithalmostno
lossoffollow-upssofar.Hopefully,wewillbeabletorun5and10year
follow-upstudiestodeterminehowwelltheirperformancesoncogni-
tivetestscorrespondwithresultsshowninothercohorts.

5.Conclusions

TheBICAMSidentifiedalmost50%ofanewlydiagnosedsampleof
patientswithMSascognitivelyimpairedonatleastonetestmeasureat
baseline.Abnormalresultsonmorethanonetestseemedtopredict
persistentcognitiveimpairment,whileamorefluctuatingdevelop-
mentalpathwaywasshownbythepatientswithmildsymptomsat
baseline,i.e.,impairmentononlyoneofthethreeBICAMStests.Both
thiswithin-subjectvariabilityincognitivefunctionandthesignificant
improvementfrombaselinetothefirstfollow-upduetopracticeeffects,
illustratestheimportanceofincludingrepeatedassessmentsofcogni-
tivefunctioninpatientswithMS.Theratherlargedifferencesinthe
detectionrateonthethreesubtestsalsohighlightsthevalueofin-
cludingallthreesubtestswhenusingtheBICAMSasascreeningin-
strument.Thesymptomsofdepression,anxietyandfatigueweremild
inthepresentsample,andalthoughthisdidnotseemtoimpedecog-
nitioninthepresentstudy,westillwillrecommendincludingassess-
mentofanxiety,depressionandfatiguewhenscreeningforcognitive
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thesepatientsshowedimpairmentononlyonetest.Bythis,thenum-
bersofpatientswithamildimpairmentatbaselineweresomewhat
higherthanthenumberreportedinaDanishBICAMSvalidationstudy
(Marstrandetal.,2020),whereapproximately30%ofthepatientswere
classifiedascognitivelyimpairedonmorethanonetest.Thepercen-
tagesofpatientsshowingimpairmentontwoormoretestsweremore
similaracrossthetwostudiesandthepresentstudycontributedby
showingthatthepatientswithamoreextendedimpairmentatbaseline
remainedimpairedthroughoutthestudy.Wesuggestthatthisfinding
supportpreviousstudiesreportingthatcognitiveimpairmentshownin
earlystagesofthediseasetendstopersistovertime(Barbuetal.,2018;
Berardetal.,2018).Amongpatientswithimpairmentononlyone
cognitivetest,however,weconfirmthatthetrajectoriesofchangeare
muchmorefluctuating(Katsarietal.,2020).Thisillustratesthechal-
lengemetbycliniciansbothregardingidentificationofpatientswith
cognitiveimpairmentandwhenestimatingtheirprognosisandneeds
fortreatment.Still,wewillarguethatthequalityoftheBICAMSgives
theclinicianavalidscreeninginstrument.Wealsosuggestthatpatients
showingimpairmentononlyonesubtestshouldbeinvitedtoannual
follow-upassessmentstoevaluatetheriskofadevelopingamorese-
vereimpairment.Patientswithimpairmentonmorethanonetest,on
theotherhand,shouldbeconsideredforamoreextensiveneu-
ropsychologicalassessmentandrehabilitation.Withthisroutine,results
ontheBICAMSsubtestsmayserveasagatekeeperforthereferralof
patientstomoreextensiveexaminationswithlowercapacityand
availabilitythaninmostNeurologicaldepartments.

ThepsychometricpropertiesofeachoftheBICAMStestsisalso
worthacomment.Atotalof34.5%ofthesampleshowedabnormaltest
resultsontheCVLT-II,whilethepercentagesforBVMT-RandSDMT
were22.4%and8.6%,respectively(Skorveetal.,2019).Thelow
proportionofimpairmentdetectedbytheSDMTisincontrasttofind-
ingspresentedinothervalidationstudiesofBICAMS(Marstrandetal.,
2020;Polychroniadouetal.,2016;Sandietal.,2015;Sousaetal.,
2018),inwhichtheSDMTwasfoundtobethemostsensitivetestof
cognitivechangesinpatientswithMS.TheCanadian(Walkeretal.,
2016)andGerman(Filseretal.,2018)validationstudy,however,
foundthattheBVMT-Ridentifiedmorepatientswithcognitiveim-
pairmentthantheothertests,whiletheIrishstudyreportedresults
similartoourswiththeCVLT-IIidentifyingimpairmentin40%ofthe
sample(O'Connelletal.,2015).Internationalcut-offscoresforthe
subtestshasbeenproposed(Beieretal.,2017),butgiventhelarge
variabilityandlackofconsensusacrossstudiesfromdifferentcountries
(Smerbecketal.,2018),nationalratherthaninternationalnorms
shouldbedeveloped.ItshouldbenotedthatSDMTisoftenusedasa
stand-alonecognitivetestinclinicaltrialsandstudiesofpatientswith
MS(Benedictetal.,2017;Stroberetal.,2019).Recentrecommenda-
tionsforscreeningandmanagementofcognitiveimpairmentinclinical
practicealsounderlinetheimportanceofresultsontheSDMT
(Kalbetal.,2018)asaminimumrequirementforcognitivescreening.
Ourfindingsdonotsupportthispracticebecausemostofthenewly
diagnosedMSpatientswithmildcognitiveimpairmentinoursample
wouldnothavebeendetectedifSDMTwasincludedastheonlytestof
cognitivefunction.Wethereforestronglyarguefortheimplementation
ofthecompleteBICAMStestbatteryintoclinicalpractice.Still,itis
importanttorememberthatBICAMSisascreeninginstrument.
Wheneveraclinicianisuncertainabouttheresults,thepatientshould
bereferredtoamoreextensiveneuropsychologicalexamination.

Theprevalenceofclinicallymeaningfulanxietyinthissamplewas
foundtobeatthelevelofthenationalaveragereportedforMSpatients
(Dahletal.,2009),whereastheprevalenceofdepressionwasrelatively
low(KorostilandFeinstein,2007;PattenandMetz,1997).About70%
oftheparticipantsdidnotreportanyfatigue,whichisahigherpro-
portionthanreportedinpreviousstudies(Weilandetal.,2015;
Woodetal.,2013).SimilarfindingshavebeenreportedintheDanish
validationstudy,whichincludedasampleofpatientswithsimilarage
distributionanddiseasedurationasourstudy(Marstrandetal.,2020).

ThelackofsignificantcorrelationsbetweenresultsontheBICAMS
subtestsandsymptomsofanxiety,depressionandfatigueatbaselineis
alsoworthacomment.ItcorrespondstoresultsreportedbyGolanand
colleaguesindicatingthatmilddepressionandfatiguedonotappearto
impedecognition(Golanetal.,2018).However,whenre-assessedafter
12and24months,significantnegativecorrelationsemergedbetween
thescoresontwoofthethreeBICAMSsubtests(SDMTandCVLT-II)and
thedepressionsubscorefromHADSandthecognitivesubscalefrom
theFSMC.Thus,ourresultsindicatethatHADSandFSMCshouldbe
includedaspartofthecognitiveassessmentinfollow-uproutinesof
patientswithMS(Portaccio,2016),andthatfuturelongitudinalstudies
investigatingmodulatorsofassociationsbetweenemotionalandcog-
nitivefunctionarewarranted.

Morethan95%ofthepatientsinourstudyreceivedDMT,ofwhom
approximately35%changedtherapyduringthestudy,14%didso
becauseofdiseaseactivity.Additionalanalysesofpatientswho
changedtherapyversusthosewhodidnot,revealedsimilarfindingsas
thesampleasawhole.Giventhesmallnumberofpatientswhochanged
therapyduetodiseaseactivitybetweentestsessions,wedonothave
enoughpowertostatewhetherornotperformanceontheBICAMSis
influencedbydiseaseactivity.Inthefuture,cognitivetestingduringa
relapsecouldyieldinterestinginsightintofluctuationsincognitive
performanceoverthediseasecourseanditsresponsetodiseasemod-
ifyingtherapy.

Almost90%ofthepatientswereemployedatthestartofthefollow-
up,andmorethan80%werestillemployedaftertwoyears.These
upliftingnumbersmay,inpart,beduetotherelativelylowmeanageof
theparticipants,theirshortdiseaseduration,andlowlevelofphysical
disability,combinedwiththeuseofDMT.Increasedfocusoncognitive
impairmentinMSmayalsohaveledthepatientstorequestworkplace
customization,promotinganincreaseoratleastastableworkcapacity
attheindividuallevel.Datawasnotcollectedtoinvestigatethisim-
portantissue,andfurtherstudiesontheeffectofparticipationinclin-
icalstudiesonthepatients’self-awareness,copingstrategiesandmo-
tivationshouldbeperformed.

Alimitationofthestudyisthelackofcontrolfordemographic
variables,butweconsideredthecohorttobetoosmallinthepresent
studytoyieldsufficientstatisticalpower.Furthermore,wedidnotin-
tendtomakepredictionsonanindividuallevel,butratherinvestigate
overallprojectionsovertimeforagroupofindividualswithnewly
diagnosedMS.Agroupofhealthycontrolsfollowedoverthesametime
periodwouldhaveimprovedtheimpactofourresults,butlongitudinal
datafromthecontrolgroupwasnotavailableforthepresentstudy.
Althoughourcohortisrelativelysmall,itiswell-definedwithalmostno
lossoffollow-upssofar.Hopefully,wewillbeabletorun5and10year
follow-upstudiestodeterminehowwelltheirperformancesoncogni-
tivetestscorrespondwithresultsshowninothercohorts.

5.Conclusions

TheBICAMSidentifiedalmost50%ofanewlydiagnosedsampleof
patientswithMSascognitivelyimpairedonatleastonetestmeasureat
baseline.Abnormalresultsonmorethanonetestseemedtopredict
persistentcognitiveimpairment,whileamorefluctuatingdevelop-
mentalpathwaywasshownbythepatientswithmildsymptomsat
baseline,i.e.,impairmentononlyoneofthethreeBICAMStests.Both
thiswithin-subjectvariabilityincognitivefunctionandthesignificant
improvementfrombaselinetothefirstfollow-upduetopracticeeffects,
illustratestheimportanceofincludingrepeatedassessmentsofcogni-
tivefunctioninpatientswithMS.Theratherlargedifferencesinthe
detectionrateonthethreesubtestsalsohighlightsthevalueofin-
cludingallthreesubtestswhenusingtheBICAMSasascreeningin-
strument.Thesymptomsofdepression,anxietyandfatigueweremild
inthepresentsample,andalthoughthisdidnotseemtoimpedecog-
nitioninthepresentstudy,westillwillrecommendincludingassess-
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lengemetbycliniciansbothregardingidentificationofpatientswith
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ofthecompleteBICAMStestbatteryintoclinicalpractice.Still,itis
importanttorememberthatBICAMSisascreeninginstrument.
Wheneveraclinicianisuncertainabouttheresults,thepatientshould
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nitivefunctionarewarranted.
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impairmentinMSmayalsohaveledthepatientstorequestworkplace
customization,promotinganincreaseoratleastastableworkcapacity
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sample(O'Connelletal.,2015).Internationalcut-offscoresforthe
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approximately35%changedtherapyduringthestudy,14%didso
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impairment in patients with MS.

Author declerations

Ellen Skorve has received initial funding for this study through an
unrestricted research grant from Novartis (project planning and inclu-
sion phase). Majority of funding through PhD-scholarship from the
Health Authorities of Western Norway (3-year fellowship).

Astri J. Lundervold has no declarations relevant to the field of
multiple sclerosis.

Øivind Torkildsen has received speaker honoraria from and served
on scientific advisory boards for Biogen, Sanofi-Aventis, Merck and
Novartis.

Kjell-Morten Myhr has received unrestricted research grants to his
institution and scientific advisory board, and speaker honoraria from
Almirall, Biogen, Genzyme, Merck, Novartis, Roche and Teva; and has
participated in clinical trials organized by Biogen, Merck, Novartis, and
Roche.

CRediT authorship contribution statement

Ellen Skorve: Conceptualization, Methodology, Formal analysis,
Investigation, Resources, Data curation, Project administration, Writing
- original draft, Visualization, Funding acquisition. Astri J.
Lundervold: Conceptualization, Methodology, Formal analysis,
Writing - review & editing, Supervision. Øivind Torkildsen:
Conceptualization, Methodology, Writing - review & editing,
Supervision. Kjell-Morten Myhr: Conceptualization, Methodology,
Project administration, Writing - review & editing, Supervision,
Funding acquisition.

Acknowledgements

The authors would like to thank the MS patients for participating in
the study. A special thanks to MS nurses Anne-Britt Rundhovde Skår
and Randi C. Haugstad at the Norwegian Competence Center for
Multiple Sclerosis for their invaluable contribution to the study, and
also to health secretary Angunn Solberg for her contribution to the
logistics.

Neuro-SysMed is jointly hosted by Haukeland University Hospital
and University of Bergen and supported as a centre for Clinical
Treatment Research (FKB) by grants from The Research Council of
Norway, project number 288164.

References

Amato, M.P., Ponziani, G., Siracusa, G., Sorbi, S., 2001. Cognitive dysfunction in early-
onset multiple sclerosis: a reappraisal after 10 years. Arch. Neurol. 58 (10),
1602–1606.

Amato, M.P., Zipoli, V., Portaccio, E., 2006. Multiple sclerosis-related cognitive changes:
a review of cross-sectional and longitudinal studies. J. Neurol. Sci. 245 (1–2), 41–46.

Barbu, R.M., Berard, J.A., Gresham, L.M., Walker, L.A.S., 2018. Longitudinal Stability of
Cognition in Early-Phase Relapsing-Remitting Multiple Sclerosis: does Cognitive
Reserve Play a Role? Int J MS Care 20 (4), 173–179.

Beier, M., Gromisch, E.S., Hughes, A.J., Alschuler, K.N., Madathil, R., Chiaravalloti, N.,
Foley, F.W., 2017. Proposed cut scores for tests of the Brief International Cognitive
Assessment of Multiple Sclerosis (BICAMS). J. Neurol. Sci. 381, 110–116.

Benedict, R.H., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S.,
Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A.T., Langdon, D., 2012.
Brief International Cognitive Assessment for MS (BICAMS): international standards
for validation. BMC Neurol. 12, 55.

Benedict, R.H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L.D., Rudick, R., Multiple
Sclerosis Outcome Assessments, C., 2017. Validity of the Symbol Digit Modalities Test
as a cognition performance outcome measure for multiple sclerosis. Mult. Scler. 23
(5), 721–733.

Benedict, R.H.B., 1997. Brief Visuospatial Memory Test - Revised: Professional Manual.
Psychological Assessment Resources, Odessa, Florida.

Berard, J.A., Smith, A.M., Walker, L.A.S., 2018. A Longitudinal Evaluation of Cognitive
Fatigue on a Task of Sustained Attention in Early Relapsing-Remitting Multiple
Sclerosis. Int. J. MS Care 20 (2), 55–61.

Bjelland, I., Dahl, A.A., Haug, T.T., Neckelmann, D., 2002. The validity of the Hospital

Anxiety and Depression Scale. An updated literature review. J. Psychosom. Res. 52
(2), 69–77.

Bobholz, J.A., Rao, S.M., 2003. Cognitive dysfunction in multiple sclerosis: a review of
recent developments. Curr. Opin. Neurol. 16 (3), 283–288.

Chiaravalloti, N.D., DeLuca, J., 2008. Cognitive impairment in multiple sclerosis. Lancet
Neurol. 7 (12), 1139–1151.

Corfield, F., Langdon, D., 2018. A Systematic Review and Meta-Analysis of the Brief
Cognitive Assessment for Multiple Sclerosis (BICAMS). Neurol. Ther. 7 (2), 287–306.

Cortese, M., Riise, T., Bjornevik, K., Bhan, A., Farbu, E., Grytten, N., Hogenesch, I.,
Midgard, R., Smith Simonsen, C., Telstad, W., Ascherio, A., Myhr, K.M., 2016.
Preclinical disease activity in multiple sclerosis: a prospective study of cognitive
performance prior to first symptom. Ann. Neurol. 80 (4), 616–624.

Dahl, O.P., Stordal, E., Lydersen, S., Midgard, R., 2009. Anxiety and depression in mul-
tiple sclerosis. A comparative population-based study in Nord-Trondelag County,
Norway. Mult. Scler. 15 (12), 1495–1501.

Damasceno, A., Pimentel-Silva, L.R., Damasceno, B.P., Cendes, F., 2019. Cognitive tra-
jectories in relapsing-remitting multiple sclerosis: a longitudinal 6-year study. Mult.
Scler., 1352458519878685.

Delis, D.C., Kramer, J.H., Kaplan, E., Ober, B.A., 1987. California Verbal Learning Test:
Adult version Manual. The Psychological Corporation, San Antonio, Texas.

Dobson, R., Giovannoni, G., 2019. Multiple sclerosis - a review. Eur. J. Neurol. 26 (1),
27–40.

Dusankova, J.B., Kalincik, T., Havrdova, E., Benedict, R.H., 2012. Cross cultural valida-
tion of the Minimal Assessment of Cognitive Function in Multiple Sclerosis
(MACFIMS) and the Brief International Cognitive Assessment for Multiple Sclerosis
(BICAMS). Clin. Neuropsychol. 26 (7), 1186–1200.

Ferrer, E., Salthouse, T.A., Stewart, W.F., Schwartz, B.S., 2004. Modeling age and retest
processes in longitudinal studies of cognitive abilities. Psychol. Aging 19 (2),
243–259.

Filser, M., Schreiber, H., Pottgen, J., Ullrich, S., Lang, M., Penner, I.K., 2018. The Brief
International Cognitive Assessment in Multiple Sclerosis (BICAMS): results from the
German validation study. J. Neurol. 265 (11), 2587–2593.

Frau, J., Fenu, G., Signori, A., Coghe, G., Lorefice, L., Barracciu, M.A., Sechi, V., Cabras,
F., Badas, M., Marrosu, M.G., Cocco, E., 2018. A cross-sectional and longitudinal
study evaluating brain volumes, RNFL, and cognitive functions in MS patients and
healthy controls. BMC Neurol. 18 (1), 67.

Golan, D., Doniger, G.M., Wissemann, K., Zarif, M., Bumstead, B., Buhse, M., Fafard, L.,
Lavi, I., Wilken, J., Gudesblatt, M., 2018. The impact of subjective cognitive fatigue
and depression on cognitive function in patients with multiple sclerosis. Mult. Scler.
24 (2), 196–204.

Healy, B.C., Barker, L., Bakshi, R., Benedict, R.H.B., Gonzalez, C.T., Chitnis, T., Weiner,
H.L., Glanz, B.I., 2020. Trajectories of Symbol Digit Modalities Test performance in
individuals with multiple sclerosis. Mult. Scler., 1352458520913439.

Jakimovski, D., Zivadinov, R., Ramanthan, M., Hagemeier, J., Weinstock-Guttman, B.,
Tomic, D., Kropshofer, H., Fuchs, T.A., Barro, C., Leppert, D., Yaldizli, O., Kuhle, J.,
Benedict, R.H., 2019. Serum neurofilament light chain level associations with clinical
and cognitive performance in multiple sclerosis: a longitudinal retrospective 5-year
study. Mult. Scler., 1352458519881428.

Kalb, R., Beier, M., Benedict, R.H., Charvet, L., Costello, K., Feinstein, A., Gingold, J.,
Goverover, Y., Halper, J., Harris, C., Kostich, L., Krupp, L., Lathi, E., LaRocca, N.,
Thrower, B., DeLuca, J., 2018. Recommendations for cognitive screening and man-
agement in multiple sclerosis care. Mult. Scler. 24 (13), 1665–1680.

Katsari, M., Kasselimis, D.S., Giogkaraki, E., Breza, M., Evangelopoulos, M.E.,
Anagnostouli, M., Andreadou, E., Kilidireas, C., Hotary, A., Zalonis, I., Koutsis, G.,
Potagas, C., 2020. A longitudinal study of cognitive function in multiple sclerosis: is
decline inevitable? J. Neurol.

Korostil, M., Feinstein, A., 2007. Anxiety disorders and their clinical correlates in multiple
sclerosis patients. Mult. Scler. 13 (1), 67–72.

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded
disability status scale (EDSS). NeurologyNeurology 33 (11), 1444–1452.

Langdon, D.W., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S.,
Hamalainen, P., Hartung, H.P., Krupp, L., Penner, I.K., Reder, A.T., Benedict, R.H.,
2012. Recommendations for a Brief International Cognitive Assessment for Multiple
Sclerosis (BICAMS). Mult. Scler. 18 (6), 891–898.

Lundervold, A.J., Wollschlager, D., Wehling, E., 2014. Age and sex related changes in
episodic memory function in middle aged and older adults. Scand J. Psychol. 55 (3),
225–232.

Marstrand, L., Osterberg, O., Walsted, T., Skov, A.C., Schreiber, K.I., Sellebjerg, F., 2020.
Brief international cognitive assessment for multiple sclerosis (BICAMS): a danish
validation study of sensitivity in early stages of MS. Mult. Scler. Relat. Disord. 37,
101458.

O'Connell, K., Langdon, D., Tubridy, N., Hutchinson, M., McGuigan, C., 2015. A pre-
liminary validation of the brief international cognitive assessment for multiple
sclerosis (BICAMS) tool in an Irish population with multiple sclerosis (MS). Mult.
Scler. Relat. Disord. 4 (6), 521–525.

Pais-Ribeiro, J.L., Martins da Silva, A., Vilhena, E., Moreira, I., Santos, E., Mendonca, D.,
2018. The hospital anxiety and depression scale, in patients with multiple sclerosis.
Neuropsychiatr. Dis. Treat. 14, 3193–3197.

Patten, S.B., Metz, L.M., 1997. Depression in multiple sclerosis. Psychother. Psychosom.
66 (6), 286–292.

Penner, I.K., Raselli, C., Stocklin, M., Opwis, K., Kappos, L., Calabrese, P., 2009. The
Fatigue Scale for Motor and Cognitive Functions (FSMC): validation of a new in-
strument to assess multiple sclerosis-related fatigue. Mult. Scler. 15 (12), 1509–1517.

Polychroniadou, E., Bakirtzis, C., Langdon, D., Lagoudaki, R., Kesidou, E., Theotokis, P.,
Tsalikakis, D., Poulatsidou, K., Kyriazis, O., Boziki, M., Papadopoulos, G., Boura, E.,
Sintila, L., Hatzigeorgiou, S., Ziamos, C., Ioannidis, P., Karacostas, D., Grigoriadis, N.,

E. Skorve, et al. Multiple Sclerosis and Related Disorders 46 (2020) 102577

6

impairmentinpatientswithMS.

Authordeclerations

EllenSkorvehasreceivedinitialfundingforthisstudythroughan
unrestrictedresearchgrantfromNovartis(projectplanningandinclu-
sionphase).MajorityoffundingthroughPhD-scholarshipfromthe
HealthAuthoritiesofWesternNorway(3-yearfellowship).

AstriJ.Lundervoldhasnodeclarationsrelevanttothefieldof
multiplesclerosis.

ØivindTorkildsenhasreceivedspeakerhonorariafromandserved
onscientificadvisoryboardsforBiogen,Sanofi-Aventis,Merckand
Novartis.

Kjell-MortenMyhrhasreceivedunrestrictedresearchgrantstohis
institutionandscientificadvisoryboard,andspeakerhonorariafrom
Almirall,Biogen,Genzyme,Merck,Novartis,RocheandTeva;andhas
participatedinclinicaltrialsorganizedbyBiogen,Merck,Novartis,and
Roche.

CRediTauthorshipcontributionstatement

EllenSkorve:Conceptualization,Methodology,Formalanalysis,
Investigation,Resources,Datacuration,Projectadministration,Writing
-originaldraft,Visualization,Fundingacquisition.AstriJ.
Lundervold:Conceptualization,Methodology,Formalanalysis,
Writing-review&editing,Supervision.ØivindTorkildsen:
Conceptualization,Methodology,Writing-review&editing,
Supervision.Kjell-MortenMyhr:Conceptualization,Methodology,
Projectadministration,Writing-review&editing,Supervision,
Fundingacquisition.

Acknowledgements

TheauthorswouldliketothanktheMSpatientsforparticipatingin
thestudy.AspecialthankstoMSnursesAnne-BrittRundhovdeSkår
andRandiC.HaugstadattheNorwegianCompetenceCenterfor
MultipleSclerosisfortheirinvaluablecontributiontothestudy,and
alsotohealthsecretaryAngunnSolbergforhercontributiontothe
logistics.

Neuro-SysMedisjointlyhostedbyHaukelandUniversityHospital
andUniversityofBergenandsupportedasacentreforClinical
TreatmentResearch(FKB)bygrantsfromTheResearchCouncilof
Norway,projectnumber288164.

References

Amato,M.P.,Ponziani,G.,Siracusa,G.,Sorbi,S.,2001.Cognitivedysfunctioninearly-
onsetmultiplesclerosis:areappraisalafter10years.Arch.Neurol.58(10),
1602–1606.

Amato,M.P.,Zipoli,V.,Portaccio,E.,2006.Multiplesclerosis-relatedcognitivechanges:
areviewofcross-sectionalandlongitudinalstudies.J.Neurol.Sci.245(1–2),41–46.

Barbu,R.M.,Berard,J.A.,Gresham,L.M.,Walker,L.A.S.,2018.LongitudinalStabilityof
CognitioninEarly-PhaseRelapsing-RemittingMultipleSclerosis:doesCognitive
ReservePlayaRole?IntJMSCare20(4),173–179.

Beier,M.,Gromisch,E.S.,Hughes,A.J.,Alschuler,K.N.,Madathil,R.,Chiaravalloti,N.,
Foley,F.W.,2017.ProposedcutscoresfortestsoftheBriefInternationalCognitive
AssessmentofMultipleSclerosis(BICAMS).J.Neurol.Sci.381,110–116.

Benedict,R.H.,Amato,M.P.,Boringa,J.,Brochet,B.,Foley,F.,Fredrikson,S.,
Hamalainen,P.,Hartung,H.,Krupp,L.,Penner,I.,Reder,A.T.,Langdon,D.,2012.
BriefInternationalCognitiveAssessmentforMS(BICAMS):internationalstandards
forvalidation.BMCNeurol.12,55.

Benedict,R.H.,DeLuca,J.,Phillips,G.,LaRocca,N.,Hudson,L.D.,Rudick,R.,Multiple
SclerosisOutcomeAssessments,C.,2017.ValidityoftheSymbolDigitModalitiesTest
asacognitionperformanceoutcomemeasureformultiplesclerosis.Mult.Scler.23
(5),721–733.

Benedict,R.H.B.,1997.BriefVisuospatialMemoryTest-Revised:ProfessionalManual.
PsychologicalAssessmentResources,Odessa,Florida.

Berard,J.A.,Smith,A.M.,Walker,L.A.S.,2018.ALongitudinalEvaluationofCognitive
FatigueonaTaskofSustainedAttentioninEarlyRelapsing-RemittingMultiple
Sclerosis.Int.J.MSCare20(2),55–61.

Bjelland,I.,Dahl,A.A.,Haug,T.T.,Neckelmann,D.,2002.ThevalidityoftheHospital

AnxietyandDepressionScale.Anupdatedliteraturereview.J.Psychosom.Res.52
(2),69–77.

Bobholz,J.A.,Rao,S.M.,2003.Cognitivedysfunctioninmultiplesclerosis:areviewof
recentdevelopments.Curr.Opin.Neurol.16(3),283–288.

Chiaravalloti,N.D.,DeLuca,J.,2008.Cognitiveimpairmentinmultiplesclerosis.Lancet
Neurol.7(12),1139–1151.

Corfield,F.,Langdon,D.,2018.ASystematicReviewandMeta-AnalysisoftheBrief
CognitiveAssessmentforMultipleSclerosis(BICAMS).Neurol.Ther.7(2),287–306.

Cortese,M.,Riise,T.,Bjornevik,K.,Bhan,A.,Farbu,E.,Grytten,N.,Hogenesch,I.,
Midgard,R.,SmithSimonsen,C.,Telstad,W.,Ascherio,A.,Myhr,K.M.,2016.
Preclinicaldiseaseactivityinmultiplesclerosis:aprospectivestudyofcognitive
performancepriortofirstsymptom.Ann.Neurol.80(4),616–624.

Dahl,O.P.,Stordal,E.,Lydersen,S.,Midgard,R.,2009.Anxietyanddepressioninmul-
tiplesclerosis.Acomparativepopulation-basedstudyinNord-TrondelagCounty,
Norway.Mult.Scler.15(12),1495–1501.

Damasceno,A.,Pimentel-Silva,L.R.,Damasceno,B.P.,Cendes,F.,2019.Cognitivetra-
jectoriesinrelapsing-remittingmultiplesclerosis:alongitudinal6-yearstudy.Mult.
Scler.,1352458519878685.

Delis,D.C.,Kramer,J.H.,Kaplan,E.,Ober,B.A.,1987.CaliforniaVerbalLearningTest:
AdultversionManual.ThePsychologicalCorporation,SanAntonio,Texas.

Dobson,R.,Giovannoni,G.,2019.Multiplesclerosis-areview.Eur.J.Neurol.26(1),
27–40.

Dusankova,J.B.,Kalincik,T.,Havrdova,E.,Benedict,R.H.,2012.Crossculturalvalida-
tionoftheMinimalAssessmentofCognitiveFunctioninMultipleSclerosis
(MACFIMS)andtheBriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS).Clin.Neuropsychol.26(7),1186–1200.

Ferrer,E.,Salthouse,T.A.,Stewart,W.F.,Schwartz,B.S.,2004.Modelingageandretest
processesinlongitudinalstudiesofcognitiveabilities.Psychol.Aging19(2),
243–259.

Filser,M.,Schreiber,H.,Pottgen,J.,Ullrich,S.,Lang,M.,Penner,I.K.,2018.TheBrief
InternationalCognitiveAssessmentinMultipleSclerosis(BICAMS):resultsfromthe
Germanvalidationstudy.J.Neurol.265(11),2587–2593.

Frau,J.,Fenu,G.,Signori,A.,Coghe,G.,Lorefice,L.,Barracciu,M.A.,Sechi,V.,Cabras,
F.,Badas,M.,Marrosu,M.G.,Cocco,E.,2018.Across-sectionalandlongitudinal
studyevaluatingbrainvolumes,RNFL,andcognitivefunctionsinMSpatientsand
healthycontrols.BMCNeurol.18(1),67.

Golan,D.,Doniger,G.M.,Wissemann,K.,Zarif,M.,Bumstead,B.,Buhse,M.,Fafard,L.,
Lavi,I.,Wilken,J.,Gudesblatt,M.,2018.Theimpactofsubjectivecognitivefatigue
anddepressiononcognitivefunctioninpatientswithmultiplesclerosis.Mult.Scler.
24(2),196–204.

Healy,B.C.,Barker,L.,Bakshi,R.,Benedict,R.H.B.,Gonzalez,C.T.,Chitnis,T.,Weiner,
H.L.,Glanz,B.I.,2020.TrajectoriesofSymbolDigitModalitiesTestperformancein
individualswithmultiplesclerosis.Mult.Scler.,1352458520913439.

Jakimovski,D.,Zivadinov,R.,Ramanthan,M.,Hagemeier,J.,Weinstock-Guttman,B.,
Tomic,D.,Kropshofer,H.,Fuchs,T.A.,Barro,C.,Leppert,D.,Yaldizli,O.,Kuhle,J.,
Benedict,R.H.,2019.Serumneurofilamentlightchainlevelassociationswithclinical
andcognitiveperformanceinmultiplesclerosis:alongitudinalretrospective5-year
study.Mult.Scler.,1352458519881428.

Kalb,R.,Beier,M.,Benedict,R.H.,Charvet,L.,Costello,K.,Feinstein,A.,Gingold,J.,
Goverover,Y.,Halper,J.,Harris,C.,Kostich,L.,Krupp,L.,Lathi,E.,LaRocca,N.,
Thrower,B.,DeLuca,J.,2018.Recommendationsforcognitivescreeningandman-
agementinmultiplesclerosiscare.Mult.Scler.24(13),1665–1680.

Katsari,M.,Kasselimis,D.S.,Giogkaraki,E.,Breza,M.,Evangelopoulos,M.E.,
Anagnostouli,M.,Andreadou,E.,Kilidireas,C.,Hotary,A.,Zalonis,I.,Koutsis,G.,
Potagas,C.,2020.Alongitudinalstudyofcognitivefunctioninmultiplesclerosis:is
declineinevitable?J.Neurol.

Korostil,M.,Feinstein,A.,2007.Anxietydisordersandtheirclinicalcorrelatesinmultiple
sclerosispatients.Mult.Scler.13(1),67–72.

Kurtzke,J.F.,1983.Ratingneurologicimpairmentinmultiplesclerosis:anexpanded
disabilitystatusscale(EDSS).NeurologyNeurology33(11),1444–1452.

Langdon,D.W.,Amato,M.P.,Boringa,J.,Brochet,B.,Foley,F.,Fredrikson,S.,
Hamalainen,P.,Hartung,H.P.,Krupp,L.,Penner,I.K.,Reder,A.T.,Benedict,R.H.,
2012.RecommendationsforaBriefInternationalCognitiveAssessmentforMultiple
Sclerosis(BICAMS).Mult.Scler.18(6),891–898.

Lundervold,A.J.,Wollschlager,D.,Wehling,E.,2014.Ageandsexrelatedchangesin
episodicmemoryfunctioninmiddleagedandolderadults.ScandJ.Psychol.55(3),
225–232.

Marstrand,L.,Osterberg,O.,Walsted,T.,Skov,A.C.,Schreiber,K.I.,Sellebjerg,F.,2020.
Briefinternationalcognitiveassessmentformultiplesclerosis(BICAMS):adanish
validationstudyofsensitivityinearlystagesofMS.Mult.Scler.Relat.Disord.37,
101458.

O'Connell,K.,Langdon,D.,Tubridy,N.,Hutchinson,M.,McGuigan,C.,2015.Apre-
liminaryvalidationofthebriefinternationalcognitiveassessmentformultiple
sclerosis(BICAMS)toolinanIrishpopulationwithmultiplesclerosis(MS).Mult.
Scler.Relat.Disord.4(6),521–525.

Pais-Ribeiro,J.L.,MartinsdaSilva,A.,Vilhena,E.,Moreira,I.,Santos,E.,Mendonca,D.,
2018.Thehospitalanxietyanddepressionscale,inpatientswithmultiplesclerosis.
Neuropsychiatr.Dis.Treat.14,3193–3197.

Patten,S.B.,Metz,L.M.,1997.Depressioninmultiplesclerosis.Psychother.Psychosom.
66(6),286–292.

Penner,I.K.,Raselli,C.,Stocklin,M.,Opwis,K.,Kappos,L.,Calabrese,P.,2009.The
FatigueScaleforMotorandCognitiveFunctions(FSMC):validationofanewin-
strumenttoassessmultiplesclerosis-relatedfatigue.Mult.Scler.15(12),1509–1517.

Polychroniadou,E.,Bakirtzis,C.,Langdon,D.,Lagoudaki,R.,Kesidou,E.,Theotokis,P.,
Tsalikakis,D.,Poulatsidou,K.,Kyriazis,O.,Boziki,M.,Papadopoulos,G.,Boura,E.,
Sintila,L.,Hatzigeorgiou,S.,Ziamos,C.,Ioannidis,P.,Karacostas,D.,Grigoriadis,N.,

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

6

impairmentinpatientswithMS.

Authordeclerations

EllenSkorvehasreceivedinitialfundingforthisstudythroughan
unrestrictedresearchgrantfromNovartis(projectplanningandinclu-
sionphase).MajorityoffundingthroughPhD-scholarshipfromthe
HealthAuthoritiesofWesternNorway(3-yearfellowship).

AstriJ.Lundervoldhasnodeclarationsrelevanttothefieldof
multiplesclerosis.

ØivindTorkildsenhasreceivedspeakerhonorariafromandserved
onscientificadvisoryboardsforBiogen,Sanofi-Aventis,Merckand
Novartis.

Kjell-MortenMyhrhasreceivedunrestrictedresearchgrantstohis
institutionandscientificadvisoryboard,andspeakerhonorariafrom
Almirall,Biogen,Genzyme,Merck,Novartis,RocheandTeva;andhas
participatedinclinicaltrialsorganizedbyBiogen,Merck,Novartis,and
Roche.

CRediTauthorshipcontributionstatement

EllenSkorve:Conceptualization,Methodology,Formalanalysis,
Investigation,Resources,Datacuration,Projectadministration,Writing
-originaldraft,Visualization,Fundingacquisition.AstriJ.
Lundervold:Conceptualization,Methodology,Formalanalysis,
Writing-review&editing,Supervision.ØivindTorkildsen:
Conceptualization,Methodology,Writing-review&editing,
Supervision.Kjell-MortenMyhr:Conceptualization,Methodology,
Projectadministration,Writing-review&editing,Supervision,
Fundingacquisition.

Acknowledgements

TheauthorswouldliketothanktheMSpatientsforparticipatingin
thestudy.AspecialthankstoMSnursesAnne-BrittRundhovdeSkår
andRandiC.HaugstadattheNorwegianCompetenceCenterfor
MultipleSclerosisfortheirinvaluablecontributiontothestudy,and
alsotohealthsecretaryAngunnSolbergforhercontributiontothe
logistics.

Neuro-SysMedisjointlyhostedbyHaukelandUniversityHospital
andUniversityofBergenandsupportedasacentreforClinical
TreatmentResearch(FKB)bygrantsfromTheResearchCouncilof
Norway,projectnumber288164.

References

Amato,M.P.,Ponziani,G.,Siracusa,G.,Sorbi,S.,2001.Cognitivedysfunctioninearly-
onsetmultiplesclerosis:areappraisalafter10years.Arch.Neurol.58(10),
1602–1606.

Amato,M.P.,Zipoli,V.,Portaccio,E.,2006.Multiplesclerosis-relatedcognitivechanges:
areviewofcross-sectionalandlongitudinalstudies.J.Neurol.Sci.245(1–2),41–46.

Barbu,R.M.,Berard,J.A.,Gresham,L.M.,Walker,L.A.S.,2018.LongitudinalStabilityof
CognitioninEarly-PhaseRelapsing-RemittingMultipleSclerosis:doesCognitive
ReservePlayaRole?IntJMSCare20(4),173–179.

Beier,M.,Gromisch,E.S.,Hughes,A.J.,Alschuler,K.N.,Madathil,R.,Chiaravalloti,N.,
Foley,F.W.,2017.ProposedcutscoresfortestsoftheBriefInternationalCognitive
AssessmentofMultipleSclerosis(BICAMS).J.Neurol.Sci.381,110–116.

Benedict,R.H.,Amato,M.P.,Boringa,J.,Brochet,B.,Foley,F.,Fredrikson,S.,
Hamalainen,P.,Hartung,H.,Krupp,L.,Penner,I.,Reder,A.T.,Langdon,D.,2012.
BriefInternationalCognitiveAssessmentforMS(BICAMS):internationalstandards
forvalidation.BMCNeurol.12,55.

Benedict,R.H.,DeLuca,J.,Phillips,G.,LaRocca,N.,Hudson,L.D.,Rudick,R.,Multiple
SclerosisOutcomeAssessments,C.,2017.ValidityoftheSymbolDigitModalitiesTest
asacognitionperformanceoutcomemeasureformultiplesclerosis.Mult.Scler.23
(5),721–733.

Benedict,R.H.B.,1997.BriefVisuospatialMemoryTest-Revised:ProfessionalManual.
PsychologicalAssessmentResources,Odessa,Florida.

Berard,J.A.,Smith,A.M.,Walker,L.A.S.,2018.ALongitudinalEvaluationofCognitive
FatigueonaTaskofSustainedAttentioninEarlyRelapsing-RemittingMultiple
Sclerosis.Int.J.MSCare20(2),55–61.

Bjelland,I.,Dahl,A.A.,Haug,T.T.,Neckelmann,D.,2002.ThevalidityoftheHospital

AnxietyandDepressionScale.Anupdatedliteraturereview.J.Psychosom.Res.52
(2),69–77.

Bobholz,J.A.,Rao,S.M.,2003.Cognitivedysfunctioninmultiplesclerosis:areviewof
recentdevelopments.Curr.Opin.Neurol.16(3),283–288.

Chiaravalloti,N.D.,DeLuca,J.,2008.Cognitiveimpairmentinmultiplesclerosis.Lancet
Neurol.7(12),1139–1151.

Corfield,F.,Langdon,D.,2018.ASystematicReviewandMeta-AnalysisoftheBrief
CognitiveAssessmentforMultipleSclerosis(BICAMS).Neurol.Ther.7(2),287–306.

Cortese,M.,Riise,T.,Bjornevik,K.,Bhan,A.,Farbu,E.,Grytten,N.,Hogenesch,I.,
Midgard,R.,SmithSimonsen,C.,Telstad,W.,Ascherio,A.,Myhr,K.M.,2016.
Preclinicaldiseaseactivityinmultiplesclerosis:aprospectivestudyofcognitive
performancepriortofirstsymptom.Ann.Neurol.80(4),616–624.

Dahl,O.P.,Stordal,E.,Lydersen,S.,Midgard,R.,2009.Anxietyanddepressioninmul-
tiplesclerosis.Acomparativepopulation-basedstudyinNord-TrondelagCounty,
Norway.Mult.Scler.15(12),1495–1501.

Damasceno,A.,Pimentel-Silva,L.R.,Damasceno,B.P.,Cendes,F.,2019.Cognitivetra-
jectoriesinrelapsing-remittingmultiplesclerosis:alongitudinal6-yearstudy.Mult.
Scler.,1352458519878685.

Delis,D.C.,Kramer,J.H.,Kaplan,E.,Ober,B.A.,1987.CaliforniaVerbalLearningTest:
AdultversionManual.ThePsychologicalCorporation,SanAntonio,Texas.

Dobson,R.,Giovannoni,G.,2019.Multiplesclerosis-areview.Eur.J.Neurol.26(1),
27–40.

Dusankova,J.B.,Kalincik,T.,Havrdova,E.,Benedict,R.H.,2012.Crossculturalvalida-
tionoftheMinimalAssessmentofCognitiveFunctioninMultipleSclerosis
(MACFIMS)andtheBriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS).Clin.Neuropsychol.26(7),1186–1200.

Ferrer,E.,Salthouse,T.A.,Stewart,W.F.,Schwartz,B.S.,2004.Modelingageandretest
processesinlongitudinalstudiesofcognitiveabilities.Psychol.Aging19(2),
243–259.

Filser,M.,Schreiber,H.,Pottgen,J.,Ullrich,S.,Lang,M.,Penner,I.K.,2018.TheBrief
InternationalCognitiveAssessmentinMultipleSclerosis(BICAMS):resultsfromthe
Germanvalidationstudy.J.Neurol.265(11),2587–2593.

Frau,J.,Fenu,G.,Signori,A.,Coghe,G.,Lorefice,L.,Barracciu,M.A.,Sechi,V.,Cabras,
F.,Badas,M.,Marrosu,M.G.,Cocco,E.,2018.Across-sectionalandlongitudinal
studyevaluatingbrainvolumes,RNFL,andcognitivefunctionsinMSpatientsand
healthycontrols.BMCNeurol.18(1),67.

Golan,D.,Doniger,G.M.,Wissemann,K.,Zarif,M.,Bumstead,B.,Buhse,M.,Fafard,L.,
Lavi,I.,Wilken,J.,Gudesblatt,M.,2018.Theimpactofsubjectivecognitivefatigue
anddepressiononcognitivefunctioninpatientswithmultiplesclerosis.Mult.Scler.
24(2),196–204.

Healy,B.C.,Barker,L.,Bakshi,R.,Benedict,R.H.B.,Gonzalez,C.T.,Chitnis,T.,Weiner,
H.L.,Glanz,B.I.,2020.TrajectoriesofSymbolDigitModalitiesTestperformancein
individualswithmultiplesclerosis.Mult.Scler.,1352458520913439.

Jakimovski,D.,Zivadinov,R.,Ramanthan,M.,Hagemeier,J.,Weinstock-Guttman,B.,
Tomic,D.,Kropshofer,H.,Fuchs,T.A.,Barro,C.,Leppert,D.,Yaldizli,O.,Kuhle,J.,
Benedict,R.H.,2019.Serumneurofilamentlightchainlevelassociationswithclinical
andcognitiveperformanceinmultiplesclerosis:alongitudinalretrospective5-year
study.Mult.Scler.,1352458519881428.

Kalb,R.,Beier,M.,Benedict,R.H.,Charvet,L.,Costello,K.,Feinstein,A.,Gingold,J.,
Goverover,Y.,Halper,J.,Harris,C.,Kostich,L.,Krupp,L.,Lathi,E.,LaRocca,N.,
Thrower,B.,DeLuca,J.,2018.Recommendationsforcognitivescreeningandman-
agementinmultiplesclerosiscare.Mult.Scler.24(13),1665–1680.

Katsari,M.,Kasselimis,D.S.,Giogkaraki,E.,Breza,M.,Evangelopoulos,M.E.,
Anagnostouli,M.,Andreadou,E.,Kilidireas,C.,Hotary,A.,Zalonis,I.,Koutsis,G.,
Potagas,C.,2020.Alongitudinalstudyofcognitivefunctioninmultiplesclerosis:is
declineinevitable?J.Neurol.

Korostil,M.,Feinstein,A.,2007.Anxietydisordersandtheirclinicalcorrelatesinmultiple
sclerosispatients.Mult.Scler.13(1),67–72.

Kurtzke,J.F.,1983.Ratingneurologicimpairmentinmultiplesclerosis:anexpanded
disabilitystatusscale(EDSS).NeurologyNeurology33(11),1444–1452.

Langdon,D.W.,Amato,M.P.,Boringa,J.,Brochet,B.,Foley,F.,Fredrikson,S.,
Hamalainen,P.,Hartung,H.P.,Krupp,L.,Penner,I.K.,Reder,A.T.,Benedict,R.H.,
2012.RecommendationsforaBriefInternationalCognitiveAssessmentforMultiple
Sclerosis(BICAMS).Mult.Scler.18(6),891–898.

Lundervold,A.J.,Wollschlager,D.,Wehling,E.,2014.Ageandsexrelatedchangesin
episodicmemoryfunctioninmiddleagedandolderadults.ScandJ.Psychol.55(3),
225–232.

Marstrand,L.,Osterberg,O.,Walsted,T.,Skov,A.C.,Schreiber,K.I.,Sellebjerg,F.,2020.
Briefinternationalcognitiveassessmentformultiplesclerosis(BICAMS):adanish
validationstudyofsensitivityinearlystagesofMS.Mult.Scler.Relat.Disord.37,
101458.

O'Connell,K.,Langdon,D.,Tubridy,N.,Hutchinson,M.,McGuigan,C.,2015.Apre-
liminaryvalidationofthebriefinternationalcognitiveassessmentformultiple
sclerosis(BICAMS)toolinanIrishpopulationwithmultiplesclerosis(MS).Mult.
Scler.Relat.Disord.4(6),521–525.

Pais-Ribeiro,J.L.,MartinsdaSilva,A.,Vilhena,E.,Moreira,I.,Santos,E.,Mendonca,D.,
2018.Thehospitalanxietyanddepressionscale,inpatientswithmultiplesclerosis.
Neuropsychiatr.Dis.Treat.14,3193–3197.

Patten,S.B.,Metz,L.M.,1997.Depressioninmultiplesclerosis.Psychother.Psychosom.
66(6),286–292.

Penner,I.K.,Raselli,C.,Stocklin,M.,Opwis,K.,Kappos,L.,Calabrese,P.,2009.The
FatigueScaleforMotorandCognitiveFunctions(FSMC):validationofanewin-
strumenttoassessmultiplesclerosis-relatedfatigue.Mult.Scler.15(12),1509–1517.

Polychroniadou,E.,Bakirtzis,C.,Langdon,D.,Lagoudaki,R.,Kesidou,E.,Theotokis,P.,
Tsalikakis,D.,Poulatsidou,K.,Kyriazis,O.,Boziki,M.,Papadopoulos,G.,Boura,E.,
Sintila,L.,Hatzigeorgiou,S.,Ziamos,C.,Ioannidis,P.,Karacostas,D.,Grigoriadis,N.,

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

6

impairment in patients with MS.

Author declerations

Ellen Skorve has received initial funding for this study through an
unrestricted research grant from Novartis (project planning and inclu-
sion phase). Majority of funding through PhD-scholarship from the
Health Authorities of Western Norway (3-year fellowship).

Astri J. Lundervold has no declarations relevant to the field of
multiple sclerosis.

Øivind Torkildsen has received speaker honoraria from and served
on scientific advisory boards for Biogen, Sanofi-Aventis, Merck and
Novartis.

Kjell-Morten Myhr has received unrestricted research grants to his
institution and scientific advisory board, and speaker honoraria from
Almirall, Biogen, Genzyme, Merck, Novartis, Roche and Teva; and has
participated in clinical trials organized by Biogen, Merck, Novartis, and
Roche.

CRediT authorship contribution statement

Ellen Skorve: Conceptualization, Methodology, Formal analysis,
Investigation, Resources, Data curation, Project administration, Writing
- original draft, Visualization, Funding acquisition. Astri J.
Lundervold: Conceptualization, Methodology, Formal analysis,
Writing - review & editing, Supervision. Øivind Torkildsen:
Conceptualization, Methodology, Writing - review & editing,
Supervision. Kjell-Morten Myhr: Conceptualization, Methodology,
Project administration, Writing - review & editing, Supervision,
Funding acquisition.

Acknowledgements

The authors would like to thank the MS patients for participating in
the study. A special thanks to MS nurses Anne-Britt Rundhovde Skår
and Randi C. Haugstad at the Norwegian Competence Center for
Multiple Sclerosis for their invaluable contribution to the study, and
also to health secretary Angunn Solberg for her contribution to the
logistics.

Neuro-SysMed is jointly hosted by Haukeland University Hospital
and University of Bergen and supported as a centre for Clinical
Treatment Research (FKB) by grants from The Research Council of
Norway, project number 288164.

References

Amato, M.P., Ponziani, G., Siracusa, G., Sorbi, S., 2001. Cognitive dysfunction in early-
onset multiple sclerosis: a reappraisal after 10 years. Arch. Neurol. 58 (10),
1602–1606.

Amato, M.P., Zipoli, V., Portaccio, E., 2006. Multiple sclerosis-related cognitive changes:
a review of cross-sectional and longitudinal studies. J. Neurol. Sci. 245 (1–2), 41–46.

Barbu, R.M., Berard, J.A., Gresham, L.M., Walker, L.A.S., 2018. Longitudinal Stability of
Cognition in Early-Phase Relapsing-Remitting Multiple Sclerosis: does Cognitive
Reserve Play a Role? Int J MS Care 20 (4), 173–179.

Beier, M., Gromisch, E.S., Hughes, A.J., Alschuler, K.N., Madathil, R., Chiaravalloti, N.,
Foley, F.W., 2017. Proposed cut scores for tests of the Brief International Cognitive
Assessment of Multiple Sclerosis (BICAMS). J. Neurol. Sci. 381, 110–116.

Benedict, R.H., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S.,
Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A.T., Langdon, D., 2012.
Brief International Cognitive Assessment for MS (BICAMS): international standards
for validation. BMC Neurol. 12, 55.

Benedict, R.H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L.D., Rudick, R., Multiple
Sclerosis Outcome Assessments, C., 2017. Validity of the Symbol Digit Modalities Test
as a cognition performance outcome measure for multiple sclerosis. Mult. Scler. 23
(5), 721–733.

Benedict, R.H.B., 1997. Brief Visuospatial Memory Test - Revised: Professional Manual.
Psychological Assessment Resources, Odessa, Florida.

Berard, J.A., Smith, A.M., Walker, L.A.S., 2018. A Longitudinal Evaluation of Cognitive
Fatigue on a Task of Sustained Attention in Early Relapsing-Remitting Multiple
Sclerosis. Int. J. MS Care 20 (2), 55–61.

Bjelland, I., Dahl, A.A., Haug, T.T., Neckelmann, D., 2002. The validity of the Hospital

Anxiety and Depression Scale. An updated literature review. J. Psychosom. Res. 52
(2), 69–77.

Bobholz, J.A., Rao, S.M., 2003. Cognitive dysfunction in multiple sclerosis: a review of
recent developments. Curr. Opin. Neurol. 16 (3), 283–288.

Chiaravalloti, N.D., DeLuca, J., 2008. Cognitive impairment in multiple sclerosis. Lancet
Neurol. 7 (12), 1139–1151.

Corfield, F., Langdon, D., 2018. A Systematic Review and Meta-Analysis of the Brief
Cognitive Assessment for Multiple Sclerosis (BICAMS). Neurol. Ther. 7 (2), 287–306.

Cortese, M., Riise, T., Bjornevik, K., Bhan, A., Farbu, E., Grytten, N., Hogenesch, I.,
Midgard, R., Smith Simonsen, C., Telstad, W., Ascherio, A., Myhr, K.M., 2016.
Preclinical disease activity in multiple sclerosis: a prospective study of cognitive
performance prior to first symptom. Ann. Neurol. 80 (4), 616–624.

Dahl, O.P., Stordal, E., Lydersen, S., Midgard, R., 2009. Anxiety and depression in mul-
tiple sclerosis. A comparative population-based study in Nord-Trondelag County,
Norway. Mult. Scler. 15 (12), 1495–1501.

Damasceno, A., Pimentel-Silva, L.R., Damasceno, B.P., Cendes, F., 2019. Cognitive tra-
jectories in relapsing-remitting multiple sclerosis: a longitudinal 6-year study. Mult.
Scler., 1352458519878685.

Delis, D.C., Kramer, J.H., Kaplan, E., Ober, B.A., 1987. California Verbal Learning Test:
Adult version Manual. The Psychological Corporation, San Antonio, Texas.

Dobson, R., Giovannoni, G., 2019. Multiple sclerosis - a review. Eur. J. Neurol. 26 (1),
27–40.

Dusankova, J.B., Kalincik, T., Havrdova, E., Benedict, R.H., 2012. Cross cultural valida-
tion of the Minimal Assessment of Cognitive Function in Multiple Sclerosis
(MACFIMS) and the Brief International Cognitive Assessment for Multiple Sclerosis
(BICAMS). Clin. Neuropsychol. 26 (7), 1186–1200.

Ferrer, E., Salthouse, T.A., Stewart, W.F., Schwartz, B.S., 2004. Modeling age and retest
processes in longitudinal studies of cognitive abilities. Psychol. Aging 19 (2),
243–259.

Filser, M., Schreiber, H., Pottgen, J., Ullrich, S., Lang, M., Penner, I.K., 2018. The Brief
International Cognitive Assessment in Multiple Sclerosis (BICAMS): results from the
German validation study. J. Neurol. 265 (11), 2587–2593.

Frau, J., Fenu, G., Signori, A., Coghe, G., Lorefice, L., Barracciu, M.A., Sechi, V., Cabras,
F., Badas, M., Marrosu, M.G., Cocco, E., 2018. A cross-sectional and longitudinal
study evaluating brain volumes, RNFL, and cognitive functions in MS patients and
healthy controls. BMC Neurol. 18 (1), 67.

Golan, D., Doniger, G.M., Wissemann, K., Zarif, M., Bumstead, B., Buhse, M., Fafard, L.,
Lavi, I., Wilken, J., Gudesblatt, M., 2018. The impact of subjective cognitive fatigue
and depression on cognitive function in patients with multiple sclerosis. Mult. Scler.
24 (2), 196–204.

Healy, B.C., Barker, L., Bakshi, R., Benedict, R.H.B., Gonzalez, C.T., Chitnis, T., Weiner,
H.L., Glanz, B.I., 2020. Trajectories of Symbol Digit Modalities Test performance in
individuals with multiple sclerosis. Mult. Scler., 1352458520913439.

Jakimovski, D., Zivadinov, R., Ramanthan, M., Hagemeier, J., Weinstock-Guttman, B.,
Tomic, D., Kropshofer, H., Fuchs, T.A., Barro, C., Leppert, D., Yaldizli, O., Kuhle, J.,
Benedict, R.H., 2019. Serum neurofilament light chain level associations with clinical
and cognitive performance in multiple sclerosis: a longitudinal retrospective 5-year
study. Mult. Scler., 1352458519881428.

Kalb, R., Beier, M., Benedict, R.H., Charvet, L., Costello, K., Feinstein, A., Gingold, J.,
Goverover, Y., Halper, J., Harris, C., Kostich, L., Krupp, L., Lathi, E., LaRocca, N.,
Thrower, B., DeLuca, J., 2018. Recommendations for cognitive screening and man-
agement in multiple sclerosis care. Mult. Scler. 24 (13), 1665–1680.

Katsari, M., Kasselimis, D.S., Giogkaraki, E., Breza, M., Evangelopoulos, M.E.,
Anagnostouli, M., Andreadou, E., Kilidireas, C., Hotary, A., Zalonis, I., Koutsis, G.,
Potagas, C., 2020. A longitudinal study of cognitive function in multiple sclerosis: is
decline inevitable? J. Neurol.

Korostil, M., Feinstein, A., 2007. Anxiety disorders and their clinical correlates in multiple
sclerosis patients. Mult. Scler. 13 (1), 67–72.

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded
disability status scale (EDSS). NeurologyNeurology 33 (11), 1444–1452.

Langdon, D.W., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S.,
Hamalainen, P., Hartung, H.P., Krupp, L., Penner, I.K., Reder, A.T., Benedict, R.H.,
2012. Recommendations for a Brief International Cognitive Assessment for Multiple
Sclerosis (BICAMS). Mult. Scler. 18 (6), 891–898.

Lundervold, A.J., Wollschlager, D., Wehling, E., 2014. Age and sex related changes in
episodic memory function in middle aged and older adults. Scand J. Psychol. 55 (3),
225–232.

Marstrand, L., Osterberg, O., Walsted, T., Skov, A.C., Schreiber, K.I., Sellebjerg, F., 2020.
Brief international cognitive assessment for multiple sclerosis (BICAMS): a danish
validation study of sensitivity in early stages of MS. Mult. Scler. Relat. Disord. 37,
101458.

O'Connell, K., Langdon, D., Tubridy, N., Hutchinson, M., McGuigan, C., 2015. A pre-
liminary validation of the brief international cognitive assessment for multiple
sclerosis (BICAMS) tool in an Irish population with multiple sclerosis (MS). Mult.
Scler. Relat. Disord. 4 (6), 521–525.

Pais-Ribeiro, J.L., Martins da Silva, A., Vilhena, E., Moreira, I., Santos, E., Mendonca, D.,
2018. The hospital anxiety and depression scale, in patients with multiple sclerosis.
Neuropsychiatr. Dis. Treat. 14, 3193–3197.

Patten, S.B., Metz, L.M., 1997. Depression in multiple sclerosis. Psychother. Psychosom.
66 (6), 286–292.

Penner, I.K., Raselli, C., Stocklin, M., Opwis, K., Kappos, L., Calabrese, P., 2009. The
Fatigue Scale for Motor and Cognitive Functions (FSMC): validation of a new in-
strument to assess multiple sclerosis-related fatigue. Mult. Scler. 15 (12), 1509–1517.

Polychroniadou, E., Bakirtzis, C., Langdon, D., Lagoudaki, R., Kesidou, E., Theotokis, P.,
Tsalikakis, D., Poulatsidou, K., Kyriazis, O., Boziki, M., Papadopoulos, G., Boura, E.,
Sintila, L., Hatzigeorgiou, S., Ziamos, C., Ioannidis, P., Karacostas, D., Grigoriadis, N.,

E. Skorve, et al. Multiple Sclerosis and Related Disorders 46 (2020) 102577

6

impairment in patients with MS.

Author declerations

Ellen Skorve has received initial funding for this study through an
unrestricted research grant from Novartis (project planning and inclu-
sion phase). Majority of funding through PhD-scholarship from the
Health Authorities of Western Norway (3-year fellowship).

Astri J. Lundervold has no declarations relevant to the field of
multiple sclerosis.

Øivind Torkildsen has received speaker honoraria from and served
on scientific advisory boards for Biogen, Sanofi-Aventis, Merck and
Novartis.

Kjell-Morten Myhr has received unrestricted research grants to his
institution and scientific advisory board, and speaker honoraria from
Almirall, Biogen, Genzyme, Merck, Novartis, Roche and Teva; and has
participated in clinical trials organized by Biogen, Merck, Novartis, and
Roche.

CRediT authorship contribution statement

Ellen Skorve: Conceptualization, Methodology, Formal analysis,
Investigation, Resources, Data curation, Project administration, Writing
- original draft, Visualization, Funding acquisition. Astri J.
Lundervold: Conceptualization, Methodology, Formal analysis,
Writing - review & editing, Supervision. Øivind Torkildsen:
Conceptualization, Methodology, Writing - review & editing,
Supervision. Kjell-Morten Myhr: Conceptualization, Methodology,
Project administration, Writing - review & editing, Supervision,
Funding acquisition.

Acknowledgements

The authors would like to thank the MS patients for participating in
the study. A special thanks to MS nurses Anne-Britt Rundhovde Skår
and Randi C. Haugstad at the Norwegian Competence Center for
Multiple Sclerosis for their invaluable contribution to the study, and
also to health secretary Angunn Solberg for her contribution to the
logistics.

Neuro-SysMed is jointly hosted by Haukeland University Hospital
and University of Bergen and supported as a centre for Clinical
Treatment Research (FKB) by grants from The Research Council of
Norway, project number 288164.

References

Amato, M.P., Ponziani, G., Siracusa, G., Sorbi, S., 2001. Cognitive dysfunction in early-
onset multiple sclerosis: a reappraisal after 10 years. Arch. Neurol. 58 (10),
1602–1606.

Amato, M.P., Zipoli, V., Portaccio, E., 2006. Multiple sclerosis-related cognitive changes:
a review of cross-sectional and longitudinal studies. J. Neurol. Sci. 245 (1–2), 41–46.

Barbu, R.M., Berard, J.A., Gresham, L.M., Walker, L.A.S., 2018. Longitudinal Stability of
Cognition in Early-Phase Relapsing-Remitting Multiple Sclerosis: does Cognitive
Reserve Play a Role? Int J MS Care 20 (4), 173–179.

Beier, M., Gromisch, E.S., Hughes, A.J., Alschuler, K.N., Madathil, R., Chiaravalloti, N.,
Foley, F.W., 2017. Proposed cut scores for tests of the Brief International Cognitive
Assessment of Multiple Sclerosis (BICAMS). J. Neurol. Sci. 381, 110–116.

Benedict, R.H., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S.,
Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A.T., Langdon, D., 2012.
Brief International Cognitive Assessment for MS (BICAMS): international standards
for validation. BMC Neurol. 12, 55.

Benedict, R.H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L.D., Rudick, R., Multiple
Sclerosis Outcome Assessments, C., 2017. Validity of the Symbol Digit Modalities Test
as a cognition performance outcome measure for multiple sclerosis. Mult. Scler. 23
(5), 721–733.

Benedict, R.H.B., 1997. Brief Visuospatial Memory Test - Revised: Professional Manual.
Psychological Assessment Resources, Odessa, Florida.

Berard, J.A., Smith, A.M., Walker, L.A.S., 2018. A Longitudinal Evaluation of Cognitive
Fatigue on a Task of Sustained Attention in Early Relapsing-Remitting Multiple
Sclerosis. Int. J. MS Care 20 (2), 55–61.

Bjelland, I., Dahl, A.A., Haug, T.T., Neckelmann, D., 2002. The validity of the Hospital

Anxiety and Depression Scale. An updated literature review. J. Psychosom. Res. 52
(2), 69–77.

Bobholz, J.A., Rao, S.M., 2003. Cognitive dysfunction in multiple sclerosis: a review of
recent developments. Curr. Opin. Neurol. 16 (3), 283–288.

Chiaravalloti, N.D., DeLuca, J., 2008. Cognitive impairment in multiple sclerosis. Lancet
Neurol. 7 (12), 1139–1151.

Corfield, F., Langdon, D., 2018. A Systematic Review and Meta-Analysis of the Brief
Cognitive Assessment for Multiple Sclerosis (BICAMS). Neurol. Ther. 7 (2), 287–306.

Cortese, M., Riise, T., Bjornevik, K., Bhan, A., Farbu, E., Grytten, N., Hogenesch, I.,
Midgard, R., Smith Simonsen, C., Telstad, W., Ascherio, A., Myhr, K.M., 2016.
Preclinical disease activity in multiple sclerosis: a prospective study of cognitive
performance prior to first symptom. Ann. Neurol. 80 (4), 616–624.

Dahl, O.P., Stordal, E., Lydersen, S., Midgard, R., 2009. Anxiety and depression in mul-
tiple sclerosis. A comparative population-based study in Nord-Trondelag County,
Norway. Mult. Scler. 15 (12), 1495–1501.

Damasceno, A., Pimentel-Silva, L.R., Damasceno, B.P., Cendes, F., 2019. Cognitive tra-
jectories in relapsing-remitting multiple sclerosis: a longitudinal 6-year study. Mult.
Scler., 1352458519878685.

Delis, D.C., Kramer, J.H., Kaplan, E., Ober, B.A., 1987. California Verbal Learning Test:
Adult version Manual. The Psychological Corporation, San Antonio, Texas.

Dobson, R., Giovannoni, G., 2019. Multiple sclerosis - a review. Eur. J. Neurol. 26 (1),
27–40.

Dusankova, J.B., Kalincik, T., Havrdova, E., Benedict, R.H., 2012. Cross cultural valida-
tion of the Minimal Assessment of Cognitive Function in Multiple Sclerosis
(MACFIMS) and the Brief International Cognitive Assessment for Multiple Sclerosis
(BICAMS). Clin. Neuropsychol. 26 (7), 1186–1200.

Ferrer, E., Salthouse, T.A., Stewart, W.F., Schwartz, B.S., 2004. Modeling age and retest
processes in longitudinal studies of cognitive abilities. Psychol. Aging 19 (2),
243–259.

Filser, M., Schreiber, H., Pottgen, J., Ullrich, S., Lang, M., Penner, I.K., 2018. The Brief
International Cognitive Assessment in Multiple Sclerosis (BICAMS): results from the
German validation study. J. Neurol. 265 (11), 2587–2593.

Frau, J., Fenu, G., Signori, A., Coghe, G., Lorefice, L., Barracciu, M.A., Sechi, V., Cabras,
F., Badas, M., Marrosu, M.G., Cocco, E., 2018. A cross-sectional and longitudinal
study evaluating brain volumes, RNFL, and cognitive functions in MS patients and
healthy controls. BMC Neurol. 18 (1), 67.

Golan, D., Doniger, G.M., Wissemann, K., Zarif, M., Bumstead, B., Buhse, M., Fafard, L.,
Lavi, I., Wilken, J., Gudesblatt, M., 2018. The impact of subjective cognitive fatigue
and depression on cognitive function in patients with multiple sclerosis. Mult. Scler.
24 (2), 196–204.

Healy, B.C., Barker, L., Bakshi, R., Benedict, R.H.B., Gonzalez, C.T., Chitnis, T., Weiner,
H.L., Glanz, B.I., 2020. Trajectories of Symbol Digit Modalities Test performance in
individuals with multiple sclerosis. Mult. Scler., 1352458520913439.

Jakimovski, D., Zivadinov, R., Ramanthan, M., Hagemeier, J., Weinstock-Guttman, B.,
Tomic, D., Kropshofer, H., Fuchs, T.A., Barro, C., Leppert, D., Yaldizli, O., Kuhle, J.,
Benedict, R.H., 2019. Serum neurofilament light chain level associations with clinical
and cognitive performance in multiple sclerosis: a longitudinal retrospective 5-year
study. Mult. Scler., 1352458519881428.

Kalb, R., Beier, M., Benedict, R.H., Charvet, L., Costello, K., Feinstein, A., Gingold, J.,
Goverover, Y., Halper, J., Harris, C., Kostich, L., Krupp, L., Lathi, E., LaRocca, N.,
Thrower, B., DeLuca, J., 2018. Recommendations for cognitive screening and man-
agement in multiple sclerosis care. Mult. Scler. 24 (13), 1665–1680.

Katsari, M., Kasselimis, D.S., Giogkaraki, E., Breza, M., Evangelopoulos, M.E.,
Anagnostouli, M., Andreadou, E., Kilidireas, C., Hotary, A., Zalonis, I., Koutsis, G.,
Potagas, C., 2020. A longitudinal study of cognitive function in multiple sclerosis: is
decline inevitable? J. Neurol.

Korostil, M., Feinstein, A., 2007. Anxiety disorders and their clinical correlates in multiple
sclerosis patients. Mult. Scler. 13 (1), 67–72.

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded
disability status scale (EDSS). NeurologyNeurology 33 (11), 1444–1452.

Langdon, D.W., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S.,
Hamalainen, P., Hartung, H.P., Krupp, L., Penner, I.K., Reder, A.T., Benedict, R.H.,
2012. Recommendations for a Brief International Cognitive Assessment for Multiple
Sclerosis (BICAMS). Mult. Scler. 18 (6), 891–898.

Lundervold, A.J., Wollschlager, D., Wehling, E., 2014. Age and sex related changes in
episodic memory function in middle aged and older adults. Scand J. Psychol. 55 (3),
225–232.

Marstrand, L., Osterberg, O., Walsted, T., Skov, A.C., Schreiber, K.I., Sellebjerg, F., 2020.
Brief international cognitive assessment for multiple sclerosis (BICAMS): a danish
validation study of sensitivity in early stages of MS. Mult. Scler. Relat. Disord. 37,
101458.

O'Connell, K., Langdon, D., Tubridy, N., Hutchinson, M., McGuigan, C., 2015. A pre-
liminary validation of the brief international cognitive assessment for multiple
sclerosis (BICAMS) tool in an Irish population with multiple sclerosis (MS). Mult.
Scler. Relat. Disord. 4 (6), 521–525.

Pais-Ribeiro, J.L., Martins da Silva, A., Vilhena, E., Moreira, I., Santos, E., Mendonca, D.,
2018. The hospital anxiety and depression scale, in patients with multiple sclerosis.
Neuropsychiatr. Dis. Treat. 14, 3193–3197.

Patten, S.B., Metz, L.M., 1997. Depression in multiple sclerosis. Psychother. Psychosom.
66 (6), 286–292.

Penner, I.K., Raselli, C., Stocklin, M., Opwis, K., Kappos, L., Calabrese, P., 2009. The
Fatigue Scale for Motor and Cognitive Functions (FSMC): validation of a new in-
strument to assess multiple sclerosis-related fatigue. Mult. Scler. 15 (12), 1509–1517.

Polychroniadou, E., Bakirtzis, C., Langdon, D., Lagoudaki, R., Kesidou, E., Theotokis, P.,
Tsalikakis, D., Poulatsidou, K., Kyriazis, O., Boziki, M., Papadopoulos, G., Boura, E.,
Sintila, L., Hatzigeorgiou, S., Ziamos, C., Ioannidis, P., Karacostas, D., Grigoriadis, N.,

E. Skorve, et al. Multiple Sclerosis and Related Disorders 46 (2020) 102577

6

impairmentinpatientswithMS.

Authordeclerations

EllenSkorvehasreceivedinitialfundingforthisstudythroughan
unrestrictedresearchgrantfromNovartis(projectplanningandinclu-
sionphase).MajorityoffundingthroughPhD-scholarshipfromthe
HealthAuthoritiesofWesternNorway(3-yearfellowship).

AstriJ.Lundervoldhasnodeclarationsrelevanttothefieldof
multiplesclerosis.

ØivindTorkildsenhasreceivedspeakerhonorariafromandserved
onscientificadvisoryboardsforBiogen,Sanofi-Aventis,Merckand
Novartis.

Kjell-MortenMyhrhasreceivedunrestrictedresearchgrantstohis
institutionandscientificadvisoryboard,andspeakerhonorariafrom
Almirall,Biogen,Genzyme,Merck,Novartis,RocheandTeva;andhas
participatedinclinicaltrialsorganizedbyBiogen,Merck,Novartis,and
Roche.

CRediTauthorshipcontributionstatement

EllenSkorve:Conceptualization,Methodology,Formalanalysis,
Investigation,Resources,Datacuration,Projectadministration,Writing
-originaldraft,Visualization,Fundingacquisition.AstriJ.
Lundervold:Conceptualization,Methodology,Formalanalysis,
Writing-review&editing,Supervision.ØivindTorkildsen:
Conceptualization,Methodology,Writing-review&editing,
Supervision.Kjell-MortenMyhr:Conceptualization,Methodology,
Projectadministration,Writing-review&editing,Supervision,
Fundingacquisition.

Acknowledgements

TheauthorswouldliketothanktheMSpatientsforparticipatingin
thestudy.AspecialthankstoMSnursesAnne-BrittRundhovdeSkår
andRandiC.HaugstadattheNorwegianCompetenceCenterfor
MultipleSclerosisfortheirinvaluablecontributiontothestudy,and
alsotohealthsecretaryAngunnSolbergforhercontributiontothe
logistics.

Neuro-SysMedisjointlyhostedbyHaukelandUniversityHospital
andUniversityofBergenandsupportedasacentreforClinical
TreatmentResearch(FKB)bygrantsfromTheResearchCouncilof
Norway,projectnumber288164.

References

Amato,M.P.,Ponziani,G.,Siracusa,G.,Sorbi,S.,2001.Cognitivedysfunctioninearly-
onsetmultiplesclerosis:areappraisalafter10years.Arch.Neurol.58(10),
1602–1606.

Amato,M.P.,Zipoli,V.,Portaccio,E.,2006.Multiplesclerosis-relatedcognitivechanges:
areviewofcross-sectionalandlongitudinalstudies.J.Neurol.Sci.245(1–2),41–46.

Barbu,R.M.,Berard,J.A.,Gresham,L.M.,Walker,L.A.S.,2018.LongitudinalStabilityof
CognitioninEarly-PhaseRelapsing-RemittingMultipleSclerosis:doesCognitive
ReservePlayaRole?IntJMSCare20(4),173–179.

Beier,M.,Gromisch,E.S.,Hughes,A.J.,Alschuler,K.N.,Madathil,R.,Chiaravalloti,N.,
Foley,F.W.,2017.ProposedcutscoresfortestsoftheBriefInternationalCognitive
AssessmentofMultipleSclerosis(BICAMS).J.Neurol.Sci.381,110–116.

Benedict,R.H.,Amato,M.P.,Boringa,J.,Brochet,B.,Foley,F.,Fredrikson,S.,
Hamalainen,P.,Hartung,H.,Krupp,L.,Penner,I.,Reder,A.T.,Langdon,D.,2012.
BriefInternationalCognitiveAssessmentforMS(BICAMS):internationalstandards
forvalidation.BMCNeurol.12,55.

Benedict,R.H.,DeLuca,J.,Phillips,G.,LaRocca,N.,Hudson,L.D.,Rudick,R.,Multiple
SclerosisOutcomeAssessments,C.,2017.ValidityoftheSymbolDigitModalitiesTest
asacognitionperformanceoutcomemeasureformultiplesclerosis.Mult.Scler.23
(5),721–733.

Benedict,R.H.B.,1997.BriefVisuospatialMemoryTest-Revised:ProfessionalManual.
PsychologicalAssessmentResources,Odessa,Florida.

Berard,J.A.,Smith,A.M.,Walker,L.A.S.,2018.ALongitudinalEvaluationofCognitive
FatigueonaTaskofSustainedAttentioninEarlyRelapsing-RemittingMultiple
Sclerosis.Int.J.MSCare20(2),55–61.

Bjelland,I.,Dahl,A.A.,Haug,T.T.,Neckelmann,D.,2002.ThevalidityoftheHospital

AnxietyandDepressionScale.Anupdatedliteraturereview.J.Psychosom.Res.52
(2),69–77.

Bobholz,J.A.,Rao,S.M.,2003.Cognitivedysfunctioninmultiplesclerosis:areviewof
recentdevelopments.Curr.Opin.Neurol.16(3),283–288.

Chiaravalloti,N.D.,DeLuca,J.,2008.Cognitiveimpairmentinmultiplesclerosis.Lancet
Neurol.7(12),1139–1151.

Corfield,F.,Langdon,D.,2018.ASystematicReviewandMeta-AnalysisoftheBrief
CognitiveAssessmentforMultipleSclerosis(BICAMS).Neurol.Ther.7(2),287–306.

Cortese,M.,Riise,T.,Bjornevik,K.,Bhan,A.,Farbu,E.,Grytten,N.,Hogenesch,I.,
Midgard,R.,SmithSimonsen,C.,Telstad,W.,Ascherio,A.,Myhr,K.M.,2016.
Preclinicaldiseaseactivityinmultiplesclerosis:aprospectivestudyofcognitive
performancepriortofirstsymptom.Ann.Neurol.80(4),616–624.

Dahl,O.P.,Stordal,E.,Lydersen,S.,Midgard,R.,2009.Anxietyanddepressioninmul-
tiplesclerosis.Acomparativepopulation-basedstudyinNord-TrondelagCounty,
Norway.Mult.Scler.15(12),1495–1501.

Damasceno,A.,Pimentel-Silva,L.R.,Damasceno,B.P.,Cendes,F.,2019.Cognitivetra-
jectoriesinrelapsing-remittingmultiplesclerosis:alongitudinal6-yearstudy.Mult.
Scler.,1352458519878685.

Delis,D.C.,Kramer,J.H.,Kaplan,E.,Ober,B.A.,1987.CaliforniaVerbalLearningTest:
AdultversionManual.ThePsychologicalCorporation,SanAntonio,Texas.

Dobson,R.,Giovannoni,G.,2019.Multiplesclerosis-areview.Eur.J.Neurol.26(1),
27–40.

Dusankova,J.B.,Kalincik,T.,Havrdova,E.,Benedict,R.H.,2012.Crossculturalvalida-
tionoftheMinimalAssessmentofCognitiveFunctioninMultipleSclerosis
(MACFIMS)andtheBriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS).Clin.Neuropsychol.26(7),1186–1200.

Ferrer,E.,Salthouse,T.A.,Stewart,W.F.,Schwartz,B.S.,2004.Modelingageandretest
processesinlongitudinalstudiesofcognitiveabilities.Psychol.Aging19(2),
243–259.

Filser,M.,Schreiber,H.,Pottgen,J.,Ullrich,S.,Lang,M.,Penner,I.K.,2018.TheBrief
InternationalCognitiveAssessmentinMultipleSclerosis(BICAMS):resultsfromthe
Germanvalidationstudy.J.Neurol.265(11),2587–2593.

Frau,J.,Fenu,G.,Signori,A.,Coghe,G.,Lorefice,L.,Barracciu,M.A.,Sechi,V.,Cabras,
F.,Badas,M.,Marrosu,M.G.,Cocco,E.,2018.Across-sectionalandlongitudinal
studyevaluatingbrainvolumes,RNFL,andcognitivefunctionsinMSpatientsand
healthycontrols.BMCNeurol.18(1),67.

Golan,D.,Doniger,G.M.,Wissemann,K.,Zarif,M.,Bumstead,B.,Buhse,M.,Fafard,L.,
Lavi,I.,Wilken,J.,Gudesblatt,M.,2018.Theimpactofsubjectivecognitivefatigue
anddepressiononcognitivefunctioninpatientswithmultiplesclerosis.Mult.Scler.
24(2),196–204.

Healy,B.C.,Barker,L.,Bakshi,R.,Benedict,R.H.B.,Gonzalez,C.T.,Chitnis,T.,Weiner,
H.L.,Glanz,B.I.,2020.TrajectoriesofSymbolDigitModalitiesTestperformancein
individualswithmultiplesclerosis.Mult.Scler.,1352458520913439.

Jakimovski,D.,Zivadinov,R.,Ramanthan,M.,Hagemeier,J.,Weinstock-Guttman,B.,
Tomic,D.,Kropshofer,H.,Fuchs,T.A.,Barro,C.,Leppert,D.,Yaldizli,O.,Kuhle,J.,
Benedict,R.H.,2019.Serumneurofilamentlightchainlevelassociationswithclinical
andcognitiveperformanceinmultiplesclerosis:alongitudinalretrospective5-year
study.Mult.Scler.,1352458519881428.

Kalb,R.,Beier,M.,Benedict,R.H.,Charvet,L.,Costello,K.,Feinstein,A.,Gingold,J.,
Goverover,Y.,Halper,J.,Harris,C.,Kostich,L.,Krupp,L.,Lathi,E.,LaRocca,N.,
Thrower,B.,DeLuca,J.,2018.Recommendationsforcognitivescreeningandman-
agementinmultiplesclerosiscare.Mult.Scler.24(13),1665–1680.

Katsari,M.,Kasselimis,D.S.,Giogkaraki,E.,Breza,M.,Evangelopoulos,M.E.,
Anagnostouli,M.,Andreadou,E.,Kilidireas,C.,Hotary,A.,Zalonis,I.,Koutsis,G.,
Potagas,C.,2020.Alongitudinalstudyofcognitivefunctioninmultiplesclerosis:is
declineinevitable?J.Neurol.

Korostil,M.,Feinstein,A.,2007.Anxietydisordersandtheirclinicalcorrelatesinmultiple
sclerosispatients.Mult.Scler.13(1),67–72.

Kurtzke,J.F.,1983.Ratingneurologicimpairmentinmultiplesclerosis:anexpanded
disabilitystatusscale(EDSS).NeurologyNeurology33(11),1444–1452.

Langdon,D.W.,Amato,M.P.,Boringa,J.,Brochet,B.,Foley,F.,Fredrikson,S.,
Hamalainen,P.,Hartung,H.P.,Krupp,L.,Penner,I.K.,Reder,A.T.,Benedict,R.H.,
2012.RecommendationsforaBriefInternationalCognitiveAssessmentforMultiple
Sclerosis(BICAMS).Mult.Scler.18(6),891–898.

Lundervold,A.J.,Wollschlager,D.,Wehling,E.,2014.Ageandsexrelatedchangesin
episodicmemoryfunctioninmiddleagedandolderadults.ScandJ.Psychol.55(3),
225–232.

Marstrand,L.,Osterberg,O.,Walsted,T.,Skov,A.C.,Schreiber,K.I.,Sellebjerg,F.,2020.
Briefinternationalcognitiveassessmentformultiplesclerosis(BICAMS):adanish
validationstudyofsensitivityinearlystagesofMS.Mult.Scler.Relat.Disord.37,
101458.

O'Connell,K.,Langdon,D.,Tubridy,N.,Hutchinson,M.,McGuigan,C.,2015.Apre-
liminaryvalidationofthebriefinternationalcognitiveassessmentformultiple
sclerosis(BICAMS)toolinanIrishpopulationwithmultiplesclerosis(MS).Mult.
Scler.Relat.Disord.4(6),521–525.

Pais-Ribeiro,J.L.,MartinsdaSilva,A.,Vilhena,E.,Moreira,I.,Santos,E.,Mendonca,D.,
2018.Thehospitalanxietyanddepressionscale,inpatientswithmultiplesclerosis.
Neuropsychiatr.Dis.Treat.14,3193–3197.

Patten,S.B.,Metz,L.M.,1997.Depressioninmultiplesclerosis.Psychother.Psychosom.
66(6),286–292.

Penner,I.K.,Raselli,C.,Stocklin,M.,Opwis,K.,Kappos,L.,Calabrese,P.,2009.The
FatigueScaleforMotorandCognitiveFunctions(FSMC):validationofanewin-
strumenttoassessmultiplesclerosis-relatedfatigue.Mult.Scler.15(12),1509–1517.

Polychroniadou,E.,Bakirtzis,C.,Langdon,D.,Lagoudaki,R.,Kesidou,E.,Theotokis,P.,
Tsalikakis,D.,Poulatsidou,K.,Kyriazis,O.,Boziki,M.,Papadopoulos,G.,Boura,E.,
Sintila,L.,Hatzigeorgiou,S.,Ziamos,C.,Ioannidis,P.,Karacostas,D.,Grigoriadis,N.,

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

6

impairmentinpatientswithMS.

Authordeclerations

EllenSkorvehasreceivedinitialfundingforthisstudythroughan
unrestrictedresearchgrantfromNovartis(projectplanningandinclu-
sionphase).MajorityoffundingthroughPhD-scholarshipfromthe
HealthAuthoritiesofWesternNorway(3-yearfellowship).

AstriJ.Lundervoldhasnodeclarationsrelevanttothefieldof
multiplesclerosis.

ØivindTorkildsenhasreceivedspeakerhonorariafromandserved
onscientificadvisoryboardsforBiogen,Sanofi-Aventis,Merckand
Novartis.

Kjell-MortenMyhrhasreceivedunrestrictedresearchgrantstohis
institutionandscientificadvisoryboard,andspeakerhonorariafrom
Almirall,Biogen,Genzyme,Merck,Novartis,RocheandTeva;andhas
participatedinclinicaltrialsorganizedbyBiogen,Merck,Novartis,and
Roche.

CRediTauthorshipcontributionstatement

EllenSkorve:Conceptualization,Methodology,Formalanalysis,
Investigation,Resources,Datacuration,Projectadministration,Writing
-originaldraft,Visualization,Fundingacquisition.AstriJ.
Lundervold:Conceptualization,Methodology,Formalanalysis,
Writing-review&editing,Supervision.ØivindTorkildsen:
Conceptualization,Methodology,Writing-review&editing,
Supervision.Kjell-MortenMyhr:Conceptualization,Methodology,
Projectadministration,Writing-review&editing,Supervision,
Fundingacquisition.

Acknowledgements

TheauthorswouldliketothanktheMSpatientsforparticipatingin
thestudy.AspecialthankstoMSnursesAnne-BrittRundhovdeSkår
andRandiC.HaugstadattheNorwegianCompetenceCenterfor
MultipleSclerosisfortheirinvaluablecontributiontothestudy,and
alsotohealthsecretaryAngunnSolbergforhercontributiontothe
logistics.

Neuro-SysMedisjointlyhostedbyHaukelandUniversityHospital
andUniversityofBergenandsupportedasacentreforClinical
TreatmentResearch(FKB)bygrantsfromTheResearchCouncilof
Norway,projectnumber288164.

References

Amato,M.P.,Ponziani,G.,Siracusa,G.,Sorbi,S.,2001.Cognitivedysfunctioninearly-
onsetmultiplesclerosis:areappraisalafter10years.Arch.Neurol.58(10),
1602–1606.

Amato,M.P.,Zipoli,V.,Portaccio,E.,2006.Multiplesclerosis-relatedcognitivechanges:
areviewofcross-sectionalandlongitudinalstudies.J.Neurol.Sci.245(1–2),41–46.

Barbu,R.M.,Berard,J.A.,Gresham,L.M.,Walker,L.A.S.,2018.LongitudinalStabilityof
CognitioninEarly-PhaseRelapsing-RemittingMultipleSclerosis:doesCognitive
ReservePlayaRole?IntJMSCare20(4),173–179.

Beier,M.,Gromisch,E.S.,Hughes,A.J.,Alschuler,K.N.,Madathil,R.,Chiaravalloti,N.,
Foley,F.W.,2017.ProposedcutscoresfortestsoftheBriefInternationalCognitive
AssessmentofMultipleSclerosis(BICAMS).J.Neurol.Sci.381,110–116.

Benedict,R.H.,Amato,M.P.,Boringa,J.,Brochet,B.,Foley,F.,Fredrikson,S.,
Hamalainen,P.,Hartung,H.,Krupp,L.,Penner,I.,Reder,A.T.,Langdon,D.,2012.
BriefInternationalCognitiveAssessmentforMS(BICAMS):internationalstandards
forvalidation.BMCNeurol.12,55.

Benedict,R.H.,DeLuca,J.,Phillips,G.,LaRocca,N.,Hudson,L.D.,Rudick,R.,Multiple
SclerosisOutcomeAssessments,C.,2017.ValidityoftheSymbolDigitModalitiesTest
asacognitionperformanceoutcomemeasureformultiplesclerosis.Mult.Scler.23
(5),721–733.

Benedict,R.H.B.,1997.BriefVisuospatialMemoryTest-Revised:ProfessionalManual.
PsychologicalAssessmentResources,Odessa,Florida.

Berard,J.A.,Smith,A.M.,Walker,L.A.S.,2018.ALongitudinalEvaluationofCognitive
FatigueonaTaskofSustainedAttentioninEarlyRelapsing-RemittingMultiple
Sclerosis.Int.J.MSCare20(2),55–61.

Bjelland,I.,Dahl,A.A.,Haug,T.T.,Neckelmann,D.,2002.ThevalidityoftheHospital

AnxietyandDepressionScale.Anupdatedliteraturereview.J.Psychosom.Res.52
(2),69–77.

Bobholz,J.A.,Rao,S.M.,2003.Cognitivedysfunctioninmultiplesclerosis:areviewof
recentdevelopments.Curr.Opin.Neurol.16(3),283–288.

Chiaravalloti,N.D.,DeLuca,J.,2008.Cognitiveimpairmentinmultiplesclerosis.Lancet
Neurol.7(12),1139–1151.

Corfield,F.,Langdon,D.,2018.ASystematicReviewandMeta-AnalysisoftheBrief
CognitiveAssessmentforMultipleSclerosis(BICAMS).Neurol.Ther.7(2),287–306.

Cortese,M.,Riise,T.,Bjornevik,K.,Bhan,A.,Farbu,E.,Grytten,N.,Hogenesch,I.,
Midgard,R.,SmithSimonsen,C.,Telstad,W.,Ascherio,A.,Myhr,K.M.,2016.
Preclinicaldiseaseactivityinmultiplesclerosis:aprospectivestudyofcognitive
performancepriortofirstsymptom.Ann.Neurol.80(4),616–624.

Dahl,O.P.,Stordal,E.,Lydersen,S.,Midgard,R.,2009.Anxietyanddepressioninmul-
tiplesclerosis.Acomparativepopulation-basedstudyinNord-TrondelagCounty,
Norway.Mult.Scler.15(12),1495–1501.

Damasceno,A.,Pimentel-Silva,L.R.,Damasceno,B.P.,Cendes,F.,2019.Cognitivetra-
jectoriesinrelapsing-remittingmultiplesclerosis:alongitudinal6-yearstudy.Mult.
Scler.,1352458519878685.

Delis,D.C.,Kramer,J.H.,Kaplan,E.,Ober,B.A.,1987.CaliforniaVerbalLearningTest:
AdultversionManual.ThePsychologicalCorporation,SanAntonio,Texas.

Dobson,R.,Giovannoni,G.,2019.Multiplesclerosis-areview.Eur.J.Neurol.26(1),
27–40.

Dusankova,J.B.,Kalincik,T.,Havrdova,E.,Benedict,R.H.,2012.Crossculturalvalida-
tionoftheMinimalAssessmentofCognitiveFunctioninMultipleSclerosis
(MACFIMS)andtheBriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS).Clin.Neuropsychol.26(7),1186–1200.

Ferrer,E.,Salthouse,T.A.,Stewart,W.F.,Schwartz,B.S.,2004.Modelingageandretest
processesinlongitudinalstudiesofcognitiveabilities.Psychol.Aging19(2),
243–259.

Filser,M.,Schreiber,H.,Pottgen,J.,Ullrich,S.,Lang,M.,Penner,I.K.,2018.TheBrief
InternationalCognitiveAssessmentinMultipleSclerosis(BICAMS):resultsfromthe
Germanvalidationstudy.J.Neurol.265(11),2587–2593.

Frau,J.,Fenu,G.,Signori,A.,Coghe,G.,Lorefice,L.,Barracciu,M.A.,Sechi,V.,Cabras,
F.,Badas,M.,Marrosu,M.G.,Cocco,E.,2018.Across-sectionalandlongitudinal
studyevaluatingbrainvolumes,RNFL,andcognitivefunctionsinMSpatientsand
healthycontrols.BMCNeurol.18(1),67.

Golan,D.,Doniger,G.M.,Wissemann,K.,Zarif,M.,Bumstead,B.,Buhse,M.,Fafard,L.,
Lavi,I.,Wilken,J.,Gudesblatt,M.,2018.Theimpactofsubjectivecognitivefatigue
anddepressiononcognitivefunctioninpatientswithmultiplesclerosis.Mult.Scler.
24(2),196–204.

Healy,B.C.,Barker,L.,Bakshi,R.,Benedict,R.H.B.,Gonzalez,C.T.,Chitnis,T.,Weiner,
H.L.,Glanz,B.I.,2020.TrajectoriesofSymbolDigitModalitiesTestperformancein
individualswithmultiplesclerosis.Mult.Scler.,1352458520913439.

Jakimovski,D.,Zivadinov,R.,Ramanthan,M.,Hagemeier,J.,Weinstock-Guttman,B.,
Tomic,D.,Kropshofer,H.,Fuchs,T.A.,Barro,C.,Leppert,D.,Yaldizli,O.,Kuhle,J.,
Benedict,R.H.,2019.Serumneurofilamentlightchainlevelassociationswithclinical
andcognitiveperformanceinmultiplesclerosis:alongitudinalretrospective5-year
study.Mult.Scler.,1352458519881428.

Kalb,R.,Beier,M.,Benedict,R.H.,Charvet,L.,Costello,K.,Feinstein,A.,Gingold,J.,
Goverover,Y.,Halper,J.,Harris,C.,Kostich,L.,Krupp,L.,Lathi,E.,LaRocca,N.,
Thrower,B.,DeLuca,J.,2018.Recommendationsforcognitivescreeningandman-
agementinmultiplesclerosiscare.Mult.Scler.24(13),1665–1680.

Katsari,M.,Kasselimis,D.S.,Giogkaraki,E.,Breza,M.,Evangelopoulos,M.E.,
Anagnostouli,M.,Andreadou,E.,Kilidireas,C.,Hotary,A.,Zalonis,I.,Koutsis,G.,
Potagas,C.,2020.Alongitudinalstudyofcognitivefunctioninmultiplesclerosis:is
declineinevitable?J.Neurol.

Korostil,M.,Feinstein,A.,2007.Anxietydisordersandtheirclinicalcorrelatesinmultiple
sclerosispatients.Mult.Scler.13(1),67–72.

Kurtzke,J.F.,1983.Ratingneurologicimpairmentinmultiplesclerosis:anexpanded
disabilitystatusscale(EDSS).NeurologyNeurology33(11),1444–1452.

Langdon,D.W.,Amato,M.P.,Boringa,J.,Brochet,B.,Foley,F.,Fredrikson,S.,
Hamalainen,P.,Hartung,H.P.,Krupp,L.,Penner,I.K.,Reder,A.T.,Benedict,R.H.,
2012.RecommendationsforaBriefInternationalCognitiveAssessmentforMultiple
Sclerosis(BICAMS).Mult.Scler.18(6),891–898.

Lundervold,A.J.,Wollschlager,D.,Wehling,E.,2014.Ageandsexrelatedchangesin
episodicmemoryfunctioninmiddleagedandolderadults.ScandJ.Psychol.55(3),
225–232.

Marstrand,L.,Osterberg,O.,Walsted,T.,Skov,A.C.,Schreiber,K.I.,Sellebjerg,F.,2020.
Briefinternationalcognitiveassessmentformultiplesclerosis(BICAMS):adanish
validationstudyofsensitivityinearlystagesofMS.Mult.Scler.Relat.Disord.37,
101458.

O'Connell,K.,Langdon,D.,Tubridy,N.,Hutchinson,M.,McGuigan,C.,2015.Apre-
liminaryvalidationofthebriefinternationalcognitiveassessmentformultiple
sclerosis(BICAMS)toolinanIrishpopulationwithmultiplesclerosis(MS).Mult.
Scler.Relat.Disord.4(6),521–525.

Pais-Ribeiro,J.L.,MartinsdaSilva,A.,Vilhena,E.,Moreira,I.,Santos,E.,Mendonca,D.,
2018.Thehospitalanxietyanddepressionscale,inpatientswithmultiplesclerosis.
Neuropsychiatr.Dis.Treat.14,3193–3197.

Patten,S.B.,Metz,L.M.,1997.Depressioninmultiplesclerosis.Psychother.Psychosom.
66(6),286–292.

Penner,I.K.,Raselli,C.,Stocklin,M.,Opwis,K.,Kappos,L.,Calabrese,P.,2009.The
FatigueScaleforMotorandCognitiveFunctions(FSMC):validationofanewin-
strumenttoassessmultiplesclerosis-relatedfatigue.Mult.Scler.15(12),1509–1517.

Polychroniadou,E.,Bakirtzis,C.,Langdon,D.,Lagoudaki,R.,Kesidou,E.,Theotokis,P.,
Tsalikakis,D.,Poulatsidou,K.,Kyriazis,O.,Boziki,M.,Papadopoulos,G.,Boura,E.,
Sintila,L.,Hatzigeorgiou,S.,Ziamos,C.,Ioannidis,P.,Karacostas,D.,Grigoriadis,N.,

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

6

impairmentinpatientswithMS.

Authordeclerations

EllenSkorvehasreceivedinitialfundingforthisstudythroughan
unrestrictedresearchgrantfromNovartis(projectplanningandinclu-
sionphase).MajorityoffundingthroughPhD-scholarshipfromthe
HealthAuthoritiesofWesternNorway(3-yearfellowship).

AstriJ.Lundervoldhasnodeclarationsrelevanttothefieldof
multiplesclerosis.

ØivindTorkildsenhasreceivedspeakerhonorariafromandserved
onscientificadvisoryboardsforBiogen,Sanofi-Aventis,Merckand
Novartis.

Kjell-MortenMyhrhasreceivedunrestrictedresearchgrantstohis
institutionandscientificadvisoryboard,andspeakerhonorariafrom
Almirall,Biogen,Genzyme,Merck,Novartis,RocheandTeva;andhas
participatedinclinicaltrialsorganizedbyBiogen,Merck,Novartis,and
Roche.

CRediTauthorshipcontributionstatement

EllenSkorve:Conceptualization,Methodology,Formalanalysis,
Investigation,Resources,Datacuration,Projectadministration,Writing
-originaldraft,Visualization,Fundingacquisition.AstriJ.
Lundervold:Conceptualization,Methodology,Formalanalysis,
Writing-review&editing,Supervision.ØivindTorkildsen:
Conceptualization,Methodology,Writing-review&editing,
Supervision.Kjell-MortenMyhr:Conceptualization,Methodology,
Projectadministration,Writing-review&editing,Supervision,
Fundingacquisition.

Acknowledgements

TheauthorswouldliketothanktheMSpatientsforparticipatingin
thestudy.AspecialthankstoMSnursesAnne-BrittRundhovdeSkår
andRandiC.HaugstadattheNorwegianCompetenceCenterfor
MultipleSclerosisfortheirinvaluablecontributiontothestudy,and
alsotohealthsecretaryAngunnSolbergforhercontributiontothe
logistics.

Neuro-SysMedisjointlyhostedbyHaukelandUniversityHospital
andUniversityofBergenandsupportedasacentreforClinical
TreatmentResearch(FKB)bygrantsfromTheResearchCouncilof
Norway,projectnumber288164.

References

Amato,M.P.,Ponziani,G.,Siracusa,G.,Sorbi,S.,2001.Cognitivedysfunctioninearly-
onsetmultiplesclerosis:areappraisalafter10years.Arch.Neurol.58(10),
1602–1606.

Amato,M.P.,Zipoli,V.,Portaccio,E.,2006.Multiplesclerosis-relatedcognitivechanges:
areviewofcross-sectionalandlongitudinalstudies.J.Neurol.Sci.245(1–2),41–46.

Barbu,R.M.,Berard,J.A.,Gresham,L.M.,Walker,L.A.S.,2018.LongitudinalStabilityof
CognitioninEarly-PhaseRelapsing-RemittingMultipleSclerosis:doesCognitive
ReservePlayaRole?IntJMSCare20(4),173–179.

Beier,M.,Gromisch,E.S.,Hughes,A.J.,Alschuler,K.N.,Madathil,R.,Chiaravalloti,N.,
Foley,F.W.,2017.ProposedcutscoresfortestsoftheBriefInternationalCognitive
AssessmentofMultipleSclerosis(BICAMS).J.Neurol.Sci.381,110–116.

Benedict,R.H.,Amato,M.P.,Boringa,J.,Brochet,B.,Foley,F.,Fredrikson,S.,
Hamalainen,P.,Hartung,H.,Krupp,L.,Penner,I.,Reder,A.T.,Langdon,D.,2012.
BriefInternationalCognitiveAssessmentforMS(BICAMS):internationalstandards
forvalidation.BMCNeurol.12,55.

Benedict,R.H.,DeLuca,J.,Phillips,G.,LaRocca,N.,Hudson,L.D.,Rudick,R.,Multiple
SclerosisOutcomeAssessments,C.,2017.ValidityoftheSymbolDigitModalitiesTest
asacognitionperformanceoutcomemeasureformultiplesclerosis.Mult.Scler.23
(5),721–733.

Benedict,R.H.B.,1997.BriefVisuospatialMemoryTest-Revised:ProfessionalManual.
PsychologicalAssessmentResources,Odessa,Florida.

Berard,J.A.,Smith,A.M.,Walker,L.A.S.,2018.ALongitudinalEvaluationofCognitive
FatigueonaTaskofSustainedAttentioninEarlyRelapsing-RemittingMultiple
Sclerosis.Int.J.MSCare20(2),55–61.

Bjelland,I.,Dahl,A.A.,Haug,T.T.,Neckelmann,D.,2002.ThevalidityoftheHospital

AnxietyandDepressionScale.Anupdatedliteraturereview.J.Psychosom.Res.52
(2),69–77.

Bobholz,J.A.,Rao,S.M.,2003.Cognitivedysfunctioninmultiplesclerosis:areviewof
recentdevelopments.Curr.Opin.Neurol.16(3),283–288.

Chiaravalloti,N.D.,DeLuca,J.,2008.Cognitiveimpairmentinmultiplesclerosis.Lancet
Neurol.7(12),1139–1151.

Corfield,F.,Langdon,D.,2018.ASystematicReviewandMeta-AnalysisoftheBrief
CognitiveAssessmentforMultipleSclerosis(BICAMS).Neurol.Ther.7(2),287–306.

Cortese,M.,Riise,T.,Bjornevik,K.,Bhan,A.,Farbu,E.,Grytten,N.,Hogenesch,I.,
Midgard,R.,SmithSimonsen,C.,Telstad,W.,Ascherio,A.,Myhr,K.M.,2016.
Preclinicaldiseaseactivityinmultiplesclerosis:aprospectivestudyofcognitive
performancepriortofirstsymptom.Ann.Neurol.80(4),616–624.

Dahl,O.P.,Stordal,E.,Lydersen,S.,Midgard,R.,2009.Anxietyanddepressioninmul-
tiplesclerosis.Acomparativepopulation-basedstudyinNord-TrondelagCounty,
Norway.Mult.Scler.15(12),1495–1501.

Damasceno,A.,Pimentel-Silva,L.R.,Damasceno,B.P.,Cendes,F.,2019.Cognitivetra-
jectoriesinrelapsing-remittingmultiplesclerosis:alongitudinal6-yearstudy.Mult.
Scler.,1352458519878685.

Delis,D.C.,Kramer,J.H.,Kaplan,E.,Ober,B.A.,1987.CaliforniaVerbalLearningTest:
AdultversionManual.ThePsychologicalCorporation,SanAntonio,Texas.

Dobson,R.,Giovannoni,G.,2019.Multiplesclerosis-areview.Eur.J.Neurol.26(1),
27–40.

Dusankova,J.B.,Kalincik,T.,Havrdova,E.,Benedict,R.H.,2012.Crossculturalvalida-
tionoftheMinimalAssessmentofCognitiveFunctioninMultipleSclerosis
(MACFIMS)andtheBriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS).Clin.Neuropsychol.26(7),1186–1200.

Ferrer,E.,Salthouse,T.A.,Stewart,W.F.,Schwartz,B.S.,2004.Modelingageandretest
processesinlongitudinalstudiesofcognitiveabilities.Psychol.Aging19(2),
243–259.

Filser,M.,Schreiber,H.,Pottgen,J.,Ullrich,S.,Lang,M.,Penner,I.K.,2018.TheBrief
InternationalCognitiveAssessmentinMultipleSclerosis(BICAMS):resultsfromthe
Germanvalidationstudy.J.Neurol.265(11),2587–2593.

Frau,J.,Fenu,G.,Signori,A.,Coghe,G.,Lorefice,L.,Barracciu,M.A.,Sechi,V.,Cabras,
F.,Badas,M.,Marrosu,M.G.,Cocco,E.,2018.Across-sectionalandlongitudinal
studyevaluatingbrainvolumes,RNFL,andcognitivefunctionsinMSpatientsand
healthycontrols.BMCNeurol.18(1),67.

Golan,D.,Doniger,G.M.,Wissemann,K.,Zarif,M.,Bumstead,B.,Buhse,M.,Fafard,L.,
Lavi,I.,Wilken,J.,Gudesblatt,M.,2018.Theimpactofsubjectivecognitivefatigue
anddepressiononcognitivefunctioninpatientswithmultiplesclerosis.Mult.Scler.
24(2),196–204.

Healy,B.C.,Barker,L.,Bakshi,R.,Benedict,R.H.B.,Gonzalez,C.T.,Chitnis,T.,Weiner,
H.L.,Glanz,B.I.,2020.TrajectoriesofSymbolDigitModalitiesTestperformancein
individualswithmultiplesclerosis.Mult.Scler.,1352458520913439.

Jakimovski,D.,Zivadinov,R.,Ramanthan,M.,Hagemeier,J.,Weinstock-Guttman,B.,
Tomic,D.,Kropshofer,H.,Fuchs,T.A.,Barro,C.,Leppert,D.,Yaldizli,O.,Kuhle,J.,
Benedict,R.H.,2019.Serumneurofilamentlightchainlevelassociationswithclinical
andcognitiveperformanceinmultiplesclerosis:alongitudinalretrospective5-year
study.Mult.Scler.,1352458519881428.

Kalb,R.,Beier,M.,Benedict,R.H.,Charvet,L.,Costello,K.,Feinstein,A.,Gingold,J.,
Goverover,Y.,Halper,J.,Harris,C.,Kostich,L.,Krupp,L.,Lathi,E.,LaRocca,N.,
Thrower,B.,DeLuca,J.,2018.Recommendationsforcognitivescreeningandman-
agementinmultiplesclerosiscare.Mult.Scler.24(13),1665–1680.

Katsari,M.,Kasselimis,D.S.,Giogkaraki,E.,Breza,M.,Evangelopoulos,M.E.,
Anagnostouli,M.,Andreadou,E.,Kilidireas,C.,Hotary,A.,Zalonis,I.,Koutsis,G.,
Potagas,C.,2020.Alongitudinalstudyofcognitivefunctioninmultiplesclerosis:is
declineinevitable?J.Neurol.

Korostil,M.,Feinstein,A.,2007.Anxietydisordersandtheirclinicalcorrelatesinmultiple
sclerosispatients.Mult.Scler.13(1),67–72.

Kurtzke,J.F.,1983.Ratingneurologicimpairmentinmultiplesclerosis:anexpanded
disabilitystatusscale(EDSS).NeurologyNeurology33(11),1444–1452.

Langdon,D.W.,Amato,M.P.,Boringa,J.,Brochet,B.,Foley,F.,Fredrikson,S.,
Hamalainen,P.,Hartung,H.P.,Krupp,L.,Penner,I.K.,Reder,A.T.,Benedict,R.H.,
2012.RecommendationsforaBriefInternationalCognitiveAssessmentforMultiple
Sclerosis(BICAMS).Mult.Scler.18(6),891–898.

Lundervold,A.J.,Wollschlager,D.,Wehling,E.,2014.Ageandsexrelatedchangesin
episodicmemoryfunctioninmiddleagedandolderadults.ScandJ.Psychol.55(3),
225–232.

Marstrand,L.,Osterberg,O.,Walsted,T.,Skov,A.C.,Schreiber,K.I.,Sellebjerg,F.,2020.
Briefinternationalcognitiveassessmentformultiplesclerosis(BICAMS):adanish
validationstudyofsensitivityinearlystagesofMS.Mult.Scler.Relat.Disord.37,
101458.

O'Connell,K.,Langdon,D.,Tubridy,N.,Hutchinson,M.,McGuigan,C.,2015.Apre-
liminaryvalidationofthebriefinternationalcognitiveassessmentformultiple
sclerosis(BICAMS)toolinanIrishpopulationwithmultiplesclerosis(MS).Mult.
Scler.Relat.Disord.4(6),521–525.

Pais-Ribeiro,J.L.,MartinsdaSilva,A.,Vilhena,E.,Moreira,I.,Santos,E.,Mendonca,D.,
2018.Thehospitalanxietyanddepressionscale,inpatientswithmultiplesclerosis.
Neuropsychiatr.Dis.Treat.14,3193–3197.

Patten,S.B.,Metz,L.M.,1997.Depressioninmultiplesclerosis.Psychother.Psychosom.
66(6),286–292.

Penner,I.K.,Raselli,C.,Stocklin,M.,Opwis,K.,Kappos,L.,Calabrese,P.,2009.The
FatigueScaleforMotorandCognitiveFunctions(FSMC):validationofanewin-
strumenttoassessmultiplesclerosis-relatedfatigue.Mult.Scler.15(12),1509–1517.

Polychroniadou,E.,Bakirtzis,C.,Langdon,D.,Lagoudaki,R.,Kesidou,E.,Theotokis,P.,
Tsalikakis,D.,Poulatsidou,K.,Kyriazis,O.,Boziki,M.,Papadopoulos,G.,Boura,E.,
Sintila,L.,Hatzigeorgiou,S.,Ziamos,C.,Ioannidis,P.,Karacostas,D.,Grigoriadis,N.,

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

6

impairmentinpatientswithMS.

Authordeclerations

EllenSkorvehasreceivedinitialfundingforthisstudythroughan
unrestrictedresearchgrantfromNovartis(projectplanningandinclu-
sionphase).MajorityoffundingthroughPhD-scholarshipfromthe
HealthAuthoritiesofWesternNorway(3-yearfellowship).

AstriJ.Lundervoldhasnodeclarationsrelevanttothefieldof
multiplesclerosis.

ØivindTorkildsenhasreceivedspeakerhonorariafromandserved
onscientificadvisoryboardsforBiogen,Sanofi-Aventis,Merckand
Novartis.

Kjell-MortenMyhrhasreceivedunrestrictedresearchgrantstohis
institutionandscientificadvisoryboard,andspeakerhonorariafrom
Almirall,Biogen,Genzyme,Merck,Novartis,RocheandTeva;andhas
participatedinclinicaltrialsorganizedbyBiogen,Merck,Novartis,and
Roche.

CRediTauthorshipcontributionstatement

EllenSkorve:Conceptualization,Methodology,Formalanalysis,
Investigation,Resources,Datacuration,Projectadministration,Writing
-originaldraft,Visualization,Fundingacquisition.AstriJ.
Lundervold:Conceptualization,Methodology,Formalanalysis,
Writing-review&editing,Supervision.ØivindTorkildsen:
Conceptualization,Methodology,Writing-review&editing,
Supervision.Kjell-MortenMyhr:Conceptualization,Methodology,
Projectadministration,Writing-review&editing,Supervision,
Fundingacquisition.

Acknowledgements

TheauthorswouldliketothanktheMSpatientsforparticipatingin
thestudy.AspecialthankstoMSnursesAnne-BrittRundhovdeSkår
andRandiC.HaugstadattheNorwegianCompetenceCenterfor
MultipleSclerosisfortheirinvaluablecontributiontothestudy,and
alsotohealthsecretaryAngunnSolbergforhercontributiontothe
logistics.

Neuro-SysMedisjointlyhostedbyHaukelandUniversityHospital
andUniversityofBergenandsupportedasacentreforClinical
TreatmentResearch(FKB)bygrantsfromTheResearchCouncilof
Norway,projectnumber288164.

References

Amato,M.P.,Ponziani,G.,Siracusa,G.,Sorbi,S.,2001.Cognitivedysfunctioninearly-
onsetmultiplesclerosis:areappraisalafter10years.Arch.Neurol.58(10),
1602–1606.

Amato,M.P.,Zipoli,V.,Portaccio,E.,2006.Multiplesclerosis-relatedcognitivechanges:
areviewofcross-sectionalandlongitudinalstudies.J.Neurol.Sci.245(1–2),41–46.

Barbu,R.M.,Berard,J.A.,Gresham,L.M.,Walker,L.A.S.,2018.LongitudinalStabilityof
CognitioninEarly-PhaseRelapsing-RemittingMultipleSclerosis:doesCognitive
ReservePlayaRole?IntJMSCare20(4),173–179.

Beier,M.,Gromisch,E.S.,Hughes,A.J.,Alschuler,K.N.,Madathil,R.,Chiaravalloti,N.,
Foley,F.W.,2017.ProposedcutscoresfortestsoftheBriefInternationalCognitive
AssessmentofMultipleSclerosis(BICAMS).J.Neurol.Sci.381,110–116.

Benedict,R.H.,Amato,M.P.,Boringa,J.,Brochet,B.,Foley,F.,Fredrikson,S.,
Hamalainen,P.,Hartung,H.,Krupp,L.,Penner,I.,Reder,A.T.,Langdon,D.,2012.
BriefInternationalCognitiveAssessmentforMS(BICAMS):internationalstandards
forvalidation.BMCNeurol.12,55.

Benedict,R.H.,DeLuca,J.,Phillips,G.,LaRocca,N.,Hudson,L.D.,Rudick,R.,Multiple
SclerosisOutcomeAssessments,C.,2017.ValidityoftheSymbolDigitModalitiesTest
asacognitionperformanceoutcomemeasureformultiplesclerosis.Mult.Scler.23
(5),721–733.

Benedict,R.H.B.,1997.BriefVisuospatialMemoryTest-Revised:ProfessionalManual.
PsychologicalAssessmentResources,Odessa,Florida.

Berard,J.A.,Smith,A.M.,Walker,L.A.S.,2018.ALongitudinalEvaluationofCognitive
FatigueonaTaskofSustainedAttentioninEarlyRelapsing-RemittingMultiple
Sclerosis.Int.J.MSCare20(2),55–61.

Bjelland,I.,Dahl,A.A.,Haug,T.T.,Neckelmann,D.,2002.ThevalidityoftheHospital

AnxietyandDepressionScale.Anupdatedliteraturereview.J.Psychosom.Res.52
(2),69–77.

Bobholz,J.A.,Rao,S.M.,2003.Cognitivedysfunctioninmultiplesclerosis:areviewof
recentdevelopments.Curr.Opin.Neurol.16(3),283–288.

Chiaravalloti,N.D.,DeLuca,J.,2008.Cognitiveimpairmentinmultiplesclerosis.Lancet
Neurol.7(12),1139–1151.

Corfield,F.,Langdon,D.,2018.ASystematicReviewandMeta-AnalysisoftheBrief
CognitiveAssessmentforMultipleSclerosis(BICAMS).Neurol.Ther.7(2),287–306.

Cortese,M.,Riise,T.,Bjornevik,K.,Bhan,A.,Farbu,E.,Grytten,N.,Hogenesch,I.,
Midgard,R.,SmithSimonsen,C.,Telstad,W.,Ascherio,A.,Myhr,K.M.,2016.
Preclinicaldiseaseactivityinmultiplesclerosis:aprospectivestudyofcognitive
performancepriortofirstsymptom.Ann.Neurol.80(4),616–624.

Dahl,O.P.,Stordal,E.,Lydersen,S.,Midgard,R.,2009.Anxietyanddepressioninmul-
tiplesclerosis.Acomparativepopulation-basedstudyinNord-TrondelagCounty,
Norway.Mult.Scler.15(12),1495–1501.

Damasceno,A.,Pimentel-Silva,L.R.,Damasceno,B.P.,Cendes,F.,2019.Cognitivetra-
jectoriesinrelapsing-remittingmultiplesclerosis:alongitudinal6-yearstudy.Mult.
Scler.,1352458519878685.

Delis,D.C.,Kramer,J.H.,Kaplan,E.,Ober,B.A.,1987.CaliforniaVerbalLearningTest:
AdultversionManual.ThePsychologicalCorporation,SanAntonio,Texas.

Dobson,R.,Giovannoni,G.,2019.Multiplesclerosis-areview.Eur.J.Neurol.26(1),
27–40.

Dusankova,J.B.,Kalincik,T.,Havrdova,E.,Benedict,R.H.,2012.Crossculturalvalida-
tionoftheMinimalAssessmentofCognitiveFunctioninMultipleSclerosis
(MACFIMS)andtheBriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS).Clin.Neuropsychol.26(7),1186–1200.

Ferrer,E.,Salthouse,T.A.,Stewart,W.F.,Schwartz,B.S.,2004.Modelingageandretest
processesinlongitudinalstudiesofcognitiveabilities.Psychol.Aging19(2),
243–259.

Filser,M.,Schreiber,H.,Pottgen,J.,Ullrich,S.,Lang,M.,Penner,I.K.,2018.TheBrief
InternationalCognitiveAssessmentinMultipleSclerosis(BICAMS):resultsfromthe
Germanvalidationstudy.J.Neurol.265(11),2587–2593.

Frau,J.,Fenu,G.,Signori,A.,Coghe,G.,Lorefice,L.,Barracciu,M.A.,Sechi,V.,Cabras,
F.,Badas,M.,Marrosu,M.G.,Cocco,E.,2018.Across-sectionalandlongitudinal
studyevaluatingbrainvolumes,RNFL,andcognitivefunctionsinMSpatientsand
healthycontrols.BMCNeurol.18(1),67.

Golan,D.,Doniger,G.M.,Wissemann,K.,Zarif,M.,Bumstead,B.,Buhse,M.,Fafard,L.,
Lavi,I.,Wilken,J.,Gudesblatt,M.,2018.Theimpactofsubjectivecognitivefatigue
anddepressiononcognitivefunctioninpatientswithmultiplesclerosis.Mult.Scler.
24(2),196–204.

Healy,B.C.,Barker,L.,Bakshi,R.,Benedict,R.H.B.,Gonzalez,C.T.,Chitnis,T.,Weiner,
H.L.,Glanz,B.I.,2020.TrajectoriesofSymbolDigitModalitiesTestperformancein
individualswithmultiplesclerosis.Mult.Scler.,1352458520913439.

Jakimovski,D.,Zivadinov,R.,Ramanthan,M.,Hagemeier,J.,Weinstock-Guttman,B.,
Tomic,D.,Kropshofer,H.,Fuchs,T.A.,Barro,C.,Leppert,D.,Yaldizli,O.,Kuhle,J.,
Benedict,R.H.,2019.Serumneurofilamentlightchainlevelassociationswithclinical
andcognitiveperformanceinmultiplesclerosis:alongitudinalretrospective5-year
study.Mult.Scler.,1352458519881428.

Kalb,R.,Beier,M.,Benedict,R.H.,Charvet,L.,Costello,K.,Feinstein,A.,Gingold,J.,
Goverover,Y.,Halper,J.,Harris,C.,Kostich,L.,Krupp,L.,Lathi,E.,LaRocca,N.,
Thrower,B.,DeLuca,J.,2018.Recommendationsforcognitivescreeningandman-
agementinmultiplesclerosiscare.Mult.Scler.24(13),1665–1680.

Katsari,M.,Kasselimis,D.S.,Giogkaraki,E.,Breza,M.,Evangelopoulos,M.E.,
Anagnostouli,M.,Andreadou,E.,Kilidireas,C.,Hotary,A.,Zalonis,I.,Koutsis,G.,
Potagas,C.,2020.Alongitudinalstudyofcognitivefunctioninmultiplesclerosis:is
declineinevitable?J.Neurol.

Korostil,M.,Feinstein,A.,2007.Anxietydisordersandtheirclinicalcorrelatesinmultiple
sclerosispatients.Mult.Scler.13(1),67–72.

Kurtzke,J.F.,1983.Ratingneurologicimpairmentinmultiplesclerosis:anexpanded
disabilitystatusscale(EDSS).NeurologyNeurology33(11),1444–1452.

Langdon,D.W.,Amato,M.P.,Boringa,J.,Brochet,B.,Foley,F.,Fredrikson,S.,
Hamalainen,P.,Hartung,H.P.,Krupp,L.,Penner,I.K.,Reder,A.T.,Benedict,R.H.,
2012.RecommendationsforaBriefInternationalCognitiveAssessmentforMultiple
Sclerosis(BICAMS).Mult.Scler.18(6),891–898.

Lundervold,A.J.,Wollschlager,D.,Wehling,E.,2014.Ageandsexrelatedchangesin
episodicmemoryfunctioninmiddleagedandolderadults.ScandJ.Psychol.55(3),
225–232.

Marstrand,L.,Osterberg,O.,Walsted,T.,Skov,A.C.,Schreiber,K.I.,Sellebjerg,F.,2020.
Briefinternationalcognitiveassessmentformultiplesclerosis(BICAMS):adanish
validationstudyofsensitivityinearlystagesofMS.Mult.Scler.Relat.Disord.37,
101458.

O'Connell,K.,Langdon,D.,Tubridy,N.,Hutchinson,M.,McGuigan,C.,2015.Apre-
liminaryvalidationofthebriefinternationalcognitiveassessmentformultiple
sclerosis(BICAMS)toolinanIrishpopulationwithmultiplesclerosis(MS).Mult.
Scler.Relat.Disord.4(6),521–525.

Pais-Ribeiro,J.L.,MartinsdaSilva,A.,Vilhena,E.,Moreira,I.,Santos,E.,Mendonca,D.,
2018.Thehospitalanxietyanddepressionscale,inpatientswithmultiplesclerosis.
Neuropsychiatr.Dis.Treat.14,3193–3197.

Patten,S.B.,Metz,L.M.,1997.Depressioninmultiplesclerosis.Psychother.Psychosom.
66(6),286–292.

Penner,I.K.,Raselli,C.,Stocklin,M.,Opwis,K.,Kappos,L.,Calabrese,P.,2009.The
FatigueScaleforMotorandCognitiveFunctions(FSMC):validationofanewin-
strumenttoassessmultiplesclerosis-relatedfatigue.Mult.Scler.15(12),1509–1517.

Polychroniadou,E.,Bakirtzis,C.,Langdon,D.,Lagoudaki,R.,Kesidou,E.,Theotokis,P.,
Tsalikakis,D.,Poulatsidou,K.,Kyriazis,O.,Boziki,M.,Papadopoulos,G.,Boura,E.,
Sintila,L.,Hatzigeorgiou,S.,Ziamos,C.,Ioannidis,P.,Karacostas,D.,Grigoriadis,N.,

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

6



2016. Validation of the Brief International Cognitive Assessment for Multiple
Sclerosis (BICAMS) in Greek population with multiple sclerosis. Mult. Scler. Relat.
Disord. 9, 68–72.

Portaccio, E., 2016. Differential diagnosis, discerning depression from cognition. Acta
Neurol. Scand 134 (Suppl 200), 14–18.

Sandi, D., Rudisch, T., Fuvesi, J., Fricska-Nagy, Z., Huszka, H., Biernacki, T., Langdon,
D.W., Langane, E., Vecsei, L., Bencsik, K., 2015. The Hungarian validation of the Brief
International Cognitive Assessment for Multiple Sclerosis (BICAMS) battery and the
correlation of cognitive impairment with fatigue and quality of life. Mult. Scler. Relat.
Disord. 4 (6), 499–504.

Scharfen, J., et al., 2018. Retest effects in working memory capacity tests: A meta-ana-
lysis. Psychon. Bull. Rev. 25 (6), 2175–2199.

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2019. The Norwegian translation
of the brief international cognitive assessment for multiple sclerosis (BICAMS). Mult.
Scler. Relat. Disord. 36, 101408.

Smerbeck, A., Benedict, R.H.B., Eshaghi, A., Vanotti, S., Spedo, C., Blahova Dusankova, J.,
Sahraian, M.A., Marques, V.D., Langdon, D., 2018. Influence of nationality on the
Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS). Clin.
Neuropsychol. 32 (1), 54–62.

Smith, A., 1982. Symbol Digit Modalities Test: Manual. Western Psychological Services,
Los Angeles.

Sousa, C., Rigueiro-Neves, M., Miranda, T., Alegria, P., Vale, J., Passos, A.M., Langdon, D.,
Sa, M.J., 2018. Validation of the brief international cognitive assessment for multiple
sclerosis (BICAMS) in the Portuguese population with multiple sclerosis. BMC Neurol.
18 (1), 172.

Strober, L., DeLuca, J., Benedict, R.H., Jacobs, A., Cohen, J.A., Chiaravalloti, N., Hudson,
L.D., Rudick, R.A., LaRocca, N.G., Multiple Sclerosis Outcome Assessments, C., 2019.
Symbol Digit Modalities Test: a valid clinical trial endpoint for measuring cognition

in multiple sclerosis. Mult. Scler. 25 (13), 1781–1790.
Strober, L., Englert, J., Munschauer, F., Weinstock-Guttman, B., Rao, S., Benedict, R.H.,

2009. Sensitivity of conventional memory tests in multiple sclerosis: comparing the
Rao Brief Repeatable Neuropsychological Battery and the Minimal Assessment of
Cognitive Function in MS. Mult. Scler. 15 (9), 1077–1084.

Thompson, A.J., Baranzini, S.E., Geurts, J., Hemmer, B., Ciccarelli, O., 2018. Multiple
sclerosis. Lancet 391 (10130), 1622–1636.

Torkildsen, O., Myhr, K.M., Bo, L., 2016. Disease-modifying treatments for multiple
sclerosis - a review of approved medications. Eur. J. Neurol. 23 (Suppl 1), 18–27.

Walker, L.A., Osman, L., Berard, J.A., Rees, L.M., Freedman, M.S., MacLean, H.,
Cousineau, D., 2016. Brief International Cognitive Assessment for Multiple Sclerosis
(BICAMS): canadian contribution to the international validation project. J. Neurol.
Sci. 362, 147–152.

Weiland, T.J., Jelinek, G.A., Marck, C.H., Hadgkiss, E.J., van der Meer, D.M., Pereira,
N.G., Taylor, K.L., 2015. Clinically significant fatigue: prevalence and associated
factors in an international sample of adults with multiple sclerosis recruited via the
internet. PLoS ONE 10 (2), e0115541.

Whitehouse, C.E., Fisk, J.D., Bernstein, C.N., Berrigan, L.I., Bolton, J.M., Graff, L.A.,
Hitchon, C.A., Marriott, J.J., Peschken, C.A., Sareen, J., Walker, J.R., Stewart, S.H.,
Marrie, R.A., Burden, C.T.i.D.t., Managing the Effects of Psychiatric Comorbidity in
Chronic Immunoinflammatory, D., 2019. Comorbid anxiety, depression, and cogni-
tion in MS and other immune-mediated disorders. NeurologyNeurology.

Wood, B., van der Mei, I.A., Ponsonby, A.L., Pittas, F., Quinn, S., Dwyer, T., Lucas, R.M.,
Taylor, B.V., 2013. Prevalence and concurrence of anxiety, depression and fatigue
over time in multiple sclerosis. Mult Scler 19 (2), 217–224.

Zigmond, A.S., Snaith, R.P., 1983. The hospital anxiety and depression scale. Acta
Psychiatr Scand 67 (6), 361–370.

E. Skorve, et al. Multiple Sclerosis and Related Disorders 46 (2020) 102577

7

2016.ValidationoftheBriefInternationalCognitiveAssessmentforMultiple
Sclerosis(BICAMS)inGreekpopulationwithmultiplesclerosis.Mult.Scler.Relat.
Disord.9,68–72.

Portaccio,E.,2016.Differentialdiagnosis,discerningdepressionfromcognition.Acta
Neurol.Scand134(Suppl200),14–18.

Sandi,D.,Rudisch,T.,Fuvesi,J.,Fricska-Nagy,Z.,Huszka,H.,Biernacki,T.,Langdon,
D.W.,Langane,E.,Vecsei,L.,Bencsik,K.,2015.TheHungarianvalidationoftheBrief
InternationalCognitiveAssessmentforMultipleSclerosis(BICAMS)batteryandthe
correlationofcognitiveimpairmentwithfatigueandqualityoflife.Mult.Scler.Relat.
Disord.4(6),499–504.

Scharfen,J.,etal.,2018.Retesteffectsinworkingmemorycapacitytests:Ameta-ana-
lysis.Psychon.Bull.Rev.25(6),2175–2199.

Skorve,E.,Lundervold,A.J.,Torkildsen,O.,Myhr,K.M.,2019.TheNorwegiantranslation
ofthebriefinternationalcognitiveassessmentformultiplesclerosis(BICAMS).Mult.
Scler.Relat.Disord.36,101408.

Smerbeck,A.,Benedict,R.H.B.,Eshaghi,A.,Vanotti,S.,Spedo,C.,BlahovaDusankova,J.,
Sahraian,M.A.,Marques,V.D.,Langdon,D.,2018.Influenceofnationalityonthe
BriefInternationalCognitiveAssessmentforMultipleSclerosis(BICAMS).Clin.
Neuropsychol.32(1),54–62.

Smith,A.,1982.SymbolDigitModalitiesTest:Manual.WesternPsychologicalServices,
LosAngeles.

Sousa,C.,Rigueiro-Neves,M.,Miranda,T.,Alegria,P.,Vale,J.,Passos,A.M.,Langdon,D.,
Sa,M.J.,2018.Validationofthebriefinternationalcognitiveassessmentformultiple
sclerosis(BICAMS)inthePortuguesepopulationwithmultiplesclerosis.BMCNeurol.
18(1),172.

Strober,L.,DeLuca,J.,Benedict,R.H.,Jacobs,A.,Cohen,J.A.,Chiaravalloti,N.,Hudson,
L.D.,Rudick,R.A.,LaRocca,N.G.,MultipleSclerosisOutcomeAssessments,C.,2019.
SymbolDigitModalitiesTest:avalidclinicaltrialendpointformeasuringcognition

inmultiplesclerosis.Mult.Scler.25(13),1781–1790.
Strober,L.,Englert,J.,Munschauer,F.,Weinstock-Guttman,B.,Rao,S.,Benedict,R.H.,

2009.Sensitivityofconventionalmemorytestsinmultiplesclerosis:comparingthe
RaoBriefRepeatableNeuropsychologicalBatteryandtheMinimalAssessmentof
CognitiveFunctioninMS.Mult.Scler.15(9),1077–1084.

Thompson,A.J.,Baranzini,S.E.,Geurts,J.,Hemmer,B.,Ciccarelli,O.,2018.Multiple
sclerosis.Lancet391(10130),1622–1636.

Torkildsen,O.,Myhr,K.M.,Bo,L.,2016.Disease-modifyingtreatmentsformultiple
sclerosis-areviewofapprovedmedications.Eur.J.Neurol.23(Suppl1),18–27.

Walker,L.A.,Osman,L.,Berard,J.A.,Rees,L.M.,Freedman,M.S.,MacLean,H.,
Cousineau,D.,2016.BriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS):canadiancontributiontotheinternationalvalidationproject.J.Neurol.
Sci.362,147–152.

Weiland,T.J.,Jelinek,G.A.,Marck,C.H.,Hadgkiss,E.J.,vanderMeer,D.M.,Pereira,
N.G.,Taylor,K.L.,2015.Clinicallysignificantfatigue:prevalenceandassociated
factorsinaninternationalsampleofadultswithmultiplesclerosisrecruitedviathe
internet.PLoSONE10(2),e0115541.

Whitehouse,C.E.,Fisk,J.D.,Bernstein,C.N.,Berrigan,L.I.,Bolton,J.M.,Graff,L.A.,
Hitchon,C.A.,Marriott,J.J.,Peschken,C.A.,Sareen,J.,Walker,J.R.,Stewart,S.H.,
Marrie,R.A.,Burden,C.T.i.D.t.,ManagingtheEffectsofPsychiatricComorbidityin
ChronicImmunoinflammatory,D.,2019.Comorbidanxiety,depression,andcogni-
tioninMSandotherimmune-mediateddisorders.NeurologyNeurology.

Wood,B.,vanderMei,I.A.,Ponsonby,A.L.,Pittas,F.,Quinn,S.,Dwyer,T.,Lucas,R.M.,
Taylor,B.V.,2013.Prevalenceandconcurrenceofanxiety,depressionandfatigue
overtimeinmultiplesclerosis.MultScler19(2),217–224.

Zigmond,A.S.,Snaith,R.P.,1983.Thehospitalanxietyanddepressionscale.Acta
PsychiatrScand67(6),361–370.

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

7

2016.ValidationoftheBriefInternationalCognitiveAssessmentforMultiple
Sclerosis(BICAMS)inGreekpopulationwithmultiplesclerosis.Mult.Scler.Relat.
Disord.9,68–72.

Portaccio,E.,2016.Differentialdiagnosis,discerningdepressionfromcognition.Acta
Neurol.Scand134(Suppl200),14–18.

Sandi,D.,Rudisch,T.,Fuvesi,J.,Fricska-Nagy,Z.,Huszka,H.,Biernacki,T.,Langdon,
D.W.,Langane,E.,Vecsei,L.,Bencsik,K.,2015.TheHungarianvalidationoftheBrief
InternationalCognitiveAssessmentforMultipleSclerosis(BICAMS)batteryandthe
correlationofcognitiveimpairmentwithfatigueandqualityoflife.Mult.Scler.Relat.
Disord.4(6),499–504.

Scharfen,J.,etal.,2018.Retesteffectsinworkingmemorycapacitytests:Ameta-ana-
lysis.Psychon.Bull.Rev.25(6),2175–2199.

Skorve,E.,Lundervold,A.J.,Torkildsen,O.,Myhr,K.M.,2019.TheNorwegiantranslation
ofthebriefinternationalcognitiveassessmentformultiplesclerosis(BICAMS).Mult.
Scler.Relat.Disord.36,101408.

Smerbeck,A.,Benedict,R.H.B.,Eshaghi,A.,Vanotti,S.,Spedo,C.,BlahovaDusankova,J.,
Sahraian,M.A.,Marques,V.D.,Langdon,D.,2018.Influenceofnationalityonthe
BriefInternationalCognitiveAssessmentforMultipleSclerosis(BICAMS).Clin.
Neuropsychol.32(1),54–62.

Smith,A.,1982.SymbolDigitModalitiesTest:Manual.WesternPsychologicalServices,
LosAngeles.

Sousa,C.,Rigueiro-Neves,M.,Miranda,T.,Alegria,P.,Vale,J.,Passos,A.M.,Langdon,D.,
Sa,M.J.,2018.Validationofthebriefinternationalcognitiveassessmentformultiple
sclerosis(BICAMS)inthePortuguesepopulationwithmultiplesclerosis.BMCNeurol.
18(1),172.

Strober,L.,DeLuca,J.,Benedict,R.H.,Jacobs,A.,Cohen,J.A.,Chiaravalloti,N.,Hudson,
L.D.,Rudick,R.A.,LaRocca,N.G.,MultipleSclerosisOutcomeAssessments,C.,2019.
SymbolDigitModalitiesTest:avalidclinicaltrialendpointformeasuringcognition

inmultiplesclerosis.Mult.Scler.25(13),1781–1790.
Strober,L.,Englert,J.,Munschauer,F.,Weinstock-Guttman,B.,Rao,S.,Benedict,R.H.,

2009.Sensitivityofconventionalmemorytestsinmultiplesclerosis:comparingthe
RaoBriefRepeatableNeuropsychologicalBatteryandtheMinimalAssessmentof
CognitiveFunctioninMS.Mult.Scler.15(9),1077–1084.

Thompson,A.J.,Baranzini,S.E.,Geurts,J.,Hemmer,B.,Ciccarelli,O.,2018.Multiple
sclerosis.Lancet391(10130),1622–1636.

Torkildsen,O.,Myhr,K.M.,Bo,L.,2016.Disease-modifyingtreatmentsformultiple
sclerosis-areviewofapprovedmedications.Eur.J.Neurol.23(Suppl1),18–27.

Walker,L.A.,Osman,L.,Berard,J.A.,Rees,L.M.,Freedman,M.S.,MacLean,H.,
Cousineau,D.,2016.BriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS):canadiancontributiontotheinternationalvalidationproject.J.Neurol.
Sci.362,147–152.

Weiland,T.J.,Jelinek,G.A.,Marck,C.H.,Hadgkiss,E.J.,vanderMeer,D.M.,Pereira,
N.G.,Taylor,K.L.,2015.Clinicallysignificantfatigue:prevalenceandassociated
factorsinaninternationalsampleofadultswithmultiplesclerosisrecruitedviathe
internet.PLoSONE10(2),e0115541.

Whitehouse,C.E.,Fisk,J.D.,Bernstein,C.N.,Berrigan,L.I.,Bolton,J.M.,Graff,L.A.,
Hitchon,C.A.,Marriott,J.J.,Peschken,C.A.,Sareen,J.,Walker,J.R.,Stewart,S.H.,
Marrie,R.A.,Burden,C.T.i.D.t.,ManagingtheEffectsofPsychiatricComorbidityin
ChronicImmunoinflammatory,D.,2019.Comorbidanxiety,depression,andcogni-
tioninMSandotherimmune-mediateddisorders.NeurologyNeurology.

Wood,B.,vanderMei,I.A.,Ponsonby,A.L.,Pittas,F.,Quinn,S.,Dwyer,T.,Lucas,R.M.,
Taylor,B.V.,2013.Prevalenceandconcurrenceofanxiety,depressionandfatigue
overtimeinmultiplesclerosis.MultScler19(2),217–224.

Zigmond,A.S.,Snaith,R.P.,1983.Thehospitalanxietyanddepressionscale.Acta
PsychiatrScand67(6),361–370.

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

7

2016. Validation of the Brief International Cognitive Assessment for Multiple
Sclerosis (BICAMS) in Greek population with multiple sclerosis. Mult. Scler. Relat.
Disord. 9, 68–72.

Portaccio, E., 2016. Differential diagnosis, discerning depression from cognition. Acta
Neurol. Scand 134 (Suppl 200), 14–18.

Sandi, D., Rudisch, T., Fuvesi, J., Fricska-Nagy, Z., Huszka, H., Biernacki, T., Langdon,
D.W., Langane, E., Vecsei, L., Bencsik, K., 2015. The Hungarian validation of the Brief
International Cognitive Assessment for Multiple Sclerosis (BICAMS) battery and the
correlation of cognitive impairment with fatigue and quality of life. Mult. Scler. Relat.
Disord. 4 (6), 499–504.

Scharfen, J., et al., 2018. Retest effects in working memory capacity tests: A meta-ana-
lysis. Psychon. Bull. Rev. 25 (6), 2175–2199.

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2019. The Norwegian translation
of the brief international cognitive assessment for multiple sclerosis (BICAMS). Mult.
Scler. Relat. Disord. 36, 101408.

Smerbeck, A., Benedict, R.H.B., Eshaghi, A., Vanotti, S., Spedo, C., Blahova Dusankova, J.,
Sahraian, M.A., Marques, V.D., Langdon, D., 2018. Influence of nationality on the
Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS). Clin.
Neuropsychol. 32 (1), 54–62.

Smith, A., 1982. Symbol Digit Modalities Test: Manual. Western Psychological Services,
Los Angeles.

Sousa, C., Rigueiro-Neves, M., Miranda, T., Alegria, P., Vale, J., Passos, A.M., Langdon, D.,
Sa, M.J., 2018. Validation of the brief international cognitive assessment for multiple
sclerosis (BICAMS) in the Portuguese population with multiple sclerosis. BMC Neurol.
18 (1), 172.

Strober, L., DeLuca, J., Benedict, R.H., Jacobs, A., Cohen, J.A., Chiaravalloti, N., Hudson,
L.D., Rudick, R.A., LaRocca, N.G., Multiple Sclerosis Outcome Assessments, C., 2019.
Symbol Digit Modalities Test: a valid clinical trial endpoint for measuring cognition

in multiple sclerosis. Mult. Scler. 25 (13), 1781–1790.
Strober, L., Englert, J., Munschauer, F., Weinstock-Guttman, B., Rao, S., Benedict, R.H.,

2009. Sensitivity of conventional memory tests in multiple sclerosis: comparing the
Rao Brief Repeatable Neuropsychological Battery and the Minimal Assessment of
Cognitive Function in MS. Mult. Scler. 15 (9), 1077–1084.

Thompson, A.J., Baranzini, S.E., Geurts, J., Hemmer, B., Ciccarelli, O., 2018. Multiple
sclerosis. Lancet 391 (10130), 1622–1636.

Torkildsen, O., Myhr, K.M., Bo, L., 2016. Disease-modifying treatments for multiple
sclerosis - a review of approved medications. Eur. J. Neurol. 23 (Suppl 1), 18–27.

Walker, L.A., Osman, L., Berard, J.A., Rees, L.M., Freedman, M.S., MacLean, H.,
Cousineau, D., 2016. Brief International Cognitive Assessment for Multiple Sclerosis
(BICAMS): canadian contribution to the international validation project. J. Neurol.
Sci. 362, 147–152.

Weiland, T.J., Jelinek, G.A., Marck, C.H., Hadgkiss, E.J., van der Meer, D.M., Pereira,
N.G., Taylor, K.L., 2015. Clinically significant fatigue: prevalence and associated
factors in an international sample of adults with multiple sclerosis recruited via the
internet. PLoS ONE 10 (2), e0115541.

Whitehouse, C.E., Fisk, J.D., Bernstein, C.N., Berrigan, L.I., Bolton, J.M., Graff, L.A.,
Hitchon, C.A., Marriott, J.J., Peschken, C.A., Sareen, J., Walker, J.R., Stewart, S.H.,
Marrie, R.A., Burden, C.T.i.D.t., Managing the Effects of Psychiatric Comorbidity in
Chronic Immunoinflammatory, D., 2019. Comorbid anxiety, depression, and cogni-
tion in MS and other immune-mediated disorders. NeurologyNeurology.

Wood, B., van der Mei, I.A., Ponsonby, A.L., Pittas, F., Quinn, S., Dwyer, T., Lucas, R.M.,
Taylor, B.V., 2013. Prevalence and concurrence of anxiety, depression and fatigue
over time in multiple sclerosis. Mult Scler 19 (2), 217–224.

Zigmond, A.S., Snaith, R.P., 1983. The hospital anxiety and depression scale. Acta
Psychiatr Scand 67 (6), 361–370.

E. Skorve, et al. Multiple Sclerosis and Related Disorders 46 (2020) 102577

7

2016. Validation of the Brief International Cognitive Assessment for Multiple
Sclerosis (BICAMS) in Greek population with multiple sclerosis. Mult. Scler. Relat.
Disord. 9, 68–72.

Portaccio, E., 2016. Differential diagnosis, discerning depression from cognition. Acta
Neurol. Scand 134 (Suppl 200), 14–18.

Sandi, D., Rudisch, T., Fuvesi, J., Fricska-Nagy, Z., Huszka, H., Biernacki, T., Langdon,
D.W., Langane, E., Vecsei, L., Bencsik, K., 2015. The Hungarian validation of the Brief
International Cognitive Assessment for Multiple Sclerosis (BICAMS) battery and the
correlation of cognitive impairment with fatigue and quality of life. Mult. Scler. Relat.
Disord. 4 (6), 499–504.

Scharfen, J., et al., 2018. Retest effects in working memory capacity tests: A meta-ana-
lysis. Psychon. Bull. Rev. 25 (6), 2175–2199.

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2019. The Norwegian translation
of the brief international cognitive assessment for multiple sclerosis (BICAMS). Mult.
Scler. Relat. Disord. 36, 101408.

Smerbeck, A., Benedict, R.H.B., Eshaghi, A., Vanotti, S., Spedo, C., Blahova Dusankova, J.,
Sahraian, M.A., Marques, V.D., Langdon, D., 2018. Influence of nationality on the
Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS). Clin.
Neuropsychol. 32 (1), 54–62.

Smith, A., 1982. Symbol Digit Modalities Test: Manual. Western Psychological Services,
Los Angeles.

Sousa, C., Rigueiro-Neves, M., Miranda, T., Alegria, P., Vale, J., Passos, A.M., Langdon, D.,
Sa, M.J., 2018. Validation of the brief international cognitive assessment for multiple
sclerosis (BICAMS) in the Portuguese population with multiple sclerosis. BMC Neurol.
18 (1), 172.

Strober, L., DeLuca, J., Benedict, R.H., Jacobs, A., Cohen, J.A., Chiaravalloti, N., Hudson,
L.D., Rudick, R.A., LaRocca, N.G., Multiple Sclerosis Outcome Assessments, C., 2019.
Symbol Digit Modalities Test: a valid clinical trial endpoint for measuring cognition

in multiple sclerosis. Mult. Scler. 25 (13), 1781–1790.
Strober, L., Englert, J., Munschauer, F., Weinstock-Guttman, B., Rao, S., Benedict, R.H.,

2009. Sensitivity of conventional memory tests in multiple sclerosis: comparing the
Rao Brief Repeatable Neuropsychological Battery and the Minimal Assessment of
Cognitive Function in MS. Mult. Scler. 15 (9), 1077–1084.

Thompson, A.J., Baranzini, S.E., Geurts, J., Hemmer, B., Ciccarelli, O., 2018. Multiple
sclerosis. Lancet 391 (10130), 1622–1636.

Torkildsen, O., Myhr, K.M., Bo, L., 2016. Disease-modifying treatments for multiple
sclerosis - a review of approved medications. Eur. J. Neurol. 23 (Suppl 1), 18–27.

Walker, L.A., Osman, L., Berard, J.A., Rees, L.M., Freedman, M.S., MacLean, H.,
Cousineau, D., 2016. Brief International Cognitive Assessment for Multiple Sclerosis
(BICAMS): canadian contribution to the international validation project. J. Neurol.
Sci. 362, 147–152.

Weiland, T.J., Jelinek, G.A., Marck, C.H., Hadgkiss, E.J., van der Meer, D.M., Pereira,
N.G., Taylor, K.L., 2015. Clinically significant fatigue: prevalence and associated
factors in an international sample of adults with multiple sclerosis recruited via the
internet. PLoS ONE 10 (2), e0115541.

Whitehouse, C.E., Fisk, J.D., Bernstein, C.N., Berrigan, L.I., Bolton, J.M., Graff, L.A.,
Hitchon, C.A., Marriott, J.J., Peschken, C.A., Sareen, J., Walker, J.R., Stewart, S.H.,
Marrie, R.A., Burden, C.T.i.D.t., Managing the Effects of Psychiatric Comorbidity in
Chronic Immunoinflammatory, D., 2019. Comorbid anxiety, depression, and cogni-
tion in MS and other immune-mediated disorders. NeurologyNeurology.

Wood, B., van der Mei, I.A., Ponsonby, A.L., Pittas, F., Quinn, S., Dwyer, T., Lucas, R.M.,
Taylor, B.V., 2013. Prevalence and concurrence of anxiety, depression and fatigue
over time in multiple sclerosis. Mult Scler 19 (2), 217–224.

Zigmond, A.S., Snaith, R.P., 1983. The hospital anxiety and depression scale. Acta
Psychiatr Scand 67 (6), 361–370.

E. Skorve, et al. Multiple Sclerosis and Related Disorders 46 (2020) 102577

7

2016.ValidationoftheBriefInternationalCognitiveAssessmentforMultiple
Sclerosis(BICAMS)inGreekpopulationwithmultiplesclerosis.Mult.Scler.Relat.
Disord.9,68–72.

Portaccio,E.,2016.Differentialdiagnosis,discerningdepressionfromcognition.Acta
Neurol.Scand134(Suppl200),14–18.

Sandi,D.,Rudisch,T.,Fuvesi,J.,Fricska-Nagy,Z.,Huszka,H.,Biernacki,T.,Langdon,
D.W.,Langane,E.,Vecsei,L.,Bencsik,K.,2015.TheHungarianvalidationoftheBrief
InternationalCognitiveAssessmentforMultipleSclerosis(BICAMS)batteryandthe
correlationofcognitiveimpairmentwithfatigueandqualityoflife.Mult.Scler.Relat.
Disord.4(6),499–504.

Scharfen,J.,etal.,2018.Retesteffectsinworkingmemorycapacitytests:Ameta-ana-
lysis.Psychon.Bull.Rev.25(6),2175–2199.

Skorve,E.,Lundervold,A.J.,Torkildsen,O.,Myhr,K.M.,2019.TheNorwegiantranslation
ofthebriefinternationalcognitiveassessmentformultiplesclerosis(BICAMS).Mult.
Scler.Relat.Disord.36,101408.

Smerbeck,A.,Benedict,R.H.B.,Eshaghi,A.,Vanotti,S.,Spedo,C.,BlahovaDusankova,J.,
Sahraian,M.A.,Marques,V.D.,Langdon,D.,2018.Influenceofnationalityonthe
BriefInternationalCognitiveAssessmentforMultipleSclerosis(BICAMS).Clin.
Neuropsychol.32(1),54–62.

Smith,A.,1982.SymbolDigitModalitiesTest:Manual.WesternPsychologicalServices,
LosAngeles.

Sousa,C.,Rigueiro-Neves,M.,Miranda,T.,Alegria,P.,Vale,J.,Passos,A.M.,Langdon,D.,
Sa,M.J.,2018.Validationofthebriefinternationalcognitiveassessmentformultiple
sclerosis(BICAMS)inthePortuguesepopulationwithmultiplesclerosis.BMCNeurol.
18(1),172.

Strober,L.,DeLuca,J.,Benedict,R.H.,Jacobs,A.,Cohen,J.A.,Chiaravalloti,N.,Hudson,
L.D.,Rudick,R.A.,LaRocca,N.G.,MultipleSclerosisOutcomeAssessments,C.,2019.
SymbolDigitModalitiesTest:avalidclinicaltrialendpointformeasuringcognition

inmultiplesclerosis.Mult.Scler.25(13),1781–1790.
Strober,L.,Englert,J.,Munschauer,F.,Weinstock-Guttman,B.,Rao,S.,Benedict,R.H.,

2009.Sensitivityofconventionalmemorytestsinmultiplesclerosis:comparingthe
RaoBriefRepeatableNeuropsychologicalBatteryandtheMinimalAssessmentof
CognitiveFunctioninMS.Mult.Scler.15(9),1077–1084.

Thompson,A.J.,Baranzini,S.E.,Geurts,J.,Hemmer,B.,Ciccarelli,O.,2018.Multiple
sclerosis.Lancet391(10130),1622–1636.

Torkildsen,O.,Myhr,K.M.,Bo,L.,2016.Disease-modifyingtreatmentsformultiple
sclerosis-areviewofapprovedmedications.Eur.J.Neurol.23(Suppl1),18–27.

Walker,L.A.,Osman,L.,Berard,J.A.,Rees,L.M.,Freedman,M.S.,MacLean,H.,
Cousineau,D.,2016.BriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS):canadiancontributiontotheinternationalvalidationproject.J.Neurol.
Sci.362,147–152.

Weiland,T.J.,Jelinek,G.A.,Marck,C.H.,Hadgkiss,E.J.,vanderMeer,D.M.,Pereira,
N.G.,Taylor,K.L.,2015.Clinicallysignificantfatigue:prevalenceandassociated
factorsinaninternationalsampleofadultswithmultiplesclerosisrecruitedviathe
internet.PLoSONE10(2),e0115541.

Whitehouse,C.E.,Fisk,J.D.,Bernstein,C.N.,Berrigan,L.I.,Bolton,J.M.,Graff,L.A.,
Hitchon,C.A.,Marriott,J.J.,Peschken,C.A.,Sareen,J.,Walker,J.R.,Stewart,S.H.,
Marrie,R.A.,Burden,C.T.i.D.t.,ManagingtheEffectsofPsychiatricComorbidityin
ChronicImmunoinflammatory,D.,2019.Comorbidanxiety,depression,andcogni-
tioninMSandotherimmune-mediateddisorders.NeurologyNeurology.

Wood,B.,vanderMei,I.A.,Ponsonby,A.L.,Pittas,F.,Quinn,S.,Dwyer,T.,Lucas,R.M.,
Taylor,B.V.,2013.Prevalenceandconcurrenceofanxiety,depressionandfatigue
overtimeinmultiplesclerosis.MultScler19(2),217–224.

Zigmond,A.S.,Snaith,R.P.,1983.Thehospitalanxietyanddepressionscale.Acta
PsychiatrScand67(6),361–370.

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

7

2016.ValidationoftheBriefInternationalCognitiveAssessmentforMultiple
Sclerosis(BICAMS)inGreekpopulationwithmultiplesclerosis.Mult.Scler.Relat.
Disord.9,68–72.

Portaccio,E.,2016.Differentialdiagnosis,discerningdepressionfromcognition.Acta
Neurol.Scand134(Suppl200),14–18.

Sandi,D.,Rudisch,T.,Fuvesi,J.,Fricska-Nagy,Z.,Huszka,H.,Biernacki,T.,Langdon,
D.W.,Langane,E.,Vecsei,L.,Bencsik,K.,2015.TheHungarianvalidationoftheBrief
InternationalCognitiveAssessmentforMultipleSclerosis(BICAMS)batteryandthe
correlationofcognitiveimpairmentwithfatigueandqualityoflife.Mult.Scler.Relat.
Disord.4(6),499–504.

Scharfen,J.,etal.,2018.Retesteffectsinworkingmemorycapacitytests:Ameta-ana-
lysis.Psychon.Bull.Rev.25(6),2175–2199.

Skorve,E.,Lundervold,A.J.,Torkildsen,O.,Myhr,K.M.,2019.TheNorwegiantranslation
ofthebriefinternationalcognitiveassessmentformultiplesclerosis(BICAMS).Mult.
Scler.Relat.Disord.36,101408.

Smerbeck,A.,Benedict,R.H.B.,Eshaghi,A.,Vanotti,S.,Spedo,C.,BlahovaDusankova,J.,
Sahraian,M.A.,Marques,V.D.,Langdon,D.,2018.Influenceofnationalityonthe
BriefInternationalCognitiveAssessmentforMultipleSclerosis(BICAMS).Clin.
Neuropsychol.32(1),54–62.

Smith,A.,1982.SymbolDigitModalitiesTest:Manual.WesternPsychologicalServices,
LosAngeles.

Sousa,C.,Rigueiro-Neves,M.,Miranda,T.,Alegria,P.,Vale,J.,Passos,A.M.,Langdon,D.,
Sa,M.J.,2018.Validationofthebriefinternationalcognitiveassessmentformultiple
sclerosis(BICAMS)inthePortuguesepopulationwithmultiplesclerosis.BMCNeurol.
18(1),172.

Strober,L.,DeLuca,J.,Benedict,R.H.,Jacobs,A.,Cohen,J.A.,Chiaravalloti,N.,Hudson,
L.D.,Rudick,R.A.,LaRocca,N.G.,MultipleSclerosisOutcomeAssessments,C.,2019.
SymbolDigitModalitiesTest:avalidclinicaltrialendpointformeasuringcognition

inmultiplesclerosis.Mult.Scler.25(13),1781–1790.
Strober,L.,Englert,J.,Munschauer,F.,Weinstock-Guttman,B.,Rao,S.,Benedict,R.H.,

2009.Sensitivityofconventionalmemorytestsinmultiplesclerosis:comparingthe
RaoBriefRepeatableNeuropsychologicalBatteryandtheMinimalAssessmentof
CognitiveFunctioninMS.Mult.Scler.15(9),1077–1084.

Thompson,A.J.,Baranzini,S.E.,Geurts,J.,Hemmer,B.,Ciccarelli,O.,2018.Multiple
sclerosis.Lancet391(10130),1622–1636.

Torkildsen,O.,Myhr,K.M.,Bo,L.,2016.Disease-modifyingtreatmentsformultiple
sclerosis-areviewofapprovedmedications.Eur.J.Neurol.23(Suppl1),18–27.

Walker,L.A.,Osman,L.,Berard,J.A.,Rees,L.M.,Freedman,M.S.,MacLean,H.,
Cousineau,D.,2016.BriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS):canadiancontributiontotheinternationalvalidationproject.J.Neurol.
Sci.362,147–152.

Weiland,T.J.,Jelinek,G.A.,Marck,C.H.,Hadgkiss,E.J.,vanderMeer,D.M.,Pereira,
N.G.,Taylor,K.L.,2015.Clinicallysignificantfatigue:prevalenceandassociated
factorsinaninternationalsampleofadultswithmultiplesclerosisrecruitedviathe
internet.PLoSONE10(2),e0115541.

Whitehouse,C.E.,Fisk,J.D.,Bernstein,C.N.,Berrigan,L.I.,Bolton,J.M.,Graff,L.A.,
Hitchon,C.A.,Marriott,J.J.,Peschken,C.A.,Sareen,J.,Walker,J.R.,Stewart,S.H.,
Marrie,R.A.,Burden,C.T.i.D.t.,ManagingtheEffectsofPsychiatricComorbidityin
ChronicImmunoinflammatory,D.,2019.Comorbidanxiety,depression,andcogni-
tioninMSandotherimmune-mediateddisorders.NeurologyNeurology.

Wood,B.,vanderMei,I.A.,Ponsonby,A.L.,Pittas,F.,Quinn,S.,Dwyer,T.,Lucas,R.M.,
Taylor,B.V.,2013.Prevalenceandconcurrenceofanxiety,depressionandfatigue
overtimeinmultiplesclerosis.MultScler19(2),217–224.

Zigmond,A.S.,Snaith,R.P.,1983.Thehospitalanxietyanddepressionscale.Acta
PsychiatrScand67(6),361–370.

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

7

2016.ValidationoftheBriefInternationalCognitiveAssessmentforMultiple
Sclerosis(BICAMS)inGreekpopulationwithmultiplesclerosis.Mult.Scler.Relat.
Disord.9,68–72.

Portaccio,E.,2016.Differentialdiagnosis,discerningdepressionfromcognition.Acta
Neurol.Scand134(Suppl200),14–18.

Sandi,D.,Rudisch,T.,Fuvesi,J.,Fricska-Nagy,Z.,Huszka,H.,Biernacki,T.,Langdon,
D.W.,Langane,E.,Vecsei,L.,Bencsik,K.,2015.TheHungarianvalidationoftheBrief
InternationalCognitiveAssessmentforMultipleSclerosis(BICAMS)batteryandthe
correlationofcognitiveimpairmentwithfatigueandqualityoflife.Mult.Scler.Relat.
Disord.4(6),499–504.

Scharfen,J.,etal.,2018.Retesteffectsinworkingmemorycapacitytests:Ameta-ana-
lysis.Psychon.Bull.Rev.25(6),2175–2199.

Skorve,E.,Lundervold,A.J.,Torkildsen,O.,Myhr,K.M.,2019.TheNorwegiantranslation
ofthebriefinternationalcognitiveassessmentformultiplesclerosis(BICAMS).Mult.
Scler.Relat.Disord.36,101408.

Smerbeck,A.,Benedict,R.H.B.,Eshaghi,A.,Vanotti,S.,Spedo,C.,BlahovaDusankova,J.,
Sahraian,M.A.,Marques,V.D.,Langdon,D.,2018.Influenceofnationalityonthe
BriefInternationalCognitiveAssessmentforMultipleSclerosis(BICAMS).Clin.
Neuropsychol.32(1),54–62.

Smith,A.,1982.SymbolDigitModalitiesTest:Manual.WesternPsychologicalServices,
LosAngeles.

Sousa,C.,Rigueiro-Neves,M.,Miranda,T.,Alegria,P.,Vale,J.,Passos,A.M.,Langdon,D.,
Sa,M.J.,2018.Validationofthebriefinternationalcognitiveassessmentformultiple
sclerosis(BICAMS)inthePortuguesepopulationwithmultiplesclerosis.BMCNeurol.
18(1),172.

Strober,L.,DeLuca,J.,Benedict,R.H.,Jacobs,A.,Cohen,J.A.,Chiaravalloti,N.,Hudson,
L.D.,Rudick,R.A.,LaRocca,N.G.,MultipleSclerosisOutcomeAssessments,C.,2019.
SymbolDigitModalitiesTest:avalidclinicaltrialendpointformeasuringcognition

inmultiplesclerosis.Mult.Scler.25(13),1781–1790.
Strober,L.,Englert,J.,Munschauer,F.,Weinstock-Guttman,B.,Rao,S.,Benedict,R.H.,

2009.Sensitivityofconventionalmemorytestsinmultiplesclerosis:comparingthe
RaoBriefRepeatableNeuropsychologicalBatteryandtheMinimalAssessmentof
CognitiveFunctioninMS.Mult.Scler.15(9),1077–1084.

Thompson,A.J.,Baranzini,S.E.,Geurts,J.,Hemmer,B.,Ciccarelli,O.,2018.Multiple
sclerosis.Lancet391(10130),1622–1636.

Torkildsen,O.,Myhr,K.M.,Bo,L.,2016.Disease-modifyingtreatmentsformultiple
sclerosis-areviewofapprovedmedications.Eur.J.Neurol.23(Suppl1),18–27.

Walker,L.A.,Osman,L.,Berard,J.A.,Rees,L.M.,Freedman,M.S.,MacLean,H.,
Cousineau,D.,2016.BriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS):canadiancontributiontotheinternationalvalidationproject.J.Neurol.
Sci.362,147–152.

Weiland,T.J.,Jelinek,G.A.,Marck,C.H.,Hadgkiss,E.J.,vanderMeer,D.M.,Pereira,
N.G.,Taylor,K.L.,2015.Clinicallysignificantfatigue:prevalenceandassociated
factorsinaninternationalsampleofadultswithmultiplesclerosisrecruitedviathe
internet.PLoSONE10(2),e0115541.

Whitehouse,C.E.,Fisk,J.D.,Bernstein,C.N.,Berrigan,L.I.,Bolton,J.M.,Graff,L.A.,
Hitchon,C.A.,Marriott,J.J.,Peschken,C.A.,Sareen,J.,Walker,J.R.,Stewart,S.H.,
Marrie,R.A.,Burden,C.T.i.D.t.,ManagingtheEffectsofPsychiatricComorbidityin
ChronicImmunoinflammatory,D.,2019.Comorbidanxiety,depression,andcogni-
tioninMSandotherimmune-mediateddisorders.NeurologyNeurology.

Wood,B.,vanderMei,I.A.,Ponsonby,A.L.,Pittas,F.,Quinn,S.,Dwyer,T.,Lucas,R.M.,
Taylor,B.V.,2013.Prevalenceandconcurrenceofanxiety,depressionandfatigue
overtimeinmultiplesclerosis.MultScler19(2),217–224.

Zigmond,A.S.,Snaith,R.P.,1983.Thehospitalanxietyanddepressionscale.Acta
PsychiatrScand67(6),361–370.

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

7

2016.ValidationoftheBriefInternationalCognitiveAssessmentforMultiple
Sclerosis(BICAMS)inGreekpopulationwithmultiplesclerosis.Mult.Scler.Relat.
Disord.9,68–72.

Portaccio,E.,2016.Differentialdiagnosis,discerningdepressionfromcognition.Acta
Neurol.Scand134(Suppl200),14–18.

Sandi,D.,Rudisch,T.,Fuvesi,J.,Fricska-Nagy,Z.,Huszka,H.,Biernacki,T.,Langdon,
D.W.,Langane,E.,Vecsei,L.,Bencsik,K.,2015.TheHungarianvalidationoftheBrief
InternationalCognitiveAssessmentforMultipleSclerosis(BICAMS)batteryandthe
correlationofcognitiveimpairmentwithfatigueandqualityoflife.Mult.Scler.Relat.
Disord.4(6),499–504.

Scharfen,J.,etal.,2018.Retesteffectsinworkingmemorycapacitytests:Ameta-ana-
lysis.Psychon.Bull.Rev.25(6),2175–2199.

Skorve,E.,Lundervold,A.J.,Torkildsen,O.,Myhr,K.M.,2019.TheNorwegiantranslation
ofthebriefinternationalcognitiveassessmentformultiplesclerosis(BICAMS).Mult.
Scler.Relat.Disord.36,101408.

Smerbeck,A.,Benedict,R.H.B.,Eshaghi,A.,Vanotti,S.,Spedo,C.,BlahovaDusankova,J.,
Sahraian,M.A.,Marques,V.D.,Langdon,D.,2018.Influenceofnationalityonthe
BriefInternationalCognitiveAssessmentforMultipleSclerosis(BICAMS).Clin.
Neuropsychol.32(1),54–62.

Smith,A.,1982.SymbolDigitModalitiesTest:Manual.WesternPsychologicalServices,
LosAngeles.

Sousa,C.,Rigueiro-Neves,M.,Miranda,T.,Alegria,P.,Vale,J.,Passos,A.M.,Langdon,D.,
Sa,M.J.,2018.Validationofthebriefinternationalcognitiveassessmentformultiple
sclerosis(BICAMS)inthePortuguesepopulationwithmultiplesclerosis.BMCNeurol.
18(1),172.

Strober,L.,DeLuca,J.,Benedict,R.H.,Jacobs,A.,Cohen,J.A.,Chiaravalloti,N.,Hudson,
L.D.,Rudick,R.A.,LaRocca,N.G.,MultipleSclerosisOutcomeAssessments,C.,2019.
SymbolDigitModalitiesTest:avalidclinicaltrialendpointformeasuringcognition

inmultiplesclerosis.Mult.Scler.25(13),1781–1790.
Strober,L.,Englert,J.,Munschauer,F.,Weinstock-Guttman,B.,Rao,S.,Benedict,R.H.,

2009.Sensitivityofconventionalmemorytestsinmultiplesclerosis:comparingthe
RaoBriefRepeatableNeuropsychologicalBatteryandtheMinimalAssessmentof
CognitiveFunctioninMS.Mult.Scler.15(9),1077–1084.

Thompson,A.J.,Baranzini,S.E.,Geurts,J.,Hemmer,B.,Ciccarelli,O.,2018.Multiple
sclerosis.Lancet391(10130),1622–1636.

Torkildsen,O.,Myhr,K.M.,Bo,L.,2016.Disease-modifyingtreatmentsformultiple
sclerosis-areviewofapprovedmedications.Eur.J.Neurol.23(Suppl1),18–27.

Walker,L.A.,Osman,L.,Berard,J.A.,Rees,L.M.,Freedman,M.S.,MacLean,H.,
Cousineau,D.,2016.BriefInternationalCognitiveAssessmentforMultipleSclerosis
(BICAMS):canadiancontributiontotheinternationalvalidationproject.J.Neurol.
Sci.362,147–152.

Weiland,T.J.,Jelinek,G.A.,Marck,C.H.,Hadgkiss,E.J.,vanderMeer,D.M.,Pereira,
N.G.,Taylor,K.L.,2015.Clinicallysignificantfatigue:prevalenceandassociated
factorsinaninternationalsampleofadultswithmultiplesclerosisrecruitedviathe
internet.PLoSONE10(2),e0115541.

Whitehouse,C.E.,Fisk,J.D.,Bernstein,C.N.,Berrigan,L.I.,Bolton,J.M.,Graff,L.A.,
Hitchon,C.A.,Marriott,J.J.,Peschken,C.A.,Sareen,J.,Walker,J.R.,Stewart,S.H.,
Marrie,R.A.,Burden,C.T.i.D.t.,ManagingtheEffectsofPsychiatricComorbidityin
ChronicImmunoinflammatory,D.,2019.Comorbidanxiety,depression,andcogni-
tioninMSandotherimmune-mediateddisorders.NeurologyNeurology.

Wood,B.,vanderMei,I.A.,Ponsonby,A.L.,Pittas,F.,Quinn,S.,Dwyer,T.,Lucas,R.M.,
Taylor,B.V.,2013.Prevalenceandconcurrenceofanxiety,depressionandfatigue
overtimeinmultiplesclerosis.MultScler19(2),217–224.

Zigmond,A.S.,Snaith,R.P.,1983.Thehospitalanxietyanddepressionscale.Acta
PsychiatrScand67(6),361–370.

E.Skorve,etal.Multiple Sclerosis and Related Disorders 46 (2020) 102577

7





Multiple Sclerosis and Related Disorders 69 (2023) 104398

Available online 5 November 2022
2211-0348/© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Brief international cognitive assessment for MS (BICAMS) and global brain 
volumes in early stages of MS – A longitudinal correlation study 

Ellen Skorve a,b,*, Astri J. Lundervold c, Øivind Torkildsen a,b, Frank Riemer a,d, 
Renate Grüner d,e, Kjell-Morten Myhr a,b 

a Neuro-SysMed, Department of Neurology, Haukeland University Hospital, Bergen, Norway 
b Department of Clinical Medicine, University of Bergen, Bergen, Norway 
c Department of Biological and Medical Psychology, University of Bergen, Bergen, Norway 
d Mohn Medical Imaging and Visualization Centre (MMIV), Department of Radiology, Haukeland University Hospital, Bergen, Norway 
e Department of Physics and Technology, University of Bergen, N-5007 Bergen, Norway   

A R T I C L E  I N F O   

Keywords: 
Multiple sclerosis 
Cognition 
BICAMS 
MRI 
Brain volume 
Neuropsychology 

A B S T R A C T   

Background: Cognitive impairment is common in patients with multiple sclerosis, even in the early stages of the 
disease. The Brief International Cognitive Assessment for multiple sclerosis (BICAMS) is a short screening tool 
developed to assess cognitive function in everyday clinical practice. 
Objective: To investigate associations between volumetric brain measures derived from a magnetic resonance 
imaging (MRI) examination and performance on BICAMS subtests in early stages of multiple sclerosis (MS). 
Methods: BICAMS was used to assess cognitive function in 49 MS patients at baseline and after one and two years. 
The patients were separated into two groups (with or without cognitive impairment) based on their performances 
on BICAMSs subtests. MRI data were analysed by a software tool (MSMetrix), yielding normalized measures of 
global brain volumes and lesion volumes. Associations between cognitive tests and brain MRI measures were 
analysed by running correlation analyses, and differences between subgroups and changes over time with in
dependent and paired samples tests, respectively. 
Results: The strongest baseline correlations were found between the BICAMS subtests and normalized whole brain 
volume (NBV) and grey matter volume (NGV); processing speed r = 0.54/r = 0.48, verbal memory r = 0.49/ r =
0.42, visual memory r = 0.48 /r = 0.39. Only the verbal memory test had significant correlations with T2 and T1 
lesion volumes (LV) at both time points; T2LV r = 0.39, T1LV r = 0.38. There were significant loss of grey matter 
and white matter volume overall (NGV p<0.001, NWV p = 0.003), as well as an increase in T1LV (p = 0.013). 
The longitudinally defined confirmed cognitively impaired (CCI) and preserved (CCP) patients showed signifi
cant group differences on all MRI volume measures at both time points, except for NWV. Only the CCI subgroup 
showed significant white matter atrophy (p = 0.006) and increase in T2LV (p = 0.029). 
Conclusions: The present study found strong correlations between whole brain and grey matter volumes and 
performance on the BICAMS subtests as well as significant changes in global volumes from baseline to follow-up 
with clear differences between patients defined as cognitively impaired and preserved at both baseline and 
follow-up.   

1. Introduction 

Multiple sclerosis (MS) is a chronic, inflammatory disease of the 
central nervous system, primarily manifesting in early adulthood. 
Symptoms of MS are widespread and include motor and sensory dis
turbances, as well as symptoms like fatigue, mood disorders and 
cognitive impairment (Thompson et al., 2018b). 

Cognitive impairment in MS can be present from the very beginning 
of the disease (Amato et al., 2006; Bobholz and Rao, 2003; Chiaravalloti 
and DeLuca, 2008; Rao et al., 1991). It has been found in the preclinical 
phase, and even before characteristic lesions are identified by a mag
netic resonance imaging (MRI) examination (Cortese et al., 2016; 
Hyncicova et al., 2017). Cognitive impairment causes considerable in
dividual disease burden and socioeconomic costs by contributing to poor 
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vocational status and early retirement due to disability (Ruet et al., 
2013). Increased awareness of the negative effects of impaired cognition 
has highlighted the need for an easily administered screening tool to 
identify MS patients with manifest or incipient cognitive impairment. 
This motivated development of the Brief International Cognitive 
Assessment for MS (BICAMS) (Benedict et al., 2012; Langdon et al., 
2012). It has been shown that the BICAMS provides results corre
sponding well with those obtained by other, more comprehensive neu
ropsychological test batteries commonly used in today’s clinical practice 
(Gromisch et al., 2018; Maltby et al., 2020; Niccolai et al., 2015). 

MRI is a well-established tool for diagnosing and monitoring treat
ment outcomes in MS patients (Thompson et al., 2018a), and neurode
generative changes in general (De Stefano et al., 2014; Lanz et al., 2007). 
Brain atrophy has been identified in all phenotypes and all stages of MS, 
even before the disease manifests itself clinically (Amato et al., 2012; De 
Stefano et al., 2010; Giovannoni, 2017). A recent consensus report 
recommended the use of global brain atrophy measures rather than 
regional measures in clinical practice for more accurate predictions of 
disability across phenotypes and stages of disease (Sastre-Garriga et al., 
2020), and that this is particularly important when the follow-up period 
is short (van Munster and Uitdehaag, 2017). 

A few studies have investigated associations between MRI measures 
and performance on the BICAMS tests (Artemiadis et al., 2018; Fenu 
et al., 2018; Toth et al., 2018). Only one study included longitudinal 
data, but the sample was limited to patients without any disease activity 
identified by MRI during follow-up. Furthermore, all previous studies 
included patients with more than 10 years of disease duration. Thus, 
longitudinal studies investigating associations between performance on 
the BICAMS tests and MRI volume measures in the earliest stages of MS 
are called for. 

We have previously reported the presence of cognitive impairment in 
this sample of patients in the earliest stages of relapsing remitting MS 
(RRMS) over a period of two years by using the BICAMS screening tool 
(Skorve et al., 2019, 2020). We found cognitive impairment on at least 
one of the BICAMS subtests in about 50% of the sample at baseline, 
which is in line with the established prevalence of cognitive impairment 
in MS (Amato et al., 2006; Chiaravalloti and DeLuca, 2008). Thereby, 
the results supported inclusion of the test battery as part of a clinical 
follow-up routine. 

The aim of the present study was to investigate associations between 
cognitive function and global volumetric MRI measures in newly diag
nosed patients with RRMS. We used both a cross-sectional and longi
tudinal design by including results from the BICAMS tests and MRI 
examinations at baseline and at a 2-year follow-up. Expecting deterio
ration over time, we examined if correlations between performances on 
the BICAMS subtests and brain volume measures would be stronger at 
the 2-year follow-up than at baseline. By defining the sample into sub
groups with and without cognitive impairment, we expected to find 
pronounced MRI changes in patients with cognitive impairment per
sisting from baseline to the follow-up examination. 

2. Methods and materials 

2.1. Study population 

A total of 49 RRMS patients with baseline and 2-year follow-up data 
available were included. Inclusion criteria were age ≥18 years, a defi
nite RRMS diagnosis during the time-period 2014–2016, and onset of 
MS-symptoms no more than three years prior to diagnosis, and no co
morbid conditions associated with cognitive impairment. The patients 
were followed with clinical, neuropsychological and MRI assessment for 
two years, and we included cross-sectional data from the baseline 
evaluation and longitudinal data from the two-year follow-up evalua
tion in the current study. The study was approved by the Regional Ethics 
Committee of Western Norway (registration number 2016/31/REK 
Vest), and inclusion was based on written informed consent 

2.2. Procedures 

2.2.1. Physical assessment 
All patients were assessed by a full neurological examination 

including scoring of the Expanded Disability Status Scale (EDSS) 
(Kurtzke, 1983) at inclusion and all follow-ups. 

2.2.2. Cognitive assessment: brief international cognitive assessment for MS 
(BICAMS) 

Patients were assessed using BICAMS at baseline, after 12 and 24 
months, but only data from baseline and the two-year follow-up were 
included in the current study. Cognitive data from the first year of 
follow-up were presented in a previous publication (Skorve et al., 2020). 
Processing speed and memory function are described as the cognitive 
domains most commonly affected in patients with MS (Chiaravalloti and 
DeLuca, 2008; Grzegorski and Losy, 2017). Therefore, the BICAMS 
(Benedict et al., 2012; Langdon et al., 2012) includes three subtests 
designed to assess performance within these domains. The oral version 
of the Symbols Digit Modalities Test (SDMT) (Benedict et al., 2017; 
Smith, 1982) is included as a measure of processing speed. The initial 
learning trials from the California Verbal Learning Test, 2nd edition 
(CVLT-II) (Delis et al., 1987) and the Brief Visuospatial Memory Test 
Revised (BVMT-R) (Benedict, 1997) are included as measures of verbal 
and visuospatial working memory function, respectively. The restriction 
of the memory function tests to the learning trials is due to studies 
showing that the primary memory deficit in MS patients affects memory 
acquisition rather than recall and recognition (DeLuca et al., 1994). To 
distinguish these shortened versions of the memory tests from the 
original full versions, these subtests will hereafter be referred to as 
CVLT-Learning Trials (CVLT-LT) and BVMT-Learning Trials (BVMT-LT). 

Expecting minor learning effects of repeated testing, no alternative 
stimuli were provided for the follow-up evaluations of SDMT perfor
mance (Strober et al., 2009). Expecting short-term effect of previous 
testing on the CVLT-LT (Lundervold et al., 2014), an alternative word 
list from the original version of CVLT-II (List B) was included at the 
one-year follow-up, while the original word list used at baseline was 
repeated at the follow-up after two years. Different forms of BVMT-R 
(Forms 1 – 3) figures were included at baseline and the two follow-up 
sessions. 

Information from a control sample examined as part of a previous 
study (Skorve et al., 2019) was used to define a cut-off value for 
impairment on each of the BICAMS subtests. A test score was defined as 
impaired if it was at least 1.5 standard deviations (SD) below the mean 
score in the control sample (SDMT ≤43 points; CVLT-II ≤50 points; 
BVMT-R ≤ 23 points). Patients with impaired test scores on at least one 
of the subtests were classified as cognitively impaired (CI), and the rest 
of the sample was defined as cognitively preserved (CP) (Dusankova 
et al., 2012). A longitudinal classification was added for patients clas
sified as CI or CP at both baseline and the two-year follow-up, defined as 
confirmed cognitively impaired (CCI) and confirmed cognitively pre
served (CCP), respectively. 

2.2.3. Magnetic resonance imaging (MRI) acquisition and analysis 
MRI was conducted on a 3T Magnetom Prisma MR scanner (Siemens 

Healthcare, Germany) within one month of BICAMS testing. Detailed 
information about the MRI acquisition protocol is available in a sup
plementary file (Appendix A). The scans were processed by Icometrix 
(Leuven, Belgium) for supervised digital image analyses yielding cross- 
sectional data on global and regional brain volumes and lesion assess
ment, as well as longitudinal volumetric changes. The icobrain MS tool 
(MSMetrix, version 4.3.3) (Beadnall et al., 2019; Fragoso et al., 2017; 
Jain et al., 2015; Smeets et al., 2016), an FDA-approved and CE-marked 
tool for clinical use, was used to analyse the MRI data. The brain volume 
measurements were normalized for intracranial volume through the 
scaling parameter obtained from registration with a reference brain 
(Evans et al., 1993) and corrected for age and gender. Volume per time 
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vocational status and early retirement due to disability (Ruet et al., 
2013). Increased awareness of the negative effects of impaired cognition 
has highlighted the need for an easily administered screening tool to 
identify MS patients with manifest or incipient cognitive impairment. 
This motivated development of the Brief International Cognitive 
Assessment for MS (BICAMS) (Benedict et al., 2012; Langdon et al., 
2012). It has been shown that the BICAMS provides results corre
sponding well with those obtained by other, more comprehensive neu
ropsychological test batteries commonly used in today’s clinical practice 
(Gromisch et al., 2018; Maltby et al., 2020; Niccolai et al., 2015). 

MRI is a well-established tool for diagnosing and monitoring treat
ment outcomes in MS patients (Thompson et al., 2018a), and neurode
generative changes in general (De Stefano et al., 2014; Lanz et al., 2007). 
Brain atrophy has been identified in all phenotypes and all stages of MS, 
even before the disease manifests itself clinically (Amato et al., 2012; De 
Stefano et al., 2010; Giovannoni, 2017). A recent consensus report 
recommended the use of global brain atrophy measures rather than 
regional measures in clinical practice for more accurate predictions of 
disability across phenotypes and stages of disease (Sastre-Garriga et al., 
2020), and that this is particularly important when the follow-up period 
is short (van Munster and Uitdehaag, 2017). 

A few studies have investigated associations between MRI measures 
and performance on the BICAMS tests (Artemiadis et al., 2018; Fenu 
et al., 2018; Toth et al., 2018). Only one study included longitudinal 
data, but the sample was limited to patients without any disease activity 
identified by MRI during follow-up. Furthermore, all previous studies 
included patients with more than 10 years of disease duration. Thus, 
longitudinal studies investigating associations between performance on 
the BICAMS tests and MRI volume measures in the earliest stages of MS 
are called for. 

We have previously reported the presence of cognitive impairment in 
this sample of patients in the earliest stages of relapsing remitting MS 
(RRMS) over a period of two years by using the BICAMS screening tool 
(Skorve et al., 2019, 2020). We found cognitive impairment on at least 
one of the BICAMS subtests in about 50% of the sample at baseline, 
which is in line with the established prevalence of cognitive impairment 
in MS (Amato et al., 2006; Chiaravalloti and DeLuca, 2008). Thereby, 
the results supported inclusion of the test battery as part of a clinical 
follow-up routine. 

The aim of the present study was to investigate associations between 
cognitive function and global volumetric MRI measures in newly diag
nosed patients with RRMS. We used both a cross-sectional and longi
tudinal design by including results from the BICAMS tests and MRI 
examinations at baseline and at a 2-year follow-up. Expecting deterio
ration over time, we examined if correlations between performances on 
the BICAMS subtests and brain volume measures would be stronger at 
the 2-year follow-up than at baseline. By defining the sample into sub
groups with and without cognitive impairment, we expected to find 
pronounced MRI changes in patients with cognitive impairment per
sisting from baseline to the follow-up examination. 

2.Methods and materials 

2.1.Study population 

A total of 49 RRMS patients with baseline and 2-year follow-up data 
available were included. Inclusion criteria were age ≥18 years, a defi
nite RRMS diagnosis during the time-period 2014–2016, and onset of 
MS-symptoms no more than three years prior to diagnosis, and no co
morbid conditions associated with cognitive impairment. The patients 
were followed with clinical, neuropsychological and MRI assessment for 
two years, and we included cross-sectional data from the baseline 
evaluation and longitudinal data from the two-year follow-up evalua
tion in the current study. The study was approved by the Regional Ethics 
Committee of Western Norway (registration number 2016/31/REK 
Vest), and inclusion was based on written informed consent 

2.2.Procedures 

2.2.1.Physical assessment 
All patients were assessed by a full neurological examination 

including scoring of the Expanded Disability Status Scale (EDSS) 
(Kurtzke, 1983) at inclusion and all follow-ups. 

2.2.2.Cognitive assessment: brief international cognitive assessment for MS 
(BICAMS) 

Patients were assessed using BICAMS at baseline, after 12 and 24 
months, but only data from baseline and the two-year follow-up were 
included in the current study. Cognitive data from the first year of 
follow-up were presented in a previous publication (Skorve et al., 2020). 
Processing speed and memory function are described as the cognitive 
domains most commonly affected in patients with MS (Chiaravalloti and 
DeLuca, 2008; Grzegorski and Losy, 2017). Therefore, the BICAMS 
(Benedict et al., 2012; Langdon et al., 2012) includes three subtests 
designed to assess performance within these domains. The oral version 
of the Symbols Digit Modalities Test (SDMT) (Benedict et al., 2017; 
Smith, 1982) is included as a measure of processing speed. The initial 
learning trials from the California Verbal Learning Test, 2nd edition 
(CVLT-II) (Delis et al., 1987) and the Brief Visuospatial Memory Test 
Revised (BVMT-R) (Benedict, 1997) are included as measures of verbal 
and visuospatial working memory function, respectively. The restriction 
of the memory function tests to the learning trials is due to studies 
showing that the primary memory deficit in MS patients affects memory 
acquisition rather than recall and recognition (DeLuca et al., 1994). To 
distinguish these shortened versions of the memory tests from the 
original full versions, these subtests will hereafter be referred to as 
CVLT-Learning Trials (CVLT-LT) and BVMT-Learning Trials (BVMT-LT). 

Expecting minor learning effects of repeated testing, no alternative 
stimuli were provided for the follow-up evaluations of SDMT perfor
mance (Strober et al., 2009). Expecting short-term effect of previous 
testing on the CVLT-LT (Lundervold et al., 2014), an alternative word 
list from the original version of CVLT-II (List B) was included at the 
one-year follow-up, while the original word list used at baseline was 
repeated at the follow-up after two years. Different forms of BVMT-R 
(Forms 1 – 3) figures were included at baseline and the two follow-up 
sessions. 

Information from a control sample examined as part of a previous 
study (Skorve et al., 2019) was used to define a cut-off value for 
impairment on each of the BICAMS subtests. A test score was defined as 
impaired if it was at least 1.5 standard deviations (SD) below the mean 
score in the control sample (SDMT ≤43 points; CVLT-II ≤50 points; 
BVMT-R ≤23 points). Patients with impaired test scores on at least one 
of the subtests were classified as cognitively impaired (CI), and the rest 
of the sample was defined as cognitively preserved (CP) (Dusankova 
et al., 2012). A longitudinal classification was added for patients clas
sified as CI or CP at both baseline and the two-year follow-up, defined as 
confirmed cognitively impaired (CCI) and confirmed cognitively pre
served (CCP), respectively. 

2.2.3.Magnetic resonance imaging (MRI) acquisition and analysis 
MRI was conducted on a 3T Magnetom Prisma MR scanner (Siemens 

Healthcare, Germany) within one month of BICAMS testing. Detailed 
information about the MRI acquisition protocol is available in a sup
plementary file (Appendix A). The scans were processed by Icometrix 
(Leuven, Belgium) for supervised digital image analyses yielding cross- 
sectional data on global and regional brain volumes and lesion assess
ment, as well as longitudinal volumetric changes. The icobrain MS tool 
(MSMetrix, version 4.3.3) (Beadnall et al., 2019; Fragoso et al., 2017; 
Jain et al., 2015; Smeets et al., 2016), an FDA-approved and CE-marked 
tool for clinical use, was used to analyse the MRI data. The brain volume 
measurements were normalized for intracranial volume through the 
scaling parameter obtained from registration with a reference brain 
(Evans et al., 1993) and corrected for age and gender. Volume per time 
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vocational status and early retirement due to disability (Ruet et al., 
2013). Increased awareness of the negative effects of impaired cognition 
has highlighted the need for an easily administered screening tool to 
identify MS patients with manifest or incipient cognitive impairment. 
This motivated development of the Brief International Cognitive 
Assessment for MS (BICAMS) (Benedict et al., 2012; Langdon et al., 
2012). It has been shown that the BICAMS provides results corre
sponding well with those obtained by other, more comprehensive neu
ropsychological test batteries commonly used in today’s clinical practice 
(Gromisch et al., 2018; Maltby et al., 2020; Niccolai et al., 2015). 

MRI is a well-established tool for diagnosing and monitoring treat
ment outcomes in MS patients (Thompson et al., 2018a), and neurode
generative changes in general (De Stefano et al., 2014; Lanz et al., 2007). 
Brain atrophy has been identified in all phenotypes and all stages of MS, 
even before the disease manifests itself clinically (Amato et al., 2012; De 
Stefano et al., 2010; Giovannoni, 2017). A recent consensus report 
recommended the use of global brain atrophy measures rather than 
regional measures in clinical practice for more accurate predictions of 
disability across phenotypes and stages of disease (Sastre-Garriga et al., 
2020), and that this is particularly important when the follow-up period 
is short (van Munster and Uitdehaag, 2017). 

A few studies have investigated associations between MRI measures 
and performance on the BICAMS tests (Artemiadis et al., 2018; Fenu 
et al., 2018; Toth et al., 2018). Only one study included longitudinal 
data, but the sample was limited to patients without any disease activity 
identified by MRI during follow-up. Furthermore, all previous studies 
included patients with more than 10 years of disease duration. Thus, 
longitudinal studies investigating associations between performance on 
the BICAMS tests and MRI volume measures in the earliest stages of MS 
are called for. 

We have previously reported the presence of cognitive impairment in 
this sample of patients in the earliest stages of relapsing remitting MS 
(RRMS) over a period of two years by using the BICAMS screening tool 
(Skorve et al., 2019, 2020). We found cognitive impairment on at least 
one of the BICAMS subtests in about 50% of the sample at baseline, 
which is in line with the established prevalence of cognitive impairment 
in MS (Amato et al., 2006; Chiaravalloti and DeLuca, 2008). Thereby, 
the results supported inclusion of the test battery as part of a clinical 
follow-up routine. 

The aim of the present study was to investigate associations between 
cognitive function and global volumetric MRI measures in newly diag
nosed patients with RRMS. We used both a cross-sectional and longi
tudinal design by including results from the BICAMS tests and MRI 
examinations at baseline and at a 2-year follow-up. Expecting deterio
ration over time, we examined if correlations between performances on 
the BICAMS subtests and brain volume measures would be stronger at 
the 2-year follow-up than at baseline. By defining the sample into sub
groups with and without cognitive impairment, we expected to find 
pronounced MRI changes in patients with cognitive impairment per
sisting from baseline to the follow-up examination. 

2.Methods and materials 

2.1.Study population 

A total of 49 RRMS patients with baseline and 2-year follow-up data 
available were included. Inclusion criteria were age ≥18 years, a defi
nite RRMS diagnosis during the time-period 2014–2016, and onset of 
MS-symptoms no more than three years prior to diagnosis, and no co
morbid conditions associated with cognitive impairment. The patients 
were followed with clinical, neuropsychological and MRI assessment for 
two years, and we included cross-sectional data from the baseline 
evaluation and longitudinal data from the two-year follow-up evalua
tion in the current study. The study was approved by the Regional Ethics 
Committee of Western Norway (registration number 2016/31/REK 
Vest), and inclusion was based on written informed consent 

2.2.Procedures 

2.2.1.Physical assessment 
All patients were assessed by a full neurological examination 

including scoring of the Expanded Disability Status Scale (EDSS) 
(Kurtzke, 1983) at inclusion and all follow-ups. 

2.2.2.Cognitive assessment: brief international cognitive assessment for MS 
(BICAMS) 

Patients were assessed using BICAMS at baseline, after 12 and 24 
months, but only data from baseline and the two-year follow-up were 
included in the current study. Cognitive data from the first year of 
follow-up were presented in a previous publication (Skorve et al., 2020). 
Processing speed and memory function are described as the cognitive 
domains most commonly affected in patients with MS (Chiaravalloti and 
DeLuca, 2008; Grzegorski and Losy, 2017). Therefore, the BICAMS 
(Benedict et al., 2012; Langdon et al., 2012) includes three subtests 
designed to assess performance within these domains. The oral version 
of the Symbols Digit Modalities Test (SDMT) (Benedict et al., 2017; 
Smith, 1982) is included as a measure of processing speed. The initial 
learning trials from the California Verbal Learning Test, 2nd edition 
(CVLT-II) (Delis et al., 1987) and the Brief Visuospatial Memory Test 
Revised (BVMT-R) (Benedict, 1997) are included as measures of verbal 
and visuospatial working memory function, respectively. The restriction 
of the memory function tests to the learning trials is due to studies 
showing that the primary memory deficit in MS patients affects memory 
acquisition rather than recall and recognition (DeLuca et al., 1994). To 
distinguish these shortened versions of the memory tests from the 
original full versions, these subtests will hereafter be referred to as 
CVLT-Learning Trials (CVLT-LT) and BVMT-Learning Trials (BVMT-LT). 

Expecting minor learning effects of repeated testing, no alternative 
stimuli were provided for the follow-up evaluations of SDMT perfor
mance (Strober et al., 2009). Expecting short-term effect of previous 
testing on the CVLT-LT (Lundervold et al., 2014), an alternative word 
list from the original version of CVLT-II (List B) was included at the 
one-year follow-up, while the original word list used at baseline was 
repeated at the follow-up after two years. Different forms of BVMT-R 
(Forms 1 – 3) figures were included at baseline and the two follow-up 
sessions. 

Information from a control sample examined as part of a previous 
study (Skorve et al., 2019) was used to define a cut-off value for 
impairment on each of the BICAMS subtests. A test score was defined as 
impaired if it was at least 1.5 standard deviations (SD) below the mean 
score in the control sample (SDMT ≤43 points; CVLT-II ≤50 points; 
BVMT-R ≤23 points). Patients with impaired test scores on at least one 
of the subtests were classified as cognitively impaired (CI), and the rest 
of the sample was defined as cognitively preserved (CP) (Dusankova 
et al., 2012). A longitudinal classification was added for patients clas
sified as CI or CP at both baseline and the two-year follow-up, defined as 
confirmed cognitively impaired (CCI) and confirmed cognitively pre
served (CCP), respectively. 

2.2.3.Magnetic resonance imaging (MRI) acquisition and analysis 
MRI was conducted on a 3T Magnetom Prisma MR scanner (Siemens 

Healthcare, Germany) within one month of BICAMS testing. Detailed 
information about the MRI acquisition protocol is available in a sup
plementary file (Appendix A). The scans were processed by Icometrix 
(Leuven, Belgium) for supervised digital image analyses yielding cross- 
sectional data on global and regional brain volumes and lesion assess
ment, as well as longitudinal volumetric changes. The icobrain MS tool 
(MSMetrix, version 4.3.3) (Beadnall et al., 2019; Fragoso et al., 2017; 
Jain et al., 2015; Smeets et al., 2016), an FDA-approved and CE-marked 
tool for clinical use, was used to analyse the MRI data. The brain volume 
measurements were normalized for intracranial volume through the 
scaling parameter obtained from registration with a reference brain 
(Evans et al., 1993) and corrected for age and gender. Volume per time 
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vocational status and early retirement due to disability (Ruet et al., 
2013). Increased awareness of the negative effects of impaired cognition 
has highlighted the need for an easily administered screening tool to 
identify MS patients with manifest or incipient cognitive impairment. 
This motivated development of the Brief International Cognitive 
Assessment for MS (BICAMS) (Benedict et al., 2012; Langdon et al., 
2012). It has been shown that the BICAMS provides results corre
sponding well with those obtained by other, more comprehensive neu
ropsychological test batteries commonly used in today’s clinical practice 
(Gromisch et al., 2018; Maltby et al., 2020; Niccolai et al., 2015). 

MRI is a well-established tool for diagnosing and monitoring treat
ment outcomes in MS patients (Thompson et al., 2018a), and neurode
generative changes in general (De Stefano et al., 2014; Lanz et al., 2007). 
Brain atrophy has been identified in all phenotypes and all stages of MS, 
even before the disease manifests itself clinically (Amato et al., 2012; De 
Stefano et al., 2010; Giovannoni, 2017). A recent consensus report 
recommended the use of global brain atrophy measures rather than 
regional measures in clinical practice for more accurate predictions of 
disability across phenotypes and stages of disease (Sastre-Garriga et al., 
2020), and that this is particularly important when the follow-up period 
is short (van Munster and Uitdehaag, 2017). 

A few studies have investigated associations between MRI measures 
and performance on the BICAMS tests (Artemiadis et al., 2018; Fenu 
et al., 2018; Toth et al., 2018). Only one study included longitudinal 
data, but the sample was limited to patients without any disease activity 
identified by MRI during follow-up. Furthermore, all previous studies 
included patients with more than 10 years of disease duration. Thus, 
longitudinal studies investigating associations between performance on 
the BICAMS tests and MRI volume measures in the earliest stages of MS 
are called for. 

We have previously reported the presence of cognitive impairment in 
this sample of patients in the earliest stages of relapsing remitting MS 
(RRMS) over a period of two years by using the BICAMS screening tool 
(Skorve et al., 2019, 2020). We found cognitive impairment on at least 
one of the BICAMS subtests in about 50% of the sample at baseline, 
which is in line with the established prevalence of cognitive impairment 
in MS (Amato et al., 2006; Chiaravalloti and DeLuca, 2008). Thereby, 
the results supported inclusion of the test battery as part of a clinical 
follow-up routine. 

The aim of the present study was to investigate associations between 
cognitive function and global volumetric MRI measures in newly diag
nosed patients with RRMS. We used both a cross-sectional and longi
tudinal design by including results from the BICAMS tests and MRI 
examinations at baseline and at a 2-year follow-up. Expecting deterio
ration over time, we examined if correlations between performances on 
the BICAMS subtests and brain volume measures would be stronger at 
the 2-year follow-up than at baseline. By defining the sample into sub
groups with and without cognitive impairment, we expected to find 
pronounced MRI changes in patients with cognitive impairment per
sisting from baseline to the follow-up examination. 

2. Methods and materials 

2.1. Study population 

A total of 49 RRMS patients with baseline and 2-year follow-up data 
available were included. Inclusion criteria were age ≥18 years, a defi
nite RRMS diagnosis during the time-period 2014–2016, and onset of 
MS-symptoms no more than three years prior to diagnosis, and no co
morbid conditions associated with cognitive impairment. The patients 
were followed with clinical, neuropsychological and MRI assessment for 
two years, and we included cross-sectional data from the baseline 
evaluation and longitudinal data from the two-year follow-up evalua
tion in the current study. The study was approved by the Regional Ethics 
Committee of Western Norway (registration number 2016/31/REK 
Vest), and inclusion was based on written informed consent 

2.2. Procedures 

2.2.1. Physical assessment 
All patients were assessed by a full neurological examination 

including scoring of the Expanded Disability Status Scale (EDSS) 
(Kurtzke, 1983) at inclusion and all follow-ups. 

2.2.2. Cognitive assessment: brief international cognitive assessment for MS 
(BICAMS) 

Patients were assessed using BICAMS at baseline, after 12 and 24 
months, but only data from baseline and the two-year follow-up were 
included in the current study. Cognitive data from the first year of 
follow-up were presented in a previous publication (Skorve et al., 2020). 
Processing speed and memory function are described as the cognitive 
domains most commonly affected in patients with MS (Chiaravalloti and 
DeLuca, 2008; Grzegorski and Losy, 2017). Therefore, the BICAMS 
(Benedict et al., 2012; Langdon et al., 2012) includes three subtests 
designed to assess performance within these domains. The oral version 
of the Symbols Digit Modalities Test (SDMT) (Benedict et al., 2017; 
Smith, 1982) is included as a measure of processing speed. The initial 
learning trials from the California Verbal Learning Test, 2nd edition 
(CVLT-II) (Delis et al., 1987) and the Brief Visuospatial Memory Test 
Revised (BVMT-R) (Benedict, 1997) are included as measures of verbal 
and visuospatial working memory function, respectively. The restriction 
of the memory function tests to the learning trials is due to studies 
showing that the primary memory deficit in MS patients affects memory 
acquisition rather than recall and recognition (DeLuca et al., 1994). To 
distinguish these shortened versions of the memory tests from the 
original full versions, these subtests will hereafter be referred to as 
CVLT-Learning Trials (CVLT-LT) and BVMT-Learning Trials (BVMT-LT). 

Expecting minor learning effects of repeated testing, no alternative 
stimuli were provided for the follow-up evaluations of SDMT perfor
mance (Strober et al., 2009). Expecting short-term effect of previous 
testing on the CVLT-LT (Lundervold et al., 2014), an alternative word 
list from the original version of CVLT-II (List B) was included at the 
one-year follow-up, while the original word list used at baseline was 
repeated at the follow-up after two years. Different forms of BVMT-R 
(Forms 1 – 3) figures were included at baseline and the two follow-up 
sessions. 

Information from a control sample examined as part of a previous 
study (Skorve et al., 2019) was used to define a cut-off value for 
impairment on each of the BICAMS subtests. A test score was defined as 
impaired if it was at least 1.5 standard deviations (SD) below the mean 
score in the control sample (SDMT ≤43 points; CVLT-II ≤50 points; 
BVMT-R ≤ 23 points). Patients with impaired test scores on at least one 
of the subtests were classified as cognitively impaired (CI), and the rest 
of the sample was defined as cognitively preserved (CP) (Dusankova 
et al., 2012). A longitudinal classification was added for patients clas
sified as CI or CP at both baseline and the two-year follow-up, defined as 
confirmed cognitively impaired (CCI) and confirmed cognitively pre
served (CCP), respectively. 

2.2.3. Magnetic resonance imaging (MRI) acquisition and analysis 
MRI was conducted on a 3T Magnetom Prisma MR scanner (Siemens 

Healthcare, Germany) within one month of BICAMS testing. Detailed 
information about the MRI acquisition protocol is available in a sup
plementary file (Appendix A). The scans were processed by Icometrix 
(Leuven, Belgium) for supervised digital image analyses yielding cross- 
sectional data on global and regional brain volumes and lesion assess
ment, as well as longitudinal volumetric changes. The icobrain MS tool 
(MSMetrix, version 4.3.3) (Beadnall et al., 2019; Fragoso et al., 2017; 
Jain et al., 2015; Smeets et al., 2016), an FDA-approved and CE-marked 
tool for clinical use, was used to analyse the MRI data. The brain volume 
measurements were normalized for intracranial volume through the 
scaling parameter obtained from registration with a reference brain 
(Evans et al., 1993) and corrected for age and gender. Volume per time 
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vocational status and early retirement due to disability (Ruet et al., 
2013). Increased awareness of the negative effects of impaired cognition 
has highlighted the need for an easily administered screening tool to 
identify MS patients with manifest or incipient cognitive impairment. 
This motivated development of the Brief International Cognitive 
Assessment for MS (BICAMS) (Benedict et al., 2012; Langdon et al., 
2012). It has been shown that the BICAMS provides results corre
sponding well with those obtained by other, more comprehensive neu
ropsychological test batteries commonly used in today’s clinical practice 
(Gromisch et al., 2018; Maltby et al., 2020; Niccolai et al., 2015). 

MRI is a well-established tool for diagnosing and monitoring treat
ment outcomes in MS patients (Thompson et al., 2018a), and neurode
generative changes in general (De Stefano et al., 2014; Lanz et al., 2007). 
Brain atrophy has been identified in all phenotypes and all stages of MS, 
even before the disease manifests itself clinically (Amato et al., 2012; De 
Stefano et al., 2010; Giovannoni, 2017). A recent consensus report 
recommended the use of global brain atrophy measures rather than 
regional measures in clinical practice for more accurate predictions of 
disability across phenotypes and stages of disease (Sastre-Garriga et al., 
2020), and that this is particularly important when the follow-up period 
is short (van Munster and Uitdehaag, 2017). 

A few studies have investigated associations between MRI measures 
and performance on the BICAMS tests (Artemiadis et al., 2018; Fenu 
et al., 2018; Toth et al., 2018). Only one study included longitudinal 
data, but the sample was limited to patients without any disease activity 
identified by MRI during follow-up. Furthermore, all previous studies 
included patients with more than 10 years of disease duration. Thus, 
longitudinal studies investigating associations between performance on 
the BICAMS tests and MRI volume measures in the earliest stages of MS 
are called for. 

We have previously reported the presence of cognitive impairment in 
this sample of patients in the earliest stages of relapsing remitting MS 
(RRMS) over a period of two years by using the BICAMS screening tool 
(Skorve et al., 2019, 2020). We found cognitive impairment on at least 
one of the BICAMS subtests in about 50% of the sample at baseline, 
which is in line with the established prevalence of cognitive impairment 
in MS (Amato et al., 2006; Chiaravalloti and DeLuca, 2008). Thereby, 
the results supported inclusion of the test battery as part of a clinical 
follow-up routine. 

The aim of the present study was to investigate associations between 
cognitive function and global volumetric MRI measures in newly diag
nosed patients with RRMS. We used both a cross-sectional and longi
tudinal design by including results from the BICAMS tests and MRI 
examinations at baseline and at a 2-year follow-up. Expecting deterio
ration over time, we examined if correlations between performances on 
the BICAMS subtests and brain volume measures would be stronger at 
the 2-year follow-up than at baseline. By defining the sample into sub
groups with and without cognitive impairment, we expected to find 
pronounced MRI changes in patients with cognitive impairment per
sisting from baseline to the follow-up examination. 

2. Methods and materials 

2.1. Study population 

A total of 49 RRMS patients with baseline and 2-year follow-up data 
available were included. Inclusion criteria were age ≥18 years, a defi
nite RRMS diagnosis during the time-period 2014–2016, and onset of 
MS-symptoms no more than three years prior to diagnosis, and no co
morbid conditions associated with cognitive impairment. The patients 
were followed with clinical, neuropsychological and MRI assessment for 
two years, and we included cross-sectional data from the baseline 
evaluation and longitudinal data from the two-year follow-up evalua
tion in the current study. The study was approved by the Regional Ethics 
Committee of Western Norway (registration number 2016/31/REK 
Vest), and inclusion was based on written informed consent 

2.2. Procedures 

2.2.1. Physical assessment 
All patients were assessed by a full neurological examination 

including scoring of the Expanded Disability Status Scale (EDSS) 
(Kurtzke, 1983) at inclusion and all follow-ups. 

2.2.2. Cognitive assessment: brief international cognitive assessment for MS 
(BICAMS) 

Patients were assessed using BICAMS at baseline, after 12 and 24 
months, but only data from baseline and the two-year follow-up were 
included in the current study. Cognitive data from the first year of 
follow-up were presented in a previous publication (Skorve et al., 2020). 
Processing speed and memory function are described as the cognitive 
domains most commonly affected in patients with MS (Chiaravalloti and 
DeLuca, 2008; Grzegorski and Losy, 2017). Therefore, the BICAMS 
(Benedict et al., 2012; Langdon et al., 2012) includes three subtests 
designed to assess performance within these domains. The oral version 
of the Symbols Digit Modalities Test (SDMT) (Benedict et al., 2017; 
Smith, 1982) is included as a measure of processing speed. The initial 
learning trials from the California Verbal Learning Test, 2nd edition 
(CVLT-II) (Delis et al., 1987) and the Brief Visuospatial Memory Test 
Revised (BVMT-R) (Benedict, 1997) are included as measures of verbal 
and visuospatial working memory function, respectively. The restriction 
of the memory function tests to the learning trials is due to studies 
showing that the primary memory deficit in MS patients affects memory 
acquisition rather than recall and recognition (DeLuca et al., 1994). To 
distinguish these shortened versions of the memory tests from the 
original full versions, these subtests will hereafter be referred to as 
CVLT-Learning Trials (CVLT-LT) and BVMT-Learning Trials (BVMT-LT). 

Expecting minor learning effects of repeated testing, no alternative 
stimuli were provided for the follow-up evaluations of SDMT perfor
mance (Strober et al., 2009). Expecting short-term effect of previous 
testing on the CVLT-LT (Lundervold et al., 2014), an alternative word 
list from the original version of CVLT-II (List B) was included at the 
one-year follow-up, while the original word list used at baseline was 
repeated at the follow-up after two years. Different forms of BVMT-R 
(Forms 1 – 3) figures were included at baseline and the two follow-up 
sessions. 

Information from a control sample examined as part of a previous 
study (Skorve et al., 2019) was used to define a cut-off value for 
impairment on each of the BICAMS subtests. A test score was defined as 
impaired if it was at least 1.5 standard deviations (SD) below the mean 
score in the control sample (SDMT ≤43 points; CVLT-II ≤50 points; 
BVMT-R ≤ 23 points). Patients with impaired test scores on at least one 
of the subtests were classified as cognitively impaired (CI), and the rest 
of the sample was defined as cognitively preserved (CP) (Dusankova 
et al., 2012). A longitudinal classification was added for patients clas
sified as CI or CP at both baseline and the two-year follow-up, defined as 
confirmed cognitively impaired (CCI) and confirmed cognitively pre
served (CCP), respectively. 

2.2.3. Magnetic resonance imaging (MRI) acquisition and analysis 
MRI was conducted on a 3T Magnetom Prisma MR scanner (Siemens 

Healthcare, Germany) within one month of BICAMS testing. Detailed 
information about the MRI acquisition protocol is available in a sup
plementary file (Appendix A). The scans were processed by Icometrix 
(Leuven, Belgium) for supervised digital image analyses yielding cross- 
sectional data on global and regional brain volumes and lesion assess
ment, as well as longitudinal volumetric changes. The icobrain MS tool 
(MSMetrix, version 4.3.3) (Beadnall et al., 2019; Fragoso et al., 2017; 
Jain et al., 2015; Smeets et al., 2016), an FDA-approved and CE-marked 
tool for clinical use, was used to analyse the MRI data. The brain volume 
measurements were normalized for intracranial volume through the 
scaling parameter obtained from registration with a reference brain 
(Evans et al., 1993) and corrected for age and gender. Volume per time 
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vocational status and early retirement due to disability (Ruet et al., 
2013). Increased awareness of the negative effects of impaired cognition 
has highlighted the need for an easily administered screening tool to 
identify MS patients with manifest or incipient cognitive impairment. 
This motivated development of the Brief International Cognitive 
Assessment for MS (BICAMS) (Benedict et al., 2012; Langdon et al., 
2012). It has been shown that the BICAMS provides results corre
sponding well with those obtained by other, more comprehensive neu
ropsychological test batteries commonly used in today’s clinical practice 
(Gromisch et al., 2018; Maltby et al., 2020; Niccolai et al., 2015). 

MRI is a well-established tool for diagnosing and monitoring treat
ment outcomes in MS patients (Thompson et al., 2018a), and neurode
generative changes in general (De Stefano et al., 2014; Lanz et al., 2007). 
Brain atrophy has been identified in all phenotypes and all stages of MS, 
even before the disease manifests itself clinically (Amato et al., 2012; De 
Stefano et al., 2010; Giovannoni, 2017). A recent consensus report 
recommended the use of global brain atrophy measures rather than 
regional measures in clinical practice for more accurate predictions of 
disability across phenotypes and stages of disease (Sastre-Garriga et al., 
2020), and that this is particularly important when the follow-up period 
is short (van Munster and Uitdehaag, 2017). 

A few studies have investigated associations between MRI measures 
and performance on the BICAMS tests (Artemiadis et al., 2018; Fenu 
et al., 2018; Toth et al., 2018). Only one study included longitudinal 
data, but the sample was limited to patients without any disease activity 
identified by MRI during follow-up. Furthermore, all previous studies 
included patients with more than 10 years of disease duration. Thus, 
longitudinal studies investigating associations between performance on 
the BICAMS tests and MRI volume measures in the earliest stages of MS 
are called for. 

We have previously reported the presence of cognitive impairment in 
this sample of patients in the earliest stages of relapsing remitting MS 
(RRMS) over a period of two years by using the BICAMS screening tool 
(Skorve et al., 2019, 2020). We found cognitive impairment on at least 
one of the BICAMS subtests in about 50% of the sample at baseline, 
which is in line with the established prevalence of cognitive impairment 
in MS (Amato et al., 2006; Chiaravalloti and DeLuca, 2008). Thereby, 
the results supported inclusion of the test battery as part of a clinical 
follow-up routine. 

The aim of the present study was to investigate associations between 
cognitive function and global volumetric MRI measures in newly diag
nosed patients with RRMS. We used both a cross-sectional and longi
tudinal design by including results from the BICAMS tests and MRI 
examinations at baseline and at a 2-year follow-up. Expecting deterio
ration over time, we examined if correlations between performances on 
the BICAMS subtests and brain volume measures would be stronger at 
the 2-year follow-up than at baseline. By defining the sample into sub
groups with and without cognitive impairment, we expected to find 
pronounced MRI changes in patients with cognitive impairment per
sisting from baseline to the follow-up examination. 

2.Methods and materials 

2.1.Study population 

A total of 49 RRMS patients with baseline and 2-year follow-up data 
available were included. Inclusion criteria were age ≥18 years, a defi
nite RRMS diagnosis during the time-period 2014–2016, and onset of 
MS-symptoms no more than three years prior to diagnosis, and no co
morbid conditions associated with cognitive impairment. The patients 
were followed with clinical, neuropsychological and MRI assessment for 
two years, and we included cross-sectional data from the baseline 
evaluation and longitudinal data from the two-year follow-up evalua
tion in the current study. The study was approved by the Regional Ethics 
Committee of Western Norway (registration number 2016/31/REK 
Vest), and inclusion was based on written informed consent 

2.2.Procedures 

2.2.1.Physical assessment 
All patients were assessed by a full neurological examination 

including scoring of the Expanded Disability Status Scale (EDSS) 
(Kurtzke, 1983) at inclusion and all follow-ups. 

2.2.2.Cognitive assessment: brief international cognitive assessment for MS 
(BICAMS) 

Patients were assessed using BICAMS at baseline, after 12 and 24 
months, but only data from baseline and the two-year follow-up were 
included in the current study. Cognitive data from the first year of 
follow-up were presented in a previous publication (Skorve et al., 2020). 
Processing speed and memory function are described as the cognitive 
domains most commonly affected in patients with MS (Chiaravalloti and 
DeLuca, 2008; Grzegorski and Losy, 2017). Therefore, the BICAMS 
(Benedict et al., 2012; Langdon et al., 2012) includes three subtests 
designed to assess performance within these domains. The oral version 
of the Symbols Digit Modalities Test (SDMT) (Benedict et al., 2017; 
Smith, 1982) is included as a measure of processing speed. The initial 
learning trials from the California Verbal Learning Test, 2nd edition 
(CVLT-II) (Delis et al., 1987) and the Brief Visuospatial Memory Test 
Revised (BVMT-R) (Benedict, 1997) are included as measures of verbal 
and visuospatial working memory function, respectively. The restriction 
of the memory function tests to the learning trials is due to studies 
showing that the primary memory deficit in MS patients affects memory 
acquisition rather than recall and recognition (DeLuca et al., 1994). To 
distinguish these shortened versions of the memory tests from the 
original full versions, these subtests will hereafter be referred to as 
CVLT-Learning Trials (CVLT-LT) and BVMT-Learning Trials (BVMT-LT). 

Expecting minor learning effects of repeated testing, no alternative 
stimuli were provided for the follow-up evaluations of SDMT perfor
mance (Strober et al., 2009). Expecting short-term effect of previous 
testing on the CVLT-LT (Lundervold et al., 2014), an alternative word 
list from the original version of CVLT-II (List B) was included at the 
one-year follow-up, while the original word list used at baseline was 
repeated at the follow-up after two years. Different forms of BVMT-R 
(Forms 1 – 3) figures were included at baseline and the two follow-up 
sessions. 

Information from a control sample examined as part of a previous 
study (Skorve et al., 2019) was used to define a cut-off value for 
impairment on each of the BICAMS subtests. A test score was defined as 
impaired if it was at least 1.5 standard deviations (SD) below the mean 
score in the control sample (SDMT ≤43 points; CVLT-II ≤50 points; 
BVMT-R ≤23 points). Patients with impaired test scores on at least one 
of the subtests were classified as cognitively impaired (CI), and the rest 
of the sample was defined as cognitively preserved (CP) (Dusankova 
et al., 2012). A longitudinal classification was added for patients clas
sified as CI or CP at both baseline and the two-year follow-up, defined as 
confirmed cognitively impaired (CCI) and confirmed cognitively pre
served (CCP), respectively. 

2.2.3.Magnetic resonance imaging (MRI) acquisition and analysis 
MRI was conducted on a 3T Magnetom Prisma MR scanner (Siemens 

Healthcare, Germany) within one month of BICAMS testing. Detailed 
information about the MRI acquisition protocol is available in a sup
plementary file (Appendix A). The scans were processed by Icometrix 
(Leuven, Belgium) for supervised digital image analyses yielding cross- 
sectional data on global and regional brain volumes and lesion assess
ment, as well as longitudinal volumetric changes. The icobrain MS tool 
(MSMetrix, version 4.3.3) (Beadnall et al., 2019; Fragoso et al., 2017; 
Jain et al., 2015; Smeets et al., 2016), an FDA-approved and CE-marked 
tool for clinical use, was used to analyse the MRI data. The brain volume 
measurements were normalized for intracranial volume through the 
scaling parameter obtained from registration with a reference brain 
(Evans et al., 1993) and corrected for age and gender. Volume per time 
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vocational status and early retirement due to disability (Ruet et al., 
2013). Increased awareness of the negative effects of impaired cognition 
has highlighted the need for an easily administered screening tool to 
identify MS patients with manifest or incipient cognitive impairment. 
This motivated development of the Brief International Cognitive 
Assessment for MS (BICAMS) (Benedict et al., 2012; Langdon et al., 
2012). It has been shown that the BICAMS provides results corre
sponding well with those obtained by other, more comprehensive neu
ropsychological test batteries commonly used in today’s clinical practice 
(Gromisch et al., 2018; Maltby et al., 2020; Niccolai et al., 2015). 

MRI is a well-established tool for diagnosing and monitoring treat
ment outcomes in MS patients (Thompson et al., 2018a), and neurode
generative changes in general (De Stefano et al., 2014; Lanz et al., 2007). 
Brain atrophy has been identified in all phenotypes and all stages of MS, 
even before the disease manifests itself clinically (Amato et al., 2012; De 
Stefano et al., 2010; Giovannoni, 2017). A recent consensus report 
recommended the use of global brain atrophy measures rather than 
regional measures in clinical practice for more accurate predictions of 
disability across phenotypes and stages of disease (Sastre-Garriga et al., 
2020), and that this is particularly important when the follow-up period 
is short (van Munster and Uitdehaag, 2017). 

A few studies have investigated associations between MRI measures 
and performance on the BICAMS tests (Artemiadis et al., 2018; Fenu 
et al., 2018; Toth et al., 2018). Only one study included longitudinal 
data, but the sample was limited to patients without any disease activity 
identified by MRI during follow-up. Furthermore, all previous studies 
included patients with more than 10 years of disease duration. Thus, 
longitudinal studies investigating associations between performance on 
the BICAMS tests and MRI volume measures in the earliest stages of MS 
are called for. 

We have previously reported the presence of cognitive impairment in 
this sample of patients in the earliest stages of relapsing remitting MS 
(RRMS) over a period of two years by using the BICAMS screening tool 
(Skorve et al., 2019, 2020). We found cognitive impairment on at least 
one of the BICAMS subtests in about 50% of the sample at baseline, 
which is in line with the established prevalence of cognitive impairment 
in MS (Amato et al., 2006; Chiaravalloti and DeLuca, 2008). Thereby, 
the results supported inclusion of the test battery as part of a clinical 
follow-up routine. 

The aim of the present study was to investigate associations between 
cognitive function and global volumetric MRI measures in newly diag
nosed patients with RRMS. We used both a cross-sectional and longi
tudinal design by including results from the BICAMS tests and MRI 
examinations at baseline and at a 2-year follow-up. Expecting deterio
ration over time, we examined if correlations between performances on 
the BICAMS subtests and brain volume measures would be stronger at 
the 2-year follow-up than at baseline. By defining the sample into sub
groups with and without cognitive impairment, we expected to find 
pronounced MRI changes in patients with cognitive impairment per
sisting from baseline to the follow-up examination. 

2.Methods and materials 

2.1.Study population 

A total of 49 RRMS patients with baseline and 2-year follow-up data 
available were included. Inclusion criteria were age ≥18 years, a defi
nite RRMS diagnosis during the time-period 2014–2016, and onset of 
MS-symptoms no more than three years prior to diagnosis, and no co
morbid conditions associated with cognitive impairment. The patients 
were followed with clinical, neuropsychological and MRI assessment for 
two years, and we included cross-sectional data from the baseline 
evaluation and longitudinal data from the two-year follow-up evalua
tion in the current study. The study was approved by the Regional Ethics 
Committee of Western Norway (registration number 2016/31/REK 
Vest), and inclusion was based on written informed consent 

2.2.Procedures 

2.2.1.Physical assessment 
All patients were assessed by a full neurological examination 

including scoring of the Expanded Disability Status Scale (EDSS) 
(Kurtzke, 1983) at inclusion and all follow-ups. 

2.2.2.Cognitive assessment: brief international cognitive assessment for MS 
(BICAMS) 

Patients were assessed using BICAMS at baseline, after 12 and 24 
months, but only data from baseline and the two-year follow-up were 
included in the current study. Cognitive data from the first year of 
follow-up were presented in a previous publication (Skorve et al., 2020). 
Processing speed and memory function are described as the cognitive 
domains most commonly affected in patients with MS (Chiaravalloti and 
DeLuca, 2008; Grzegorski and Losy, 2017). Therefore, the BICAMS 
(Benedict et al., 2012; Langdon et al., 2012) includes three subtests 
designed to assess performance within these domains. The oral version 
of the Symbols Digit Modalities Test (SDMT) (Benedict et al., 2017; 
Smith, 1982) is included as a measure of processing speed. The initial 
learning trials from the California Verbal Learning Test, 2nd edition 
(CVLT-II) (Delis et al., 1987) and the Brief Visuospatial Memory Test 
Revised (BVMT-R) (Benedict, 1997) are included as measures of verbal 
and visuospatial working memory function, respectively. The restriction 
of the memory function tests to the learning trials is due to studies 
showing that the primary memory deficit in MS patients affects memory 
acquisition rather than recall and recognition (DeLuca et al., 1994). To 
distinguish these shortened versions of the memory tests from the 
original full versions, these subtests will hereafter be referred to as 
CVLT-Learning Trials (CVLT-LT) and BVMT-Learning Trials (BVMT-LT). 

Expecting minor learning effects of repeated testing, no alternative 
stimuli were provided for the follow-up evaluations of SDMT perfor
mance (Strober et al., 2009). Expecting short-term effect of previous 
testing on the CVLT-LT (Lundervold et al., 2014), an alternative word 
list from the original version of CVLT-II (List B) was included at the 
one-year follow-up, while the original word list used at baseline was 
repeated at the follow-up after two years. Different forms of BVMT-R 
(Forms 1 – 3) figures were included at baseline and the two follow-up 
sessions. 

Information from a control sample examined as part of a previous 
study (Skorve et al., 2019) was used to define a cut-off value for 
impairment on each of the BICAMS subtests. A test score was defined as 
impaired if it was at least 1.5 standard deviations (SD) below the mean 
score in the control sample (SDMT ≤43 points; CVLT-II ≤50 points; 
BVMT-R ≤23 points). Patients with impaired test scores on at least one 
of the subtests were classified as cognitively impaired (CI), and the rest 
of the sample was defined as cognitively preserved (CP) (Dusankova 
et al., 2012). A longitudinal classification was added for patients clas
sified as CI or CP at both baseline and the two-year follow-up, defined as 
confirmed cognitively impaired (CCI) and confirmed cognitively pre
served (CCP), respectively. 

2.2.3.Magnetic resonance imaging (MRI) acquisition and analysis 
MRI was conducted on a 3T Magnetom Prisma MR scanner (Siemens 

Healthcare, Germany) within one month of BICAMS testing. Detailed 
information about the MRI acquisition protocol is available in a sup
plementary file (Appendix A). The scans were processed by Icometrix 
(Leuven, Belgium) for supervised digital image analyses yielding cross- 
sectional data on global and regional brain volumes and lesion assess
ment, as well as longitudinal volumetric changes. The icobrain MS tool 
(MSMetrix, version 4.3.3) (Beadnall et al., 2019; Fragoso et al., 2017; 
Jain et al., 2015; Smeets et al., 2016), an FDA-approved and CE-marked 
tool for clinical use, was used to analyse the MRI data. The brain volume 
measurements were normalized for intracranial volume through the 
scaling parameter obtained from registration with a reference brain 
(Evans et al., 1993) and corrected for age and gender. Volume per time 
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vocational status and early retirement due to disability (Ruet et al., 
2013). Increased awareness of the negative effects of impaired cognition 
has highlighted the need for an easily administered screening tool to 
identify MS patients with manifest or incipient cognitive impairment. 
This motivated development of the Brief International Cognitive 
Assessment for MS (BICAMS) (Benedict et al., 2012; Langdon et al., 
2012). It has been shown that the BICAMS provides results corre
sponding well with those obtained by other, more comprehensive neu
ropsychological test batteries commonly used in today’s clinical practice 
(Gromisch et al., 2018; Maltby et al., 2020; Niccolai et al., 2015). 

MRI is a well-established tool for diagnosing and monitoring treat
ment outcomes in MS patients (Thompson et al., 2018a), and neurode
generative changes in general (De Stefano et al., 2014; Lanz et al., 2007). 
Brain atrophy has been identified in all phenotypes and all stages of MS, 
even before the disease manifests itself clinically (Amato et al., 2012; De 
Stefano et al., 2010; Giovannoni, 2017). A recent consensus report 
recommended the use of global brain atrophy measures rather than 
regional measures in clinical practice for more accurate predictions of 
disability across phenotypes and stages of disease (Sastre-Garriga et al., 
2020), and that this is particularly important when the follow-up period 
is short (van Munster and Uitdehaag, 2017). 

A few studies have investigated associations between MRI measures 
and performance on the BICAMS tests (Artemiadis et al., 2018; Fenu 
et al., 2018; Toth et al., 2018). Only one study included longitudinal 
data, but the sample was limited to patients without any disease activity 
identified by MRI during follow-up. Furthermore, all previous studies 
included patients with more than 10 years of disease duration. Thus, 
longitudinal studies investigating associations between performance on 
the BICAMS tests and MRI volume measures in the earliest stages of MS 
are called for. 

We have previously reported the presence of cognitive impairment in 
this sample of patients in the earliest stages of relapsing remitting MS 
(RRMS) over a period of two years by using the BICAMS screening tool 
(Skorve et al., 2019, 2020). We found cognitive impairment on at least 
one of the BICAMS subtests in about 50% of the sample at baseline, 
which is in line with the established prevalence of cognitive impairment 
in MS (Amato et al., 2006; Chiaravalloti and DeLuca, 2008). Thereby, 
the results supported inclusion of the test battery as part of a clinical 
follow-up routine. 

The aim of the present study was to investigate associations between 
cognitive function and global volumetric MRI measures in newly diag
nosed patients with RRMS. We used both a cross-sectional and longi
tudinal design by including results from the BICAMS tests and MRI 
examinations at baseline and at a 2-year follow-up. Expecting deterio
ration over time, we examined if correlations between performances on 
the BICAMS subtests and brain volume measures would be stronger at 
the 2-year follow-up than at baseline. By defining the sample into sub
groups with and without cognitive impairment, we expected to find 
pronounced MRI changes in patients with cognitive impairment per
sisting from baseline to the follow-up examination. 

2.Methods and materials 

2.1.Study population 

A total of 49 RRMS patients with baseline and 2-year follow-up data 
available were included. Inclusion criteria were age ≥18 years, a defi
nite RRMS diagnosis during the time-period 2014–2016, and onset of 
MS-symptoms no more than three years prior to diagnosis, and no co
morbid conditions associated with cognitive impairment. The patients 
were followed with clinical, neuropsychological and MRI assessment for 
two years, and we included cross-sectional data from the baseline 
evaluation and longitudinal data from the two-year follow-up evalua
tion in the current study. The study was approved by the Regional Ethics 
Committee of Western Norway (registration number 2016/31/REK 
Vest), and inclusion was based on written informed consent 

2.2.Procedures 

2.2.1.Physical assessment 
All patients were assessed by a full neurological examination 

including scoring of the Expanded Disability Status Scale (EDSS) 
(Kurtzke, 1983) at inclusion and all follow-ups. 

2.2.2.Cognitive assessment: brief international cognitive assessment for MS 
(BICAMS) 

Patients were assessed using BICAMS at baseline, after 12 and 24 
months, but only data from baseline and the two-year follow-up were 
included in the current study. Cognitive data from the first year of 
follow-up were presented in a previous publication (Skorve et al., 2020). 
Processing speed and memory function are described as the cognitive 
domains most commonly affected in patients with MS (Chiaravalloti and 
DeLuca, 2008; Grzegorski and Losy, 2017). Therefore, the BICAMS 
(Benedict et al., 2012; Langdon et al., 2012) includes three subtests 
designed to assess performance within these domains. The oral version 
of the Symbols Digit Modalities Test (SDMT) (Benedict et al., 2017; 
Smith, 1982) is included as a measure of processing speed. The initial 
learning trials from the California Verbal Learning Test, 2nd edition 
(CVLT-II) (Delis et al., 1987) and the Brief Visuospatial Memory Test 
Revised (BVMT-R) (Benedict, 1997) are included as measures of verbal 
and visuospatial working memory function, respectively. The restriction 
of the memory function tests to the learning trials is due to studies 
showing that the primary memory deficit in MS patients affects memory 
acquisition rather than recall and recognition (DeLuca et al., 1994). To 
distinguish these shortened versions of the memory tests from the 
original full versions, these subtests will hereafter be referred to as 
CVLT-Learning Trials (CVLT-LT) and BVMT-Learning Trials (BVMT-LT). 

Expecting minor learning effects of repeated testing, no alternative 
stimuli were provided for the follow-up evaluations of SDMT perfor
mance (Strober et al., 2009). Expecting short-term effect of previous 
testing on the CVLT-LT (Lundervold et al., 2014), an alternative word 
list from the original version of CVLT-II (List B) was included at the 
one-year follow-up, while the original word list used at baseline was 
repeated at the follow-up after two years. Different forms of BVMT-R 
(Forms 1 – 3) figures were included at baseline and the two follow-up 
sessions. 

Information from a control sample examined as part of a previous 
study (Skorve et al., 2019) was used to define a cut-off value for 
impairment on each of the BICAMS subtests. A test score was defined as 
impaired if it was at least 1.5 standard deviations (SD) below the mean 
score in the control sample (SDMT ≤43 points; CVLT-II ≤50 points; 
BVMT-R ≤23 points). Patients with impaired test scores on at least one 
of the subtests were classified as cognitively impaired (CI), and the rest 
of the sample was defined as cognitively preserved (CP) (Dusankova 
et al., 2012). A longitudinal classification was added for patients clas
sified as CI or CP at both baseline and the two-year follow-up, defined as 
confirmed cognitively impaired (CCI) and confirmed cognitively pre
served (CCP), respectively. 

2.2.3.Magnetic resonance imaging (MRI) acquisition and analysis 
MRI was conducted on a 3T Magnetom Prisma MR scanner (Siemens 

Healthcare, Germany) within one month of BICAMS testing. Detailed 
information about the MRI acquisition protocol is available in a sup
plementary file (Appendix A). The scans were processed by Icometrix 
(Leuven, Belgium) for supervised digital image analyses yielding cross- 
sectional data on global and regional brain volumes and lesion assess
ment, as well as longitudinal volumetric changes. The icobrain MS tool 
(MSMetrix, version 4.3.3) (Beadnall et al., 2019; Fragoso et al., 2017; 
Jain et al., 2015; Smeets et al., 2016), an FDA-approved and CE-marked 
tool for clinical use, was used to analyse the MRI data. The brain volume 
measurements were normalized for intracranial volume through the 
scaling parameter obtained from registration with a reference brain 
(Evans et al., 1993) and corrected for age and gender. Volume per time 
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vocational status and early retirement due to disability (Ruet et al., 
2013). Increased awareness of the negative effects of impaired cognition 
has highlighted the need for an easily administered screening tool to 
identify MS patients with manifest or incipient cognitive impairment. 
This motivated development of the Brief International Cognitive 
Assessment for MS (BICAMS) (Benedict et al., 2012; Langdon et al., 
2012). It has been shown that the BICAMS provides results corre
sponding well with those obtained by other, more comprehensive neu
ropsychological test batteries commonly used in today’s clinical practice 
(Gromisch et al., 2018; Maltby et al., 2020; Niccolai et al., 2015). 

MRI is a well-established tool for diagnosing and monitoring treat
ment outcomes in MS patients (Thompson et al., 2018a), and neurode
generative changes in general (De Stefano et al., 2014; Lanz et al., 2007). 
Brain atrophy has been identified in all phenotypes and all stages of MS, 
even before the disease manifests itself clinically (Amato et al., 2012; De 
Stefano et al., 2010; Giovannoni, 2017). A recent consensus report 
recommended the use of global brain atrophy measures rather than 
regional measures in clinical practice for more accurate predictions of 
disability across phenotypes and stages of disease (Sastre-Garriga et al., 
2020), and that this is particularly important when the follow-up period 
is short (van Munster and Uitdehaag, 2017). 

A few studies have investigated associations between MRI measures 
and performance on the BICAMS tests (Artemiadis et al., 2018; Fenu 
et al., 2018; Toth et al., 2018). Only one study included longitudinal 
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(Benedict et al., 2012; Langdon et al., 2012) includes three subtests 
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of the sample was defined as cognitively preserved (CP) (Dusankova 
et al., 2012). A longitudinal classification was added for patients clas
sified as CI or CP at both baseline and the two-year follow-up, defined as 
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point of normalized whole brain (NBV), normalized grey matter (NGV), 
normalized white matter (NWM) and normalized lateral ventricle (NVV) 
are included as measures in the present study, as well as total hyperin
tense T2-weighted (FLAIR) lesion volumes (T2LV) and hypointense 
T1-weighted lesion volumes (T1LV) per time point. 

2.3. Statistical analyses 

Statistical analyses were performed using SPSS version 26 (IBM 
Corp., Armonk, NY). Statistical significance level was set to <0.05. 
Pearson’s correlation coefficients were considered strong when r≥±0.5, 
moderate when r=±0.30 - ±0.49, and weak when r≤±0.29. Group 
differences were examined with independent samples student’s t-test 
and McNemar test for continuous and categorical variables, respec
tively. Longitudinal changes within groups were examined with paired 
samples student’s t-test. Within-subjects effect sizes were calculated 
according to Cohen’s d, and between-subject effect sizes according to 
Hedges g to account for small and unequal sample sizes. 

3. Results 

3.1. Sample characteristics 

Baseline demographic and clinical characteristics are listed in 
Table 1. All patients had less than six years since onset of the first MS 
symptom and less than three years since diagnosis. All patients had an 
EDSS scores less than 3.0 at baseline, a level which remained low 
throughout the study. 

3.2. Cognitive performance (BICAMS) 

We found cognitive impairment (CI) on one or more subtests in 22/ 
49 patients (45%) at baseline, with the majority (17/22; 77%) having 
only one impaired test score. Three patients (14%) showed impairment 
across two subtests, and two patients (9%) across all three. Separate 
analyses of the three subtests showed that 6% of the patients obtained an 
impaired test score on the SDMT, and 33% and 20% on the CVLT-LT and 
BVMT-LT, respectively. After two years, 17/49 patients (35%) were 
defined as CI. During the observation time three patients (6%) changed 
classification from preserved to impaired and eight patients (16%) 
changed from impaired to preserved. The rest of the sample (78%) 
showed no change and were longitudinally defined as confirmed 
cognitively impaired (CCI; n = 14) and confirmed cognitively preserved 
(CCP; n = 24). 

Overall, the improvements in raw scores from baseline to the two- 
year follow-up were statistically significant for the performance on 
SDMT (d = 0.57) and CVLT-LT (d = 0.49), but not for the BVMT-LT 
(Table 2). A more detailed analysis of patients classified as CI (n = 17) 
or CP (n = 32) at follow-up showed that the improvements were still 
significant for SDMT (d = 0.70) and CVLT-LT (d = 0.50) for the CP 
group, while the change was non-significant on all three tests for the CI 
group (Table 2). 

3.3. MRI correlations with BICAMS subtests 

Correlations between cognitive performances and MRI brain volume 
measures at baseline and at the two-year follow-up are shown in Table 3. 
Results on the SDMT at baseline were strongly correlated with the 
normalized whole brain (NBV) and grey matter volumes (NGV), and 
moderately correlated with normalized lateral ventricle volume (NVV). 
There were no significant correlations between results on SDMT and 
lesion volumes (T1LV and T2LV) at either time point. Baseline results on 
the CVLT-LT were moderately correlated with NBV and NGV, weak to 
moderately with NVV, and to both T1LV and T2LV. We found a mod
erate to strong correlation between baseline results on the BVMT-LT and 
NBV, NGV and NVV, and a weak correlation with T1LV and T2LV. After 
two years, all aforementioned correlations between performances on 
SDMT, CVLT-LT and the volume measures remained at the same level. 
For the BVMT-LT only the correlations with NBV and NGV remained 
statistically significant, whereas all other correlations lost statistical 
significance at follow-up. None of the BICAMS subtests showed signifi
cant correlations with white matter volume (NWV) at either time point. 

3.4. MRI volume changes in relation to cognition 

Table 4 shows the overall changes in volumes from baseline to 
follow-up. During the two-year period, both white matter and grey 
matter volumes were significantly reduced (d = 0.44 and d = 1.08, 
respectively), with a corresponding significant increase in lateral 
ventricle volumes (d = 0.80) and a significant reduction in whole brain 
volume (d = 0.93). During this observation time, there was also a sig
nificant increase in the total T1LV (d = 0.34), but not in the total T2LV. 
The correlations between all volume measures at the two time points 
were strong, with r-values approaching 1.0 for all included MRI 
measures. 

To evaluate longitudinal changes and differences between the 
cognitively impaired and preserved patients over the course of two 
years, we extracted data from patients who were longitudinally classi
fied as CCI (n = 14) and CCP (n = 24) (Table 5a-b). The CCI group had 
significantly lower volumes of whole brain, grey matter, and white 
matter than the CCP group, and larger lateral ventricle volumes and 
lesion volumes at both time points. All volume measures deteriorated 
significantly from baseline to follow-up in the CCI group, except for the 
T1LV (borderline significant). For the CCP group, there were statistically 
significant changes in whole brain, grey matter, and lateral ventricle 
volume, but no significant changes in white matter volume, T2LV or 
T1LV. Mean annualized whole brain volume change (global atrophy 
rate) from baseline to the two-year follow-up was lower in the CCP 
group (−0.15%) than in the CCI group (−0.25%), but the differences 
were not statistically significant. 

4. Discussion 

We found significant changes in brain volumes in a group of MS 
patients in an early stage of the disease, and performance on all three 
BICAMS subtests correlated strongly with the normalized whole brain 
and grey matter volumes (NBV and NGV). None of the subtests showed 
significant correlations with white matter volume (NWV), and only 
CVLT-LT retained significant correlations with hyperintense T2 FLAIR 
lesion volume (T2LV) and hypointense T1 lesion volume (T1LV) from 
baseline to follow-up. Changes in brain volume measures were overall 
most profound in patients defined as cognitively impaired at both 
baseline and the two-year follow-up. Both the confirmed cognitively 
impaired (CCI) and preserved (CCP) patients showed significant atrophy 
of NBV and NGV, as well as an increase in lateral ventricle volume 
(NVV), but only the CCI group showed significant increase in T2LV and 
white matter atrophy over the two-year follow-up period. 

The strong correlations between scores on the SDMT (processing 
speed) and NBV and NGV at both time points are in line with previous 

Table 1 
Demographic and clinical characteristics at baseline (N = 49).  

Gender m/f, n (%) 15/34 (31/69) 
Age, mean (±SD) 38.7 ± 10.7 
EDSS  

mean ±SD 1.3 ± 0.9* 
median (range) 1.5 (0.0–3.0) 

Disease duration (years)  
since first symptom, mean ±SD (range) 2.1 ± 1.3 (0.3–5.3) 
since diagnosis, mean ±SD (range) 1.3 ± 0.8 (0.3–2.7) 

SD= Standard deviation. EDSS= Expanded Disability Status Scale. 
*mean EDSS at follow-up 1.5 ± 0.9 (not statistically significant). 
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point of normalized whole brain (NBV), normalized grey matter (NGV), 
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are included as measures in the present study, as well as total hyperin
tense T2-weighted (FLAIR) lesion volumes (T2LV) and hypointense 
T1-weighted lesion volumes (T1LV) per time point. 

2.3.Statistical analyses 

Statistical analyses were performed using SPSS version 26 (IBM 
Corp., Armonk, NY). Statistical significance level was set to <0.05. 
Pearson’s correlation coefficients were considered strong when r≥±0.5, 
moderate when r=±0.30 - ±0.49, and weak when r≤±0.29. Group 
differences were examined with independent samples student’s t-test 
and McNemar test for continuous and categorical variables, respec
tively. Longitudinal changes within groups were examined with paired 
samples student’s t-test. Within-subjects effect sizes were calculated 
according to Cohen’s d, and between-subject effect sizes according to 
Hedges g to account for small and unequal sample sizes. 

3.Results 

3.1.Sample characteristics 

Baseline demographic and clinical characteristics are listed in 
Table 1. All patients had less than six years since onset of the first MS 
symptom and less than three years since diagnosis. All patients had an 
EDSS scores less than 3.0 at baseline, a level which remained low 
throughout the study. 

3.2.Cognitive performance (BICAMS) 
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across two subtests, and two patients (9%) across all three. Separate 
analyses of the three subtests showed that 6% of the patients obtained an 
impaired test score on the SDMT, and 33% and 20% on the CVLT-LT and 
BVMT-LT, respectively. After two years, 17/49 patients (35%) were 
defined as CI. During the observation time three patients (6%) changed 
classification from preserved to impaired and eight patients (16%) 
changed from impaired to preserved. The rest of the sample (78%) 
showed no change and were longitudinally defined as confirmed 
cognitively impaired (CCI; n =14) and confirmed cognitively preserved 
(CCP; n =24). 

Overall, the improvements in raw scores from baseline to the two- 
year follow-up were statistically significant for the performance on 
SDMT (d =0.57) and CVLT-LT (d =0.49), but not for the BVMT-LT 
(Table 2). A more detailed analysis of patients classified as CI (n =17) 
or CP (n =32) at follow-up showed that the improvements were still 
significant for SDMT (d =0.70) and CVLT-LT (d =0.50) for the CP 
group, while the change was non-significant on all three tests for the CI 
group (Table 2). 

3.3.MRI correlations with BICAMS subtests 

Correlations between cognitive performances and MRI brain volume 
measures at baseline and at the two-year follow-up are shown in Table 3. 
Results on the SDMT at baseline were strongly correlated with the 
normalized whole brain (NBV) and grey matter volumes (NGV), and 
moderately correlated with normalized lateral ventricle volume (NVV). 
There were no significant correlations between results on SDMT and 
lesion volumes (T1LV and T2LV) at either time point. Baseline results on 
the CVLT-LT were moderately correlated with NBV and NGV, weak to 
moderately with NVV, and to both T1LV and T2LV. We found a mod
erate to strong correlation between baseline results on the BVMT-LT and 
NBV, NGV and NVV, and a weak correlation with T1LV and T2LV. After 
two years, all aforementioned correlations between performances on 
SDMT, CVLT-LT and the volume measures remained at the same level. 
For the BVMT-LT only the correlations with NBV and NGV remained 
statistically significant, whereas all other correlations lost statistical 
significance at follow-up. None of the BICAMS subtests showed signifi
cant correlations with white matter volume (NWV) at either time point. 

3.4.MRI volume changes in relation to cognition 

Table 4 shows the overall changes in volumes from baseline to 
follow-up. During the two-year period, both white matter and grey 
matter volumes were significantly reduced (d =0.44 and d =1.08, 
respectively), with a corresponding significant increase in lateral 
ventricle volumes (d =0.80) and a significant reduction in whole brain 
volume (d =0.93). During this observation time, there was also a sig
nificant increase in the total T1LV (d =0.34), but not in the total T2LV. 
The correlations between all volume measures at the two time points 
were strong, with r-values approaching 1.0 for all included MRI 
measures. 

To evaluate longitudinal changes and differences between the 
cognitively impaired and preserved patients over the course of two 
years, we extracted data from patients who were longitudinally classi
fied as CCI (n =14) and CCP (n =24) (Table 5a-b). The CCI group had 
significantly lower volumes of whole brain, grey matter, and white 
matter than the CCP group, and larger lateral ventricle volumes and 
lesion volumes at both time points. All volume measures deteriorated 
significantly from baseline to follow-up in the CCI group, except for the 
T1LV (borderline significant). For the CCP group, there were statistically 
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volume, but no significant changes in white matter volume, T2LV or 
T1LV. Mean annualized whole brain volume change (global atrophy 
rate) from baseline to the two-year follow-up was lower in the CCP 
group (−0.15%) than in the CCI group (−0.25%), but the differences 
were not statistically significant. 

4.Discussion 

We found significant changes in brain volumes in a group of MS 
patients in an early stage of the disease, and performance on all three 
BICAMS subtests correlated strongly with the normalized whole brain 
and grey matter volumes (NBV and NGV). None of the subtests showed 
significant correlations with white matter volume (NWV), and only 
CVLT-LT retained significant correlations with hyperintense T2 FLAIR 
lesion volume (T2LV) and hypointense T1 lesion volume (T1LV) from 
baseline to follow-up. Changes in brain volume measures were overall 
most profound in patients defined as cognitively impaired at both 
baseline and the two-year follow-up. Both the confirmed cognitively 
impaired (CCI) and preserved (CCP) patients showed significant atrophy 
of NBV and NGV, as well as an increase in lateral ventricle volume 
(NVV), but only the CCI group showed significant increase in T2LV and 
white matter atrophy over the two-year follow-up period. 

The strong correlations between scores on the SDMT (processing 
speed) and NBV and NGV at both time points are in line with previous 
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Demographic and clinical characteristics at baseline (N =49).  

Gender m/f, n (%) 15/34 (31/69) 
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volume (d =0.93). During this observation time, there was also a sig
nificant increase in the total T1LV (d =0.34), but not in the total T2LV. 
The correlations between all volume measures at the two time points 
were strong, with r-values approaching 1.0 for all included MRI 
measures. 

To evaluate longitudinal changes and differences between the 
cognitively impaired and preserved patients over the course of two 
years, we extracted data from patients who were longitudinally classi
fied as CCI (n =14) and CCP (n =24) (Table 5a-b). The CCI group had 
significantly lower volumes of whole brain, grey matter, and white 
matter than the CCP group, and larger lateral ventricle volumes and 
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Table 1. All patients had less than six years since onset of the first MS 
symptom and less than three years since diagnosis. All patients had an 
EDSS scores less than 3.0 at baseline, a level which remained low 
throughout the study. 

3.2. Cognitive performance (BICAMS) 

We found cognitive impairment (CI) on one or more subtests in 22/ 
49 patients (45%) at baseline, with the majority (17/22; 77%) having 
only one impaired test score. Three patients (14%) showed impairment 
across two subtests, and two patients (9%) across all three. Separate 
analyses of the three subtests showed that 6% of the patients obtained an 
impaired test score on the SDMT, and 33% and 20% on the CVLT-LT and 
BVMT-LT, respectively. After two years, 17/49 patients (35%) were 
defined as CI. During the observation time three patients (6%) changed 
classification from preserved to impaired and eight patients (16%) 
changed from impaired to preserved. The rest of the sample (78%) 
showed no change and were longitudinally defined as confirmed 
cognitively impaired (CCI; n = 14) and confirmed cognitively preserved 
(CCP; n = 24). 

Overall, the improvements in raw scores from baseline to the two- 
year follow-up were statistically significant for the performance on 
SDMT (d = 0.57) and CVLT-LT (d = 0.49), but not for the BVMT-LT 
(Table 2). A more detailed analysis of patients classified as CI (n = 17) 
or CP (n = 32) at follow-up showed that the improvements were still 
significant for SDMT (d = 0.70) and CVLT-LT (d = 0.50) for the CP 
group, while the change was non-significant on all three tests for the CI 
group (Table 2). 

3.3. MRI correlations with BICAMS subtests 

Correlations between cognitive performances and MRI brain volume 
measures at baseline and at the two-year follow-up are shown in Table 3. 
Results on the SDMT at baseline were strongly correlated with the 
normalized whole brain (NBV) and grey matter volumes (NGV), and 
moderately correlated with normalized lateral ventricle volume (NVV). 
There were no significant correlations between results on SDMT and 
lesion volumes (T1LV and T2LV) at either time point. Baseline results on 
the CVLT-LT were moderately correlated with NBV and NGV, weak to 
moderately with NVV, and to both T1LV and T2LV. We found a mod
erate to strong correlation between baseline results on the BVMT-LT and 
NBV, NGV and NVV, and a weak correlation with T1LV and T2LV. After 
two years, all aforementioned correlations between performances on 
SDMT, CVLT-LT and the volume measures remained at the same level. 
For the BVMT-LT only the correlations with NBV and NGV remained 
statistically significant, whereas all other correlations lost statistical 
significance at follow-up. None of the BICAMS subtests showed signifi
cant correlations with white matter volume (NWV) at either time point. 

3.4. MRI volume changes in relation to cognition 

Table 4 shows the overall changes in volumes from baseline to 
follow-up. During the two-year period, both white matter and grey 
matter volumes were significantly reduced (d = 0.44 and d = 1.08, 
respectively), with a corresponding significant increase in lateral 
ventricle volumes (d = 0.80) and a significant reduction in whole brain 
volume (d = 0.93). During this observation time, there was also a sig
nificant increase in the total T1LV (d = 0.34), but not in the total T2LV. 
The correlations between all volume measures at the two time points 
were strong, with r-values approaching 1.0 for all included MRI 
measures. 

To evaluate longitudinal changes and differences between the 
cognitively impaired and preserved patients over the course of two 
years, we extracted data from patients who were longitudinally classi
fied as CCI (n = 14) and CCP (n = 24) (Table 5a-b). The CCI group had 
significantly lower volumes of whole brain, grey matter, and white 
matter than the CCP group, and larger lateral ventricle volumes and 
lesion volumes at both time points. All volume measures deteriorated 
significantly from baseline to follow-up in the CCI group, except for the 
T1LV (borderline significant). For the CCP group, there were statistically 
significant changes in whole brain, grey matter, and lateral ventricle 
volume, but no significant changes in white matter volume, T2LV or 
T1LV. Mean annualized whole brain volume change (global atrophy 
rate) from baseline to the two-year follow-up was lower in the CCP 
group (−0.15%) than in the CCI group (−0.25%), but the differences 
were not statistically significant. 

4. Discussion 

We found significant changes in brain volumes in a group of MS 
patients in an early stage of the disease, and performance on all three 
BICAMS subtests correlated strongly with the normalized whole brain 
and grey matter volumes (NBV and NGV). None of the subtests showed 
significant correlations with white matter volume (NWV), and only 
CVLT-LT retained significant correlations with hyperintense T2 FLAIR 
lesion volume (T2LV) and hypointense T1 lesion volume (T1LV) from 
baseline to follow-up. Changes in brain volume measures were overall 
most profound in patients defined as cognitively impaired at both 
baseline and the two-year follow-up. Both the confirmed cognitively 
impaired (CCI) and preserved (CCP) patients showed significant atrophy 
of NBV and NGV, as well as an increase in lateral ventricle volume 
(NVV), but only the CCI group showed significant increase in T2LV and 
white matter atrophy over the two-year follow-up period. 

The strong correlations between scores on the SDMT (processing 
speed) and NBV and NGV at both time points are in line with previous 

Table 1 
Demographic and clinical characteristics at baseline (N = 49).  

Gender m/f, n (%) 15/34 (31/69) 
Age, mean (±SD) 38.7 ± 10.7 
EDSS  

mean ±SD 1.3 ± 0.9* 
median (range) 1.5 (0.0–3.0) 

Disease duration (years)  
since first symptom, mean ±SD (range) 2.1 ± 1.3 (0.3–5.3) 
since diagnosis, mean ±SD (range) 1.3 ± 0.8 (0.3–2.7) 

SD= Standard deviation. EDSS= Expanded Disability Status Scale. 
*mean EDSS at follow-up 1.5 ± 0.9 (not statistically significant). 
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were strong, with r-values approaching 1.0 for all included MRI 
measures. 

To evaluate longitudinal changes and differences between the 
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impaired test score on the SDMT, and 33% and 20% on the CVLT-LT and 
BVMT-LT, respectively. After two years, 17/49 patients (35%) were 
defined as CI. During the observation time three patients (6%) changed 
classification from preserved to impaired and eight patients (16%) 
changed from impaired to preserved. The rest of the sample (78%) 
showed no change and were longitudinally defined as confirmed 
cognitively impaired (CCI; n =14) and confirmed cognitively preserved 
(CCP; n =24). 

Overall, the improvements in raw scores from baseline to the two- 
year follow-up were statistically significant for the performance on 
SDMT (d =0.57) and CVLT-LT (d =0.49), but not for the BVMT-LT 
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or CP (n =32) at follow-up showed that the improvements were still 
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Results on the SDMT at baseline were strongly correlated with the 
normalized whole brain (NBV) and grey matter volumes (NGV), and 
moderately correlated with normalized lateral ventricle volume (NVV). 
There were no significant correlations between results on SDMT and 
lesion volumes (T1LV and T2LV) at either time point. Baseline results on 
the CVLT-LT were moderately correlated with NBV and NGV, weak to 
moderately with NVV, and to both T1LV and T2LV. We found a mod
erate to strong correlation between baseline results on the BVMT-LT and 
NBV, NGV and NVV, and a weak correlation with T1LV and T2LV. After 
two years, all aforementioned correlations between performances on 
SDMT, CVLT-LT and the volume measures remained at the same level. 
For the BVMT-LT only the correlations with NBV and NGV remained 
statistically significant, whereas all other correlations lost statistical 
significance at follow-up. None of the BICAMS subtests showed signifi
cant correlations with white matter volume (NWV) at either time point. 

3.4.MRI volume changes in relation to cognition 

Table 4 shows the overall changes in volumes from baseline to 
follow-up. During the two-year period, both white matter and grey 
matter volumes were significantly reduced (d =0.44 and d =1.08, 
respectively), with a corresponding significant increase in lateral 
ventricle volumes (d =0.80) and a significant reduction in whole brain 
volume (d =0.93). During this observation time, there was also a sig
nificant increase in the total T1LV (d =0.34), but not in the total T2LV. 
The correlations between all volume measures at the two time points 
were strong, with r-values approaching 1.0 for all included MRI 
measures. 

To evaluate longitudinal changes and differences between the 
cognitively impaired and preserved patients over the course of two 
years, we extracted data from patients who were longitudinally classi
fied as CCI (n =14) and CCP (n =24) (Table 5a-b). The CCI group had 
significantly lower volumes of whole brain, grey matter, and white 
matter than the CCP group, and larger lateral ventricle volumes and 
lesion volumes at both time points. All volume measures deteriorated 
significantly from baseline to follow-up in the CCI group, except for the 
T1LV (borderline significant). For the CCP group, there were statistically 
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rate) from baseline to the two-year follow-up was lower in the CCP 
group (−0.15%) than in the CCI group (−0.25%), but the differences 
were not statistically significant. 
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We found significant changes in brain volumes in a group of MS 
patients in an early stage of the disease, and performance on all three 
BICAMS subtests correlated strongly with the normalized whole brain 
and grey matter volumes (NBV and NGV). None of the subtests showed 
significant correlations with white matter volume (NWV), and only 
CVLT-LT retained significant correlations with hyperintense T2 FLAIR 
lesion volume (T2LV) and hypointense T1 lesion volume (T1LV) from 
baseline to follow-up. Changes in brain volume measures were overall 
most profound in patients defined as cognitively impaired at both 
baseline and the two-year follow-up. Both the confirmed cognitively 
impaired (CCI) and preserved (CCP) patients showed significant atrophy 
of NBV and NGV, as well as an increase in lateral ventricle volume 
(NVV), but only the CCI group showed significant increase in T2LV and 
white matter atrophy over the two-year follow-up period. 

The strong correlations between scores on the SDMT (processing 
speed) and NBV and NGV at both time points are in line with previous 
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(Table 2). A more detailed analysis of patients classified as CI (n =17) 
or CP (n =32) at follow-up showed that the improvements were still 
significant for SDMT (d =0.70) and CVLT-LT (d =0.50) for the CP 
group, while the change was non-significant on all three tests for the CI 
group (Table 2). 

3.3.MRI correlations with BICAMS subtests 

Correlations between cognitive performances and MRI brain volume 
measures at baseline and at the two-year follow-up are shown in Table 3. 
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respectively), with a corresponding significant increase in lateral 
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volume (d =0.93). During this observation time, there was also a sig
nificant increase in the total T1LV (d =0.34), but not in the total T2LV. 
The correlations between all volume measures at the two time points 
were strong, with r-values approaching 1.0 for all included MRI 
measures. 

To evaluate longitudinal changes and differences between the 
cognitively impaired and preserved patients over the course of two 
years, we extracted data from patients who were longitudinally classi
fied as CCI (n =14) and CCP (n =24) (Table 5a-b). The CCI group had 
significantly lower volumes of whole brain, grey matter, and white 
matter than the CCP group, and larger lateral ventricle volumes and 
lesion volumes at both time points. All volume measures deteriorated 
significantly from baseline to follow-up in the CCI group, except for the 
T1LV (borderline significant). For the CCP group, there were statistically 
significant changes in whole brain, grey matter, and lateral ventricle 
volume, but no significant changes in white matter volume, T2LV or 
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rate) from baseline to the two-year follow-up was lower in the CCP 
group (−0.15%) than in the CCI group (−0.25%), but the differences 
were not statistically significant. 
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patients in an early stage of the disease, and performance on all three 
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EDSS scores less than 3.0 at baseline, a level which remained low 
throughout the study. 

3.2.Cognitive performance (BICAMS) 

We found cognitive impairment (CI) on one or more subtests in 22/ 
49 patients (45%) at baseline, with the majority (17/22; 77%) having 
only one impaired test score. Three patients (14%) showed impairment 
across two subtests, and two patients (9%) across all three. Separate 
analyses of the three subtests showed that 6% of the patients obtained an 
impaired test score on the SDMT, and 33% and 20% on the CVLT-LT and 
BVMT-LT, respectively. After two years, 17/49 patients (35%) were 
defined as CI. During the observation time three patients (6%) changed 
classification from preserved to impaired and eight patients (16%) 
changed from impaired to preserved. The rest of the sample (78%) 
showed no change and were longitudinally defined as confirmed 
cognitively impaired (CCI; n =14) and confirmed cognitively preserved 
(CCP; n =24). 

Overall, the improvements in raw scores from baseline to the two- 
year follow-up were statistically significant for the performance on 
SDMT (d =0.57) and CVLT-LT (d =0.49), but not for the BVMT-LT 
(Table 2). A more detailed analysis of patients classified as CI (n =17) 
or CP (n =32) at follow-up showed that the improvements were still 
significant for SDMT (d =0.70) and CVLT-LT (d =0.50) for the CP 
group, while the change was non-significant on all three tests for the CI 
group (Table 2). 

3.3.MRI correlations with BICAMS subtests 

Correlations between cognitive performances and MRI brain volume 
measures at baseline and at the two-year follow-up are shown in Table 3. 
Results on the SDMT at baseline were strongly correlated with the 
normalized whole brain (NBV) and grey matter volumes (NGV), and 
moderately correlated with normalized lateral ventricle volume (NVV). 
There were no significant correlations between results on SDMT and 
lesion volumes (T1LV and T2LV) at either time point. Baseline results on 
the CVLT-LT were moderately correlated with NBV and NGV, weak to 
moderately with NVV, and to both T1LV and T2LV. We found a mod
erate to strong correlation between baseline results on the BVMT-LT and 
NBV, NGV and NVV, and a weak correlation with T1LV and T2LV. After 
two years, all aforementioned correlations between performances on 
SDMT, CVLT-LT and the volume measures remained at the same level. 
For the BVMT-LT only the correlations with NBV and NGV remained 
statistically significant, whereas all other correlations lost statistical 
significance at follow-up. None of the BICAMS subtests showed signifi
cant correlations with white matter volume (NWV) at either time point. 

3.4.MRI volume changes in relation to cognition 

Table 4 shows the overall changes in volumes from baseline to 
follow-up. During the two-year period, both white matter and grey 
matter volumes were significantly reduced (d =0.44 and d =1.08, 
respectively), with a corresponding significant increase in lateral 
ventricle volumes (d =0.80) and a significant reduction in whole brain 
volume (d =0.93). During this observation time, there was also a sig
nificant increase in the total T1LV (d =0.34), but not in the total T2LV. 
The correlations between all volume measures at the two time points 
were strong, with r-values approaching 1.0 for all included MRI 
measures. 

To evaluate longitudinal changes and differences between the 
cognitively impaired and preserved patients over the course of two 
years, we extracted data from patients who were longitudinally classi
fied as CCI (n =14) and CCP (n =24) (Table 5a-b). The CCI group had 
significantly lower volumes of whole brain, grey matter, and white 
matter than the CCP group, and larger lateral ventricle volumes and 
lesion volumes at both time points. All volume measures deteriorated 
significantly from baseline to follow-up in the CCI group, except for the 
T1LV (borderline significant). For the CCP group, there were statistically 
significant changes in whole brain, grey matter, and lateral ventricle 
volume, but no significant changes in white matter volume, T2LV or 
T1LV. Mean annualized whole brain volume change (global atrophy 
rate) from baseline to the two-year follow-up was lower in the CCP 
group (−0.15%) than in the CCI group (−0.25%), but the differences 
were not statistically significant. 

4.Discussion 

We found significant changes in brain volumes in a group of MS 
patients in an early stage of the disease, and performance on all three 
BICAMS subtests correlated strongly with the normalized whole brain 
and grey matter volumes (NBV and NGV). None of the subtests showed 
significant correlations with white matter volume (NWV), and only 
CVLT-LT retained significant correlations with hyperintense T2 FLAIR 
lesion volume (T2LV) and hypointense T1 lesion volume (T1LV) from 
baseline to follow-up. Changes in brain volume measures were overall 
most profound in patients defined as cognitively impaired at both 
baseline and the two-year follow-up. Both the confirmed cognitively 
impaired (CCI) and preserved (CCP) patients showed significant atrophy 
of NBV and NGV, as well as an increase in lateral ventricle volume 
(NVV), but only the CCI group showed significant increase in T2LV and 
white matter atrophy over the two-year follow-up period. 

The strong correlations between scores on the SDMT (processing 
speed) and NBV and NGV at both time points are in line with previous 

Table 1 
Demographic and clinical characteristics at baseline (N =49).  

Gender m/f, n (%) 15/34 (31/69) 
Age, mean (±SD) 38.7 ±10.7 
EDSS  

mean ±SD 1.3 ±0.9* 
median (range) 1.5 (0.0–3.0) 

Disease duration (years)  
since first symptom, mean ±SD (range) 2.1 ±1.3 (0.3–5.3) 
since diagnosis, mean ±SD (range) 1.3 ±0.8 (0.3–2.7) 

SD=Standard deviation. EDSS=Expanded Disability Status Scale. 
*mean EDSS at follow-up 1.5 ±0.9 (not statistically significant). 
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reports (Benedict et al., 2009; Calabrese et al., 2009; Vollmer et al., 
2016). Findings that grey matter atrophy is primarily important for 
SDMT results in the early stages of the disease (Fenu et al., 2018) is 
supported by our results, which on the other hand showed no significant 
correlations between test performance and NWV at either time point. 
However, our finding of statistically non-significant correlations be
tween SDMT scores and either T2LV or T1LV contrast previously well 
documented strong associations between cognition and lesion volume, 
in particular T2LV (Benedict et al., 2009; Calabrese et al., 2009; 
Chiaravalloti and DeLuca, 2008; Dong et al., 2015; Papadopoulou et al., 
2013; Pinter et al., 2015; Sacco et al., 2015). The CVLT-LT was the only 
subtest with significant correlations with both T2LV and T1LV after two 
years. This was also shown in a recent study, reporting lesion volume to 
be the only significant volumetric factor predictive of cognitive function, 
especially when measured by the CVLT-LT (Artemiadis et al., 2018). In 
contrast to a previous study associating visual memory function with 
lesion volume, we showed only a weak to moderate correlation between 
BVMT-LT and lesion volumes, and only at baseline (Benedict et al., 
2009). Moderate correlations with NBV and NGV at follow-up, however, 
support reports of a strong association between grey matter atrophy and 

BVMT-LT results (Sacco et al., 2015). 
The overall increase in T1LV, but not in T2LV, may indicate stability 

in the inflammatory processes of the disease, with little or no new MS 
plaques occurring during follow-up. This was also supported by the 
stable disability level assessed by the EDSS scoring throughout the study, 
indicating that both changes derived from MRI and cognitive tests may 
appear before more overt neurological symptoms (Cortese et al., 2016). 
The significantly higher lesion volumes in the CCI group versus the CCP 
group are in agreement with a recent study, reporting that white matter 
lesion volumes may be the main propagator of cognitive impairment in 
the early stage of MS (Engl et al., 2020), and that white matter lesion 
volumes may be used to separate cognitively impaired from preserved 
patients (Sacco et al., 2015). However, it contrasts previous reports of no 
significant differences in lesion volumes amongst impaired and pre
served patients (Zivadinov et al., 2001) and by this indicating that dis
ease burden and lesion accumulation plays a less important role. 

Zivadinov and colleagues have previously reported a higher decline 
in brain parenchymal volumes amongst patients with cognitive 
impairment worsening over time, indicating that global brain tissue loss 
is the driving force of cognitive decline in early stages of MS (Zivadinov 

Table 2 
BICAMS results at baseline and two year follow-up for the sample overall, and for patients defined as cognitively impaired (CI) and cognitively preserved (CP) at the 2- 
year follow-up.  

BICAMS subtest Group N Baseline 2 years t p Cohen’s d Pearson’s r p 
Mean SD Mean SD 

SDMT All 49 55.2 10.9 58.4 11.6 −3.995 <0.001 0.57 0.88 <0.001 
CI 17 47.9 10.3 50.1 10.4 −1.475 0.16 0.36 0.83 <0.001 
CP 32 59.2 9.1 62.8 9.7 −3.968 <0.001 0.70 0.84 <0.001 

CVLT-LT All 49 54.9 10.8 58.4 10.3 −3.447 0.001 0.49 0.78 <0.001 
CI 17 47.0 11.3 49.7 10.0 −2.046 0.058 0.50 0.88 <0.001 
CP 32 59.1 8.0 63.0 7.0 −2.804 0.009 0.50 0.47 0.007 

BVMT-LT All 49 27.4 5.4 27.5 5.6 0.218 0.83 0.02 0.74 <0.001 
CI 17 24.0 6.2 22.2 5.4 1.677 0.113 0.41 0.73 0.001 
CP 32 29.3 3.9 30.0 3.3 −1.228 0.229 0.22 0.55 0.001 

BICAMS=Brief International Cognitive Assessment for MS. SDMT=Symbols Digit Modalities Test. CLVT-LT=California Verbal Learning Test, 2nd edition – learning 
trials. BVMT-LT=Brief Visuospatial Memory Test-Revised – learning trials. CI=Cognitively impaired. CP=Cognitively preserved. SD=Standard Deviation. 

Table 3 
Correlations between BICAMS-subscores and computerized analyses of MRI brain volumes and lesion volumes at baseline and two-year follow-up.  

Time point BICAMS subtest Pearson’s correlation coefficient  
NBV NVV NGV NWV T2LV T1LV 

Baseline SDMT 0.54*** −0.30* 0.48*** n.s. n.s. n.s. 
CVLT-LT 0.49*** −0.37** 0.42** n.s. −0.39** −0.38** 
BVMT-LT 0.48*** −0.37** 0.39** n.s. −0.31* −0.31* 

2 years SDMT 0.51*** −0.29* 0.50*** n.s. n.s. n.s. 
CVLT-LT 0.51*** −0.34* 0.46*** n.s. −0.38** −0.39** 
BVMT-LT 0.42** n.s. 0.45*** n.s. n.s. n.s. 

BICAMS=Brief International Cognitive Assessment for MS. MRI=Magnetic Resonance Imaging. SDMT=Symbols Digit Modalities Test. CLVT-LT=California Verbal 
Learning Test, 2nd edition – learning trials. BVMT-LT=Brief Visuospatial Memory Test-Revised – learning trials. NBV=Normalized Whole Brain Volume. 
NVV=Normalized Lateral Ventricle Volume. NGV= Normalized Grey Matter Volume. NWV=Normalized White Matter Volume. T2LV= Total Hyperintense T2 FLAIR 
Lesion Volume. T1LV= Total Hypointense T1 Lesion Volume. 
Only significant values are reported. Significant at the *0.05 level; **0.01 level; ***0.001 level; n.s.=not statistically significant. 

Table 4 
Overall changes in MRI brain and lesion volumes from baseline to 2 years follow-up.   

Baseline 2 years       
Mean SD Mean SD t p Cohen’s d r p 

NBV 1540.0 48.5 1534.7 50.4 6.346 <0.001 0.93 0.994 <0.001 
NVV 28.3 12.4 29.3 12.5 −5.824 <0.001 0.80 0.995 <0.001 
NGV 920.2 44.1 916.4 44.6 7.022 <0.001 1.08 0.997 <0.001 
NWV 619.8 27.4 618.2 27.3 3.110 0.003 0.44 0.991 <0.001 
T2LV 2.0 1.9 2.1 1.9 −1.934 0.059 0.26 0.976 <0.001 
T1LV 1.6 1.6 1.7 1.6 −2.571 0.013 0.34 0.984 <0.001 

MRI=Magnetic Resonance Imaging. SD=Standard deviation. NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV= Normalized 
Grey Matter Volume. NWV=Normalized White Matter Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV= Total Hypointense T1 Lesion Volume. 
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reports (Benedict et al., 2009; Calabrese et al., 2009; Vollmer et al., 
2016). Findings that grey matter atrophy is primarily important for 
SDMT results in the early stages of the disease (Fenu et al., 2018) is 
supported by our results, which on the other hand showed no significant 
correlations between test performance and NWV at either time point. 
However, our finding of statistically non-significant correlations be
tween SDMT scores and either T2LV or T1LV contrast previously well 
documented strong associations between cognition and lesion volume, 
in particular T2LV (Benedict et al., 2009; Calabrese et al., 2009; 
Chiaravalloti and DeLuca, 2008; Dong et al., 2015; Papadopoulou et al., 
2013; Pinter et al., 2015; Sacco et al., 2015). The CVLT-LT was the only 
subtest with significant correlations with both T2LV and T1LV after two 
years. This was also shown in a recent study, reporting lesion volume to 
be the only significant volumetric factor predictive of cognitive function, 
especially when measured by the CVLT-LT (Artemiadis et al., 2018). In 
contrast to a previous study associating visual memory function with 
lesion volume, we showed only a weak to moderate correlation between 
BVMT-LT and lesion volumes, and only at baseline (Benedict et al., 
2009). Moderate correlations with NBV and NGV at follow-up, however, 
support reports of a strong association between grey matter atrophy and 

BVMT-LT results (Sacco et al., 2015). 
The overall increase in T1LV, but not in T2LV, may indicate stability 

in the inflammatory processes of the disease, with little or no new MS 
plaques occurring during follow-up. This was also supported by the 
stable disability level assessed by the EDSS scoring throughout the study, 
indicating that both changes derived from MRI and cognitive tests may 
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The significantly higher lesion volumes in the CCI group versus the CCP 
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significant differences in lesion volumes amongst impaired and pre
served patients (Zivadinov et al., 2001) and by this indicating that dis
ease burden and lesion accumulation plays a less important role. 

Zivadinov and colleagues have previously reported a higher decline 
in brain parenchymal volumes amongst patients with cognitive 
impairment worsening over time, indicating that global brain tissue loss 
is the driving force of cognitive decline in early stages of MS (Zivadinov 
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supported by our results, which on the other hand showed no significant 
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in the inflammatory processes of the disease, with little or no new MS 
plaques occurring during follow-up. This was also supported by the 
stable disability level assessed by the EDSS scoring throughout the study, 
indicating that both changes derived from MRI and cognitive tests may 
appear before more overt neurological symptoms (Cortese et al., 2016). 
The significantly higher lesion volumes in the CCI group versus the CCP 
group are in agreement with a recent study, reporting that white matter 
lesion volumes may be the main propagator of cognitive impairment in 
the early stage of MS (Engl et al., 2020), and that white matter lesion 
volumes may be used to separate cognitively impaired from preserved 
patients (Sacco et al., 2015). However, it contrasts previous reports of no 
significant differences in lesion volumes amongst impaired and pre
served patients (Zivadinov et al., 2001) and by this indicating that dis
ease burden and lesion accumulation plays a less important role. 

Zivadinov and colleagues have previously reported a higher decline 
in brain parenchymal volumes amongst patients with cognitive 
impairment worsening over time, indicating that global brain tissue loss 
is the driving force of cognitive decline in early stages of MS (Zivadinov 

Table 2 
BICAMS results at baseline and two year follow-up for the sample overall, and for patients defined as cognitively impaired (CI) and cognitively preserved (CP) at the 2- 
year follow-up.  

BICAMS subtest Group N Baseline 2 years t p Cohen’s d Pearson’s r p 
Mean SD Mean SD 

SDMT All 49 55.2 10.9 58.4 11.6 −3.995 <0.001 0.57 0.88 <0.001 
CI 17 47.9 10.3 50.1 10.4 −1.475 0.16 0.36 0.83 <0.001 
CP 32 59.2 9.1 62.8 9.7 −3.968 <0.001 0.70 0.84 <0.001 

CVLT-LT All 49 54.9 10.8 58.4 10.3 −3.447 0.001 0.49 0.78 <0.001 
CI 17 47.0 11.3 49.7 10.0 −2.046 0.058 0.50 0.88 <0.001 
CP 32 59.1 8.0 63.0 7.0 −2.804 0.009 0.50 0.47 0.007 

BVMT-LT All 49 27.4 5.4 27.5 5.6 0.218 0.83 0.02 0.74 <0.001 
CI 17 24.0 6.2 22.2 5.4 1.677 0.113 0.41 0.73 0.001 
CP 32 29.3 3.9 30.0 3.3 −1.228 0.229 0.22 0.55 0.001 

BICAMS=Brief International Cognitive Assessment for MS. SDMT=Symbols Digit Modalities Test. CLVT-LT=California Verbal Learning Test, 2nd edition – learning 
trials. BVMT-LT=Brief Visuospatial Memory Test-Revised – learning trials. CI=Cognitively impaired. CP=Cognitively preserved. SD=Standard Deviation. 

Table 3 
Correlations between BICAMS-subscores and computerized analyses of MRI brain volumes and lesion volumes at baseline and two-year follow-up.  

Time point BICAMS subtest Pearson’s correlation coefficient  
NBV NVV NGV NWV T2LV T1LV 

Baseline SDMT 0.54*** −0.30* 0.48*** n.s. n.s. n.s. 
CVLT-LT 0.49*** −0.37** 0.42** n.s. −0.39** −0.38** 
BVMT-LT 0.48*** −0.37** 0.39** n.s. −0.31* −0.31* 

2 years SDMT 0.51*** −0.29* 0.50*** n.s. n.s. n.s. 
CVLT-LT 0.51*** −0.34* 0.46*** n.s. −0.38** −0.39** 
BVMT-LT 0.42** n.s. 0.45*** n.s. n.s. n.s. 

BICAMS=Brief International Cognitive Assessment for MS. MRI=Magnetic Resonance Imaging. SDMT=Symbols Digit Modalities Test. CLVT-LT=California Verbal 
Learning Test, 2nd edition – learning trials. BVMT-LT=Brief Visuospatial Memory Test-Revised – learning trials. NBV=Normalized Whole Brain Volume. 
NVV=Normalized Lateral Ventricle Volume. NGV=Normalized Grey Matter Volume. NWV=Normalized White Matter Volume. T2LV=Total Hyperintense T2 FLAIR 
Lesion Volume. T1LV=Total Hypointense T1 Lesion Volume. 
Only significant values are reported. Significant at the *0.05 level; **0.01 level; ***0.001 level; n.s.=not statistically significant. 

Table 4 
Overall changes in MRI brain and lesion volumes from baseline to 2 years follow-up.   

Baseline 2 years       
Mean SD Mean SD t p Cohen’s d r p 

NBV 1540.0 48.5 1534.7 50.4 6.346 <0.001 0.93 0.994 <0.001 
NVV 28.3 12.4 29.3 12.5 −5.824 <0.001 0.80 0.995 <0.001 
NGV 920.2 44.1 916.4 44.6 7.022 <0.001 1.08 0.997 <0.001 
NWV 619.8 27.4 618.2 27.3 3.110 0.003 0.44 0.991 <0.001 
T2LV 2.0 1.9 2.1 1.9 −1.934 0.059 0.26 0.976 <0.001 
T1LV 1.6 1.6 1.7 1.6 −2.571 0.013 0.34 0.984 <0.001 

MRI=Magnetic Resonance Imaging. SD=Standard deviation. NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV=Normalized 
Grey Matter Volume. NWV=Normalized White Matter Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV=Total Hypointense T1 Lesion Volume. 
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reports (Benedict et al., 2009; Calabrese et al., 2009; Vollmer et al., 
2016). Findings that grey matter atrophy is primarily important for 
SDMT results in the early stages of the disease (Fenu et al., 2018) is 
supported by our results, which on the other hand showed no significant 
correlations between test performance and NWV at either time point. 
However, our finding of statistically non-significant correlations be
tween SDMT scores and either T2LV or T1LV contrast previously well 
documented strong associations between cognition and lesion volume, 
in particular T2LV (Benedict et al., 2009; Calabrese et al., 2009; 
Chiaravalloti and DeLuca, 2008; Dong et al., 2015; Papadopoulou et al., 
2013; Pinter et al., 2015; Sacco et al., 2015). The CVLT-LT was the only 
subtest with significant correlations with both T2LV and T1LV after two 
years. This was also shown in a recent study, reporting lesion volume to 
be the only significant volumetric factor predictive of cognitive function, 
especially when measured by the CVLT-LT (Artemiadis et al., 2018). In 
contrast to a previous study associating visual memory function with 
lesion volume, we showed only a weak to moderate correlation between 
BVMT-LT and lesion volumes, and only at baseline (Benedict et al., 
2009). Moderate correlations with NBV and NGV at follow-up, however, 
support reports of a strong association between grey matter atrophy and 

BVMT-LT results (Sacco et al., 2015). 
The overall increase in T1LV, but not in T2LV, may indicate stability 

in the inflammatory processes of the disease, with little or no new MS 
plaques occurring during follow-up. This was also supported by the 
stable disability level assessed by the EDSS scoring throughout the study, 
indicating that both changes derived from MRI and cognitive tests may 
appear before more overt neurological symptoms (Cortese et al., 2016). 
The significantly higher lesion volumes in the CCI group versus the CCP 
group are in agreement with a recent study, reporting that white matter 
lesion volumes may be the main propagator of cognitive impairment in 
the early stage of MS (Engl et al., 2020), and that white matter lesion 
volumes may be used to separate cognitively impaired from preserved 
patients (Sacco et al., 2015). However, it contrasts previous reports of no 
significant differences in lesion volumes amongst impaired and pre
served patients (Zivadinov et al., 2001) and by this indicating that dis
ease burden and lesion accumulation plays a less important role. 

Zivadinov and colleagues have previously reported a higher decline 
in brain parenchymal volumes amongst patients with cognitive 
impairment worsening over time, indicating that global brain tissue loss 
is the driving force of cognitive decline in early stages of MS (Zivadinov 

Table 2 
BICAMS results at baseline and two year follow-up for the sample overall, and for patients defined as cognitively impaired (CI) and cognitively preserved (CP) at the 2- 
year follow-up.  
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SDMT All 49 55.2 10.9 58.4 11.6 −3.995 <0.001 0.57 0.88 <0.001 
CI 17 47.9 10.3 50.1 10.4 −1.475 0.16 0.36 0.83 <0.001 
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CI 17 47.0 11.3 49.7 10.0 −2.046 0.058 0.50 0.88 <0.001 
CP 32 59.1 8.0 63.0 7.0 −2.804 0.009 0.50 0.47 0.007 

BVMT-LT All 49 27.4 5.4 27.5 5.6 0.218 0.83 0.02 0.74 <0.001 
CI 17 24.0 6.2 22.2 5.4 1.677 0.113 0.41 0.73 0.001 
CP 32 29.3 3.9 30.0 3.3 −1.228 0.229 0.22 0.55 0.001 
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reports (Benedict et al., 2009; Calabrese et al., 2009; Vollmer et al., 
2016). Findings that grey matter atrophy is primarily important for 
SDMT results in the early stages of the disease (Fenu et al., 2018) is 
supported by our results, which on the other hand showed no significant 
correlations between test performance and NWV at either time point. 
However, our finding of statistically non-significant correlations be
tween SDMT scores and either T2LV or T1LV contrast previously well 
documented strong associations between cognition and lesion volume, 
in particular T2LV (Benedict et al., 2009; Calabrese et al., 2009; 
Chiaravalloti and DeLuca, 2008; Dong et al., 2015; Papadopoulou et al., 
2013; Pinter et al., 2015; Sacco et al., 2015). The CVLT-LT was the only 
subtest with significant correlations with both T2LV and T1LV after two 
years. This was also shown in a recent study, reporting lesion volume to 
be the only significant volumetric factor predictive of cognitive function, 
especially when measured by the CVLT-LT (Artemiadis et al., 2018). In 
contrast to a previous study associating visual memory function with 
lesion volume, we showed only a weak to moderate correlation between 
BVMT-LT and lesion volumes, and only at baseline (Benedict et al., 
2009). Moderate correlations with NBV and NGV at follow-up, however, 
support reports of a strong association between grey matter atrophy and 

BVMT-LT results (Sacco et al., 2015). 
The overall increase in T1LV, but not in T2LV, may indicate stability 

in the inflammatory processes of the disease, with little or no new MS 
plaques occurring during follow-up. This was also supported by the 
stable disability level assessed by the EDSS scoring throughout the study, 
indicating that both changes derived from MRI and cognitive tests may 
appear before more overt neurological symptoms (Cortese et al., 2016). 
The significantly higher lesion volumes in the CCI group versus the CCP 
group are in agreement with a recent study, reporting that white matter 
lesion volumes may be the main propagator of cognitive impairment in 
the early stage of MS (Engl et al., 2020), and that white matter lesion 
volumes may be used to separate cognitively impaired from preserved 
patients (Sacco et al., 2015). However, it contrasts previous reports of no 
significant differences in lesion volumes amongst impaired and pre
served patients (Zivadinov et al., 2001) and by this indicating that dis
ease burden and lesion accumulation plays a less important role. 

Zivadinov and colleagues have previously reported a higher decline 
in brain parenchymal volumes amongst patients with cognitive 
impairment worsening over time, indicating that global brain tissue loss 
is the driving force of cognitive decline in early stages of MS (Zivadinov 

Table 2 
BICAMS results at baseline and two year follow-up for the sample overall, and for patients defined as cognitively impaired (CI) and cognitively preserved (CP) at the 2- 
year follow-up.  

BICAMS subtest Group N Baseline 2 years t p Cohen’s d Pearson’s r p 
Mean SD Mean SD 

SDMT All 49 55.2 10.9 58.4 11.6 −3.995 <0.001 0.57 0.88 <0.001 
CI 17 47.9 10.3 50.1 10.4 −1.475 0.16 0.36 0.83 <0.001 
CP 32 59.2 9.1 62.8 9.7 −3.968 <0.001 0.70 0.84 <0.001 

CVLT-LT All 49 54.9 10.8 58.4 10.3 −3.447 0.001 0.49 0.78 <0.001 
CI 17 47.0 11.3 49.7 10.0 −2.046 0.058 0.50 0.88 <0.001 
CP 32 59.1 8.0 63.0 7.0 −2.804 0.009 0.50 0.47 0.007 

BVMT-LT All 49 27.4 5.4 27.5 5.6 0.218 0.83 0.02 0.74 <0.001 
CI 17 24.0 6.2 22.2 5.4 1.677 0.113 0.41 0.73 0.001 
CP 32 29.3 3.9 30.0 3.3 −1.228 0.229 0.22 0.55 0.001 

BICAMS=Brief International Cognitive Assessment for MS. SDMT=Symbols Digit Modalities Test. CLVT-LT=California Verbal Learning Test, 2nd edition – learning 
trials. BVMT-LT=Brief Visuospatial Memory Test-Revised – learning trials. CI=Cognitively impaired. CP=Cognitively preserved. SD=Standard Deviation. 
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Correlations between BICAMS-subscores and computerized analyses of MRI brain volumes and lesion volumes at baseline and two-year follow-up.  

Time point BICAMS subtest Pearson’s correlation coefficient  
NBV NVV NGV NWV T2LV T1LV 

Baseline SDMT 0.54*** −0.30* 0.48*** n.s. n.s. n.s. 
CVLT-LT 0.49*** −0.37** 0.42** n.s. −0.39** −0.38** 
BVMT-LT 0.48*** −0.37** 0.39** n.s. −0.31* −0.31* 
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CVLT-LT 0.51*** −0.34* 0.46*** n.s. −0.38** −0.39** 
BVMT-LT 0.42** n.s. 0.45*** n.s. n.s. n.s. 
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NBV 1540.0 48.5 1534.7 50.4 6.346 <0.001 0.93 0.994 <0.001 
NVV 28.3 12.4 29.3 12.5 −5.824 <0.001 0.80 0.995 <0.001 
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2016). Findings that grey matter atrophy is primarily important for 
SDMT results in the early stages of the disease (Fenu et al., 2018) is 
supported by our results, which on the other hand showed no significant 
correlations between test performance and NWV at either time point. 
However, our finding of statistically non-significant correlations be
tween SDMT scores and either T2LV or T1LV contrast previously well 
documented strong associations between cognition and lesion volume, 
in particular T2LV (Benedict et al., 2009; Calabrese et al., 2009; 
Chiaravalloti and DeLuca, 2008; Dong et al., 2015; Papadopoulou et al., 
2013; Pinter et al., 2015; Sacco et al., 2015). The CVLT-LT was the only 
subtest with significant correlations with both T2LV and T1LV after two 
years. This was also shown in a recent study, reporting lesion volume to 
be the only significant volumetric factor predictive of cognitive function, 
especially when measured by the CVLT-LT (Artemiadis et al., 2018). In 
contrast to a previous study associating visual memory function with 
lesion volume, we showed only a weak to moderate correlation between 
BVMT-LT and lesion volumes, and only at baseline (Benedict et al., 
2009). Moderate correlations with NBV and NGV at follow-up, however, 
support reports of a strong association between grey matter atrophy and 

BVMT-LT results (Sacco et al., 2015). 
The overall increase in T1LV, but not in T2LV, may indicate stability 

in the inflammatory processes of the disease, with little or no new MS 
plaques occurring during follow-up. This was also supported by the 
stable disability level assessed by the EDSS scoring throughout the study, 
indicating that both changes derived from MRI and cognitive tests may 
appear before more overt neurological symptoms (Cortese et al., 2016). 
The significantly higher lesion volumes in the CCI group versus the CCP 
group are in agreement with a recent study, reporting that white matter 
lesion volumes may be the main propagator of cognitive impairment in 
the early stage of MS (Engl et al., 2020), and that white matter lesion 
volumes may be used to separate cognitively impaired from preserved 
patients (Sacco et al., 2015). However, it contrasts previous reports of no 
significant differences in lesion volumes amongst impaired and pre
served patients (Zivadinov et al., 2001) and by this indicating that dis
ease burden and lesion accumulation plays a less important role. 

Zivadinov and colleagues have previously reported a higher decline 
in brain parenchymal volumes amongst patients with cognitive 
impairment worsening over time, indicating that global brain tissue loss 
is the driving force of cognitive decline in early stages of MS (Zivadinov 

Table 2 
BICAMS results at baseline and two year follow-up for the sample overall, and for patients defined as cognitively impaired (CI) and cognitively preserved (CP) at the 2- 
year follow-up.  

BICAMS subtest Group N Baseline 2 years t p Cohen’s d Pearson’s r p 
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SDMT All 49 55.2 10.9 58.4 11.6 −3.995 <0.001 0.57 0.88 <0.001 
CI 17 47.9 10.3 50.1 10.4 −1.475 0.16 0.36 0.83 <0.001 
CP 32 59.2 9.1 62.8 9.7 −3.968 <0.001 0.70 0.84 <0.001 
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CI 17 47.0 11.3 49.7 10.0 −2.046 0.058 0.50 0.88 <0.001 
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CP 32 29.3 3.9 30.0 3.3 −1.228 0.229 0.22 0.55 0.001 

BICAMS=Brief International Cognitive Assessment for MS. SDMT=Symbols Digit Modalities Test. CLVT-LT=California Verbal Learning Test, 2nd edition – learning 
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2016). Findings that grey matter atrophy is primarily important for 
SDMT results in the early stages of the disease (Fenu et al., 2018) is 
supported by our results, which on the other hand showed no significant 
correlations between test performance and NWV at either time point. 
However, our finding of statistically non-significant correlations be
tween SDMT scores and either T2LV or T1LV contrast previously well 
documented strong associations between cognition and lesion volume, 
in particular T2LV (Benedict et al., 2009; Calabrese et al., 2009; 
Chiaravalloti and DeLuca, 2008; Dong et al., 2015; Papadopoulou et al., 
2013; Pinter et al., 2015; Sacco et al., 2015). The CVLT-LT was the only 
subtest with significant correlations with both T2LV and T1LV after two 
years. This was also shown in a recent study, reporting lesion volume to 
be the only significant volumetric factor predictive of cognitive function, 
especially when measured by the CVLT-LT (Artemiadis et al., 2018). In 
contrast to a previous study associating visual memory function with 
lesion volume, we showed only a weak to moderate correlation between 
BVMT-LT and lesion volumes, and only at baseline (Benedict et al., 
2009). Moderate correlations with NBV and NGV at follow-up, however, 
support reports of a strong association between grey matter atrophy and 

BVMT-LT results (Sacco et al., 2015). 
The overall increase in T1LV, but not in T2LV, may indicate stability 

in the inflammatory processes of the disease, with little or no new MS 
plaques occurring during follow-up. This was also supported by the 
stable disability level assessed by the EDSS scoring throughout the study, 
indicating that both changes derived from MRI and cognitive tests may 
appear before more overt neurological symptoms (Cortese et al., 2016). 
The significantly higher lesion volumes in the CCI group versus the CCP 
group are in agreement with a recent study, reporting that white matter 
lesion volumes may be the main propagator of cognitive impairment in 
the early stage of MS (Engl et al., 2020), and that white matter lesion 
volumes may be used to separate cognitively impaired from preserved 
patients (Sacco et al., 2015). However, it contrasts previous reports of no 
significant differences in lesion volumes amongst impaired and pre
served patients (Zivadinov et al., 2001) and by this indicating that dis
ease burden and lesion accumulation plays a less important role. 

Zivadinov and colleagues have previously reported a higher decline 
in brain parenchymal volumes amongst patients with cognitive 
impairment worsening over time, indicating that global brain tissue loss 
is the driving force of cognitive decline in early stages of MS (Zivadinov 

Table 2 
BICAMS results at baseline and two year follow-up for the sample overall, and for patients defined as cognitively impaired (CI) and cognitively preserved (CP) at the 2- 
year follow-up.  

BICAMS subtest Group N Baseline 2 years t p Cohen’s d Pearson’s r p 
Mean SD Mean SD 

SDMT All 49 55.2 10.9 58.4 11.6 −3.995 <0.001 0.57 0.88 <0.001 
CI 17 47.9 10.3 50.1 10.4 −1.475 0.16 0.36 0.83 <0.001 
CP 32 59.2 9.1 62.8 9.7 −3.968 <0.001 0.70 0.84 <0.001 

CVLT-LT All 49 54.9 10.8 58.4 10.3 −3.447 0.001 0.49 0.78 <0.001 
CI 17 47.0 11.3 49.7 10.0 −2.046 0.058 0.50 0.88 <0.001 
CP 32 59.1 8.0 63.0 7.0 −2.804 0.009 0.50 0.47 0.007 

BVMT-LT All 49 27.4 5.4 27.5 5.6 0.218 0.83 0.02 0.74 <0.001 
CI 17 24.0 6.2 22.2 5.4 1.677 0.113 0.41 0.73 0.001 
CP 32 29.3 3.9 30.0 3.3 −1.228 0.229 0.22 0.55 0.001 

BICAMS=Brief International Cognitive Assessment for MS. SDMT=Symbols Digit Modalities Test. CLVT-LT=California Verbal Learning Test, 2nd edition – learning 
trials. BVMT-LT=Brief Visuospatial Memory Test-Revised – learning trials. CI=Cognitively impaired. CP=Cognitively preserved. SD=Standard Deviation. 

Table 3 
Correlations between BICAMS-subscores and computerized analyses of MRI brain volumes and lesion volumes at baseline and two-year follow-up.  

Time point BICAMS subtest Pearson’s correlation coefficient  
NBV NVV NGV NWV T2LV T1LV 

Baseline SDMT 0.54*** −0.30* 0.48*** n.s. n.s. n.s. 
CVLT-LT 0.49*** −0.37** 0.42** n.s. −0.39** −0.38** 
BVMT-LT 0.48*** −0.37** 0.39** n.s. −0.31* −0.31* 

2 years SDMT 0.51*** −0.29* 0.50*** n.s. n.s. n.s. 
CVLT-LT 0.51*** −0.34* 0.46*** n.s. −0.38** −0.39** 
BVMT-LT 0.42** n.s. 0.45*** n.s. n.s. n.s. 

BICAMS=Brief International Cognitive Assessment for MS. MRI=Magnetic Resonance Imaging. SDMT=Symbols Digit Modalities Test. CLVT-LT=California Verbal 
Learning Test, 2nd edition – learning trials. BVMT-LT=Brief Visuospatial Memory Test-Revised – learning trials. NBV=Normalized Whole Brain Volume. 
NVV=Normalized Lateral Ventricle Volume. NGV=Normalized Grey Matter Volume. NWV=Normalized White Matter Volume. T2LV=Total Hyperintense T2 FLAIR 
Lesion Volume. T1LV=Total Hypointense T1 Lesion Volume. 
Only significant values are reported. Significant at the *0.05 level; **0.01 level; ***0.001 level; n.s.=not statistically significant. 

Table 4 
Overall changes in MRI brain and lesion volumes from baseline to 2 years follow-up.   

Baseline 2 years       
Mean SD Mean SD t p Cohen’s d r p 

NBV 1540.0 48.5 1534.7 50.4 6.346 <0.001 0.93 0.994 <0.001 
NVV 28.3 12.4 29.3 12.5 −5.824 <0.001 0.80 0.995 <0.001 
NGV 920.2 44.1 916.4 44.6 7.022 <0.001 1.08 0.997 <0.001 
NWV 619.8 27.4 618.2 27.3 3.110 0.003 0.44 0.991 <0.001 
T2LV 2.0 1.9 2.1 1.9 −1.934 0.059 0.26 0.976 <0.001 
T1LV 1.6 1.6 1.7 1.6 −2.571 0.013 0.34 0.984 <0.001 

MRI=Magnetic Resonance Imaging. SD=Standard deviation. NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV=Normalized 
Grey Matter Volume. NWV=Normalized White Matter Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV=Total Hypointense T1 Lesion Volume. 
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reports (Benedict et al., 2009; Calabrese et al., 2009; Vollmer et al., 
2016). Findings that grey matter atrophy is primarily important for 
SDMT results in the early stages of the disease (Fenu et al., 2018) is 
supported by our results, which on the other hand showed no significant 
correlations between test performance and NWV at either time point. 
However, our finding of statistically non-significant correlations be
tween SDMT scores and either T2LV or T1LV contrast previously well 
documented strong associations between cognition and lesion volume, 
in particular T2LV (Benedict et al., 2009; Calabrese et al., 2009; 
Chiaravalloti and DeLuca, 2008; Dong et al., 2015; Papadopoulou et al., 
2013; Pinter et al., 2015; Sacco et al., 2015). The CVLT-LT was the only 
subtest with significant correlations with both T2LV and T1LV after two 
years. This was also shown in a recent study, reporting lesion volume to 
be the only significant volumetric factor predictive of cognitive function, 
especially when measured by the CVLT-LT (Artemiadis et al., 2018). In 
contrast to a previous study associating visual memory function with 
lesion volume, we showed only a weak to moderate correlation between 
BVMT-LT and lesion volumes, and only at baseline (Benedict et al., 
2009). Moderate correlations with NBV and NGV at follow-up, however, 
support reports of a strong association between grey matter atrophy and 

BVMT-LT results (Sacco et al., 2015). 
The overall increase in T1LV, but not in T2LV, may indicate stability 

in the inflammatory processes of the disease, with little or no new MS 
plaques occurring during follow-up. This was also supported by the 
stable disability level assessed by the EDSS scoring throughout the study, 
indicating that both changes derived from MRI and cognitive tests may 
appear before more overt neurological symptoms (Cortese et al., 2016). 
The significantly higher lesion volumes in the CCI group versus the CCP 
group are in agreement with a recent study, reporting that white matter 
lesion volumes may be the main propagator of cognitive impairment in 
the early stage of MS (Engl et al., 2020), and that white matter lesion 
volumes may be used to separate cognitively impaired from preserved 
patients (Sacco et al., 2015). However, it contrasts previous reports of no 
significant differences in lesion volumes amongst impaired and pre
served patients (Zivadinov et al., 2001) and by this indicating that dis
ease burden and lesion accumulation plays a less important role. 

Zivadinov and colleagues have previously reported a higher decline 
in brain parenchymal volumes amongst patients with cognitive 
impairment worsening over time, indicating that global brain tissue loss 
is the driving force of cognitive decline in early stages of MS (Zivadinov 
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CI 17 24.0 6.2 22.2 5.4 1.677 0.113 0.41 0.73 0.001 
CP 32 29.3 3.9 30.0 3.3 −1.228 0.229 0.22 0.55 0.001 

BICAMS=Brief International Cognitive Assessment for MS. SDMT=Symbols Digit Modalities Test. CLVT-LT=California Verbal Learning Test, 2nd edition – learning 
trials. BVMT-LT=Brief Visuospatial Memory Test-Revised – learning trials. CI=Cognitively impaired. CP=Cognitively preserved. SD=Standard Deviation. 
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Lesion Volume. T1LV=Total Hypointense T1 Lesion Volume. 
Only significant values are reported. Significant at the *0.05 level; **0.01 level; ***0.001 level; n.s.=not statistically significant. 
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T2LV 2.0 1.9 2.1 1.9 −1.934 0.059 0.26 0.976 <0.001 
T1LV 1.6 1.6 1.7 1.6 −2.571 0.013 0.34 0.984 <0.001 

MRI=Magnetic Resonance Imaging. SD=Standard deviation. NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV=Normalized 
Grey Matter Volume. NWV=Normalized White Matter Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV=Total Hypointense T1 Lesion Volume. 

E. Skorve et al.                                                                                                                                                                                                                                  

MultipleSclerosisandRelatedDisorders69(2023)104398

4

reports (Benedict et al., 2009; Calabrese et al., 2009; Vollmer et al., 
2016). Findings that grey matter atrophy is primarily important for 
SDMT results in the early stages of the disease (Fenu et al., 2018) is 
supported by our results, which on the other hand showed no significant 
correlations between test performance and NWV at either time point. 
However, our finding of statistically non-significant correlations be
tween SDMT scores and either T2LV or T1LV contrast previously well 
documented strong associations between cognition and lesion volume, 
in particular T2LV (Benedict et al., 2009; Calabrese et al., 2009; 
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served patients (Zivadinov et al., 2001) and by this indicating that dis
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impairment worsening over time, indicating that global brain tissue loss 
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year follow-up.  
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trials. BVMT-LT=Brief Visuospatial Memory Test-Revised – learning trials. CI=Cognitively impaired. CP=Cognitively preserved. SD=Standard Deviation. 
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NBV 1540.0 48.5 1534.7 50.4 6.346 <0.001 0.93 0.994 <0.001 
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et al., 2001). This is further supported by findings suggesting that 
measures of atrophy are more strongly associated with and predictive of 
cognitive impairment than lesion volumes (Benedict et al., 2004). A 
more recent study, however, showed higher risk of obtaining an 
impaired score on the BICAMS in patients with high T1/T2 lesion load 
and lower brain parenchymal fraction, suggesting that both volume 
measures are reliable predictors of cognitive status (Uher et al., 2017). 

Overall, the present study found a significant loss of both grey and 
white matter, as well as a significant increase of ventricle volume, 
resulting in atrophy of whole brain volume over the two-year follow-up 
period. Mean global brain atrophy rate in MS has been reported to be 
between −0.60% and −1.35% per year (Bermel and Bakshi, 2006) and a 
change of −0.40% per year is proposed as the cut-off for pathological 
brain atrophy in MS (De Stefano et al., 2016). In our sample the overall 
annualized rate of atrophy was −0.18% (data not shown), far lower than 
the pathological cut-off. Several points may explain this, including that 
the present patient sample was relatively young, newly diagnosed and 

with a low level of disability. Time from diagnosis to initiation, and type 
of disease modifying therapy (DMT) had probably also an effect, but 
these data were not available for the present study. 

Interestingly, even though the results showed an overall statistically 
significant whole brain volume loss, the global atrophy rate was also 
lower than expected for the CCI subgroup (−0.25%). This implies that 
the accelerated atrophy accumulation in cognitively impaired patients 
may not be as pronounced in the earliest stages of the disease and 
challenges the previously reported relationship between early brain at
rophy and cognitive function (Amato et al., 2004, 2007; Chiaravalloti 
and DeLuca, 2008; Deloire et al., 2011). However, a follow-up period of 
only two years may have been too short to discern significant difference 
in rate of decline in the CCI and CCP groups preserved (Uher et al., 
2018). Another plausible explanation for the similar atrophy rate in 
spite of significant differences between the two groups, may be that the 
patients have different cerebral “starting points” prior to onset of MS, 
lending support to the cognitive and brain reserve theories (Sumowski 

Table 5a 
Comparing MRI volume measures in MS-patients defined as confirmed cognitively impaired (CCI) and preserved (CCP) both at baseline and 2-year follow-up (in
dependent samples t-test).  

MRI measure Time point Group N Mean SD t p Hedges g 

NBV Baseline CCI 14 1505.0 46.4 −3.939 <0.0001 1.30 
CCP 24 1556.2 33.5 

2 years CCI 14 1497.6 48.9 −3.962 <0.0001 1.31 
CCP 24 1551.6 34.9 

NVV Baseline CCI 14 33.7 11.4 2.738 0.010 0.90 
CCP 24 24.8 8.7 

2 years CCI 14 35.3 11.6 2.964 0.005 0.98 
CCP 24 25.5 8.6 

NGV Baseline CCI 14 893.9 47.2 −2.935 0.006 0.97 
CCP 24 934.0 36.4 

2 years CCI 14 889.3 48.9 −2.975 0.005 0.98 
CCP 24 930.6 36.4 

NWV Baseline CCI 14 611.1 22.8 −1.305 0.200 0.43 
CCP 24 622.2 26.5 

2 years CCI 14 608.3 21.9 −1.532 0.134 0.50 
CCP 24 621.0 26.0 

T2LV Baseline CCI 14 3.2 2.4 3.047 0.008 1.22 
CCP 24 1.2 1.0 

2 years CCI 14 3.3 2.4 2.886 0.010 1.13 
CCP 24 1.3 1.2 

T1LV Baseline CCI 14 2.6 2.1 2.848 0.012 1.15 
CCP 24 0.9 0.8 

2 years CCI 14 2.7 2.2 2.777 0.013 1.10 
CCP 24 1.0 1.0 

MRI=Magnetic Resonance Imaging. MS=multiple sclerosis. SD=Standard deviation. CCI=Confirmed cognitively impaired. CCP=Confirmed cognitively preserved. 
NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV= Normalized Grey Matter Volume. NWV=Normalized White Matter 
Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV= Total Hypointense T1 Lesion Volume. 

Table 5b 
Changes in MRI measurements from baseline to follow-up for MS-patients longitudinally defined as confirmed cognitively impaired (CCI) and cognitively preserved 
(CCP) (paired samples t-test).  

MRI measure Group N Baseline 2 years t p Cohen’s d 
Mean SD Mean SD 

NBV CCI 14 1505.0 46.4 1497.6 48.9 4.707 <0.0001 1.27 
CCP 24 1556.2 33.5 1551.6 34.9 3.660 0.001 0.75 

NVV CCI 14 33.7 11.4 35.3 11.6 −4.788 <0.0001 1.29 
CCP 24 24.8 8.7 25.5 8.6 −2.720 0.012 0.56 

NGV CCI 14 893.9 47.2 889.3 48.9 4.359 0.001 1.14 
CCP 24 934.0 36.4 930.6 36.4 4.842 <0.0001 0.94 

NWV CCI 14 611.1 22.8 608.3 21.9 3.291 0.006 0.89 
CCP 24 622.2 26.5 621.0 26.0 1.381 0.180 0.28 

T2LV CCI 14 3.2 2.4 3.3 2.4 −2.447 0.029 0.83 
CCP 24 1.2 1.0 1.3 1.2 −1.247 0.225 0.24 

T1LV CCI 14 2.6 2.1 2.7 2.2 −2.141 0.052 0.60 
CCP 24 0.9 0.8 1.0 1.0 −1.399 0.175 0.29 

MRI=Magnetic Resonance Imaging. MS=multiple sclerosis. SD=Standard deviation. CCI=Confirmed cognitively impaired. CCP=Confirmed cognitively preserved. 
NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV= Normalized Grey Matter Volume. NWV=Normalized White Matter 
Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV= Total Hypointense T1 Lesion Volume. 
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CCP 24 1551.6 34.9 

NVV Baseline CCI 14 33.7 11.4 2.738 0.010 0.90 
CCP 24 24.8 8.7 

2 years CCI 14 35.3 11.6 2.964 0.005 0.98 
CCP 24 25.5 8.6 

NGV Baseline CCI 14 893.9 47.2 −2.935 0.006 0.97 
CCP 24 934.0 36.4 

2 years CCI 14 889.3 48.9 −2.975 0.005 0.98 
CCP 24 930.6 36.4 

NWV Baseline CCI 14 611.1 22.8 −1.305 0.200 0.43 
CCP 24 622.2 26.5 

2 years CCI 14 608.3 21.9 −1.532 0.134 0.50 
CCP 24 621.0 26.0 

T2LV Baseline CCI 14 3.2 2.4 3.047 0.008 1.22 
CCP 24 1.2 1.0 

2 years CCI 14 3.3 2.4 2.886 0.010 1.13 
CCP 24 1.3 1.2 

T1LV Baseline CCI 14 2.6 2.1 2.848 0.012 1.15 
CCP 24 0.9 0.8 

2 years CCI 14 2.7 2.2 2.777 0.013 1.10 
CCP 24 1.0 1.0 

MRI=Magnetic Resonance Imaging. MS=multiple sclerosis. SD=Standard deviation. CCI=Confirmed cognitively impaired. CCP=Confirmed cognitively preserved. 
NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV=Normalized Grey Matter Volume. NWV=Normalized White Matter 
Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV=Total Hypointense T1 Lesion Volume. 

Table 5b 
Changes in MRI measurements from baseline to follow-up for MS-patients longitudinally defined as confirmed cognitively impaired (CCI) and cognitively preserved 
(CCP) (paired samples t-test).  

MRI measure Group N Baseline 2 years t p Cohen’s d 
Mean SD Mean SD 

NBV CCI 14 1505.0 46.4 1497.6 48.9 4.707 <0.0001 1.27 
CCP 24 1556.2 33.5 1551.6 34.9 3.660 0.001 0.75 

NVV CCI 14 33.7 11.4 35.3 11.6 −4.788 <0.0001 1.29 
CCP 24 24.8 8.7 25.5 8.6 −2.720 0.012 0.56 

NGV CCI 14 893.9 47.2 889.3 48.9 4.359 0.001 1.14 
CCP 24 934.0 36.4 930.6 36.4 4.842 <0.0001 0.94 

NWV CCI 14 611.1 22.8 608.3 21.9 3.291 0.006 0.89 
CCP 24 622.2 26.5 621.0 26.0 1.381 0.180 0.28 

T2LV CCI 14 3.2 2.4 3.3 2.4 −2.447 0.029 0.83 
CCP 24 1.2 1.0 1.3 1.2 −1.247 0.225 0.24 

T1LV CCI 14 2.6 2.1 2.7 2.2 −2.141 0.052 0.60 
CCP 24 0.9 0.8 1.0 1.0 −1.399 0.175 0.29 

MRI=Magnetic Resonance Imaging. MS=multiple sclerosis. SD=Standard deviation. CCI=Confirmed cognitively impaired. CCP=Confirmed cognitively preserved. 
NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV=Normalized Grey Matter Volume. NWV=Normalized White Matter 
Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV=Total Hypointense T1 Lesion Volume. 
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et al., 2001). This is further supported by findings suggesting that 
measures of atrophy are more strongly associated with and predictive of 
cognitive impairment than lesion volumes (Benedict et al., 2004). A 
more recent study, however, showed higher risk of obtaining an 
impaired score on the BICAMS in patients with high T1/T2 lesion load 
and lower brain parenchymal fraction, suggesting that both volume 
measures are reliable predictors of cognitive status (Uher et al., 2017). 

Overall, the present study found a significant loss of both grey and 
white matter, as well as a significant increase of ventricle volume, 
resulting in atrophy of whole brain volume over the two-year follow-up 
period. Mean global brain atrophy rate in MS has been reported to be 
between −0.60% and −1.35% per year (Bermel and Bakshi, 2006) and a 
change of −0.40% per year is proposed as the cut-off for pathological 
brain atrophy in MS (De Stefano et al., 2016). In our sample the overall 
annualized rate of atrophy was −0.18% (data not shown), far lower than 
the pathological cut-off. Several points may explain this, including that 
the present patient sample was relatively young, newly diagnosed and 

with a low level of disability. Time from diagnosis to initiation, and type 
of disease modifying therapy (DMT) had probably also an effect, but 
these data were not available for the present study. 

Interestingly, even though the results showed an overall statistically 
significant whole brain volume loss, the global atrophy rate was also 
lower than expected for the CCI subgroup (−0.25%). This implies that 
the accelerated atrophy accumulation in cognitively impaired patients 
may not be as pronounced in the earliest stages of the disease and 
challenges the previously reported relationship between early brain at
rophy and cognitive function (Amato et al., 2004, 2007; Chiaravalloti 
and DeLuca, 2008; Deloire et al., 2011). However, a follow-up period of 
only two years may have been too short to discern significant difference 
in rate of decline in the CCI and CCP groups preserved (Uher et al., 
2018). Another plausible explanation for the similar atrophy rate in 
spite of significant differences between the two groups, may be that the 
patients have different cerebral “starting points” prior to onset of MS, 
lending support to the cognitive and brain reserve theories (Sumowski 

Table 5a 
Comparing MRI volume measures in MS-patients defined as confirmed cognitively impaired (CCI) and preserved (CCP) both at baseline and 2-year follow-up (in
dependent samples t-test).  

MRI measure Time point Group N Mean SD t p Hedges g 

NBV Baseline CCI 14 1505.0 46.4 −3.939 <0.0001 1.30 
CCP 24 1556.2 33.5 

2 years CCI 14 1497.6 48.9 −3.962 <0.0001 1.31 
CCP 24 1551.6 34.9 

NVV Baseline CCI 14 33.7 11.4 2.738 0.010 0.90 
CCP 24 24.8 8.7 

2 years CCI 14 35.3 11.6 2.964 0.005 0.98 
CCP 24 25.5 8.6 

NGV Baseline CCI 14 893.9 47.2 −2.935 0.006 0.97 
CCP 24 934.0 36.4 

2 years CCI 14 889.3 48.9 −2.975 0.005 0.98 
CCP 24 930.6 36.4 

NWV Baseline CCI 14 611.1 22.8 −1.305 0.200 0.43 
CCP 24 622.2 26.5 

2 years CCI 14 608.3 21.9 −1.532 0.134 0.50 
CCP 24 621.0 26.0 

T2LV Baseline CCI 14 3.2 2.4 3.047 0.008 1.22 
CCP 24 1.2 1.0 

2 years CCI 14 3.3 2.4 2.886 0.010 1.13 
CCP 24 1.3 1.2 

T1LV Baseline CCI 14 2.6 2.1 2.848 0.012 1.15 
CCP 24 0.9 0.8 

2 years CCI 14 2.7 2.2 2.777 0.013 1.10 
CCP 24 1.0 1.0 

MRI=Magnetic Resonance Imaging. MS=multiple sclerosis. SD=Standard deviation. CCI=Confirmed cognitively impaired. CCP=Confirmed cognitively preserved. 
NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV=Normalized Grey Matter Volume. NWV=Normalized White Matter 
Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV=Total Hypointense T1 Lesion Volume. 
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Changes in MRI measurements from baseline to follow-up for MS-patients longitudinally defined as confirmed cognitively impaired (CCI) and cognitively preserved 
(CCP) (paired samples t-test).  

MRI measure Group N Baseline 2 years t p Cohen’s d 
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NBV CCI 14 1505.0 46.4 1497.6 48.9 4.707 <0.0001 1.27 
CCP 24 1556.2 33.5 1551.6 34.9 3.660 0.001 0.75 

NVV CCI 14 33.7 11.4 35.3 11.6 −4.788 <0.0001 1.29 
CCP 24 24.8 8.7 25.5 8.6 −2.720 0.012 0.56 

NGV CCI 14 893.9 47.2 889.3 48.9 4.359 0.001 1.14 
CCP 24 934.0 36.4 930.6 36.4 4.842 <0.0001 0.94 

NWV CCI 14 611.1 22.8 608.3 21.9 3.291 0.006 0.89 
CCP 24 622.2 26.5 621.0 26.0 1.381 0.180 0.28 

T2LV CCI 14 3.2 2.4 3.3 2.4 −2.447 0.029 0.83 
CCP 24 1.2 1.0 1.3 1.2 −1.247 0.225 0.24 

T1LV CCI 14 2.6 2.1 2.7 2.2 −2.141 0.052 0.60 
CCP 24 0.9 0.8 1.0 1.0 −1.399 0.175 0.29 
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et al., 2001). This is further supported by findings suggesting that 
measures of atrophy are more strongly associated with and predictive of 
cognitive impairment than lesion volumes (Benedict et al., 2004). A 
more recent study, however, showed higher risk of obtaining an 
impaired score on the BICAMS in patients with high T1/T2 lesion load 
and lower brain parenchymal fraction, suggesting that both volume 
measures are reliable predictors of cognitive status (Uher et al., 2017). 

Overall, the present study found a significant loss of both grey and 
white matter, as well as a significant increase of ventricle volume, 
resulting in atrophy of whole brain volume over the two-year follow-up 
period. Mean global brain atrophy rate in MS has been reported to be 
between −0.60% and −1.35% per year (Bermel and Bakshi, 2006) and a 
change of −0.40% per year is proposed as the cut-off for pathological 
brain atrophy in MS (De Stefano et al., 2016). In our sample the overall 
annualized rate of atrophy was −0.18% (data not shown), far lower than 
the pathological cut-off. Several points may explain this, including that 
the present patient sample was relatively young, newly diagnosed and 

with a low level of disability. Time from diagnosis to initiation, and type 
of disease modifying therapy (DMT) had probably also an effect, but 
these data were not available for the present study. 

Interestingly, even though the results showed an overall statistically 
significant whole brain volume loss, the global atrophy rate was also 
lower than expected for the CCI subgroup (−0.25%). This implies that 
the accelerated atrophy accumulation in cognitively impaired patients 
may not be as pronounced in the earliest stages of the disease and 
challenges the previously reported relationship between early brain at
rophy and cognitive function (Amato et al., 2004, 2007; Chiaravalloti 
and DeLuca, 2008; Deloire et al., 2011). However, a follow-up period of 
only two years may have been too short to discern significant difference 
in rate of decline in the CCI and CCP groups preserved (Uher et al., 
2018). Another plausible explanation for the similar atrophy rate in 
spite of significant differences between the two groups, may be that the 
patients have different cerebral “starting points” prior to onset of MS, 
lending support to the cognitive and brain reserve theories (Sumowski 

Table 5a 
Comparing MRI volume measures in MS-patients defined as confirmed cognitively impaired (CCI) and preserved (CCP) both at baseline and 2-year follow-up (in
dependent samples t-test).  

MRI measure Time point Group N Mean SD t p Hedges g 

NBV Baseline CCI 14 1505.0 46.4 −3.939 <0.0001 1.30 
CCP 24 1556.2 33.5 

2 years CCI 14 1497.6 48.9 −3.962 <0.0001 1.31 
CCP 24 1551.6 34.9 

NVV Baseline CCI 14 33.7 11.4 2.738 0.010 0.90 
CCP 24 24.8 8.7 

2 years CCI 14 35.3 11.6 2.964 0.005 0.98 
CCP 24 25.5 8.6 

NGV Baseline CCI 14 893.9 47.2 −2.935 0.006 0.97 
CCP 24 934.0 36.4 

2 years CCI 14 889.3 48.9 −2.975 0.005 0.98 
CCP 24 930.6 36.4 

NWV Baseline CCI 14 611.1 22.8 −1.305 0.200 0.43 
CCP 24 622.2 26.5 

2 years CCI 14 608.3 21.9 −1.532 0.134 0.50 
CCP 24 621.0 26.0 

T2LV Baseline CCI 14 3.2 2.4 3.047 0.008 1.22 
CCP 24 1.2 1.0 

2 years CCI 14 3.3 2.4 2.886 0.010 1.13 
CCP 24 1.3 1.2 

T1LV Baseline CCI 14 2.6 2.1 2.848 0.012 1.15 
CCP 24 0.9 0.8 

2 years CCI 14 2.7 2.2 2.777 0.013 1.10 
CCP 24 1.0 1.0 

MRI=Magnetic Resonance Imaging. MS=multiple sclerosis. SD=Standard deviation. CCI=Confirmed cognitively impaired. CCP=Confirmed cognitively preserved. 
NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV= Normalized Grey Matter Volume. NWV=Normalized White Matter 
Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV= Total Hypointense T1 Lesion Volume. 

Table 5b 
Changes in MRI measurements from baseline to follow-up for MS-patients longitudinally defined as confirmed cognitively impaired (CCI) and cognitively preserved 
(CCP) (paired samples t-test).  

MRI measure Group N Baseline 2 years t p Cohen’s d 
Mean SD Mean SD 

NBV CCI 14 1505.0 46.4 1497.6 48.9 4.707 <0.0001 1.27 
CCP 24 1556.2 33.5 1551.6 34.9 3.660 0.001 0.75 

NVV CCI 14 33.7 11.4 35.3 11.6 −4.788 <0.0001 1.29 
CCP 24 24.8 8.7 25.5 8.6 −2.720 0.012 0.56 

NGV CCI 14 893.9 47.2 889.3 48.9 4.359 0.001 1.14 
CCP 24 934.0 36.4 930.6 36.4 4.842 <0.0001 0.94 

NWV CCI 14 611.1 22.8 608.3 21.9 3.291 0.006 0.89 
CCP 24 622.2 26.5 621.0 26.0 1.381 0.180 0.28 

T2LV CCI 14 3.2 2.4 3.3 2.4 −2.447 0.029 0.83 
CCP 24 1.2 1.0 1.3 1.2 −1.247 0.225 0.24 

T1LV CCI 14 2.6 2.1 2.7 2.2 −2.141 0.052 0.60 
CCP 24 0.9 0.8 1.0 1.0 −1.399 0.175 0.29 

MRI=Magnetic Resonance Imaging. MS=multiple sclerosis. SD=Standard deviation. CCI=Confirmed cognitively impaired. CCP=Confirmed cognitively preserved. 
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et al., 2001). This is further supported by findings suggesting that 
measures of atrophy are more strongly associated with and predictive of 
cognitive impairment than lesion volumes (Benedict et al., 2004). A 
more recent study, however, showed higher risk of obtaining an 
impaired score on the BICAMS in patients with high T1/T2 lesion load 
and lower brain parenchymal fraction, suggesting that both volume 
measures are reliable predictors of cognitive status (Uher et al., 2017). 

Overall, the present study found a significant loss of both grey and 
white matter, as well as a significant increase of ventricle volume, 
resulting in atrophy of whole brain volume over the two-year follow-up 
period. Mean global brain atrophy rate in MS has been reported to be 
between −0.60% and −1.35% per year (Bermel and Bakshi, 2006) and a 
change of −0.40% per year is proposed as the cut-off for pathological 
brain atrophy in MS (De Stefano et al., 2016). In our sample the overall 
annualized rate of atrophy was −0.18% (data not shown), far lower than 
the pathological cut-off. Several points may explain this, including that 
the present patient sample was relatively young, newly diagnosed and 

with a low level of disability. Time from diagnosis to initiation, and type 
of disease modifying therapy (DMT) had probably also an effect, but 
these data were not available for the present study. 

Interestingly, even though the results showed an overall statistically 
significant whole brain volume loss, the global atrophy rate was also 
lower than expected for the CCI subgroup (−0.25%). This implies that 
the accelerated atrophy accumulation in cognitively impaired patients 
may not be as pronounced in the earliest stages of the disease and 
challenges the previously reported relationship between early brain at
rophy and cognitive function (Amato et al., 2004, 2007; Chiaravalloti 
and DeLuca, 2008; Deloire et al., 2011). However, a follow-up period of 
only two years may have been too short to discern significant difference 
in rate of decline in the CCI and CCP groups preserved (Uher et al., 
2018). Another plausible explanation for the similar atrophy rate in 
spite of significant differences between the two groups, may be that the 
patients have different cerebral “starting points” prior to onset of MS, 
lending support to the cognitive and brain reserve theories (Sumowski 

Table 5a 
Comparing MRI volume measures in MS-patients defined as confirmed cognitively impaired (CCI) and preserved (CCP) both at baseline and 2-year follow-up (in
dependent samples t-test).  

MRI measure Time point Group N Mean SD t p Hedges g 

NBV Baseline CCI 14 1505.0 46.4 −3.939 <0.0001 1.30 
CCP 24 1556.2 33.5 

2 years CCI 14 1497.6 48.9 −3.962 <0.0001 1.31 
CCP 24 1551.6 34.9 

NVV Baseline CCI 14 33.7 11.4 2.738 0.010 0.90 
CCP 24 24.8 8.7 

2 years CCI 14 35.3 11.6 2.964 0.005 0.98 
CCP 24 25.5 8.6 

NGV Baseline CCI 14 893.9 47.2 −2.935 0.006 0.97 
CCP 24 934.0 36.4 

2 years CCI 14 889.3 48.9 −2.975 0.005 0.98 
CCP 24 930.6 36.4 

NWV Baseline CCI 14 611.1 22.8 −1.305 0.200 0.43 
CCP 24 622.2 26.5 

2 years CCI 14 608.3 21.9 −1.532 0.134 0.50 
CCP 24 621.0 26.0 

T2LV Baseline CCI 14 3.2 2.4 3.047 0.008 1.22 
CCP 24 1.2 1.0 

2 years CCI 14 3.3 2.4 2.886 0.010 1.13 
CCP 24 1.3 1.2 

T1LV Baseline CCI 14 2.6 2.1 2.848 0.012 1.15 
CCP 24 0.9 0.8 

2 years CCI 14 2.7 2.2 2.777 0.013 1.10 
CCP 24 1.0 1.0 

MRI=Magnetic Resonance Imaging. MS=multiple sclerosis. SD=Standard deviation. CCI=Confirmed cognitively impaired. CCP=Confirmed cognitively preserved. 
NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV= Normalized Grey Matter Volume. NWV=Normalized White Matter 
Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV= Total Hypointense T1 Lesion Volume. 

Table 5b 
Changes in MRI measurements from baseline to follow-up for MS-patients longitudinally defined as confirmed cognitively impaired (CCI) and cognitively preserved 
(CCP) (paired samples t-test).  

MRI measure Group N Baseline 2 years t p Cohen’s d 
Mean SD Mean SD 

NBV CCI 14 1505.0 46.4 1497.6 48.9 4.707 <0.0001 1.27 
CCP 24 1556.2 33.5 1551.6 34.9 3.660 0.001 0.75 

NVV CCI 14 33.7 11.4 35.3 11.6 −4.788 <0.0001 1.29 
CCP 24 24.8 8.7 25.5 8.6 −2.720 0.012 0.56 

NGV CCI 14 893.9 47.2 889.3 48.9 4.359 0.001 1.14 
CCP 24 934.0 36.4 930.6 36.4 4.842 <0.0001 0.94 

NWV CCI 14 611.1 22.8 608.3 21.9 3.291 0.006 0.89 
CCP 24 622.2 26.5 621.0 26.0 1.381 0.180 0.28 

T2LV CCI 14 3.2 2.4 3.3 2.4 −2.447 0.029 0.83 
CCP 24 1.2 1.0 1.3 1.2 −1.247 0.225 0.24 

T1LV CCI 14 2.6 2.1 2.7 2.2 −2.141 0.052 0.60 
CCP 24 0.9 0.8 1.0 1.0 −1.399 0.175 0.29 

MRI=Magnetic Resonance Imaging. MS=multiple sclerosis. SD=Standard deviation. CCI=Confirmed cognitively impaired. CCP=Confirmed cognitively preserved. 
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et al., 2001). This is further supported by findings suggesting that 
measures of atrophy are more strongly associated with and predictive of 
cognitive impairment than lesion volumes (Benedict et al., 2004). A 
more recent study, however, showed higher risk of obtaining an 
impaired score on the BICAMS in patients with high T1/T2 lesion load 
and lower brain parenchymal fraction, suggesting that both volume 
measures are reliable predictors of cognitive status (Uher et al., 2017). 

Overall, the present study found a significant loss of both grey and 
white matter, as well as a significant increase of ventricle volume, 
resulting in atrophy of whole brain volume over the two-year follow-up 
period. Mean global brain atrophy rate in MS has been reported to be 
between −0.60% and −1.35% per year (Bermel and Bakshi, 2006) and a 
change of −0.40% per year is proposed as the cut-off for pathological 
brain atrophy in MS (De Stefano et al., 2016). In our sample the overall 
annualized rate of atrophy was −0.18% (data not shown), far lower than 
the pathological cut-off. Several points may explain this, including that 
the present patient sample was relatively young, newly diagnosed and 

with a low level of disability. Time from diagnosis to initiation, and type 
of disease modifying therapy (DMT) had probably also an effect, but 
these data were not available for the present study. 

Interestingly, even though the results showed an overall statistically 
significant whole brain volume loss, the global atrophy rate was also 
lower than expected for the CCI subgroup (−0.25%). This implies that 
the accelerated atrophy accumulation in cognitively impaired patients 
may not be as pronounced in the earliest stages of the disease and 
challenges the previously reported relationship between early brain at
rophy and cognitive function (Amato et al., 2004, 2007; Chiaravalloti 
and DeLuca, 2008; Deloire et al., 2011). However, a follow-up period of 
only two years may have been too short to discern significant difference 
in rate of decline in the CCI and CCP groups preserved (Uher et al., 
2018). Another plausible explanation for the similar atrophy rate in 
spite of significant differences between the two groups, may be that the 
patients have different cerebral “starting points” prior to onset of MS, 
lending support to the cognitive and brain reserve theories (Sumowski 

Table 5a 
Comparing MRI volume measures in MS-patients defined as confirmed cognitively impaired (CCI) and preserved (CCP) both at baseline and 2-year follow-up (in
dependent samples t-test).  

MRI measure Time point Group N Mean SD t p Hedges g 

NBV Baseline CCI 14 1505.0 46.4 −3.939 <0.0001 1.30 
CCP 24 1556.2 33.5 

2 years CCI 14 1497.6 48.9 −3.962 <0.0001 1.31 
CCP 24 1551.6 34.9 

NVV Baseline CCI 14 33.7 11.4 2.738 0.010 0.90 
CCP 24 24.8 8.7 

2 years CCI 14 35.3 11.6 2.964 0.005 0.98 
CCP 24 25.5 8.6 

NGV Baseline CCI 14 893.9 47.2 −2.935 0.006 0.97 
CCP 24 934.0 36.4 

2 years CCI 14 889.3 48.9 −2.975 0.005 0.98 
CCP 24 930.6 36.4 

NWV Baseline CCI 14 611.1 22.8 −1.305 0.200 0.43 
CCP 24 622.2 26.5 

2 years CCI 14 608.3 21.9 −1.532 0.134 0.50 
CCP 24 621.0 26.0 

T2LV Baseline CCI 14 3.2 2.4 3.047 0.008 1.22 
CCP 24 1.2 1.0 

2 years CCI 14 3.3 2.4 2.886 0.010 1.13 
CCP 24 1.3 1.2 

T1LV Baseline CCI 14 2.6 2.1 2.848 0.012 1.15 
CCP 24 0.9 0.8 

2 years CCI 14 2.7 2.2 2.777 0.013 1.10 
CCP 24 1.0 1.0 
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NBV CCI 14 1505.0 46.4 1497.6 48.9 4.707 <0.0001 1.27 
CCP 24 1556.2 33.5 1551.6 34.9 3.660 0.001 0.75 

NVV CCI 14 33.7 11.4 35.3 11.6 −4.788 <0.0001 1.29 
CCP 24 24.8 8.7 25.5 8.6 −2.720 0.012 0.56 

NGV CCI 14 893.9 47.2 889.3 48.9 4.359 0.001 1.14 
CCP 24 934.0 36.4 930.6 36.4 4.842 <0.0001 0.94 
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et al., 2001). This is further supported by findings suggesting that 
measures of atrophy are more strongly associated with and predictive of 
cognitive impairment than lesion volumes (Benedict et al., 2004). A 
more recent study, however, showed higher risk of obtaining an 
impaired score on the BICAMS in patients with high T1/T2 lesion load 
and lower brain parenchymal fraction, suggesting that both volume 
measures are reliable predictors of cognitive status (Uher et al., 2017). 

Overall, the present study found a significant loss of both grey and 
white matter, as well as a significant increase of ventricle volume, 
resulting in atrophy of whole brain volume over the two-year follow-up 
period. Mean global brain atrophy rate in MS has been reported to be 
between −0.60% and −1.35% per year (Bermel and Bakshi, 2006) and a 
change of −0.40% per year is proposed as the cut-off for pathological 
brain atrophy in MS (De Stefano et al., 2016). In our sample the overall 
annualized rate of atrophy was −0.18% (data not shown), far lower than 
the pathological cut-off. Several points may explain this, including that 
the present patient sample was relatively young, newly diagnosed and 

with a low level of disability. Time from diagnosis to initiation, and type 
of disease modifying therapy (DMT) had probably also an effect, but 
these data were not available for the present study. 

Interestingly, even though the results showed an overall statistically 
significant whole brain volume loss, the global atrophy rate was also 
lower than expected for the CCI subgroup (−0.25%). This implies that 
the accelerated atrophy accumulation in cognitively impaired patients 
may not be as pronounced in the earliest stages of the disease and 
challenges the previously reported relationship between early brain at
rophy and cognitive function (Amato et al., 2004, 2007; Chiaravalloti 
and DeLuca, 2008; Deloire et al., 2011). However, a follow-up period of 
only two years may have been too short to discern significant difference 
in rate of decline in the CCI and CCP groups preserved (Uher et al., 
2018). Another plausible explanation for the similar atrophy rate in 
spite of significant differences between the two groups, may be that the 
patients have different cerebral “starting points” prior to onset of MS, 
lending support to the cognitive and brain reserve theories (Sumowski 

Table 5a 
Comparing MRI volume measures in MS-patients defined as confirmed cognitively impaired (CCI) and preserved (CCP) both at baseline and 2-year follow-up (in
dependent samples t-test).  

MRI measure Time point Group N Mean SD t p Hedges g 

NBV Baseline CCI 14 1505.0 46.4 −3.939 <0.0001 1.30 
CCP 24 1556.2 33.5 

2 years CCI 14 1497.6 48.9 −3.962 <0.0001 1.31 
CCP 24 1551.6 34.9 

NVV Baseline CCI 14 33.7 11.4 2.738 0.010 0.90 
CCP 24 24.8 8.7 

2 years CCI 14 35.3 11.6 2.964 0.005 0.98 
CCP 24 25.5 8.6 

NGV Baseline CCI 14 893.9 47.2 −2.935 0.006 0.97 
CCP 24 934.0 36.4 

2 years CCI 14 889.3 48.9 −2.975 0.005 0.98 
CCP 24 930.6 36.4 

NWV Baseline CCI 14 611.1 22.8 −1.305 0.200 0.43 
CCP 24 622.2 26.5 

2 years CCI 14 608.3 21.9 −1.532 0.134 0.50 
CCP 24 621.0 26.0 

T2LV Baseline CCI 14 3.2 2.4 3.047 0.008 1.22 
CCP 24 1.2 1.0 

2 years CCI 14 3.3 2.4 2.886 0.010 1.13 
CCP 24 1.3 1.2 

T1LV Baseline CCI 14 2.6 2.1 2.848 0.012 1.15 
CCP 24 0.9 0.8 

2 years CCI 14 2.7 2.2 2.777 0.013 1.10 
CCP 24 1.0 1.0 

MRI=Magnetic Resonance Imaging. MS=multiple sclerosis. SD=Standard deviation. CCI=Confirmed cognitively impaired. CCP=Confirmed cognitively preserved. 
NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV=Normalized Grey Matter Volume. NWV=Normalized White Matter 
Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV=Total Hypointense T1 Lesion Volume. 

Table 5b 
Changes in MRI measurements from baseline to follow-up for MS-patients longitudinally defined as confirmed cognitively impaired (CCI) and cognitively preserved 
(CCP) (paired samples t-test).  

MRI measure Group N Baseline 2 years t p Cohen’s d 
Mean SD Mean SD 
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CCP 24 1556.2 33.5 1551.6 34.9 3.660 0.001 0.75 

NVV CCI 14 33.7 11.4 35.3 11.6 −4.788 <0.0001 1.29 
CCP 24 24.8 8.7 25.5 8.6 −2.720 0.012 0.56 

NGV CCI 14 893.9 47.2 889.3 48.9 4.359 0.001 1.14 
CCP 24 934.0 36.4 930.6 36.4 4.842 <0.0001 0.94 

NWV CCI 14 611.1 22.8 608.3 21.9 3.291 0.006 0.89 
CCP 24 622.2 26.5 621.0 26.0 1.381 0.180 0.28 

T2LV CCI 14 3.2 2.4 3.3 2.4 −2.447 0.029 0.83 
CCP 24 1.2 1.0 1.3 1.2 −1.247 0.225 0.24 

T1LV CCI 14 2.6 2.1 2.7 2.2 −2.141 0.052 0.60 
CCP 24 0.9 0.8 1.0 1.0 −1.399 0.175 0.29 

MRI=Magnetic Resonance Imaging. MS=multiple sclerosis. SD=Standard deviation. CCI=Confirmed cognitively impaired. CCP=Confirmed cognitively preserved. 
NBV=Normalized Whole Brain Volume. NVV=Normalized Lateral Ventricle Volume. NGV=Normalized Grey Matter Volume. NWV=Normalized White Matter 
Volume. T2LV=Total Hyperintense T2 FLAIR Lesion Volume. T1LV=Total Hypointense T1 Lesion Volume. 
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and lower brain parenchymal fraction, suggesting that both volume 
measures are reliable predictors of cognitive status (Uher et al., 2017). 

Overall, the present study found a significant loss of both grey and 
white matter, as well as a significant increase of ventricle volume, 
resulting in atrophy of whole brain volume over the two-year follow-up 
period. Mean global brain atrophy rate in MS has been reported to be 
between −0.60% and −1.35% per year (Bermel and Bakshi, 2006) and a 
change of −0.40% per year is proposed as the cut-off for pathological 
brain atrophy in MS (De Stefano et al., 2016). In our sample the overall 
annualized rate of atrophy was −0.18% (data not shown), far lower than 
the pathological cut-off. Several points may explain this, including that 
the present patient sample was relatively young, newly diagnosed and 

with a low level of disability. Time from diagnosis to initiation, and type 
of disease modifying therapy (DMT) had probably also an effect, but 
these data were not available for the present study. 

Interestingly, even though the results showed an overall statistically 
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lower than expected for the CCI subgroup (−0.25%). This implies that 
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may not be as pronounced in the earliest stages of the disease and 
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and DeLuca, 2008; Deloire et al., 2011). However, a follow-up period of 
only two years may have been too short to discern significant difference 
in rate of decline in the CCI and CCP groups preserved (Uher et al., 
2018). Another plausible explanation for the similar atrophy rate in 
spite of significant differences between the two groups, may be that the 
patients have different cerebral “starting points” prior to onset of MS, 
lending support to the cognitive and brain reserve theories (Sumowski 
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NGV CCI 14 893.9 47.2 889.3 48.9 4.359 0.001 1.14 
CCP 24 934.0 36.4 930.6 36.4 4.842 <0.0001 0.94 
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et al., 2001). This is further supported by findings suggesting that 
measures of atrophy are more strongly associated with and predictive of 
cognitive impairment than lesion volumes (Benedict et al., 2004). A 
more recent study, however, showed higher risk of obtaining an 
impaired score on the BICAMS in patients with high T1/T2 lesion load 
and lower brain parenchymal fraction, suggesting that both volume 
measures are reliable predictors of cognitive status (Uher et al., 2017). 

Overall, the present study found a significant loss of both grey and 
white matter, as well as a significant increase of ventricle volume, 
resulting in atrophy of whole brain volume over the two-year follow-up 
period. Mean global brain atrophy rate in MS has been reported to be 
between −0.60% and −1.35% per year (Bermel and Bakshi, 2006) and a 
change of −0.40% per year is proposed as the cut-off for pathological 
brain atrophy in MS (De Stefano et al., 2016). In our sample the overall 
annualized rate of atrophy was −0.18% (data not shown), far lower than 
the pathological cut-off. Several points may explain this, including that 
the present patient sample was relatively young, newly diagnosed and 

with a low level of disability. Time from diagnosis to initiation, and type 
of disease modifying therapy (DMT) had probably also an effect, but 
these data were not available for the present study. 

Interestingly, even though the results showed an overall statistically 
significant whole brain volume loss, the global atrophy rate was also 
lower than expected for the CCI subgroup (−0.25%). This implies that 
the accelerated atrophy accumulation in cognitively impaired patients 
may not be as pronounced in the earliest stages of the disease and 
challenges the previously reported relationship between early brain at
rophy and cognitive function (Amato et al., 2004, 2007; Chiaravalloti 
and DeLuca, 2008; Deloire et al., 2011). However, a follow-up period of 
only two years may have been too short to discern significant difference 
in rate of decline in the CCI and CCP groups preserved (Uher et al., 
2018). Another plausible explanation for the similar atrophy rate in 
spite of significant differences between the two groups, may be that the 
patients have different cerebral “starting points” prior to onset of MS, 
lending support to the cognitive and brain reserve theories (Sumowski 
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Comparing MRI volume measures in MS-patients defined as confirmed cognitively impaired (CCI) and preserved (CCP) both at baseline and 2-year follow-up (in
dependent samples t-test).  

MRI measure Time point Group N Mean SD t p Hedges g 
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CCP 24 1556.2 33.5 
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CCP 24 1551.6 34.9 
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CCP 24 24.8 8.7 
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CCP 24 1.3 1.2 
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CCP 24 0.9 0.8 

2 years CCI 14 2.7 2.2 2.777 0.013 1.10 
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NBV CCI 14 1505.0 46.4 1497.6 48.9 4.707 <0.0001 1.27 
CCP 24 1556.2 33.5 1551.6 34.9 3.660 0.001 0.75 

NVV CCI 14 33.7 11.4 35.3 11.6 −4.788 <0.0001 1.29 
CCP 24 24.8 8.7 25.5 8.6 −2.720 0.012 0.56 

NGV CCI 14 893.9 47.2 889.3 48.9 4.359 0.001 1.14 
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and Leavitt, 2013; Sumowski et al., 2013). 
Although we found white matter volume loss to be significant for the 

whole sample, only the CCI subgroup showed significant white matter 
atrophy from baseline to follow-up, indicating that the overall white 
matter atrophy is mainly represented by this subgroup of patients. This 
implicates that white matter atrophy may contribute to separate 
cognitively impaired patients from patients with preserved cognitive 
function over time (Sacco et al., 2015). 

A caveat of assessing white matter atrophy is discerning disease 
related true atrophy from pseudoatrophy due to a reduction in inflam
mation and oedema known to occur in the early stages of the disease 
after initiation of disease-modifying therapies (DMTs) (Rao et al., 2002) 
which may persist beyond the first year of treatment (Sastre-Garriga 
et al., 2015). The significant loss of white matter volume in the CCI 
group may be due to a larger degree of pseudoatrophy in response to 
initiation of DMT, but this was not investigated specifically in the pre
sent study. This was mainly because of the large variability in the use of 
DMTs, causing large discrepancies in group sizes and thereby significant 
loss of statistical power. 

Our study has both strengths and weaknesses. Inclusion of a rela
tively young, newly diagnosed sample of patients who remained clini
cally stable at a low disability level throughout the study, is considered 
to be a main strength. Furthermore, all patients were assessed clinically 
and cognitively by the same neurologist (E.S.) at all time points. 

In previous publications from this cohort, we found cognitive 
impairment amongst approximately 50% of the patients at baseline (i.e. 
abnormal result on at least one test) (Skorve et al., 2019). Furthermore, 
we found significant improvements in SDMT and CVLT-II raw score 
results from baseline to the one-year follow-up, which remained stable 
to the two-year follow-up (Skorve et al., 2020). This improvement was 
mainly found amongst patients classified as cognitively preserved (CP), 
but patients classified as cognitively impaired (CI) at baseline also 
showed significant improvement on subsequent testing. This points to a 
substantial practice effect despite the 12 months interval between 
cognitive evaluations chosen specifically to reduce this effect. Scharfen 
and collegues indicate that at least 16 months are required to eliminate 
the practice effects on tests of working memory capacity (Scharfen et al., 
2018), while others have reported that the recommended testing inter
val varies between the cognitive domains (memory, spatial abilities and 
speed) (Ferrer et al., 2004). The implementation of alternate forms at 
each test session (AAA for SDMT, ABA for the CVLT-II and ABC for the 
BVMT-R), was aimed to strengthen the study by reducing the practice 
effect. However, the impact of different combinations of test stimuli for 
each session (AAA at baseline, and ABB and AAC at first and second 
follow-up, respectively) was not accounted for, and may be a limitation 
of the study design. 

Another perceived weakness of the study is the use of stringent cut- 
off scores, which disregards the degree of impairment on a given test by 
classifying all levels of impairment into only two classes. However, this 
was addressed in a recent study showing that the majority of “at-risk” 
patients (i.e., patients with only one impaired test score) were recon
firmed as cognitively impaired when assessed by a more extensive 
neuropsychological test battery (Altieri et al., 2020). These results 
support that the “at least one abnormal score” definition for cognitive 
impairment measured by BICAMS (Dusankova et al., 2012) may still be 
relevant and acceptable for clinical practice. 

Given that the atrophy rate is relatively low, a longer follow-up 
period is probably needed to detect pathological changes in more spe
cific regional brain structures. Global volume measures are therefore 
recommended in studies with relatively short follow-up periods (Sas
tre-Garriga et al., 2020; van Munster and Uitdehaag, 2017). We there
fore reported the lesion volumes as global measures of the total T2LV 
and T1LV, being aware that analyses of regional (i.e., juxtacortical, 
paraventricular and infratentorial) lesion volumes may have yielded 
different results, since lesion localization may have a large impact on 
clinical presentation of the disease, including cognition. Furthermore, 

we did not include measures of normal appearing white matter 
(NAWM), network connectivity or pathway disruption mechanisms 
which are shown to reflect white matter pathophysiology of importance 
to cognition (Rovaris et al., 2006). 

The brain scans were normalized according to a reference brain 
adjusted for age and sex, thereby at least reducing the influence of 
normal ageing and sex differences on our results. No further adjustments 
were performed on the MRI data. We did not include a sample of healthy 
controls in our MRI analyses, but rather used the patients as their own 
controls yielding longitudinal results at both individual and group 
levels. The use of software providing automated analysis of MRI data is 
shown to reduce both intra- and interrater variability of the MRI mea
surements, and the Icometrix tool is increasingly used in the study of 
brain volumetrics and volume loss in MS (Beadnall et al., 2019; 
D’Hooghe et al., 2019; Fragoso et al., 2017). However, there are still 
significant differences in the results between the different software 
currently in use, making it challenging to directly compare results across 
different studies (Steenwijk et al., 2017; Storelli et al., 2018). 

5. Conclusions 

We found a strong association between cognitive impairment, as 
measured by longitudinal results on the BICAMS, and global MRI brain 
volume measures in young, newly diagnosed MS-patients. Despite being 
clinically stable and with a low EDSS score throughout the two-year 
follow-up, cognitive impairment was found by at least one subtest in 
approximately half of the sample at baseline. The changes in brain 
volumes shown in patients defined as impaired at both baseline and 
follow-up are potentially of great clinical importance and should indeed 
be investigated in future studies including a larger sample size. 
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and Leavitt, 2013; Sumowski et al., 2013). 
Although we found white matter volume loss to be significant for the 

whole sample, only the CCI subgroup showed significant white matter 
atrophy from baseline to follow-up, indicating that the overall white 
matter atrophy is mainly represented by this subgroup of patients. This 
implicates that white matter atrophy may contribute to separate 
cognitively impaired patients from patients with preserved cognitive 
function over time (Sacco et al., 2015). 

A caveat of assessing white matter atrophy is discerning disease 
related true atrophy from pseudoatrophy due to a reduction in inflam
mation and oedema known to occur in the early stages of the disease 
after initiation of disease-modifying therapies (DMTs) (Rao et al., 2002) 
which may persist beyond the first year of treatment (Sastre-Garriga 
et al., 2015). The significant loss of white matter volume in the CCI 
group may be due to a larger degree of pseudoatrophy in response to 
initiation of DMT, but this was not investigated specifically in the pre
sent study. This was mainly because of the large variability in the use of 
DMTs, causing large discrepancies in group sizes and thereby significant 
loss of statistical power. 

Our study has both strengths and weaknesses. Inclusion of a rela
tively young, newly diagnosed sample of patients who remained clini
cally stable at a low disability level throughout the study, is considered 
to be a main strength. Furthermore, all patients were assessed clinically 
and cognitively by the same neurologist (E.S.) at all time points. 

In previous publications from this cohort, we found cognitive 
impairment amongst approximately 50% of the patients at baseline (i.e. 
abnormal result on at least one test) (Skorve et al., 2019). Furthermore, 
we found significant improvements in SDMT and CVLT-II raw score 
results from baseline to the one-year follow-up, which remained stable 
to the two-year follow-up (Skorve et al., 2020). This improvement was 
mainly found amongst patients classified as cognitively preserved (CP), 
but patients classified as cognitively impaired (CI) at baseline also 
showed significant improvement on subsequent testing. This points to a 
substantial practice effect despite the 12 months interval between 
cognitive evaluations chosen specifically to reduce this effect. Scharfen 
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2018), while others have reported that the recommended testing inter
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BVMT-R), was aimed to strengthen the study by reducing the practice 
effect. However, the impact of different combinations of test stimuli for 
each session (AAA at baseline, and ABB and AAC at first and second 
follow-up, respectively) was not accounted for, and may be a limitation 
of the study design. 

Another perceived weakness of the study is the use of stringent cut- 
off scores, which disregards the degree of impairment on a given test by 
classifying all levels of impairment into only two classes. However, this 
was addressed in a recent study showing that the majority of “at-risk” 
patients (i.e., patients with only one impaired test score) were recon
firmed as cognitively impaired when assessed by a more extensive 
neuropsychological test battery (Altieri et al., 2020). These results 
support that the “at least one abnormal score” definition for cognitive 
impairment measured by BICAMS (Dusankova et al., 2012) may still be 
relevant and acceptable for clinical practice. 

Given that the atrophy rate is relatively low, a longer follow-up 
period is probably needed to detect pathological changes in more spe
cific regional brain structures. Global volume measures are therefore 
recommended in studies with relatively short follow-up periods (Sas
tre-Garriga et al., 2020; van Munster and Uitdehaag, 2017). We there
fore reported the lesion volumes as global measures of the total T2LV 
and T1LV, being aware that analyses of regional (i.e., juxtacortical, 
paraventricular and infratentorial) lesion volumes may have yielded 
different results, since lesion localization may have a large impact on 
clinical presentation of the disease, including cognition. Furthermore, 

we did not include measures of normal appearing white matter 
(NAWM), network connectivity or pathway disruption mechanisms 
which are shown to reflect white matter pathophysiology of importance 
to cognition (Rovaris et al., 2006). 

The brain scans were normalized according to a reference brain 
adjusted for age and sex, thereby at least reducing the influence of 
normal ageing and sex differences on our results. No further adjustments 
were performed on the MRI data. We did not include a sample of healthy 
controls in our MRI analyses, but rather used the patients as their own 
controls yielding longitudinal results at both individual and group 
levels. The use of software providing automated analysis of MRI data is 
shown to reduce both intra- and interrater variability of the MRI mea
surements, and the Icometrix tool is increasingly used in the study of 
brain volumetrics and volume loss in MS (Beadnall et al., 2019; 
D’Hooghe et al., 2019; Fragoso et al., 2017). However, there are still 
significant differences in the results between the different software 
currently in use, making it challenging to directly compare results across 
different studies (Steenwijk et al., 2017; Storelli et al., 2018). 

5.Conclusions 

We found a strong association between cognitive impairment, as 
measured by longitudinal results on the BICAMS, and global MRI brain 
volume measures in young, newly diagnosed MS-patients. Despite being 
clinically stable and with a low EDSS score throughout the two-year 
follow-up, cognitive impairment was found by at least one subtest in 
approximately half of the sample at baseline. The changes in brain 
volumes shown in patients defined as impaired at both baseline and 
follow-up are potentially of great clinical importance and should indeed 
be investigated in future studies including a larger sample size. 
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and Leavitt, 2013; Sumowski et al., 2013). 
Although we found white matter volume loss to be significant for the 

whole sample, only the CCI subgroup showed significant white matter 
atrophy from baseline to follow-up, indicating that the overall white 
matter atrophy is mainly represented by this subgroup of patients. This 
implicates that white matter atrophy may contribute to separate 
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which may persist beyond the first year of treatment (Sastre-Garriga 
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group may be due to a larger degree of pseudoatrophy in response to 
initiation of DMT, but this was not investigated specifically in the pre
sent study. This was mainly because of the large variability in the use of 
DMTs, causing large discrepancies in group sizes and thereby significant 
loss of statistical power. 

Our study has both strengths and weaknesses. Inclusion of a rela
tively young, newly diagnosed sample of patients who remained clini
cally stable at a low disability level throughout the study, is considered 
to be a main strength. Furthermore, all patients were assessed clinically 
and cognitively by the same neurologist (E.S.) at all time points. 
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showed significant improvement on subsequent testing. This points to a 
substantial practice effect despite the 12 months interval between 
cognitive evaluations chosen specifically to reduce this effect. Scharfen 
and collegues indicate that at least 16 months are required to eliminate 
the practice effects on tests of working memory capacity (Scharfen et al., 
2018), while others have reported that the recommended testing inter
val varies between the cognitive domains (memory, spatial abilities and 
speed) (Ferrer et al., 2004). The implementation of alternate forms at 
each test session (AAA for SDMT, ABA for the CVLT-II and ABC for the 
BVMT-R), was aimed to strengthen the study by reducing the practice 
effect. However, the impact of different combinations of test stimuli for 
each session (AAA at baseline, and ABB and AAC at first and second 
follow-up, respectively) was not accounted for, and may be a limitation 
of the study design. 

Another perceived weakness of the study is the use of stringent cut- 
off scores, which disregards the degree of impairment on a given test by 
classifying all levels of impairment into only two classes. However, this 
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and T1LV, being aware that analyses of regional (i.e., juxtacortical, 
paraventricular and infratentorial) lesion volumes may have yielded 
different results, since lesion localization may have a large impact on 
clinical presentation of the disease, including cognition. Furthermore, 
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(NAWM), network connectivity or pathway disruption mechanisms 
which are shown to reflect white matter pathophysiology of importance 
to cognition (Rovaris et al., 2006). 
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adjusted for age and sex, thereby at least reducing the influence of 
normal ageing and sex differences on our results. No further adjustments 
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measured by longitudinal results on the BICAMS, and global MRI brain 
volume measures in young, newly diagnosed MS-patients. Despite being 
clinically stable and with a low EDSS score throughout the two-year 
follow-up, cognitive impairment was found by at least one subtest in 
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follow-up are potentially of great clinical importance and should indeed 
be investigated in future studies including a larger sample size. 

Author declarations 

Ellen Skorve has received initial funding for this study through an 
unrestricted research grant from Novartis (project planning and inclu
sion phase). Majority of funding through PhD-scholarship from the 
Regional Health Authorities of Western Norway (3-year fellowship). 
Additional financial support for the MRI investigation study was pro
vided by Dr. Niels Vilhelm Henrichsen and wife Anna Henrichsens 
Legacy Fund. 

Astri J. Lundervold has no declarations relevant to the field of mul
tiple sclerosis. 

Øivind Torkildsen has received speaker honoraria from and served 
on scientific advisory boards for Biogen, Sanofi-Aventis, Merck and 
Novartis. 

Frank Riemer has no declarations relevant to the field of multiple 
sclerosis. 

Renate Grüner has no declarations relevant to the field of multiple 
sclerosis. 

Kjell-Morten Myhr has received funding for Neuro-SysMed, a Centre 
for Clinical Treatment Research (FKB) by grants from The Research 
Council of Norway, project number 288,164. He has received unre
stricted research grants to his institution, scientific advisory board, or 
speaker honoraria from Biogen, Merck, Novartis, Roche, and Sanofi; and 
has participated in clinical trials organized by Biogen, Merck, Novartis, 
Roche, and Sanofi. 

CRediT authorship contribution statement 

Ellen Skorve: Conceptualization, Methodology, Formal analysis, 
Investigation, Resources, Data curation, Project administration, Writing 
– original draft, Writing – review & editing, Visualization, Funding 
acquisition. Astri J. Lundervold: Conceptualization, Methodology, 
Formal analysis, Writing – review & editing, Supervision. Øivind Tor
kildsen: Conceptualization, Methodology, Writing – review & editing, 
Supervision. Frank Riemer: Conceptualization, Methodology, Formal 

E. Skorve et al.                                                                                                                                                                                                                                  

Multiple Sclerosis and Related Disorders 69 (2023) 104398

6

and Leavitt, 2013; Sumowski et al., 2013). 
Although we found white matter volume loss to be significant for the 

whole sample, only the CCI subgroup showed significant white matter 
atrophy from baseline to follow-up, indicating that the overall white 
matter atrophy is mainly represented by this subgroup of patients. This 
implicates that white matter atrophy may contribute to separate 
cognitively impaired patients from patients with preserved cognitive 
function over time (Sacco et al., 2015). 

A caveat of assessing white matter atrophy is discerning disease 
related true atrophy from pseudoatrophy due to a reduction in inflam
mation and oedema known to occur in the early stages of the disease 
after initiation of disease-modifying therapies (DMTs) (Rao et al., 2002) 
which may persist beyond the first year of treatment (Sastre-Garriga 
et al., 2015). The significant loss of white matter volume in the CCI 
group may be due to a larger degree of pseudoatrophy in response to 
initiation of DMT, but this was not investigated specifically in the pre
sent study. This was mainly because of the large variability in the use of 
DMTs, causing large discrepancies in group sizes and thereby significant 
loss of statistical power. 

Our study has both strengths and weaknesses. Inclusion of a rela
tively young, newly diagnosed sample of patients who remained clini
cally stable at a low disability level throughout the study, is considered 
to be a main strength. Furthermore, all patients were assessed clinically 
and cognitively by the same neurologist (E.S.) at all time points. 

In previous publications from this cohort, we found cognitive 
impairment amongst approximately 50% of the patients at baseline (i.e. 
abnormal result on at least one test) (Skorve et al., 2019). Furthermore, 
we found significant improvements in SDMT and CVLT-II raw score 
results from baseline to the one-year follow-up, which remained stable 
to the two-year follow-up (Skorve et al., 2020). This improvement was 
mainly found amongst patients classified as cognitively preserved (CP), 
but patients classified as cognitively impaired (CI) at baseline also 
showed significant improvement on subsequent testing. This points to a 
substantial practice effect despite the 12 months interval between 
cognitive evaluations chosen specifically to reduce this effect. Scharfen 
and collegues indicate that at least 16 months are required to eliminate 
the practice effects on tests of working memory capacity (Scharfen et al., 
2018), while others have reported that the recommended testing inter
val varies between the cognitive domains (memory, spatial abilities and 
speed) (Ferrer et al., 2004). The implementation of alternate forms at 
each test session (AAA for SDMT, ABA for the CVLT-II and ABC for the 
BVMT-R), was aimed to strengthen the study by reducing the practice 
effect. However, the impact of different combinations of test stimuli for 
each session (AAA at baseline, and ABB and AAC at first and second 
follow-up, respectively) was not accounted for, and may be a limitation 
of the study design. 

Another perceived weakness of the study is the use of stringent cut- 
off scores, which disregards the degree of impairment on a given test by 
classifying all levels of impairment into only two classes. However, this 
was addressed in a recent study showing that the majority of “at-risk” 
patients (i.e., patients with only one impaired test score) were recon
firmed as cognitively impaired when assessed by a more extensive 
neuropsychological test battery (Altieri et al., 2020). These results 
support that the “at least one abnormal score” definition for cognitive 
impairment measured by BICAMS (Dusankova et al., 2012) may still be 
relevant and acceptable for clinical practice. 

Given that the atrophy rate is relatively low, a longer follow-up 
period is probably needed to detect pathological changes in more spe
cific regional brain structures. Global volume measures are therefore 
recommended in studies with relatively short follow-up periods (Sas
tre-Garriga et al., 2020; van Munster and Uitdehaag, 2017). We there
fore reported the lesion volumes as global measures of the total T2LV 
and T1LV, being aware that analyses of regional (i.e., juxtacortical, 
paraventricular and infratentorial) lesion volumes may have yielded 
different results, since lesion localization may have a large impact on 
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which are shown to reflect white matter pathophysiology of importance 
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off scores, which disregards the degree of impairment on a given test by 
classifying all levels of impairment into only two classes. However, this 
was addressed in a recent study showing that the majority of “at-risk” 
patients (i.e., patients with only one impaired test score) were recon
firmed as cognitively impaired when assessed by a more extensive 
neuropsychological test battery (Altieri et al., 2020). These results 
support that the “at least one abnormal score” definition for cognitive 
impairment measured by BICAMS (Dusankova et al., 2012) may still be 
relevant and acceptable for clinical practice. 

Given that the atrophy rate is relatively low, a longer follow-up 
period is probably needed to detect pathological changes in more spe
cific regional brain structures. Global volume measures are therefore 
recommended in studies with relatively short follow-up periods (Sas
tre-Garriga et al., 2020; van Munster and Uitdehaag, 2017). We there
fore reported the lesion volumes as global measures of the total T2LV 
and T1LV, being aware that analyses of regional (i.e., juxtacortical, 
paraventricular and infratentorial) lesion volumes may have yielded 
different results, since lesion localization may have a large impact on 
clinical presentation of the disease, including cognition. Furthermore, 

we did not include measures of normal appearing white matter 
(NAWM), network connectivity or pathway disruption mechanisms 
which are shown to reflect white matter pathophysiology of importance 
to cognition (Rovaris et al., 2006). 

The brain scans were normalized according to a reference brain 
adjusted for age and sex, thereby at least reducing the influence of 
normal ageing and sex differences on our results. No further adjustments 
were performed on the MRI data. We did not include a sample of healthy 
controls in our MRI analyses, but rather used the patients as their own 
controls yielding longitudinal results at both individual and group 
levels. The use of software providing automated analysis of MRI data is 
shown to reduce both intra- and interrater variability of the MRI mea
surements, and the Icometrix tool is increasingly used in the study of 
brain volumetrics and volume loss in MS (Beadnall et al., 2019; 
D’Hooghe et al., 2019; Fragoso et al., 2017). However, there are still 
significant differences in the results between the different software 
currently in use, making it challenging to directly compare results across 
different studies (Steenwijk et al., 2017; Storelli et al., 2018). 

5.Conclusions 

We found a strong association between cognitive impairment, as 
measured by longitudinal results on the BICAMS, and global MRI brain 
volume measures in young, newly diagnosed MS-patients. Despite being 
clinically stable and with a low EDSS score throughout the two-year 
follow-up, cognitive impairment was found by at least one subtest in 
approximately half of the sample at baseline. The changes in brain 
volumes shown in patients defined as impaired at both baseline and 
follow-up are potentially of great clinical importance and should indeed 
be investigated in future studies including a larger sample size. 
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cognitive evaluations chosen specifically to reduce this effect. Scharfen 
and collegues indicate that at least 16 months are required to eliminate 
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2018), while others have reported that the recommended testing inter
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to cognition (Rovaris et al., 2006). 

The brain scans were normalized according to a reference brain 
adjusted for age and sex, thereby at least reducing the influence of 
normal ageing and sex differences on our results. No further adjustments 
were performed on the MRI data. We did not include a sample of healthy 
controls in our MRI analyses, but rather used the patients as their own 
controls yielding longitudinal results at both individual and group 
levels. The use of software providing automated analysis of MRI data is 
shown to reduce both intra- and interrater variability of the MRI mea
surements, and the Icometrix tool is increasingly used in the study of 
brain volumetrics and volume loss in MS (Beadnall et al., 2019; 
D’Hooghe et al., 2019; Fragoso et al., 2017). However, there are still 
significant differences in the results between the different software 
currently in use, making it challenging to directly compare results across 
different studies (Steenwijk et al., 2017; Storelli et al., 2018). 

5.Conclusions 

We found a strong association between cognitive impairment, as 
measured by longitudinal results on the BICAMS, and global MRI brain 
volume measures in young, newly diagnosed MS-patients. Despite being 
clinically stable and with a low EDSS score throughout the two-year 
follow-up, cognitive impairment was found by at least one subtest in 
approximately half of the sample at baseline. The changes in brain 
volumes shown in patients defined as impaired at both baseline and 
follow-up are potentially of great clinical importance and should indeed 
be investigated in future studies including a larger sample size. 

Author declarations 

Ellen Skorve has received initial funding for this study through an 
unrestricted research grant from Novartis (project planning and inclu
sion phase). Majority of funding through PhD-scholarship from the 
Regional Health Authorities of Western Norway (3-year fellowship). 
Additional financial support for the MRI investigation study was pro
vided by Dr. Niels Vilhelm Henrichsen and wife Anna Henrichsens 
Legacy Fund. 

Astri J. Lundervold has no declarations relevant to the field of mul
tiple sclerosis. 

Øivind Torkildsen has received speaker honoraria from and served 
on scientific advisory boards for Biogen, Sanofi-Aventis, Merck and 
Novartis. 

Frank Riemer has no declarations relevant to the field of multiple 
sclerosis. 

Renate Grüner has no declarations relevant to the field of multiple 
sclerosis. 

Kjell-Morten Myhr has received funding for Neuro-SysMed, a Centre 
for Clinical Treatment Research (FKB) by grants from The Research 
Council of Norway, project number 288,164. He has received unre
stricted research grants to his institution, scientific advisory board, or 
speaker honoraria from Biogen, Merck, Novartis, Roche, and Sanofi; and 
has participated in clinical trials organized by Biogen, Merck, Novartis, 
Roche, and Sanofi. 

CRediT authorship contribution statement 

Ellen Skorve: Conceptualization, Methodology, Formal analysis, 
Investigation, Resources, Data curation, Project administration, Writing 
– original draft, Writing – review & editing, Visualization, Funding 
acquisition. Astri J. Lundervold: Conceptualization, Methodology, 
Formal analysis, Writing – review & editing, Supervision. Øivind Tor
kildsen: Conceptualization, Methodology, Writing – review & editing, 
Supervision. Frank Riemer: Conceptualization, Methodology, Formal 

E. Skorve et al.                                                                                                                                                                                                                                  

MultipleSclerosisandRelatedDisorders69(2023)104398

6

and Leavitt, 2013; Sumowski et al., 2013). 
Although we found white matter volume loss to be significant for the 

whole sample, only the CCI subgroup showed significant white matter 
atrophy from baseline to follow-up, indicating that the overall white 
matter atrophy is mainly represented by this subgroup of patients. This 
implicates that white matter atrophy may contribute to separate 
cognitively impaired patients from patients with preserved cognitive 
function over time (Sacco et al., 2015). 

A caveat of assessing white matter atrophy is discerning disease 
related true atrophy from pseudoatrophy due to a reduction in inflam
mation and oedema known to occur in the early stages of the disease 
after initiation of disease-modifying therapies (DMTs) (Rao et al., 2002) 
which may persist beyond the first year of treatment (Sastre-Garriga 
et al., 2015). The significant loss of white matter volume in the CCI 
group may be due to a larger degree of pseudoatrophy in response to 
initiation of DMT, but this was not investigated specifically in the pre
sent study. This was mainly because of the large variability in the use of 
DMTs, causing large discrepancies in group sizes and thereby significant 
loss of statistical power. 

Our study has both strengths and weaknesses. Inclusion of a rela
tively young, newly diagnosed sample of patients who remained clini
cally stable at a low disability level throughout the study, is considered 
to be a main strength. Furthermore, all patients were assessed clinically 
and cognitively by the same neurologist (E.S.) at all time points. 

In previous publications from this cohort, we found cognitive 
impairment amongst approximately 50% of the patients at baseline (i.e. 
abnormal result on at least one test) (Skorve et al., 2019). Furthermore, 
we found significant improvements in SDMT and CVLT-II raw score 
results from baseline to the one-year follow-up, which remained stable 
to the two-year follow-up (Skorve et al., 2020). This improvement was 
mainly found amongst patients classified as cognitively preserved (CP), 
but patients classified as cognitively impaired (CI) at baseline also 
showed significant improvement on subsequent testing. This points to a 
substantial practice effect despite the 12 months interval between 
cognitive evaluations chosen specifically to reduce this effect. Scharfen 
and collegues indicate that at least 16 months are required to eliminate 
the practice effects on tests of working memory capacity (Scharfen et al., 
2018), while others have reported that the recommended testing inter
val varies between the cognitive domains (memory, spatial abilities and 
speed) (Ferrer et al., 2004). The implementation of alternate forms at 
each test session (AAA for SDMT, ABA for the CVLT-II and ABC for the 
BVMT-R), was aimed to strengthen the study by reducing the practice 
effect. However, the impact of different combinations of test stimuli for 
each session (AAA at baseline, and ABB and AAC at first and second 
follow-up, respectively) was not accounted for, and may be a limitation 
of the study design. 

Another perceived weakness of the study is the use of stringent cut- 
off scores, which disregards the degree of impairment on a given test by 
classifying all levels of impairment into only two classes. However, this 
was addressed in a recent study showing that the majority of “at-risk” 
patients (i.e., patients with only one impaired test score) were recon
firmed as cognitively impaired when assessed by a more extensive 
neuropsychological test battery (Altieri et al., 2020). These results 
support that the “at least one abnormal score” definition for cognitive 
impairment measured by BICAMS (Dusankova et al., 2012) may still be 
relevant and acceptable for clinical practice. 

Given that the atrophy rate is relatively low, a longer follow-up 
period is probably needed to detect pathological changes in more spe
cific regional brain structures. Global volume measures are therefore 
recommended in studies with relatively short follow-up periods (Sas
tre-Garriga et al., 2020; van Munster and Uitdehaag, 2017). We there
fore reported the lesion volumes as global measures of the total T2LV 
and T1LV, being aware that analyses of regional (i.e., juxtacortical, 
paraventricular and infratentorial) lesion volumes may have yielded 
different results, since lesion localization may have a large impact on 
clinical presentation of the disease, including cognition. Furthermore, 

we did not include measures of normal appearing white matter 
(NAWM), network connectivity or pathway disruption mechanisms 
which are shown to reflect white matter pathophysiology of importance 
to cognition (Rovaris et al., 2006). 

The brain scans were normalized according to a reference brain 
adjusted for age and sex, thereby at least reducing the influence of 
normal ageing and sex differences on our results. No further adjustments 
were performed on the MRI data. We did not include a sample of healthy 
controls in our MRI analyses, but rather used the patients as their own 
controls yielding longitudinal results at both individual and group 
levels. The use of software providing automated analysis of MRI data is 
shown to reduce both intra- and interrater variability of the MRI mea
surements, and the Icometrix tool is increasingly used in the study of 
brain volumetrics and volume loss in MS (Beadnall et al., 2019; 
D’Hooghe et al., 2019; Fragoso et al., 2017). However, there are still 
significant differences in the results between the different software 
currently in use, making it challenging to directly compare results across 
different studies (Steenwijk et al., 2017; Storelli et al., 2018). 

5.Conclusions 

We found a strong association between cognitive impairment, as 
measured by longitudinal results on the BICAMS, and global MRI brain 
volume measures in young, newly diagnosed MS-patients. Despite being 
clinically stable and with a low EDSS score throughout the two-year 
follow-up, cognitive impairment was found by at least one subtest in 
approximately half of the sample at baseline. The changes in brain 
volumes shown in patients defined as impaired at both baseline and 
follow-up are potentially of great clinical importance and should indeed 
be investigated in future studies including a larger sample size. 

Author declarations 

Ellen Skorve has received initial funding for this study through an 
unrestricted research grant from Novartis (project planning and inclu
sion phase). Majority of funding through PhD-scholarship from the 
Regional Health Authorities of Western Norway (3-year fellowship). 
Additional financial support for the MRI investigation study was pro
vided by Dr. Niels Vilhelm Henrichsen and wife Anna Henrichsens 
Legacy Fund. 

Astri J. Lundervold has no declarations relevant to the field of mul
tiple sclerosis. 

Øivind Torkildsen has received speaker honoraria from and served 
on scientific advisory boards for Biogen, Sanofi-Aventis, Merck and 
Novartis. 

Frank Riemer has no declarations relevant to the field of multiple 
sclerosis. 

Renate Grüner has no declarations relevant to the field of multiple 
sclerosis. 

Kjell-Morten Myhr has received funding for Neuro-SysMed, a Centre 
for Clinical Treatment Research (FKB) by grants from The Research 
Council of Norway, project number 288,164. He has received unre
stricted research grants to his institution, scientific advisory board, or 
speaker honoraria from Biogen, Merck, Novartis, Roche, and Sanofi; and 
has participated in clinical trials organized by Biogen, Merck, Novartis, 
Roche, and Sanofi. 

CRediT authorship contribution statement 

Ellen Skorve: Conceptualization, Methodology, Formal analysis, 
Investigation, Resources, Data curation, Project administration, Writing 
– original draft, Writing – review & editing, Visualization, Funding 
acquisition. Astri J. Lundervold: Conceptualization, Methodology, 
Formal analysis, Writing – review & editing, Supervision. Øivind Tor
kildsen: Conceptualization, Methodology, Writing – review & editing, 
Supervision. Frank Riemer: Conceptualization, Methodology, Formal 

E. Skorve et al.                                                                                                                                                                                                                                  



Multiple Sclerosis and Related Disorders 69 (2023) 104398

7

analysis, Resources, Data curation, Writing – review & editing. Renate 
Grüner: Methodology, Formal analysis, Resources, Data curation, 
Writing – review & editing, Project administration. Kjell-Morten Myhr: 
Conceptualization, Methodology, Project administration, Writing – re
view & editing, Supervision, Funding acquisition. 

Acknowledgements 

The authors would like to thank the MS patients for participating in 
the study, and thanks to the Health Authorities of Western Norway for 
funding the project. A special thanks to Nuno Pedrosa de Barros from 
Icometrix for providing the analyses and answering all our questions 
regarding the results, and to scientists Hauke Bartsch and Erling 
Andersen, Haukeland University Hospital, for their involvement in MRI 
data collection, handling and storage. Acknowledgement to the team of 
neuroradiologists at the Department of Radiology, Haukeland Univer
sity Hospital, for MR image reading. A special thanks also to MS nurses 
Anne-Britt Rundhovde Skår and Randi C. Haugstad at the Norwegian 
Multiple Sclerosis Competence center, Haukeland University Hospital, 
for their invaluable contribution to the study, and to health secretary 
Angunn Solberg at the outpatient clinic at the Department of Neurology, 
Haukeland University Hospital, for her contribution to the logistics. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.msard.2022.104398. 

References 

Altieri, M., Fratino, M., Maestrini, I., Dionisi, C., Annecca, R., Vicenzini, E., Di Piero, V., 
2020. Cognitive performance in relapsing-remitting multiple sclerosis: at risk or 
impaired? Dement. Geriatr. Cogn. Disord. 49 (6), 539–543. 

Amato, M.P., Bartolozzi, M.L., Zipoli, V., Portaccio, E., Mortilla, M., Guidi, L., 
Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2004. Neocortical volume 
decrease in relapsing-remitting MS patients with mild cognitive impairment. 
Neurology 63 (1), 89–93. 

Amato, M.P., Hakiki, B., Goretti, B., Rossi, F., Stromillo, M.L., Giorgio, A., Roscio, M., 
Ghezzi, A., Guidi, L., Bartolozzi, M.L., Portaccio, E., De Stefano, N., Italian, R.I.S.M.S. 
S.G., 2012. Association of MRI metrics and cognitive impairment in radiologically 
isolated syndromes. Neurology 78 (5), 309–314. 

Amato, M.P., Portaccio, E., Goretti, B., Zipoli, V., Battaglini, M., Bartolozzi, M.L., 
Stromillo, M.L., Guidi, L., Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2007. 
Association of neocortical volume changes with cognitive deterioration in relapsing- 
remitting multiple sclerosis. Arch. Neurol. 64 (8), 1157–1161. 

Amato, M.P., Zipoli, V., Portaccio, E., 2006. Multiple sclerosis-related cognitive changes: 
a review of cross-sectional and longitudinal studies. J. Neurol. Sci. 245 (1–2), 41–46. 

Artemiadis, A., Anagnostouli, M., Zalonis, I., Chairopoulos, K., Triantafyllou, N., 2018. 
Structural MRI correlates of cognitive function in multiple sclerosis. Mult. Scler. 
Relat. Disord. 21, 1–8. 

Beadnall, H.N., Wang, C., Van Hecke, W., Ribbens, A., Billiet, T., Barnett, M.H., 2019. 
Comparing longitudinal brain atrophy measurement techniques in a real-world 
multiple sclerosis clinical practice cohort: towards clinical integration? Ther. Adv. 
Neurol. Disord. 12, 1756286418823462. 

Benedict, R.H., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A.T., Langdon, D., 2012. 
Brief international cognitive assessment for MS (BICAMS): international standards 
for validation. BMC Neurol. 12, 55. 

Benedict, R.H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L.D., Rudick, R., Multiple 
Sclerosis Outcome Assessments, C., 2017. Validity of the Symbol Digit Modalities 
Test as a cognition performance outcome measure for multiple sclerosis. Mult. Scler. 
23 (5), 721–733. 

Benedict, R.H., Ramasamy, D., Munschauer, F., Weinstock-Guttman, B., Zivadinov, R., 
2009. Memory impairment in multiple sclerosis: correlation with deep grey matter 
and mesial temporal atrophy. J. Neurol. Neurosurg. Psychiatry 80 (2), 201–206. 

Benedict, R.H., Weinstock-Guttman, B., Fishman, I., Sharma, J., Tjoa, C.W., Bakshi, R., 
2004. Prediction of neuropsychological impairment in multiple sclerosis: 
comparison of conventional magnetic resonance imaging measures of atrophy and 
lesion burden. Arch. Neurol. 61 (2), 226–230. 

Benedict, R.H.B., 1997. Brief Visuospatial Memory Test - Revised: Professional Manual. 
Psychological Assessment Resources, Odessa, Florida.  

Bermel, R.A., Bakshi, R., 2006. The measurement and clinical relevance of brain atrophy 
in multiple sclerosis. Lancet Neurol. 5 (2), 158–170. 

Bobholz, J.A., Rao, S.M., 2003. Cognitive dysfunction in multiple sclerosis: a review of 
recent developments. Curr. Opin. Neurol. 16 (3), 283–288. 

Calabrese, M., Agosta, F., Rinaldi, F., Mattisi, I., Grossi, P., Favaretto, A., Atzori, M., 
Bernardi, V., Barachino, L., Rinaldi, L., Perini, P., Gallo, P., Filippi, M., 2009. Cortical 

lesions and atrophy associated with cognitive impairment in relapsing-remitting 
multiple sclerosis. Arch. Neurol. 66 (9), 1144–1150. 

Chiaravalloti, N.D., DeLuca, J., 2008. Cognitive impairment in multiple sclerosis. Lancet 
Neurol. 7 (12), 1139–1151. 

Cortese, M., Riise, T., Bjornevik, K., Bhan, A., Farbu, E., Grytten, N., Hogenesch, I., 
Midgard, R., Smith Simonsen, C., Telstad, W., Ascherio, A., Myhr, K.M., 2016. 
Preclinical disease activity in multiple sclerosis: a prospective study of cognitive 
performance prior to first symptom. Ann. Neurol. 80 (4), 616–624. 

D’Hooghe, M.B., Gielen, J., Van Remoortel, A., D’Haeseleer, M., Peeters, E., 
Cambron, M., De Keyser, J., Nagels, G., 2019. Single MRI-Based Volumetric 
Assessment in Clinical Practice Is Associated With MS-Related Disability. J. Magn. 
Reson. Imaging 49 (5), 1312–1321. 

De Stefano, N., Airas, L., Grigoriadis, N., Mattle, H.P., O’Riordan, J., Oreja-Guevara, C., 
Sellebjerg, F., Stankoff, B., Walczak, A., Wiendl, H., Kieseier, B.C., 2014. Clinical 
relevance of brain volume measures in multiple sclerosis. CNS Drugs 28 (2), 
147–156. 

De Stefano, N., Giorgio, A., Battaglini, M., Rovaris, M., Sormani, M.P., Barkhof, F., 
Korteweg, T., Enzinger, C., Fazekas, F., Calabrese, M., Dinacci, D., Tedeschi, G., 
Gass, A., Montalban, X., Rovira, A., Thompson, A., Comi, G., Miller, D.H., Filippi, M., 
2010. Assessing brain atrophy rates in a large population of untreated multiple 
sclerosis subtypes. NeurologyNeurology 74 (23), 1868–1876. 

De Stefano, N., Stromillo, M.L., Giorgio, A., Bartolozzi, M.L., Battaglini, M., Baldini, M., 
Portaccio, E., Amato, M.P., Sormani, M.P., 2016. Establishing pathological cut-offs of 
brain atrophy rates in multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 87 (1), 
93–99. 

Delis, D.C., Kramer, J.H., Kaplan, E., Ober, B.A., 1987. California Verbal Learning Test: 
Adult version Manual. The Psychological Corporation, San Antonia.  

Deloire, M.S., Ruet, A., Hamel, D., Bonnet, M., Dousset, V., Brochet, B., 2011. MRI 
predictors of cognitive outcome in early multiple sclerosis. NeurologyNeurology 76 
(13), 1161–1167. 

DeLuca, J., Barbieri-Berger, S., Johnson, S.K., 1994. The nature of memory impairments 
in multiple sclerosis: acquisition versus retrieval. J. Clin. Exp. Neuropsychol. 16 (2), 
183–189. 

Dong, C., Nabizadeh, N., Caunca, M., Cheung, Y.K., Rundek, T., Elkind, M.S., DeCarli, C., 
Sacco, R.L., Stern, Y., Wright, C.B., 2015. Cognitive correlates of white matter lesion 
load and brain atrophy: the Northern Manhattan Study. NeurologyNeurology 85 (5), 
441–449. 

Dusankova, J.B., Kalincik, T., Havrdova, E., Benedict, R.H., 2012. Cross cultural 
validation of the Minimal Assessment of Cognitive Function in Multiple Sclerosis 
(MACFIMS) and the Brief International Cognitive Assessment for Multiple Sclerosis 
(BICAMS). Clin. Neuropsychol. 26 (7), 1186–1200. 

Engl, C., Tiemann, L., Grahl, S., Bussas, M., Schmidt, P., Pongratz, V., Berthele, A., 
Beer, A., Gaser, C., Kirschke, J.S., Zimmer, C., Hemmer, B., Muhlau, M., 2020. 
Cognitive impairment in early MS: contribution of white matter lesions, deep grey 
matter atrophy, and cortical atrophy. J. Neurol. 267 (8), 2307–2318. 

Evans, A.C., Collins, D., Mills, S.R., Brown, E.D., Kelly, R.L., Peters, T., 1993. 3D 
statistical neuroanatomical models from 305 MRI volumes. In: 1993 IEEE 
Conference Record Nuclear Science Symposium and Medical Imaging Conference, 
pp. 1813–1817 vol.1813.  

Fenu, G., Lorefice, L., Arru, M., Sechi, V., Loi, L., Contu, F., Cabras, F., Coghe, G., Frau, J., 
Fronza, M., Sbrescia, G., Lai, V., Boi, M., Mallus, S., Murru, S., Porcu, A., 
Barracciu, M.A., Marrosu, M.G., Cocco, E., 2018. Cognition in multiple sclerosis: 
between cognitive reserve and brain volume. J. Neurol. Sci. 386, 19–22. 

Ferrer, E., Salthouse, T.A., Stewart, W.F., Schwartz, B.S., 2004. Modeling age and retest 
processes in longitudinal studies of cognitive abilities. Psychol. Aging 19 (2), 
243–259. 

Fragoso, Y.D., Wille, P.R., Abreu, M., Brooks, J.B.B., Dias, R.M., Duarte, J.A., Farage, L., 
Finkelsztejn, A., Frohlich, A.C., Goncalves, M.V.M., Guedes, B.V.S., Medeiros, L., 
Oliveira, R.A., Ribas, F.D., da Rocha, F.C.G., Santos, G.A.C., Scorcine, C., da 
Silveira, G.L., Spedo, C.T., Tauil, C.B., Varela, J.S., Vieira, V.L.F., Brazilian Brain 
Volume Studies, G., 2017. Correlation of clinical findings and brain volume data in 
multiple sclerosis. J. Clin. Neurosci. 44, 155–157. 

Giovannoni, G., 2017. The neurodegenerative prodrome in multiple sclerosis. Lancet 
Neurol. 16 (6), 413–414. 

Gromisch, E.S., Portnoy, J.G., Foley, F.W., 2018. Comparison of the abbreviated minimal 
assessment of cognitive function in multiple sclerosis (aMACFIMS) and the brief 
international cognitive assessment for multiple sclerosis (BICAMS). J. Neurol. Sci. 
388, 70–75. 

Grzegorski, T., Losy, J., 2017. Cognitive impairment in multiple sclerosis - a review of 
current knowledge and recent research. Rev. Neurosci. 28 (8), 845–860. 

Hyncicova, E., Vyhnalek, M., Kalina, A., Martinkovic, L., Nikolai, T., Lisy, J., Hort, J., 
Meluzinova, E., Laczo, J., 2017. Cognitive impairment and structural brain changes 
in patients with clinically isolated syndrome at high risk for multiple sclerosis. 
J. Neurol. 264 (3), 482–493. 

Jain, S., Sima, D.M., Ribbens, A., Cambron, M., Maertens, A., Van Hecke, W., De Mey, J., 
Barkhof, F., Steenwijk, M.D., Daams, M., Maes, F., Van Huffel, S., Vrenken, H., 
Smeets, D., 2015. Automatic segmentation and volumetry of multiple sclerosis brain 
lesions from MR images. Neuroimage Clin 8, 367–375. 

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded 
disability status scale (EDSS). NeurologyNeurology 33 (11), 1444–1452. 

Langdon, D.W., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H.P., Krupp, L., Penner, I.K., Reder, A.T., Benedict, R.H., 
2012. Recommendations for a Brief International Cognitive Assessment for Multiple 
Sclerosis (BICAMS). Mult. Scler. 18 (6), 891–898. 

Lanz, M., Hahn, H.K., Hildebrandt, H., 2007. Brain atrophy and cognitive impairment in 
multiple sclerosis: a review. J. Neurol. 254 (Suppl 2), II43–II48. 

E. Skorve et al.                                                                                                                                                                                                                                  MultipleSclerosisandRelatedDisorders69(2023)104398

7

analysis, Resources, Data curation, Writing – review & editing. Renate 
Grüner: Methodology, Formal analysis, Resources, Data curation, 
Writing – review & editing, Project administration. Kjell-Morten Myhr: 
Conceptualization, Methodology, Project administration, Writing – re
view & editing, Supervision, Funding acquisition. 

Acknowledgements 

The authors would like to thank the MS patients for participating in 
the study, and thanks to the Health Authorities of Western Norway for 
funding the project. A special thanks to Nuno Pedrosa de Barros from 
Icometrix for providing the analyses and answering all our questions 
regarding the results, and to scientists Hauke Bartsch and Erling 
Andersen, Haukeland University Hospital, for their involvement in MRI 
data collection, handling and storage. Acknowledgement to the team of 
neuroradiologists at the Department of Radiology, Haukeland Univer
sity Hospital, for MR image reading. A special thanks also to MS nurses 
Anne-Britt Rundhovde Skår and Randi C. Haugstad at the Norwegian 
Multiple Sclerosis Competence center, Haukeland University Hospital, 
for their invaluable contribution to the study, and to health secretary 
Angunn Solberg at the outpatient clinic at the Department of Neurology, 
Haukeland University Hospital, for her contribution to the logistics. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.msard.2022.104398. 

References 

Altieri, M., Fratino, M., Maestrini, I., Dionisi, C., Annecca, R., Vicenzini, E., Di Piero, V., 
2020. Cognitive performance in relapsing-remitting multiple sclerosis: at risk or 
impaired? Dement. Geriatr. Cogn. Disord. 49 (6), 539–543. 

Amato, M.P., Bartolozzi, M.L., Zipoli, V., Portaccio, E., Mortilla, M., Guidi, L., 
Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2004. Neocortical volume 
decrease in relapsing-remitting MS patients with mild cognitive impairment. 
Neurology 63 (1), 89–93. 

Amato, M.P., Hakiki, B., Goretti, B., Rossi, F., Stromillo, M.L., Giorgio, A., Roscio, M., 
Ghezzi, A., Guidi, L., Bartolozzi, M.L., Portaccio, E., De Stefano, N., Italian, R.I.S.M.S. 
S.G., 2012. Association of MRI metrics and cognitive impairment in radiologically 
isolated syndromes. Neurology 78 (5), 309–314. 

Amato, M.P., Portaccio, E., Goretti, B., Zipoli, V., Battaglini, M., Bartolozzi, M.L., 
Stromillo, M.L., Guidi, L., Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2007. 
Association of neocortical volume changes with cognitive deterioration in relapsing- 
remitting multiple sclerosis. Arch. Neurol. 64 (8), 1157–1161. 

Amato, M.P., Zipoli, V., Portaccio, E., 2006. Multiple sclerosis-related cognitive changes: 
a review of cross-sectional and longitudinal studies. J. Neurol. Sci. 245 (1–2), 41–46. 

Artemiadis, A., Anagnostouli, M., Zalonis, I., Chairopoulos, K., Triantafyllou, N., 2018. 
Structural MRI correlates of cognitive function in multiple sclerosis. Mult. Scler. 
Relat. Disord. 21, 1–8. 

Beadnall, H.N., Wang, C., Van Hecke, W., Ribbens, A., Billiet, T., Barnett, M.H., 2019. 
Comparing longitudinal brain atrophy measurement techniques in a real-world 
multiple sclerosis clinical practice cohort: towards clinical integration? Ther. Adv. 
Neurol. Disord. 12, 1756286418823462. 

Benedict, R.H., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A.T., Langdon, D., 2012. 
Brief international cognitive assessment for MS (BICAMS): international standards 
for validation. BMC Neurol. 12, 55. 

Benedict, R.H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L.D., Rudick, R., Multiple 
Sclerosis Outcome Assessments, C., 2017. Validity of the Symbol Digit Modalities 
Test as a cognition performance outcome measure for multiple sclerosis. Mult. Scler. 
23 (5), 721–733. 

Benedict, R.H., Ramasamy, D., Munschauer, F., Weinstock-Guttman, B., Zivadinov, R., 
2009. Memory impairment in multiple sclerosis: correlation with deep grey matter 
and mesial temporal atrophy. J. Neurol. Neurosurg. Psychiatry 80 (2), 201–206. 

Benedict, R.H., Weinstock-Guttman, B., Fishman, I., Sharma, J., Tjoa, C.W., Bakshi, R., 
2004. Prediction of neuropsychological impairment in multiple sclerosis: 
comparison of conventional magnetic resonance imaging measures of atrophy and 
lesion burden. Arch. Neurol. 61 (2), 226–230. 

Benedict, R.H.B., 1997. Brief Visuospatial Memory Test - Revised: Professional Manual. 
Psychological Assessment Resources, Odessa, Florida.  

Bermel, R.A., Bakshi, R., 2006. The measurement and clinical relevance of brain atrophy 
in multiple sclerosis. Lancet Neurol. 5 (2), 158–170. 

Bobholz, J.A., Rao, S.M., 2003. Cognitive dysfunction in multiple sclerosis: a review of 
recent developments. Curr. Opin. Neurol. 16 (3), 283–288. 

Calabrese, M., Agosta, F., Rinaldi, F., Mattisi, I., Grossi, P., Favaretto, A., Atzori, M., 
Bernardi, V., Barachino, L., Rinaldi, L., Perini, P., Gallo, P., Filippi, M., 2009. Cortical 

lesions and atrophy associated with cognitive impairment in relapsing-remitting 
multiple sclerosis. Arch. Neurol. 66 (9), 1144–1150. 

Chiaravalloti, N.D., DeLuca, J., 2008. Cognitive impairment in multiple sclerosis. Lancet 
Neurol. 7 (12), 1139–1151. 

Cortese, M., Riise, T., Bjornevik, K., Bhan, A., Farbu, E., Grytten, N., Hogenesch, I., 
Midgard, R., Smith Simonsen, C., Telstad, W., Ascherio, A., Myhr, K.M., 2016. 
Preclinical disease activity in multiple sclerosis: a prospective study of cognitive 
performance prior to first symptom. Ann. Neurol. 80 (4), 616–624. 

D’Hooghe, M.B., Gielen, J., Van Remoortel, A., D’Haeseleer, M., Peeters, E., 
Cambron, M., De Keyser, J., Nagels, G., 2019. Single MRI-Based Volumetric 
Assessment in Clinical Practice Is Associated With MS-Related Disability. J. Magn. 
Reson. Imaging 49 (5), 1312–1321. 

De Stefano, N., Airas, L., Grigoriadis, N., Mattle, H.P., O’Riordan, J., Oreja-Guevara, C., 
Sellebjerg, F., Stankoff, B., Walczak, A., Wiendl, H., Kieseier, B.C., 2014. Clinical 
relevance of brain volume measures in multiple sclerosis. CNS Drugs 28 (2), 
147–156. 

De Stefano, N., Giorgio, A., Battaglini, M., Rovaris, M., Sormani, M.P., Barkhof, F., 
Korteweg, T., Enzinger, C., Fazekas, F., Calabrese, M., Dinacci, D., Tedeschi, G., 
Gass, A., Montalban, X., Rovira, A., Thompson, A., Comi, G., Miller, D.H., Filippi, M., 
2010. Assessing brain atrophy rates in a large population of untreated multiple 
sclerosis subtypes. NeurologyNeurology 74 (23), 1868–1876. 

De Stefano, N., Stromillo, M.L., Giorgio, A., Bartolozzi, M.L., Battaglini, M., Baldini, M., 
Portaccio, E., Amato, M.P., Sormani, M.P., 2016. Establishing pathological cut-offs of 
brain atrophy rates in multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 87 (1), 
93–99. 

Delis, D.C., Kramer, J.H., Kaplan, E., Ober, B.A., 1987. California Verbal Learning Test: 
Adult version Manual. The Psychological Corporation, San Antonia.  

Deloire, M.S., Ruet, A., Hamel, D., Bonnet, M., Dousset, V., Brochet, B., 2011. MRI 
predictors of cognitive outcome in early multiple sclerosis. NeurologyNeurology 76 
(13), 1161–1167. 

DeLuca, J., Barbieri-Berger, S., Johnson, S.K., 1994. The nature of memory impairments 
in multiple sclerosis: acquisition versus retrieval. J. Clin. Exp. Neuropsychol. 16 (2), 
183–189. 

Dong, C., Nabizadeh, N., Caunca, M., Cheung, Y.K., Rundek, T., Elkind, M.S., DeCarli, C., 
Sacco, R.L., Stern, Y., Wright, C.B., 2015. Cognitive correlates of white matter lesion 
load and brain atrophy: the Northern Manhattan Study. NeurologyNeurology 85 (5), 
441–449. 

Dusankova, J.B., Kalincik, T., Havrdova, E., Benedict, R.H., 2012. Cross cultural 
validation of the Minimal Assessment of Cognitive Function in Multiple Sclerosis 
(MACFIMS) and the Brief International Cognitive Assessment for Multiple Sclerosis 
(BICAMS). Clin. Neuropsychol. 26 (7), 1186–1200. 

Engl, C., Tiemann, L., Grahl, S., Bussas, M., Schmidt, P., Pongratz, V., Berthele, A., 
Beer, A., Gaser, C., Kirschke, J.S., Zimmer, C., Hemmer, B., Muhlau, M., 2020. 
Cognitive impairment in early MS: contribution of white matter lesions, deep grey 
matter atrophy, and cortical atrophy. J. Neurol. 267 (8), 2307–2318. 

Evans, A.C., Collins, D., Mills, S.R., Brown, E.D., Kelly, R.L., Peters, T., 1993. 3D 
statistical neuroanatomical models from 305 MRI volumes. In: 1993 IEEE 
Conference Record Nuclear Science Symposium and Medical Imaging Conference, 
pp. 1813–1817 vol.1813.  

Fenu, G., Lorefice, L., Arru, M., Sechi, V., Loi, L., Contu, F., Cabras, F., Coghe, G., Frau, J., 
Fronza, M., Sbrescia, G., Lai, V., Boi, M., Mallus, S., Murru, S., Porcu, A., 
Barracciu, M.A., Marrosu, M.G., Cocco, E., 2018. Cognition in multiple sclerosis: 
between cognitive reserve and brain volume. J. Neurol. Sci. 386, 19–22. 

Ferrer, E., Salthouse, T.A., Stewart, W.F., Schwartz, B.S., 2004. Modeling age and retest 
processes in longitudinal studies of cognitive abilities. Psychol. Aging 19 (2), 
243–259. 

Fragoso, Y.D., Wille, P.R., Abreu, M., Brooks, J.B.B., Dias, R.M., Duarte, J.A., Farage, L., 
Finkelsztejn, A., Frohlich, A.C., Goncalves, M.V.M., Guedes, B.V.S., Medeiros, L., 
Oliveira, R.A., Ribas, F.D., da Rocha, F.C.G., Santos, G.A.C., Scorcine, C., da 
Silveira, G.L., Spedo, C.T., Tauil, C.B., Varela, J.S., Vieira, V.L.F., Brazilian Brain 
Volume Studies, G., 2017. Correlation of clinical findings and brain volume data in 
multiple sclerosis. J. Clin. Neurosci. 44, 155–157. 

Giovannoni, G., 2017. The neurodegenerative prodrome in multiple sclerosis. Lancet 
Neurol. 16 (6), 413–414. 

Gromisch, E.S., Portnoy, J.G., Foley, F.W., 2018. Comparison of the abbreviated minimal 
assessment of cognitive function in multiple sclerosis (aMACFIMS) and the brief 
international cognitive assessment for multiple sclerosis (BICAMS). J. Neurol. Sci. 
388, 70–75. 

Grzegorski, T., Losy, J., 2017. Cognitive impairment in multiple sclerosis - a review of 
current knowledge and recent research. Rev. Neurosci. 28 (8), 845–860. 

Hyncicova, E., Vyhnalek, M., Kalina, A., Martinkovic, L., Nikolai, T., Lisy, J., Hort, J., 
Meluzinova, E., Laczo, J., 2017. Cognitive impairment and structural brain changes 
in patients with clinically isolated syndrome at high risk for multiple sclerosis. 
J. Neurol. 264 (3), 482–493. 

Jain, S., Sima, D.M., Ribbens, A., Cambron, M., Maertens, A., Van Hecke, W., De Mey, J., 
Barkhof, F., Steenwijk, M.D., Daams, M., Maes, F., Van Huffel, S., Vrenken, H., 
Smeets, D., 2015. Automatic segmentation and volumetry of multiple sclerosis brain 
lesions from MR images. Neuroimage Clin 8, 367–375. 

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded 
disability status scale (EDSS). NeurologyNeurology 33 (11), 1444–1452. 

Langdon, D.W., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H.P., Krupp, L., Penner, I.K., Reder, A.T., Benedict, R.H., 
2012. Recommendations for a Brief International Cognitive Assessment for Multiple 
Sclerosis (BICAMS). Mult. Scler. 18 (6), 891–898. 

Lanz, M., Hahn, H.K., Hildebrandt, H., 2007. Brain atrophy and cognitive impairment in 
multiple sclerosis: a review. J. Neurol. 254 (Suppl 2), II43–II48. 

E. Skorve et al.                                                                                                                                                                                                                                  MultipleSclerosisandRelatedDisorders69(2023)104398

7

analysis, Resources, Data curation, Writing – review & editing. Renate 
Grüner: Methodology, Formal analysis, Resources, Data curation, 
Writing – review & editing, Project administration. Kjell-Morten Myhr: 
Conceptualization, Methodology, Project administration, Writing – re
view & editing, Supervision, Funding acquisition. 

Acknowledgements 

The authors would like to thank the MS patients for participating in 
the study, and thanks to the Health Authorities of Western Norway for 
funding the project. A special thanks to Nuno Pedrosa de Barros from 
Icometrix for providing the analyses and answering all our questions 
regarding the results, and to scientists Hauke Bartsch and Erling 
Andersen, Haukeland University Hospital, for their involvement in MRI 
data collection, handling and storage. Acknowledgement to the team of 
neuroradiologists at the Department of Radiology, Haukeland Univer
sity Hospital, for MR image reading. A special thanks also to MS nurses 
Anne-Britt Rundhovde Skår and Randi C. Haugstad at the Norwegian 
Multiple Sclerosis Competence center, Haukeland University Hospital, 
for their invaluable contribution to the study, and to health secretary 
Angunn Solberg at the outpatient clinic at the Department of Neurology, 
Haukeland University Hospital, for her contribution to the logistics. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.msard.2022.104398. 

References 

Altieri, M., Fratino, M., Maestrini, I., Dionisi, C., Annecca, R., Vicenzini, E., Di Piero, V., 
2020. Cognitive performance in relapsing-remitting multiple sclerosis: at risk or 
impaired? Dement. Geriatr. Cogn. Disord. 49 (6), 539–543. 

Amato, M.P., Bartolozzi, M.L., Zipoli, V., Portaccio, E., Mortilla, M., Guidi, L., 
Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2004. Neocortical volume 
decrease in relapsing-remitting MS patients with mild cognitive impairment. 
Neurology 63 (1), 89–93. 

Amato, M.P., Hakiki, B., Goretti, B., Rossi, F., Stromillo, M.L., Giorgio, A., Roscio, M., 
Ghezzi, A., Guidi, L., Bartolozzi, M.L., Portaccio, E., De Stefano, N., Italian, R.I.S.M.S. 
S.G., 2012. Association of MRI metrics and cognitive impairment in radiologically 
isolated syndromes. Neurology 78 (5), 309–314. 

Amato, M.P., Portaccio, E., Goretti, B., Zipoli, V., Battaglini, M., Bartolozzi, M.L., 
Stromillo, M.L., Guidi, L., Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2007. 
Association of neocortical volume changes with cognitive deterioration in relapsing- 
remitting multiple sclerosis. Arch. Neurol. 64 (8), 1157–1161. 

Amato, M.P., Zipoli, V., Portaccio, E., 2006. Multiple sclerosis-related cognitive changes: 
a review of cross-sectional and longitudinal studies. J. Neurol. Sci. 245 (1–2), 41–46. 

Artemiadis, A., Anagnostouli, M., Zalonis, I., Chairopoulos, K., Triantafyllou, N., 2018. 
Structural MRI correlates of cognitive function in multiple sclerosis. Mult. Scler. 
Relat. Disord. 21, 1–8. 

Beadnall, H.N., Wang, C., Van Hecke, W., Ribbens, A., Billiet, T., Barnett, M.H., 2019. 
Comparing longitudinal brain atrophy measurement techniques in a real-world 
multiple sclerosis clinical practice cohort: towards clinical integration? Ther. Adv. 
Neurol. Disord. 12, 1756286418823462. 

Benedict, R.H., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A.T., Langdon, D., 2012. 
Brief international cognitive assessment for MS (BICAMS): international standards 
for validation. BMC Neurol. 12, 55. 

Benedict, R.H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L.D., Rudick, R., Multiple 
Sclerosis Outcome Assessments, C., 2017. Validity of the Symbol Digit Modalities 
Test as a cognition performance outcome measure for multiple sclerosis. Mult. Scler. 
23 (5), 721–733. 

Benedict, R.H., Ramasamy, D., Munschauer, F., Weinstock-Guttman, B., Zivadinov, R., 
2009. Memory impairment in multiple sclerosis: correlation with deep grey matter 
and mesial temporal atrophy. J. Neurol. Neurosurg. Psychiatry 80 (2), 201–206. 

Benedict, R.H., Weinstock-Guttman, B., Fishman, I., Sharma, J., Tjoa, C.W., Bakshi, R., 
2004. Prediction of neuropsychological impairment in multiple sclerosis: 
comparison of conventional magnetic resonance imaging measures of atrophy and 
lesion burden. Arch. Neurol. 61 (2), 226–230. 

Benedict, R.H.B., 1997. Brief Visuospatial Memory Test - Revised: Professional Manual. 
Psychological Assessment Resources, Odessa, Florida.  

Bermel, R.A., Bakshi, R., 2006. The measurement and clinical relevance of brain atrophy 
in multiple sclerosis. Lancet Neurol. 5 (2), 158–170. 

Bobholz, J.A., Rao, S.M., 2003. Cognitive dysfunction in multiple sclerosis: a review of 
recent developments. Curr. Opin. Neurol. 16 (3), 283–288. 

Calabrese, M., Agosta, F., Rinaldi, F., Mattisi, I., Grossi, P., Favaretto, A., Atzori, M., 
Bernardi, V., Barachino, L., Rinaldi, L., Perini, P., Gallo, P., Filippi, M., 2009. Cortical 

lesions and atrophy associated with cognitive impairment in relapsing-remitting 
multiple sclerosis. Arch. Neurol. 66 (9), 1144–1150. 

Chiaravalloti, N.D., DeLuca, J., 2008. Cognitive impairment in multiple sclerosis. Lancet 
Neurol. 7 (12), 1139–1151. 

Cortese, M., Riise, T., Bjornevik, K., Bhan, A., Farbu, E., Grytten, N., Hogenesch, I., 
Midgard, R., Smith Simonsen, C., Telstad, W., Ascherio, A., Myhr, K.M., 2016. 
Preclinical disease activity in multiple sclerosis: a prospective study of cognitive 
performance prior to first symptom. Ann. Neurol. 80 (4), 616–624. 

D’Hooghe, M.B., Gielen, J., Van Remoortel, A., D’Haeseleer, M., Peeters, E., 
Cambron, M., De Keyser, J., Nagels, G., 2019. Single MRI-Based Volumetric 
Assessment in Clinical Practice Is Associated With MS-Related Disability. J. Magn. 
Reson. Imaging 49 (5), 1312–1321. 

De Stefano, N., Airas, L., Grigoriadis, N., Mattle, H.P., O’Riordan, J., Oreja-Guevara, C., 
Sellebjerg, F., Stankoff, B., Walczak, A., Wiendl, H., Kieseier, B.C., 2014. Clinical 
relevance of brain volume measures in multiple sclerosis. CNS Drugs 28 (2), 
147–156. 

De Stefano, N., Giorgio, A., Battaglini, M., Rovaris, M., Sormani, M.P., Barkhof, F., 
Korteweg, T., Enzinger, C., Fazekas, F., Calabrese, M., Dinacci, D., Tedeschi, G., 
Gass, A., Montalban, X., Rovira, A., Thompson, A., Comi, G., Miller, D.H., Filippi, M., 
2010. Assessing brain atrophy rates in a large population of untreated multiple 
sclerosis subtypes. NeurologyNeurology 74 (23), 1868–1876. 

De Stefano, N., Stromillo, M.L., Giorgio, A., Bartolozzi, M.L., Battaglini, M., Baldini, M., 
Portaccio, E., Amato, M.P., Sormani, M.P., 2016. Establishing pathological cut-offs of 
brain atrophy rates in multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 87 (1), 
93–99. 

Delis, D.C., Kramer, J.H., Kaplan, E., Ober, B.A., 1987. California Verbal Learning Test: 
Adult version Manual. The Psychological Corporation, San Antonia.  

Deloire, M.S., Ruet, A., Hamel, D., Bonnet, M., Dousset, V., Brochet, B., 2011. MRI 
predictors of cognitive outcome in early multiple sclerosis. NeurologyNeurology 76 
(13), 1161–1167. 

DeLuca, J., Barbieri-Berger, S., Johnson, S.K., 1994. The nature of memory impairments 
in multiple sclerosis: acquisition versus retrieval. J. Clin. Exp. Neuropsychol. 16 (2), 
183–189. 

Dong, C., Nabizadeh, N., Caunca, M., Cheung, Y.K., Rundek, T., Elkind, M.S., DeCarli, C., 
Sacco, R.L., Stern, Y., Wright, C.B., 2015. Cognitive correlates of white matter lesion 
load and brain atrophy: the Northern Manhattan Study. NeurologyNeurology 85 (5), 
441–449. 

Dusankova, J.B., Kalincik, T., Havrdova, E., Benedict, R.H., 2012. Cross cultural 
validation of the Minimal Assessment of Cognitive Function in Multiple Sclerosis 
(MACFIMS) and the Brief International Cognitive Assessment for Multiple Sclerosis 
(BICAMS). Clin. Neuropsychol. 26 (7), 1186–1200. 

Engl, C., Tiemann, L., Grahl, S., Bussas, M., Schmidt, P., Pongratz, V., Berthele, A., 
Beer, A., Gaser, C., Kirschke, J.S., Zimmer, C., Hemmer, B., Muhlau, M., 2020. 
Cognitive impairment in early MS: contribution of white matter lesions, deep grey 
matter atrophy, and cortical atrophy. J. Neurol. 267 (8), 2307–2318. 

Evans, A.C., Collins, D., Mills, S.R., Brown, E.D., Kelly, R.L., Peters, T., 1993. 3D 
statistical neuroanatomical models from 305 MRI volumes. In: 1993 IEEE 
Conference Record Nuclear Science Symposium and Medical Imaging Conference, 
pp. 1813–1817 vol.1813.  

Fenu, G., Lorefice, L., Arru, M., Sechi, V., Loi, L., Contu, F., Cabras, F., Coghe, G., Frau, J., 
Fronza, M., Sbrescia, G., Lai, V., Boi, M., Mallus, S., Murru, S., Porcu, A., 
Barracciu, M.A., Marrosu, M.G., Cocco, E., 2018. Cognition in multiple sclerosis: 
between cognitive reserve and brain volume. J. Neurol. Sci. 386, 19–22. 

Ferrer, E., Salthouse, T.A., Stewart, W.F., Schwartz, B.S., 2004. Modeling age and retest 
processes in longitudinal studies of cognitive abilities. Psychol. Aging 19 (2), 
243–259. 

Fragoso, Y.D., Wille, P.R., Abreu, M., Brooks, J.B.B., Dias, R.M., Duarte, J.A., Farage, L., 
Finkelsztejn, A., Frohlich, A.C., Goncalves, M.V.M., Guedes, B.V.S., Medeiros, L., 
Oliveira, R.A., Ribas, F.D., da Rocha, F.C.G., Santos, G.A.C., Scorcine, C., da 
Silveira, G.L., Spedo, C.T., Tauil, C.B., Varela, J.S., Vieira, V.L.F., Brazilian Brain 
Volume Studies, G., 2017. Correlation of clinical findings and brain volume data in 
multiple sclerosis. J. Clin. Neurosci. 44, 155–157. 

Giovannoni, G., 2017. The neurodegenerative prodrome in multiple sclerosis. Lancet 
Neurol. 16 (6), 413–414. 

Gromisch, E.S., Portnoy, J.G., Foley, F.W., 2018. Comparison of the abbreviated minimal 
assessment of cognitive function in multiple sclerosis (aMACFIMS) and the brief 
international cognitive assessment for multiple sclerosis (BICAMS). J. Neurol. Sci. 
388, 70–75. 

Grzegorski, T., Losy, J., 2017. Cognitive impairment in multiple sclerosis - a review of 
current knowledge and recent research. Rev. Neurosci. 28 (8), 845–860. 

Hyncicova, E., Vyhnalek, M., Kalina, A., Martinkovic, L., Nikolai, T., Lisy, J., Hort, J., 
Meluzinova, E., Laczo, J., 2017. Cognitive impairment and structural brain changes 
in patients with clinically isolated syndrome at high risk for multiple sclerosis. 
J. Neurol. 264 (3), 482–493. 

Jain, S., Sima, D.M., Ribbens, A., Cambron, M., Maertens, A., Van Hecke, W., De Mey, J., 
Barkhof, F., Steenwijk, M.D., Daams, M., Maes, F., Van Huffel, S., Vrenken, H., 
Smeets, D., 2015. Automatic segmentation and volumetry of multiple sclerosis brain 
lesions from MR images. Neuroimage Clin 8, 367–375. 

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded 
disability status scale (EDSS). NeurologyNeurology 33 (11), 1444–1452. 

Langdon, D.W., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H.P., Krupp, L., Penner, I.K., Reder, A.T., Benedict, R.H., 
2012. Recommendations for a Brief International Cognitive Assessment for Multiple 
Sclerosis (BICAMS). Mult. Scler. 18 (6), 891–898. 

Lanz, M., Hahn, H.K., Hildebrandt, H., 2007. Brain atrophy and cognitive impairment in 
multiple sclerosis: a review. J. Neurol. 254 (Suppl 2), II43–II48. 

E. Skorve et al.                                                                                                                                                                                                                                  

Multiple Sclerosis and Related Disorders 69 (2023) 104398

7

analysis, Resources, Data curation, Writing – review & editing. Renate 
Grüner: Methodology, Formal analysis, Resources, Data curation, 
Writing – review & editing, Project administration. Kjell-Morten Myhr: 
Conceptualization, Methodology, Project administration, Writing – re
view & editing, Supervision, Funding acquisition. 

Acknowledgements 

The authors would like to thank the MS patients for participating in 
the study, and thanks to the Health Authorities of Western Norway for 
funding the project. A special thanks to Nuno Pedrosa de Barros from 
Icometrix for providing the analyses and answering all our questions 
regarding the results, and to scientists Hauke Bartsch and Erling 
Andersen, Haukeland University Hospital, for their involvement in MRI 
data collection, handling and storage. Acknowledgement to the team of 
neuroradiologists at the Department of Radiology, Haukeland Univer
sity Hospital, for MR image reading. A special thanks also to MS nurses 
Anne-Britt Rundhovde Skår and Randi C. Haugstad at the Norwegian 
Multiple Sclerosis Competence center, Haukeland University Hospital, 
for their invaluable contribution to the study, and to health secretary 
Angunn Solberg at the outpatient clinic at the Department of Neurology, 
Haukeland University Hospital, for her contribution to the logistics. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.msard.2022.104398. 

References 

Altieri, M., Fratino, M., Maestrini, I., Dionisi, C., Annecca, R., Vicenzini, E., Di Piero, V., 
2020. Cognitive performance in relapsing-remitting multiple sclerosis: at risk or 
impaired? Dement. Geriatr. Cogn. Disord. 49 (6), 539–543. 

Amato, M.P., Bartolozzi, M.L., Zipoli, V., Portaccio, E., Mortilla, M., Guidi, L., 
Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2004. Neocortical volume 
decrease in relapsing-remitting MS patients with mild cognitive impairment. 
Neurology 63 (1), 89–93. 

Amato, M.P., Hakiki, B., Goretti, B., Rossi, F., Stromillo, M.L., Giorgio, A., Roscio, M., 
Ghezzi, A., Guidi, L., Bartolozzi, M.L., Portaccio, E., De Stefano, N., Italian, R.I.S.M.S. 
S.G., 2012. Association of MRI metrics and cognitive impairment in radiologically 
isolated syndromes. Neurology 78 (5), 309–314. 

Amato, M.P., Portaccio, E., Goretti, B., Zipoli, V., Battaglini, M., Bartolozzi, M.L., 
Stromillo, M.L., Guidi, L., Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2007. 
Association of neocortical volume changes with cognitive deterioration in relapsing- 
remitting multiple sclerosis. Arch. Neurol. 64 (8), 1157–1161. 

Amato, M.P., Zipoli, V., Portaccio, E., 2006. Multiple sclerosis-related cognitive changes: 
a review of cross-sectional and longitudinal studies. J. Neurol. Sci. 245 (1–2), 41–46. 

Artemiadis, A., Anagnostouli, M., Zalonis, I., Chairopoulos, K., Triantafyllou, N., 2018. 
Structural MRI correlates of cognitive function in multiple sclerosis. Mult. Scler. 
Relat. Disord. 21, 1–8. 

Beadnall, H.N., Wang, C., Van Hecke, W., Ribbens, A., Billiet, T., Barnett, M.H., 2019. 
Comparing longitudinal brain atrophy measurement techniques in a real-world 
multiple sclerosis clinical practice cohort: towards clinical integration? Ther. Adv. 
Neurol. Disord. 12, 1756286418823462. 

Benedict, R.H., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A.T., Langdon, D., 2012. 
Brief international cognitive assessment for MS (BICAMS): international standards 
for validation. BMC Neurol. 12, 55. 

Benedict, R.H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L.D., Rudick, R., Multiple 
Sclerosis Outcome Assessments, C., 2017. Validity of the Symbol Digit Modalities 
Test as a cognition performance outcome measure for multiple sclerosis. Mult. Scler. 
23 (5), 721–733. 

Benedict, R.H., Ramasamy, D., Munschauer, F., Weinstock-Guttman, B., Zivadinov, R., 
2009. Memory impairment in multiple sclerosis: correlation with deep grey matter 
and mesial temporal atrophy. J. Neurol. Neurosurg. Psychiatry 80 (2), 201–206. 

Benedict, R.H., Weinstock-Guttman, B., Fishman, I., Sharma, J., Tjoa, C.W., Bakshi, R., 
2004. Prediction of neuropsychological impairment in multiple sclerosis: 
comparison of conventional magnetic resonance imaging measures of atrophy and 
lesion burden. Arch. Neurol. 61 (2), 226–230. 

Benedict, R.H.B., 1997. Brief Visuospatial Memory Test - Revised: Professional Manual. 
Psychological Assessment Resources, Odessa, Florida.  

Bermel, R.A., Bakshi, R., 2006. The measurement and clinical relevance of brain atrophy 
in multiple sclerosis. Lancet Neurol. 5 (2), 158–170. 

Bobholz, J.A., Rao, S.M., 2003. Cognitive dysfunction in multiple sclerosis: a review of 
recent developments. Curr. Opin. Neurol. 16 (3), 283–288. 

Calabrese, M., Agosta, F., Rinaldi, F., Mattisi, I., Grossi, P., Favaretto, A., Atzori, M., 
Bernardi, V., Barachino, L., Rinaldi, L., Perini, P., Gallo, P., Filippi, M., 2009. Cortical 

lesions and atrophy associated with cognitive impairment in relapsing-remitting 
multiple sclerosis. Arch. Neurol. 66 (9), 1144–1150. 

Chiaravalloti, N.D., DeLuca, J., 2008. Cognitive impairment in multiple sclerosis. Lancet 
Neurol. 7 (12), 1139–1151. 

Cortese, M., Riise, T., Bjornevik, K., Bhan, A., Farbu, E., Grytten, N., Hogenesch, I., 
Midgard, R., Smith Simonsen, C., Telstad, W., Ascherio, A., Myhr, K.M., 2016. 
Preclinical disease activity in multiple sclerosis: a prospective study of cognitive 
performance prior to first symptom. Ann. Neurol. 80 (4), 616–624. 

D’Hooghe, M.B., Gielen, J., Van Remoortel, A., D’Haeseleer, M., Peeters, E., 
Cambron, M., De Keyser, J., Nagels, G., 2019. Single MRI-Based Volumetric 
Assessment in Clinical Practice Is Associated With MS-Related Disability. J. Magn. 
Reson. Imaging 49 (5), 1312–1321. 

De Stefano, N., Airas, L., Grigoriadis, N., Mattle, H.P., O’Riordan, J., Oreja-Guevara, C., 
Sellebjerg, F., Stankoff, B., Walczak, A., Wiendl, H., Kieseier, B.C., 2014. Clinical 
relevance of brain volume measures in multiple sclerosis. CNS Drugs 28 (2), 
147–156. 

De Stefano, N., Giorgio, A., Battaglini, M., Rovaris, M., Sormani, M.P., Barkhof, F., 
Korteweg, T., Enzinger, C., Fazekas, F., Calabrese, M., Dinacci, D., Tedeschi, G., 
Gass, A., Montalban, X., Rovira, A., Thompson, A., Comi, G., Miller, D.H., Filippi, M., 
2010. Assessing brain atrophy rates in a large population of untreated multiple 
sclerosis subtypes. NeurologyNeurology 74 (23), 1868–1876. 

De Stefano, N., Stromillo, M.L., Giorgio, A., Bartolozzi, M.L., Battaglini, M., Baldini, M., 
Portaccio, E., Amato, M.P., Sormani, M.P., 2016. Establishing pathological cut-offs of 
brain atrophy rates in multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 87 (1), 
93–99. 

Delis, D.C., Kramer, J.H., Kaplan, E., Ober, B.A., 1987. California Verbal Learning Test: 
Adult version Manual. The Psychological Corporation, San Antonia.  

Deloire, M.S., Ruet, A., Hamel, D., Bonnet, M., Dousset, V., Brochet, B., 2011. MRI 
predictors of cognitive outcome in early multiple sclerosis. NeurologyNeurology 76 
(13), 1161–1167. 

DeLuca, J., Barbieri-Berger, S., Johnson, S.K., 1994. The nature of memory impairments 
in multiple sclerosis: acquisition versus retrieval. J. Clin. Exp. Neuropsychol. 16 (2), 
183–189. 

Dong, C., Nabizadeh, N., Caunca, M., Cheung, Y.K., Rundek, T., Elkind, M.S., DeCarli, C., 
Sacco, R.L., Stern, Y., Wright, C.B., 2015. Cognitive correlates of white matter lesion 
load and brain atrophy: the Northern Manhattan Study. NeurologyNeurology 85 (5), 
441–449. 

Dusankova, J.B., Kalincik, T., Havrdova, E., Benedict, R.H., 2012. Cross cultural 
validation of the Minimal Assessment of Cognitive Function in Multiple Sclerosis 
(MACFIMS) and the Brief International Cognitive Assessment for Multiple Sclerosis 
(BICAMS). Clin. Neuropsychol. 26 (7), 1186–1200. 

Engl, C., Tiemann, L., Grahl, S., Bussas, M., Schmidt, P., Pongratz, V., Berthele, A., 
Beer, A., Gaser, C., Kirschke, J.S., Zimmer, C., Hemmer, B., Muhlau, M., 2020. 
Cognitive impairment in early MS: contribution of white matter lesions, deep grey 
matter atrophy, and cortical atrophy. J. Neurol. 267 (8), 2307–2318. 

Evans, A.C., Collins, D., Mills, S.R., Brown, E.D., Kelly, R.L., Peters, T., 1993. 3D 
statistical neuroanatomical models from 305 MRI volumes. In: 1993 IEEE 
Conference Record Nuclear Science Symposium and Medical Imaging Conference, 
pp. 1813–1817 vol.1813.  

Fenu, G., Lorefice, L., Arru, M., Sechi, V., Loi, L., Contu, F., Cabras, F., Coghe, G., Frau, J., 
Fronza, M., Sbrescia, G., Lai, V., Boi, M., Mallus, S., Murru, S., Porcu, A., 
Barracciu, M.A., Marrosu, M.G., Cocco, E., 2018. Cognition in multiple sclerosis: 
between cognitive reserve and brain volume. J. Neurol. Sci. 386, 19–22. 

Ferrer, E., Salthouse, T.A., Stewart, W.F., Schwartz, B.S., 2004. Modeling age and retest 
processes in longitudinal studies of cognitive abilities. Psychol. Aging 19 (2), 
243–259. 

Fragoso, Y.D., Wille, P.R., Abreu, M., Brooks, J.B.B., Dias, R.M., Duarte, J.A., Farage, L., 
Finkelsztejn, A., Frohlich, A.C., Goncalves, M.V.M., Guedes, B.V.S., Medeiros, L., 
Oliveira, R.A., Ribas, F.D., da Rocha, F.C.G., Santos, G.A.C., Scorcine, C., da 
Silveira, G.L., Spedo, C.T., Tauil, C.B., Varela, J.S., Vieira, V.L.F., Brazilian Brain 
Volume Studies, G., 2017. Correlation of clinical findings and brain volume data in 
multiple sclerosis. J. Clin. Neurosci. 44, 155–157. 

Giovannoni, G., 2017. The neurodegenerative prodrome in multiple sclerosis. Lancet 
Neurol. 16 (6), 413–414. 

Gromisch, E.S., Portnoy, J.G., Foley, F.W., 2018. Comparison of the abbreviated minimal 
assessment of cognitive function in multiple sclerosis (aMACFIMS) and the brief 
international cognitive assessment for multiple sclerosis (BICAMS). J. Neurol. Sci. 
388, 70–75. 

Grzegorski, T., Losy, J., 2017. Cognitive impairment in multiple sclerosis - a review of 
current knowledge and recent research. Rev. Neurosci. 28 (8), 845–860. 

Hyncicova, E., Vyhnalek, M., Kalina, A., Martinkovic, L., Nikolai, T., Lisy, J., Hort, J., 
Meluzinova, E., Laczo, J., 2017. Cognitive impairment and structural brain changes 
in patients with clinically isolated syndrome at high risk for multiple sclerosis. 
J. Neurol. 264 (3), 482–493. 

Jain, S., Sima, D.M., Ribbens, A., Cambron, M., Maertens, A., Van Hecke, W., De Mey, J., 
Barkhof, F., Steenwijk, M.D., Daams, M., Maes, F., Van Huffel, S., Vrenken, H., 
Smeets, D., 2015. Automatic segmentation and volumetry of multiple sclerosis brain 
lesions from MR images. Neuroimage Clin 8, 367–375. 

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded 
disability status scale (EDSS). NeurologyNeurology 33 (11), 1444–1452. 

Langdon, D.W., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H.P., Krupp, L., Penner, I.K., Reder, A.T., Benedict, R.H., 
2012. Recommendations for a Brief International Cognitive Assessment for Multiple 
Sclerosis (BICAMS). Mult. Scler. 18 (6), 891–898. 

Lanz, M., Hahn, H.K., Hildebrandt, H., 2007. Brain atrophy and cognitive impairment in 
multiple sclerosis: a review. J. Neurol. 254 (Suppl 2), II43–II48. 

E. Skorve et al.                                                                                                                                                                                                                                  

Multiple Sclerosis and Related Disorders 69 (2023) 104398

7

analysis, Resources, Data curation, Writing – review & editing. Renate 
Grüner: Methodology, Formal analysis, Resources, Data curation, 
Writing – review & editing, Project administration. Kjell-Morten Myhr: 
Conceptualization, Methodology, Project administration, Writing – re
view & editing, Supervision, Funding acquisition. 

Acknowledgements 

The authors would like to thank the MS patients for participating in 
the study, and thanks to the Health Authorities of Western Norway for 
funding the project. A special thanks to Nuno Pedrosa de Barros from 
Icometrix for providing the analyses and answering all our questions 
regarding the results, and to scientists Hauke Bartsch and Erling 
Andersen, Haukeland University Hospital, for their involvement in MRI 
data collection, handling and storage. Acknowledgement to the team of 
neuroradiologists at the Department of Radiology, Haukeland Univer
sity Hospital, for MR image reading. A special thanks also to MS nurses 
Anne-Britt Rundhovde Skår and Randi C. Haugstad at the Norwegian 
Multiple Sclerosis Competence center, Haukeland University Hospital, 
for their invaluable contribution to the study, and to health secretary 
Angunn Solberg at the outpatient clinic at the Department of Neurology, 
Haukeland University Hospital, for her contribution to the logistics. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.msard.2022.104398. 

References 

Altieri, M., Fratino, M., Maestrini, I., Dionisi, C., Annecca, R., Vicenzini, E., Di Piero, V., 
2020. Cognitive performance in relapsing-remitting multiple sclerosis: at risk or 
impaired? Dement. Geriatr. Cogn. Disord. 49 (6), 539–543. 

Amato, M.P., Bartolozzi, M.L., Zipoli, V., Portaccio, E., Mortilla, M., Guidi, L., 
Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2004. Neocortical volume 
decrease in relapsing-remitting MS patients with mild cognitive impairment. 
Neurology 63 (1), 89–93. 

Amato, M.P., Hakiki, B., Goretti, B., Rossi, F., Stromillo, M.L., Giorgio, A., Roscio, M., 
Ghezzi, A., Guidi, L., Bartolozzi, M.L., Portaccio, E., De Stefano, N., Italian, R.I.S.M.S. 
S.G., 2012. Association of MRI metrics and cognitive impairment in radiologically 
isolated syndromes. Neurology 78 (5), 309–314. 

Amato, M.P., Portaccio, E., Goretti, B., Zipoli, V., Battaglini, M., Bartolozzi, M.L., 
Stromillo, M.L., Guidi, L., Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2007. 
Association of neocortical volume changes with cognitive deterioration in relapsing- 
remitting multiple sclerosis. Arch. Neurol. 64 (8), 1157–1161. 

Amato, M.P., Zipoli, V., Portaccio, E., 2006. Multiple sclerosis-related cognitive changes: 
a review of cross-sectional and longitudinal studies. J. Neurol. Sci. 245 (1–2), 41–46. 

Artemiadis, A., Anagnostouli, M., Zalonis, I., Chairopoulos, K., Triantafyllou, N., 2018. 
Structural MRI correlates of cognitive function in multiple sclerosis. Mult. Scler. 
Relat. Disord. 21, 1–8. 

Beadnall, H.N., Wang, C., Van Hecke, W., Ribbens, A., Billiet, T., Barnett, M.H., 2019. 
Comparing longitudinal brain atrophy measurement techniques in a real-world 
multiple sclerosis clinical practice cohort: towards clinical integration? Ther. Adv. 
Neurol. Disord. 12, 1756286418823462. 

Benedict, R.H., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A.T., Langdon, D., 2012. 
Brief international cognitive assessment for MS (BICAMS): international standards 
for validation. BMC Neurol. 12, 55. 

Benedict, R.H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L.D., Rudick, R., Multiple 
Sclerosis Outcome Assessments, C., 2017. Validity of the Symbol Digit Modalities 
Test as a cognition performance outcome measure for multiple sclerosis. Mult. Scler. 
23 (5), 721–733. 

Benedict, R.H., Ramasamy, D., Munschauer, F., Weinstock-Guttman, B., Zivadinov, R., 
2009. Memory impairment in multiple sclerosis: correlation with deep grey matter 
and mesial temporal atrophy. J. Neurol. Neurosurg. Psychiatry 80 (2), 201–206. 

Benedict, R.H., Weinstock-Guttman, B., Fishman, I., Sharma, J., Tjoa, C.W., Bakshi, R., 
2004. Prediction of neuropsychological impairment in multiple sclerosis: 
comparison of conventional magnetic resonance imaging measures of atrophy and 
lesion burden. Arch. Neurol. 61 (2), 226–230. 

Benedict, R.H.B., 1997. Brief Visuospatial Memory Test - Revised: Professional Manual. 
Psychological Assessment Resources, Odessa, Florida.  

Bermel, R.A., Bakshi, R., 2006. The measurement and clinical relevance of brain atrophy 
in multiple sclerosis. Lancet Neurol. 5 (2), 158–170. 

Bobholz, J.A., Rao, S.M., 2003. Cognitive dysfunction in multiple sclerosis: a review of 
recent developments. Curr. Opin. Neurol. 16 (3), 283–288. 

Calabrese, M., Agosta, F., Rinaldi, F., Mattisi, I., Grossi, P., Favaretto, A., Atzori, M., 
Bernardi, V., Barachino, L., Rinaldi, L., Perini, P., Gallo, P., Filippi, M., 2009. Cortical 

lesions and atrophy associated with cognitive impairment in relapsing-remitting 
multiple sclerosis. Arch. Neurol. 66 (9), 1144–1150. 

Chiaravalloti, N.D., DeLuca, J., 2008. Cognitive impairment in multiple sclerosis. Lancet 
Neurol. 7 (12), 1139–1151. 

Cortese, M., Riise, T., Bjornevik, K., Bhan, A., Farbu, E., Grytten, N., Hogenesch, I., 
Midgard, R., Smith Simonsen, C., Telstad, W., Ascherio, A., Myhr, K.M., 2016. 
Preclinical disease activity in multiple sclerosis: a prospective study of cognitive 
performance prior to first symptom. Ann. Neurol. 80 (4), 616–624. 

D’Hooghe, M.B., Gielen, J., Van Remoortel, A., D’Haeseleer, M., Peeters, E., 
Cambron, M., De Keyser, J., Nagels, G., 2019. Single MRI-Based Volumetric 
Assessment in Clinical Practice Is Associated With MS-Related Disability. J. Magn. 
Reson. Imaging 49 (5), 1312–1321. 

De Stefano, N., Airas, L., Grigoriadis, N., Mattle, H.P., O’Riordan, J., Oreja-Guevara, C., 
Sellebjerg, F., Stankoff, B., Walczak, A., Wiendl, H., Kieseier, B.C., 2014. Clinical 
relevance of brain volume measures in multiple sclerosis. CNS Drugs 28 (2), 
147–156. 

De Stefano, N., Giorgio, A., Battaglini, M., Rovaris, M., Sormani, M.P., Barkhof, F., 
Korteweg, T., Enzinger, C., Fazekas, F., Calabrese, M., Dinacci, D., Tedeschi, G., 
Gass, A., Montalban, X., Rovira, A., Thompson, A., Comi, G., Miller, D.H., Filippi, M., 
2010. Assessing brain atrophy rates in a large population of untreated multiple 
sclerosis subtypes. NeurologyNeurology 74 (23), 1868–1876. 

De Stefano, N., Stromillo, M.L., Giorgio, A., Bartolozzi, M.L., Battaglini, M., Baldini, M., 
Portaccio, E., Amato, M.P., Sormani, M.P., 2016. Establishing pathological cut-offs of 
brain atrophy rates in multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 87 (1), 
93–99. 

Delis, D.C., Kramer, J.H., Kaplan, E., Ober, B.A., 1987. California Verbal Learning Test: 
Adult version Manual. The Psychological Corporation, San Antonia.  

Deloire, M.S., Ruet, A., Hamel, D., Bonnet, M., Dousset, V., Brochet, B., 2011. MRI 
predictors of cognitive outcome in early multiple sclerosis. NeurologyNeurology 76 
(13), 1161–1167. 

DeLuca, J., Barbieri-Berger, S., Johnson, S.K., 1994. The nature of memory impairments 
in multiple sclerosis: acquisition versus retrieval. J. Clin. Exp. Neuropsychol. 16 (2), 
183–189. 

Dong, C., Nabizadeh, N., Caunca, M., Cheung, Y.K., Rundek, T., Elkind, M.S., DeCarli, C., 
Sacco, R.L., Stern, Y., Wright, C.B., 2015. Cognitive correlates of white matter lesion 
load and brain atrophy: the Northern Manhattan Study. NeurologyNeurology 85 (5), 
441–449. 

Dusankova, J.B., Kalincik, T., Havrdova, E., Benedict, R.H., 2012. Cross cultural 
validation of the Minimal Assessment of Cognitive Function in Multiple Sclerosis 
(MACFIMS) and the Brief International Cognitive Assessment for Multiple Sclerosis 
(BICAMS). Clin. Neuropsychol. 26 (7), 1186–1200. 

Engl, C., Tiemann, L., Grahl, S., Bussas, M., Schmidt, P., Pongratz, V., Berthele, A., 
Beer, A., Gaser, C., Kirschke, J.S., Zimmer, C., Hemmer, B., Muhlau, M., 2020. 
Cognitive impairment in early MS: contribution of white matter lesions, deep grey 
matter atrophy, and cortical atrophy. J. Neurol. 267 (8), 2307–2318. 

Evans, A.C., Collins, D., Mills, S.R., Brown, E.D., Kelly, R.L., Peters, T., 1993. 3D 
statistical neuroanatomical models from 305 MRI volumes. In: 1993 IEEE 
Conference Record Nuclear Science Symposium and Medical Imaging Conference, 
pp. 1813–1817 vol.1813.  

Fenu, G., Lorefice, L., Arru, M., Sechi, V., Loi, L., Contu, F., Cabras, F., Coghe, G., Frau, J., 
Fronza, M., Sbrescia, G., Lai, V., Boi, M., Mallus, S., Murru, S., Porcu, A., 
Barracciu, M.A., Marrosu, M.G., Cocco, E., 2018. Cognition in multiple sclerosis: 
between cognitive reserve and brain volume. J. Neurol. Sci. 386, 19–22. 

Ferrer, E., Salthouse, T.A., Stewart, W.F., Schwartz, B.S., 2004. Modeling age and retest 
processes in longitudinal studies of cognitive abilities. Psychol. Aging 19 (2), 
243–259. 

Fragoso, Y.D., Wille, P.R., Abreu, M., Brooks, J.B.B., Dias, R.M., Duarte, J.A., Farage, L., 
Finkelsztejn, A., Frohlich, A.C., Goncalves, M.V.M., Guedes, B.V.S., Medeiros, L., 
Oliveira, R.A., Ribas, F.D., da Rocha, F.C.G., Santos, G.A.C., Scorcine, C., da 
Silveira, G.L., Spedo, C.T., Tauil, C.B., Varela, J.S., Vieira, V.L.F., Brazilian Brain 
Volume Studies, G., 2017. Correlation of clinical findings and brain volume data in 
multiple sclerosis. J. Clin. Neurosci. 44, 155–157. 

Giovannoni, G., 2017. The neurodegenerative prodrome in multiple sclerosis. Lancet 
Neurol. 16 (6), 413–414. 

Gromisch, E.S., Portnoy, J.G., Foley, F.W., 2018. Comparison of the abbreviated minimal 
assessment of cognitive function in multiple sclerosis (aMACFIMS) and the brief 
international cognitive assessment for multiple sclerosis (BICAMS). J. Neurol. Sci. 
388, 70–75. 

Grzegorski, T., Losy, J., 2017. Cognitive impairment in multiple sclerosis - a review of 
current knowledge and recent research. Rev. Neurosci. 28 (8), 845–860. 

Hyncicova, E., Vyhnalek, M., Kalina, A., Martinkovic, L., Nikolai, T., Lisy, J., Hort, J., 
Meluzinova, E., Laczo, J., 2017. Cognitive impairment and structural brain changes 
in patients with clinically isolated syndrome at high risk for multiple sclerosis. 
J. Neurol. 264 (3), 482–493. 

Jain, S., Sima, D.M., Ribbens, A., Cambron, M., Maertens, A., Van Hecke, W., De Mey, J., 
Barkhof, F., Steenwijk, M.D., Daams, M., Maes, F., Van Huffel, S., Vrenken, H., 
Smeets, D., 2015. Automatic segmentation and volumetry of multiple sclerosis brain 
lesions from MR images. Neuroimage Clin 8, 367–375. 

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded 
disability status scale (EDSS). NeurologyNeurology 33 (11), 1444–1452. 

Langdon, D.W., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H.P., Krupp, L., Penner, I.K., Reder, A.T., Benedict, R.H., 
2012. Recommendations for a Brief International Cognitive Assessment for Multiple 
Sclerosis (BICAMS). Mult. Scler. 18 (6), 891–898. 

Lanz, M., Hahn, H.K., Hildebrandt, H., 2007. Brain atrophy and cognitive impairment in 
multiple sclerosis: a review. J. Neurol. 254 (Suppl 2), II43–II48. 

E. Skorve et al.                                                                                                                                                                                                                                  MultipleSclerosisandRelatedDisorders69(2023)104398

7

analysis, Resources, Data curation, Writing – review & editing. Renate 
Grüner: Methodology, Formal analysis, Resources, Data curation, 
Writing – review & editing, Project administration. Kjell-Morten Myhr: 
Conceptualization, Methodology, Project administration, Writing – re
view & editing, Supervision, Funding acquisition. 

Acknowledgements 

The authors would like to thank the MS patients for participating in 
the study, and thanks to the Health Authorities of Western Norway for 
funding the project. A special thanks to Nuno Pedrosa de Barros from 
Icometrix for providing the analyses and answering all our questions 
regarding the results, and to scientists Hauke Bartsch and Erling 
Andersen, Haukeland University Hospital, for their involvement in MRI 
data collection, handling and storage. Acknowledgement to the team of 
neuroradiologists at the Department of Radiology, Haukeland Univer
sity Hospital, for MR image reading. A special thanks also to MS nurses 
Anne-Britt Rundhovde Skår and Randi C. Haugstad at the Norwegian 
Multiple Sclerosis Competence center, Haukeland University Hospital, 
for their invaluable contribution to the study, and to health secretary 
Angunn Solberg at the outpatient clinic at the Department of Neurology, 
Haukeland University Hospital, for her contribution to the logistics. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.msard.2022.104398. 

References 

Altieri, M., Fratino, M., Maestrini, I., Dionisi, C., Annecca, R., Vicenzini, E., Di Piero, V., 
2020. Cognitive performance in relapsing-remitting multiple sclerosis: at risk or 
impaired? Dement. Geriatr. Cogn. Disord. 49 (6), 539–543. 

Amato, M.P., Bartolozzi, M.L., Zipoli, V., Portaccio, E., Mortilla, M., Guidi, L., 
Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2004. Neocortical volume 
decrease in relapsing-remitting MS patients with mild cognitive impairment. 
Neurology 63 (1), 89–93. 

Amato, M.P., Hakiki, B., Goretti, B., Rossi, F., Stromillo, M.L., Giorgio, A., Roscio, M., 
Ghezzi, A., Guidi, L., Bartolozzi, M.L., Portaccio, E., De Stefano, N., Italian, R.I.S.M.S. 
S.G., 2012. Association of MRI metrics and cognitive impairment in radiologically 
isolated syndromes. Neurology 78 (5), 309–314. 

Amato, M.P., Portaccio, E., Goretti, B., Zipoli, V., Battaglini, M., Bartolozzi, M.L., 
Stromillo, M.L., Guidi, L., Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2007. 
Association of neocortical volume changes with cognitive deterioration in relapsing- 
remitting multiple sclerosis. Arch. Neurol. 64 (8), 1157–1161. 

Amato, M.P., Zipoli, V., Portaccio, E., 2006. Multiple sclerosis-related cognitive changes: 
a review of cross-sectional and longitudinal studies. J. Neurol. Sci. 245 (1–2), 41–46. 

Artemiadis, A., Anagnostouli, M., Zalonis, I., Chairopoulos, K., Triantafyllou, N., 2018. 
Structural MRI correlates of cognitive function in multiple sclerosis. Mult. Scler. 
Relat. Disord. 21, 1–8. 

Beadnall, H.N., Wang, C., Van Hecke, W., Ribbens, A., Billiet, T., Barnett, M.H., 2019. 
Comparing longitudinal brain atrophy measurement techniques in a real-world 
multiple sclerosis clinical practice cohort: towards clinical integration? Ther. Adv. 
Neurol. Disord. 12, 1756286418823462. 

Benedict, R.H., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A.T., Langdon, D., 2012. 
Brief international cognitive assessment for MS (BICAMS): international standards 
for validation. BMC Neurol. 12, 55. 

Benedict, R.H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L.D., Rudick, R., Multiple 
Sclerosis Outcome Assessments, C., 2017. Validity of the Symbol Digit Modalities 
Test as a cognition performance outcome measure for multiple sclerosis. Mult. Scler. 
23 (5), 721–733. 

Benedict, R.H., Ramasamy, D., Munschauer, F., Weinstock-Guttman, B., Zivadinov, R., 
2009. Memory impairment in multiple sclerosis: correlation with deep grey matter 
and mesial temporal atrophy. J. Neurol. Neurosurg. Psychiatry 80 (2), 201–206. 

Benedict, R.H., Weinstock-Guttman, B., Fishman, I., Sharma, J., Tjoa, C.W., Bakshi, R., 
2004. Prediction of neuropsychological impairment in multiple sclerosis: 
comparison of conventional magnetic resonance imaging measures of atrophy and 
lesion burden. Arch. Neurol. 61 (2), 226–230. 

Benedict, R.H.B., 1997. Brief Visuospatial Memory Test - Revised: Professional Manual. 
Psychological Assessment Resources, Odessa, Florida.  

Bermel, R.A., Bakshi, R., 2006. The measurement and clinical relevance of brain atrophy 
in multiple sclerosis. Lancet Neurol. 5 (2), 158–170. 

Bobholz, J.A., Rao, S.M., 2003. Cognitive dysfunction in multiple sclerosis: a review of 
recent developments. Curr. Opin. Neurol. 16 (3), 283–288. 

Calabrese, M., Agosta, F., Rinaldi, F., Mattisi, I., Grossi, P., Favaretto, A., Atzori, M., 
Bernardi, V., Barachino, L., Rinaldi, L., Perini, P., Gallo, P., Filippi, M., 2009. Cortical 

lesions and atrophy associated with cognitive impairment in relapsing-remitting 
multiple sclerosis. Arch. Neurol. 66 (9), 1144–1150. 

Chiaravalloti, N.D., DeLuca, J., 2008. Cognitive impairment in multiple sclerosis. Lancet 
Neurol. 7 (12), 1139–1151. 

Cortese, M., Riise, T., Bjornevik, K., Bhan, A., Farbu, E., Grytten, N., Hogenesch, I., 
Midgard, R., Smith Simonsen, C., Telstad, W., Ascherio, A., Myhr, K.M., 2016. 
Preclinical disease activity in multiple sclerosis: a prospective study of cognitive 
performance prior to first symptom. Ann. Neurol. 80 (4), 616–624. 

D’Hooghe, M.B., Gielen, J., Van Remoortel, A., D’Haeseleer, M., Peeters, E., 
Cambron, M., De Keyser, J., Nagels, G., 2019. Single MRI-Based Volumetric 
Assessment in Clinical Practice Is Associated With MS-Related Disability. J. Magn. 
Reson. Imaging 49 (5), 1312–1321. 

De Stefano, N., Airas, L., Grigoriadis, N., Mattle, H.P., O’Riordan, J., Oreja-Guevara, C., 
Sellebjerg, F., Stankoff, B., Walczak, A., Wiendl, H., Kieseier, B.C., 2014. Clinical 
relevance of brain volume measures in multiple sclerosis. CNS Drugs 28 (2), 
147–156. 

De Stefano, N., Giorgio, A., Battaglini, M., Rovaris, M., Sormani, M.P., Barkhof, F., 
Korteweg, T., Enzinger, C., Fazekas, F., Calabrese, M., Dinacci, D., Tedeschi, G., 
Gass, A., Montalban, X., Rovira, A., Thompson, A., Comi, G., Miller, D.H., Filippi, M., 
2010. Assessing brain atrophy rates in a large population of untreated multiple 
sclerosis subtypes. NeurologyNeurology 74 (23), 1868–1876. 

De Stefano, N., Stromillo, M.L., Giorgio, A., Bartolozzi, M.L., Battaglini, M., Baldini, M., 
Portaccio, E., Amato, M.P., Sormani, M.P., 2016. Establishing pathological cut-offs of 
brain atrophy rates in multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 87 (1), 
93–99. 

Delis, D.C., Kramer, J.H., Kaplan, E., Ober, B.A., 1987. California Verbal Learning Test: 
Adult version Manual. The Psychological Corporation, San Antonia.  

Deloire, M.S., Ruet, A., Hamel, D., Bonnet, M., Dousset, V., Brochet, B., 2011. MRI 
predictors of cognitive outcome in early multiple sclerosis. NeurologyNeurology 76 
(13), 1161–1167. 

DeLuca, J., Barbieri-Berger, S., Johnson, S.K., 1994. The nature of memory impairments 
in multiple sclerosis: acquisition versus retrieval. J. Clin. Exp. Neuropsychol. 16 (2), 
183–189. 

Dong, C., Nabizadeh, N., Caunca, M., Cheung, Y.K., Rundek, T., Elkind, M.S., DeCarli, C., 
Sacco, R.L., Stern, Y., Wright, C.B., 2015. Cognitive correlates of white matter lesion 
load and brain atrophy: the Northern Manhattan Study. NeurologyNeurology 85 (5), 
441–449. 

Dusankova, J.B., Kalincik, T., Havrdova, E., Benedict, R.H., 2012. Cross cultural 
validation of the Minimal Assessment of Cognitive Function in Multiple Sclerosis 
(MACFIMS) and the Brief International Cognitive Assessment for Multiple Sclerosis 
(BICAMS). Clin. Neuropsychol. 26 (7), 1186–1200. 

Engl, C., Tiemann, L., Grahl, S., Bussas, M., Schmidt, P., Pongratz, V., Berthele, A., 
Beer, A., Gaser, C., Kirschke, J.S., Zimmer, C., Hemmer, B., Muhlau, M., 2020. 
Cognitive impairment in early MS: contribution of white matter lesions, deep grey 
matter atrophy, and cortical atrophy. J. Neurol. 267 (8), 2307–2318. 

Evans, A.C., Collins, D., Mills, S.R., Brown, E.D., Kelly, R.L., Peters, T., 1993. 3D 
statistical neuroanatomical models from 305 MRI volumes. In: 1993 IEEE 
Conference Record Nuclear Science Symposium and Medical Imaging Conference, 
pp. 1813–1817 vol.1813.  

Fenu, G., Lorefice, L., Arru, M., Sechi, V., Loi, L., Contu, F., Cabras, F., Coghe, G., Frau, J., 
Fronza, M., Sbrescia, G., Lai, V., Boi, M., Mallus, S., Murru, S., Porcu, A., 
Barracciu, M.A., Marrosu, M.G., Cocco, E., 2018. Cognition in multiple sclerosis: 
between cognitive reserve and brain volume. J. Neurol. Sci. 386, 19–22. 

Ferrer, E., Salthouse, T.A., Stewart, W.F., Schwartz, B.S., 2004. Modeling age and retest 
processes in longitudinal studies of cognitive abilities. Psychol. Aging 19 (2), 
243–259. 

Fragoso, Y.D., Wille, P.R., Abreu, M., Brooks, J.B.B., Dias, R.M., Duarte, J.A., Farage, L., 
Finkelsztejn, A., Frohlich, A.C., Goncalves, M.V.M., Guedes, B.V.S., Medeiros, L., 
Oliveira, R.A., Ribas, F.D., da Rocha, F.C.G., Santos, G.A.C., Scorcine, C., da 
Silveira, G.L., Spedo, C.T., Tauil, C.B., Varela, J.S., Vieira, V.L.F., Brazilian Brain 
Volume Studies, G., 2017. Correlation of clinical findings and brain volume data in 
multiple sclerosis. J. Clin. Neurosci. 44, 155–157. 

Giovannoni, G., 2017. The neurodegenerative prodrome in multiple sclerosis. Lancet 
Neurol. 16 (6), 413–414. 

Gromisch, E.S., Portnoy, J.G., Foley, F.W., 2018. Comparison of the abbreviated minimal 
assessment of cognitive function in multiple sclerosis (aMACFIMS) and the brief 
international cognitive assessment for multiple sclerosis (BICAMS). J. Neurol. Sci. 
388, 70–75. 

Grzegorski, T., Losy, J., 2017. Cognitive impairment in multiple sclerosis - a review of 
current knowledge and recent research. Rev. Neurosci. 28 (8), 845–860. 

Hyncicova, E., Vyhnalek, M., Kalina, A., Martinkovic, L., Nikolai, T., Lisy, J., Hort, J., 
Meluzinova, E., Laczo, J., 2017. Cognitive impairment and structural brain changes 
in patients with clinically isolated syndrome at high risk for multiple sclerosis. 
J. Neurol. 264 (3), 482–493. 

Jain, S., Sima, D.M., Ribbens, A., Cambron, M., Maertens, A., Van Hecke, W., De Mey, J., 
Barkhof, F., Steenwijk, M.D., Daams, M., Maes, F., Van Huffel, S., Vrenken, H., 
Smeets, D., 2015. Automatic segmentation and volumetry of multiple sclerosis brain 
lesions from MR images. Neuroimage Clin 8, 367–375. 

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded 
disability status scale (EDSS). NeurologyNeurology 33 (11), 1444–1452. 

Langdon, D.W., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H.P., Krupp, L., Penner, I.K., Reder, A.T., Benedict, R.H., 
2012. Recommendations for a Brief International Cognitive Assessment for Multiple 
Sclerosis (BICAMS). Mult. Scler. 18 (6), 891–898. 

Lanz, M., Hahn, H.K., Hildebrandt, H., 2007. Brain atrophy and cognitive impairment in 
multiple sclerosis: a review. J. Neurol. 254 (Suppl 2), II43–II48. 

E. Skorve et al.                                                                                                                                                                                                                                  

MultipleSclerosisandRelatedDisorders69(2023)104398

7

analysis, Resources, Data curation, Writing – review & editing. Renate 
Grüner: Methodology, Formal analysis, Resources, Data curation, 
Writing – review & editing, Project administration. Kjell-Morten Myhr: 
Conceptualization, Methodology, Project administration, Writing – re
view & editing, Supervision, Funding acquisition. 

Acknowledgements 

The authors would like to thank the MS patients for participating in 
the study, and thanks to the Health Authorities of Western Norway for 
funding the project. A special thanks to Nuno Pedrosa de Barros from 
Icometrix for providing the analyses and answering all our questions 
regarding the results, and to scientists Hauke Bartsch and Erling 
Andersen, Haukeland University Hospital, for their involvement in MRI 
data collection, handling and storage. Acknowledgement to the team of 
neuroradiologists at the Department of Radiology, Haukeland Univer
sity Hospital, for MR image reading. A special thanks also to MS nurses 
Anne-Britt Rundhovde Skår and Randi C. Haugstad at the Norwegian 
Multiple Sclerosis Competence center, Haukeland University Hospital, 
for their invaluable contribution to the study, and to health secretary 
Angunn Solberg at the outpatient clinic at the Department of Neurology, 
Haukeland University Hospital, for her contribution to the logistics. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.msard.2022.104398. 

References 

Altieri, M., Fratino, M., Maestrini, I., Dionisi, C., Annecca, R., Vicenzini, E., Di Piero, V., 
2020. Cognitive performance in relapsing-remitting multiple sclerosis: at risk or 
impaired? Dement. Geriatr. Cogn. Disord. 49 (6), 539–543. 

Amato, M.P., Bartolozzi, M.L., Zipoli, V., Portaccio, E., Mortilla, M., Guidi, L., 
Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2004. Neocortical volume 
decrease in relapsing-remitting MS patients with mild cognitive impairment. 
Neurology 63 (1), 89–93. 

Amato, M.P., Hakiki, B., Goretti, B., Rossi, F., Stromillo, M.L., Giorgio, A., Roscio, M., 
Ghezzi, A., Guidi, L., Bartolozzi, M.L., Portaccio, E., De Stefano, N., Italian, R.I.S.M.S. 
S.G., 2012. Association of MRI metrics and cognitive impairment in radiologically 
isolated syndromes. Neurology 78 (5), 309–314. 

Amato, M.P., Portaccio, E., Goretti, B., Zipoli, V., Battaglini, M., Bartolozzi, M.L., 
Stromillo, M.L., Guidi, L., Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2007. 
Association of neocortical volume changes with cognitive deterioration in relapsing- 
remitting multiple sclerosis. Arch. Neurol. 64 (8), 1157–1161. 

Amato, M.P., Zipoli, V., Portaccio, E., 2006. Multiple sclerosis-related cognitive changes: 
a review of cross-sectional and longitudinal studies. J. Neurol. Sci. 245 (1–2), 41–46. 

Artemiadis, A., Anagnostouli, M., Zalonis, I., Chairopoulos, K., Triantafyllou, N., 2018. 
Structural MRI correlates of cognitive function in multiple sclerosis. Mult. Scler. 
Relat. Disord. 21, 1–8. 

Beadnall, H.N., Wang, C., Van Hecke, W., Ribbens, A., Billiet, T., Barnett, M.H., 2019. 
Comparing longitudinal brain atrophy measurement techniques in a real-world 
multiple sclerosis clinical practice cohort: towards clinical integration? Ther. Adv. 
Neurol. Disord. 12, 1756286418823462. 

Benedict, R.H., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A.T., Langdon, D., 2012. 
Brief international cognitive assessment for MS (BICAMS): international standards 
for validation. BMC Neurol. 12, 55. 

Benedict, R.H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L.D., Rudick, R., Multiple 
Sclerosis Outcome Assessments, C., 2017. Validity of the Symbol Digit Modalities 
Test as a cognition performance outcome measure for multiple sclerosis. Mult. Scler. 
23 (5), 721–733. 

Benedict, R.H., Ramasamy, D., Munschauer, F., Weinstock-Guttman, B., Zivadinov, R., 
2009. Memory impairment in multiple sclerosis: correlation with deep grey matter 
and mesial temporal atrophy. J. Neurol. Neurosurg. Psychiatry 80 (2), 201–206. 

Benedict, R.H., Weinstock-Guttman, B., Fishman, I., Sharma, J., Tjoa, C.W., Bakshi, R., 
2004. Prediction of neuropsychological impairment in multiple sclerosis: 
comparison of conventional magnetic resonance imaging measures of atrophy and 
lesion burden. Arch. Neurol. 61 (2), 226–230. 

Benedict, R.H.B., 1997. Brief Visuospatial Memory Test - Revised: Professional Manual. 
Psychological Assessment Resources, Odessa, Florida.  

Bermel, R.A., Bakshi, R., 2006. The measurement and clinical relevance of brain atrophy 
in multiple sclerosis. Lancet Neurol. 5 (2), 158–170. 

Bobholz, J.A., Rao, S.M., 2003. Cognitive dysfunction in multiple sclerosis: a review of 
recent developments. Curr. Opin. Neurol. 16 (3), 283–288. 

Calabrese, M., Agosta, F., Rinaldi, F., Mattisi, I., Grossi, P., Favaretto, A., Atzori, M., 
Bernardi, V., Barachino, L., Rinaldi, L., Perini, P., Gallo, P., Filippi, M., 2009. Cortical 

lesions and atrophy associated with cognitive impairment in relapsing-remitting 
multiple sclerosis. Arch. Neurol. 66 (9), 1144–1150. 

Chiaravalloti, N.D., DeLuca, J., 2008. Cognitive impairment in multiple sclerosis. Lancet 
Neurol. 7 (12), 1139–1151. 

Cortese, M., Riise, T., Bjornevik, K., Bhan, A., Farbu, E., Grytten, N., Hogenesch, I., 
Midgard, R., Smith Simonsen, C., Telstad, W., Ascherio, A., Myhr, K.M., 2016. 
Preclinical disease activity in multiple sclerosis: a prospective study of cognitive 
performance prior to first symptom. Ann. Neurol. 80 (4), 616–624. 

D’Hooghe, M.B., Gielen, J., Van Remoortel, A., D’Haeseleer, M., Peeters, E., 
Cambron, M., De Keyser, J., Nagels, G., 2019. Single MRI-Based Volumetric 
Assessment in Clinical Practice Is Associated With MS-Related Disability. J. Magn. 
Reson. Imaging 49 (5), 1312–1321. 

De Stefano, N., Airas, L., Grigoriadis, N., Mattle, H.P., O’Riordan, J., Oreja-Guevara, C., 
Sellebjerg, F., Stankoff, B., Walczak, A., Wiendl, H., Kieseier, B.C., 2014. Clinical 
relevance of brain volume measures in multiple sclerosis. CNS Drugs 28 (2), 
147–156. 

De Stefano, N., Giorgio, A., Battaglini, M., Rovaris, M., Sormani, M.P., Barkhof, F., 
Korteweg, T., Enzinger, C., Fazekas, F., Calabrese, M., Dinacci, D., Tedeschi, G., 
Gass, A., Montalban, X., Rovira, A., Thompson, A., Comi, G., Miller, D.H., Filippi, M., 
2010. Assessing brain atrophy rates in a large population of untreated multiple 
sclerosis subtypes. NeurologyNeurology 74 (23), 1868–1876. 

De Stefano, N., Stromillo, M.L., Giorgio, A., Bartolozzi, M.L., Battaglini, M., Baldini, M., 
Portaccio, E., Amato, M.P., Sormani, M.P., 2016. Establishing pathological cut-offs of 
brain atrophy rates in multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 87 (1), 
93–99. 

Delis, D.C., Kramer, J.H., Kaplan, E., Ober, B.A., 1987. California Verbal Learning Test: 
Adult version Manual. The Psychological Corporation, San Antonia.  

Deloire, M.S., Ruet, A., Hamel, D., Bonnet, M., Dousset, V., Brochet, B., 2011. MRI 
predictors of cognitive outcome in early multiple sclerosis. NeurologyNeurology 76 
(13), 1161–1167. 

DeLuca, J., Barbieri-Berger, S., Johnson, S.K., 1994. The nature of memory impairments 
in multiple sclerosis: acquisition versus retrieval. J. Clin. Exp. Neuropsychol. 16 (2), 
183–189. 

Dong, C., Nabizadeh, N., Caunca, M., Cheung, Y.K., Rundek, T., Elkind, M.S., DeCarli, C., 
Sacco, R.L., Stern, Y., Wright, C.B., 2015. Cognitive correlates of white matter lesion 
load and brain atrophy: the Northern Manhattan Study. NeurologyNeurology 85 (5), 
441–449. 

Dusankova, J.B., Kalincik, T., Havrdova, E., Benedict, R.H., 2012. Cross cultural 
validation of the Minimal Assessment of Cognitive Function in Multiple Sclerosis 
(MACFIMS) and the Brief International Cognitive Assessment for Multiple Sclerosis 
(BICAMS). Clin. Neuropsychol. 26 (7), 1186–1200. 

Engl, C., Tiemann, L., Grahl, S., Bussas, M., Schmidt, P., Pongratz, V., Berthele, A., 
Beer, A., Gaser, C., Kirschke, J.S., Zimmer, C., Hemmer, B., Muhlau, M., 2020. 
Cognitive impairment in early MS: contribution of white matter lesions, deep grey 
matter atrophy, and cortical atrophy. J. Neurol. 267 (8), 2307–2318. 

Evans, A.C., Collins, D., Mills, S.R., Brown, E.D., Kelly, R.L., Peters, T., 1993. 3D 
statistical neuroanatomical models from 305 MRI volumes. In: 1993 IEEE 
Conference Record Nuclear Science Symposium and Medical Imaging Conference, 
pp. 1813–1817 vol.1813.  

Fenu, G., Lorefice, L., Arru, M., Sechi, V., Loi, L., Contu, F., Cabras, F., Coghe, G., Frau, J., 
Fronza, M., Sbrescia, G., Lai, V., Boi, M., Mallus, S., Murru, S., Porcu, A., 
Barracciu, M.A., Marrosu, M.G., Cocco, E., 2018. Cognition in multiple sclerosis: 
between cognitive reserve and brain volume. J. Neurol. Sci. 386, 19–22. 

Ferrer, E., Salthouse, T.A., Stewart, W.F., Schwartz, B.S., 2004. Modeling age and retest 
processes in longitudinal studies of cognitive abilities. Psychol. Aging 19 (2), 
243–259. 

Fragoso, Y.D., Wille, P.R., Abreu, M., Brooks, J.B.B., Dias, R.M., Duarte, J.A., Farage, L., 
Finkelsztejn, A., Frohlich, A.C., Goncalves, M.V.M., Guedes, B.V.S., Medeiros, L., 
Oliveira, R.A., Ribas, F.D., da Rocha, F.C.G., Santos, G.A.C., Scorcine, C., da 
Silveira, G.L., Spedo, C.T., Tauil, C.B., Varela, J.S., Vieira, V.L.F., Brazilian Brain 
Volume Studies, G., 2017. Correlation of clinical findings and brain volume data in 
multiple sclerosis. J. Clin. Neurosci. 44, 155–157. 

Giovannoni, G., 2017. The neurodegenerative prodrome in multiple sclerosis. Lancet 
Neurol. 16 (6), 413–414. 

Gromisch, E.S., Portnoy, J.G., Foley, F.W., 2018. Comparison of the abbreviated minimal 
assessment of cognitive function in multiple sclerosis (aMACFIMS) and the brief 
international cognitive assessment for multiple sclerosis (BICAMS). J. Neurol. Sci. 
388, 70–75. 

Grzegorski, T., Losy, J., 2017. Cognitive impairment in multiple sclerosis - a review of 
current knowledge and recent research. Rev. Neurosci. 28 (8), 845–860. 

Hyncicova, E., Vyhnalek, M., Kalina, A., Martinkovic, L., Nikolai, T., Lisy, J., Hort, J., 
Meluzinova, E., Laczo, J., 2017. Cognitive impairment and structural brain changes 
in patients with clinically isolated syndrome at high risk for multiple sclerosis. 
J. Neurol. 264 (3), 482–493. 

Jain, S., Sima, D.M., Ribbens, A., Cambron, M., Maertens, A., Van Hecke, W., De Mey, J., 
Barkhof, F., Steenwijk, M.D., Daams, M., Maes, F., Van Huffel, S., Vrenken, H., 
Smeets, D., 2015. Automatic segmentation and volumetry of multiple sclerosis brain 
lesions from MR images. Neuroimage Clin 8, 367–375. 

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded 
disability status scale (EDSS). NeurologyNeurology 33 (11), 1444–1452. 

Langdon, D.W., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H.P., Krupp, L., Penner, I.K., Reder, A.T., Benedict, R.H., 
2012. Recommendations for a Brief International Cognitive Assessment for Multiple 
Sclerosis (BICAMS). Mult. Scler. 18 (6), 891–898. 

Lanz, M., Hahn, H.K., Hildebrandt, H., 2007. Brain atrophy and cognitive impairment in 
multiple sclerosis: a review. J. Neurol. 254 (Suppl 2), II43–II48. 

E. Skorve et al.                                                                                                                                                                                                                                  

MultipleSclerosisandRelatedDisorders69(2023)104398

7

analysis, Resources, Data curation, Writing – review & editing. Renate 
Grüner: Methodology, Formal analysis, Resources, Data curation, 
Writing – review & editing, Project administration. Kjell-Morten Myhr: 
Conceptualization, Methodology, Project administration, Writing – re
view & editing, Supervision, Funding acquisition. 

Acknowledgements 

The authors would like to thank the MS patients for participating in 
the study, and thanks to the Health Authorities of Western Norway for 
funding the project. A special thanks to Nuno Pedrosa de Barros from 
Icometrix for providing the analyses and answering all our questions 
regarding the results, and to scientists Hauke Bartsch and Erling 
Andersen, Haukeland University Hospital, for their involvement in MRI 
data collection, handling and storage. Acknowledgement to the team of 
neuroradiologists at the Department of Radiology, Haukeland Univer
sity Hospital, for MR image reading. A special thanks also to MS nurses 
Anne-Britt Rundhovde Skår and Randi C. Haugstad at the Norwegian 
Multiple Sclerosis Competence center, Haukeland University Hospital, 
for their invaluable contribution to the study, and to health secretary 
Angunn Solberg at the outpatient clinic at the Department of Neurology, 
Haukeland University Hospital, for her contribution to the logistics. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.msard.2022.104398. 

References 

Altieri, M., Fratino, M., Maestrini, I., Dionisi, C., Annecca, R., Vicenzini, E., Di Piero, V., 
2020. Cognitive performance in relapsing-remitting multiple sclerosis: at risk or 
impaired? Dement. Geriatr. Cogn. Disord. 49 (6), 539–543. 

Amato, M.P., Bartolozzi, M.L., Zipoli, V., Portaccio, E., Mortilla, M., Guidi, L., 
Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2004. Neocortical volume 
decrease in relapsing-remitting MS patients with mild cognitive impairment. 
Neurology 63 (1), 89–93. 

Amato, M.P., Hakiki, B., Goretti, B., Rossi, F., Stromillo, M.L., Giorgio, A., Roscio, M., 
Ghezzi, A., Guidi, L., Bartolozzi, M.L., Portaccio, E., De Stefano, N., Italian, R.I.S.M.S. 
S.G., 2012. Association of MRI metrics and cognitive impairment in radiologically 
isolated syndromes. Neurology 78 (5), 309–314. 

Amato, M.P., Portaccio, E., Goretti, B., Zipoli, V., Battaglini, M., Bartolozzi, M.L., 
Stromillo, M.L., Guidi, L., Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2007. 
Association of neocortical volume changes with cognitive deterioration in relapsing- 
remitting multiple sclerosis. Arch. Neurol. 64 (8), 1157–1161. 

Amato, M.P., Zipoli, V., Portaccio, E., 2006. Multiple sclerosis-related cognitive changes: 
a review of cross-sectional and longitudinal studies. J. Neurol. Sci. 245 (1–2), 41–46. 

Artemiadis, A., Anagnostouli, M., Zalonis, I., Chairopoulos, K., Triantafyllou, N., 2018. 
Structural MRI correlates of cognitive function in multiple sclerosis. Mult. Scler. 
Relat. Disord. 21, 1–8. 

Beadnall, H.N., Wang, C., Van Hecke, W., Ribbens, A., Billiet, T., Barnett, M.H., 2019. 
Comparing longitudinal brain atrophy measurement techniques in a real-world 
multiple sclerosis clinical practice cohort: towards clinical integration? Ther. Adv. 
Neurol. Disord. 12, 1756286418823462. 

Benedict, R.H., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A.T., Langdon, D., 2012. 
Brief international cognitive assessment for MS (BICAMS): international standards 
for validation. BMC Neurol. 12, 55. 

Benedict, R.H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L.D., Rudick, R., Multiple 
Sclerosis Outcome Assessments, C., 2017. Validity of the Symbol Digit Modalities 
Test as a cognition performance outcome measure for multiple sclerosis. Mult. Scler. 
23 (5), 721–733. 

Benedict, R.H., Ramasamy, D., Munschauer, F., Weinstock-Guttman, B., Zivadinov, R., 
2009. Memory impairment in multiple sclerosis: correlation with deep grey matter 
and mesial temporal atrophy. J. Neurol. Neurosurg. Psychiatry 80 (2), 201–206. 

Benedict, R.H., Weinstock-Guttman, B., Fishman, I., Sharma, J., Tjoa, C.W., Bakshi, R., 
2004. Prediction of neuropsychological impairment in multiple sclerosis: 
comparison of conventional magnetic resonance imaging measures of atrophy and 
lesion burden. Arch. Neurol. 61 (2), 226–230. 

Benedict, R.H.B., 1997. Brief Visuospatial Memory Test - Revised: Professional Manual. 
Psychological Assessment Resources, Odessa, Florida.  

Bermel, R.A., Bakshi, R., 2006. The measurement and clinical relevance of brain atrophy 
in multiple sclerosis. Lancet Neurol. 5 (2), 158–170. 

Bobholz, J.A., Rao, S.M., 2003. Cognitive dysfunction in multiple sclerosis: a review of 
recent developments. Curr. Opin. Neurol. 16 (3), 283–288. 

Calabrese, M., Agosta, F., Rinaldi, F., Mattisi, I., Grossi, P., Favaretto, A., Atzori, M., 
Bernardi, V., Barachino, L., Rinaldi, L., Perini, P., Gallo, P., Filippi, M., 2009. Cortical 

lesions and atrophy associated with cognitive impairment in relapsing-remitting 
multiple sclerosis. Arch. Neurol. 66 (9), 1144–1150. 

Chiaravalloti, N.D., DeLuca, J., 2008. Cognitive impairment in multiple sclerosis. Lancet 
Neurol. 7 (12), 1139–1151. 

Cortese, M., Riise, T., Bjornevik, K., Bhan, A., Farbu, E., Grytten, N., Hogenesch, I., 
Midgard, R., Smith Simonsen, C., Telstad, W., Ascherio, A., Myhr, K.M., 2016. 
Preclinical disease activity in multiple sclerosis: a prospective study of cognitive 
performance prior to first symptom. Ann. Neurol. 80 (4), 616–624. 

D’Hooghe, M.B., Gielen, J., Van Remoortel, A., D’Haeseleer, M., Peeters, E., 
Cambron, M., De Keyser, J., Nagels, G., 2019. Single MRI-Based Volumetric 
Assessment in Clinical Practice Is Associated With MS-Related Disability. J. Magn. 
Reson. Imaging 49 (5), 1312–1321. 

De Stefano, N., Airas, L., Grigoriadis, N., Mattle, H.P., O’Riordan, J., Oreja-Guevara, C., 
Sellebjerg, F., Stankoff, B., Walczak, A., Wiendl, H., Kieseier, B.C., 2014. Clinical 
relevance of brain volume measures in multiple sclerosis. CNS Drugs 28 (2), 
147–156. 

De Stefano, N., Giorgio, A., Battaglini, M., Rovaris, M., Sormani, M.P., Barkhof, F., 
Korteweg, T., Enzinger, C., Fazekas, F., Calabrese, M., Dinacci, D., Tedeschi, G., 
Gass, A., Montalban, X., Rovira, A., Thompson, A., Comi, G., Miller, D.H., Filippi, M., 
2010. Assessing brain atrophy rates in a large population of untreated multiple 
sclerosis subtypes. NeurologyNeurology 74 (23), 1868–1876. 

De Stefano, N., Stromillo, M.L., Giorgio, A., Bartolozzi, M.L., Battaglini, M., Baldini, M., 
Portaccio, E., Amato, M.P., Sormani, M.P., 2016. Establishing pathological cut-offs of 
brain atrophy rates in multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 87 (1), 
93–99. 

Delis, D.C., Kramer, J.H., Kaplan, E., Ober, B.A., 1987. California Verbal Learning Test: 
Adult version Manual. The Psychological Corporation, San Antonia.  

Deloire, M.S., Ruet, A., Hamel, D., Bonnet, M., Dousset, V., Brochet, B., 2011. MRI 
predictors of cognitive outcome in early multiple sclerosis. NeurologyNeurology 76 
(13), 1161–1167. 

DeLuca, J., Barbieri-Berger, S., Johnson, S.K., 1994. The nature of memory impairments 
in multiple sclerosis: acquisition versus retrieval. J. Clin. Exp. Neuropsychol. 16 (2), 
183–189. 

Dong, C., Nabizadeh, N., Caunca, M., Cheung, Y.K., Rundek, T., Elkind, M.S., DeCarli, C., 
Sacco, R.L., Stern, Y., Wright, C.B., 2015. Cognitive correlates of white matter lesion 
load and brain atrophy: the Northern Manhattan Study. NeurologyNeurology 85 (5), 
441–449. 

Dusankova, J.B., Kalincik, T., Havrdova, E., Benedict, R.H., 2012. Cross cultural 
validation of the Minimal Assessment of Cognitive Function in Multiple Sclerosis 
(MACFIMS) and the Brief International Cognitive Assessment for Multiple Sclerosis 
(BICAMS). Clin. Neuropsychol. 26 (7), 1186–1200. 

Engl, C., Tiemann, L., Grahl, S., Bussas, M., Schmidt, P., Pongratz, V., Berthele, A., 
Beer, A., Gaser, C., Kirschke, J.S., Zimmer, C., Hemmer, B., Muhlau, M., 2020. 
Cognitive impairment in early MS: contribution of white matter lesions, deep grey 
matter atrophy, and cortical atrophy. J. Neurol. 267 (8), 2307–2318. 

Evans, A.C., Collins, D., Mills, S.R., Brown, E.D., Kelly, R.L., Peters, T., 1993. 3D 
statistical neuroanatomical models from 305 MRI volumes. In: 1993 IEEE 
Conference Record Nuclear Science Symposium and Medical Imaging Conference, 
pp. 1813–1817 vol.1813.  

Fenu, G., Lorefice, L., Arru, M., Sechi, V., Loi, L., Contu, F., Cabras, F., Coghe, G., Frau, J., 
Fronza, M., Sbrescia, G., Lai, V., Boi, M., Mallus, S., Murru, S., Porcu, A., 
Barracciu, M.A., Marrosu, M.G., Cocco, E., 2018. Cognition in multiple sclerosis: 
between cognitive reserve and brain volume. J. Neurol. Sci. 386, 19–22. 

Ferrer, E., Salthouse, T.A., Stewart, W.F., Schwartz, B.S., 2004. Modeling age and retest 
processes in longitudinal studies of cognitive abilities. Psychol. Aging 19 (2), 
243–259. 

Fragoso, Y.D., Wille, P.R., Abreu, M., Brooks, J.B.B., Dias, R.M., Duarte, J.A., Farage, L., 
Finkelsztejn, A., Frohlich, A.C., Goncalves, M.V.M., Guedes, B.V.S., Medeiros, L., 
Oliveira, R.A., Ribas, F.D., da Rocha, F.C.G., Santos, G.A.C., Scorcine, C., da 
Silveira, G.L., Spedo, C.T., Tauil, C.B., Varela, J.S., Vieira, V.L.F., Brazilian Brain 
Volume Studies, G., 2017. Correlation of clinical findings and brain volume data in 
multiple sclerosis. J. Clin. Neurosci. 44, 155–157. 

Giovannoni, G., 2017. The neurodegenerative prodrome in multiple sclerosis. Lancet 
Neurol. 16 (6), 413–414. 

Gromisch, E.S., Portnoy, J.G., Foley, F.W., 2018. Comparison of the abbreviated minimal 
assessment of cognitive function in multiple sclerosis (aMACFIMS) and the brief 
international cognitive assessment for multiple sclerosis (BICAMS). J. Neurol. Sci. 
388, 70–75. 

Grzegorski, T., Losy, J., 2017. Cognitive impairment in multiple sclerosis - a review of 
current knowledge and recent research. Rev. Neurosci. 28 (8), 845–860. 

Hyncicova, E., Vyhnalek, M., Kalina, A., Martinkovic, L., Nikolai, T., Lisy, J., Hort, J., 
Meluzinova, E., Laczo, J., 2017. Cognitive impairment and structural brain changes 
in patients with clinically isolated syndrome at high risk for multiple sclerosis. 
J. Neurol. 264 (3), 482–493. 

Jain, S., Sima, D.M., Ribbens, A., Cambron, M., Maertens, A., Van Hecke, W., De Mey, J., 
Barkhof, F., Steenwijk, M.D., Daams, M., Maes, F., Van Huffel, S., Vrenken, H., 
Smeets, D., 2015. Automatic segmentation and volumetry of multiple sclerosis brain 
lesions from MR images. Neuroimage Clin 8, 367–375. 

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded 
disability status scale (EDSS). NeurologyNeurology 33 (11), 1444–1452. 

Langdon, D.W., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H.P., Krupp, L., Penner, I.K., Reder, A.T., Benedict, R.H., 
2012. Recommendations for a Brief International Cognitive Assessment for Multiple 
Sclerosis (BICAMS). Mult. Scler. 18 (6), 891–898. 

Lanz, M., Hahn, H.K., Hildebrandt, H., 2007. Brain atrophy and cognitive impairment in 
multiple sclerosis: a review. J. Neurol. 254 (Suppl 2), II43–II48. 

E. Skorve et al.                                                                                                                                                                                                                                  

MultipleSclerosisandRelatedDisorders69(2023)104398

7

analysis, Resources, Data curation, Writing – review & editing. Renate 
Grüner: Methodology, Formal analysis, Resources, Data curation, 
Writing – review & editing, Project administration. Kjell-Morten Myhr: 
Conceptualization, Methodology, Project administration, Writing – re
view & editing, Supervision, Funding acquisition. 

Acknowledgements 

The authors would like to thank the MS patients for participating in 
the study, and thanks to the Health Authorities of Western Norway for 
funding the project. A special thanks to Nuno Pedrosa de Barros from 
Icometrix for providing the analyses and answering all our questions 
regarding the results, and to scientists Hauke Bartsch and Erling 
Andersen, Haukeland University Hospital, for their involvement in MRI 
data collection, handling and storage. Acknowledgement to the team of 
neuroradiologists at the Department of Radiology, Haukeland Univer
sity Hospital, for MR image reading. A special thanks also to MS nurses 
Anne-Britt Rundhovde Skår and Randi C. Haugstad at the Norwegian 
Multiple Sclerosis Competence center, Haukeland University Hospital, 
for their invaluable contribution to the study, and to health secretary 
Angunn Solberg at the outpatient clinic at the Department of Neurology, 
Haukeland University Hospital, for her contribution to the logistics. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.msard.2022.104398. 

References 

Altieri, M., Fratino, M., Maestrini, I., Dionisi, C., Annecca, R., Vicenzini, E., Di Piero, V., 
2020. Cognitive performance in relapsing-remitting multiple sclerosis: at risk or 
impaired? Dement. Geriatr. Cogn. Disord. 49 (6), 539–543. 

Amato, M.P., Bartolozzi, M.L., Zipoli, V., Portaccio, E., Mortilla, M., Guidi, L., 
Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2004. Neocortical volume 
decrease in relapsing-remitting MS patients with mild cognitive impairment. 
Neurology 63 (1), 89–93. 

Amato, M.P., Hakiki, B., Goretti, B., Rossi, F., Stromillo, M.L., Giorgio, A., Roscio, M., 
Ghezzi, A., Guidi, L., Bartolozzi, M.L., Portaccio, E., De Stefano, N., Italian, R.I.S.M.S. 
S.G., 2012. Association of MRI metrics and cognitive impairment in radiologically 
isolated syndromes. Neurology 78 (5), 309–314. 

Amato, M.P., Portaccio, E., Goretti, B., Zipoli, V., Battaglini, M., Bartolozzi, M.L., 
Stromillo, M.L., Guidi, L., Siracusa, G., Sorbi, S., Federico, A., De Stefano, N., 2007. 
Association of neocortical volume changes with cognitive deterioration in relapsing- 
remitting multiple sclerosis. Arch. Neurol. 64 (8), 1157–1161. 

Amato, M.P., Zipoli, V., Portaccio, E., 2006. Multiple sclerosis-related cognitive changes: 
a review of cross-sectional and longitudinal studies. J. Neurol. Sci. 245 (1–2), 41–46. 

Artemiadis, A., Anagnostouli, M., Zalonis, I., Chairopoulos, K., Triantafyllou, N., 2018. 
Structural MRI correlates of cognitive function in multiple sclerosis. Mult. Scler. 
Relat. Disord. 21, 1–8. 

Beadnall, H.N., Wang, C., Van Hecke, W., Ribbens, A., Billiet, T., Barnett, M.H., 2019. 
Comparing longitudinal brain atrophy measurement techniques in a real-world 
multiple sclerosis clinical practice cohort: towards clinical integration? Ther. Adv. 
Neurol. Disord. 12, 1756286418823462. 

Benedict, R.H., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A.T., Langdon, D., 2012. 
Brief international cognitive assessment for MS (BICAMS): international standards 
for validation. BMC Neurol. 12, 55. 

Benedict, R.H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L.D., Rudick, R., Multiple 
Sclerosis Outcome Assessments, C., 2017. Validity of the Symbol Digit Modalities 
Test as a cognition performance outcome measure for multiple sclerosis. Mult. Scler. 
23 (5), 721–733. 

Benedict, R.H., Ramasamy, D., Munschauer, F., Weinstock-Guttman, B., Zivadinov, R., 
2009. Memory impairment in multiple sclerosis: correlation with deep grey matter 
and mesial temporal atrophy. J. Neurol. Neurosurg. Psychiatry 80 (2), 201–206. 

Benedict, R.H., Weinstock-Guttman, B., Fishman, I., Sharma, J., Tjoa, C.W., Bakshi, R., 
2004. Prediction of neuropsychological impairment in multiple sclerosis: 
comparison of conventional magnetic resonance imaging measures of atrophy and 
lesion burden. Arch. Neurol. 61 (2), 226–230. 

Benedict, R.H.B., 1997. Brief Visuospatial Memory Test - Revised: Professional Manual. 
Psychological Assessment Resources, Odessa, Florida.  

Bermel, R.A., Bakshi, R., 2006. The measurement and clinical relevance of brain atrophy 
in multiple sclerosis. Lancet Neurol. 5 (2), 158–170. 

Bobholz, J.A., Rao, S.M., 2003. Cognitive dysfunction in multiple sclerosis: a review of 
recent developments. Curr. Opin. Neurol. 16 (3), 283–288. 

Calabrese, M., Agosta, F., Rinaldi, F., Mattisi, I., Grossi, P., Favaretto, A., Atzori, M., 
Bernardi, V., Barachino, L., Rinaldi, L., Perini, P., Gallo, P., Filippi, M., 2009. Cortical 

lesions and atrophy associated with cognitive impairment in relapsing-remitting 
multiple sclerosis. Arch. Neurol. 66 (9), 1144–1150. 

Chiaravalloti, N.D., DeLuca, J., 2008. Cognitive impairment in multiple sclerosis. Lancet 
Neurol. 7 (12), 1139–1151. 

Cortese, M., Riise, T., Bjornevik, K., Bhan, A., Farbu, E., Grytten, N., Hogenesch, I., 
Midgard, R., Smith Simonsen, C., Telstad, W., Ascherio, A., Myhr, K.M., 2016. 
Preclinical disease activity in multiple sclerosis: a prospective study of cognitive 
performance prior to first symptom. Ann. Neurol. 80 (4), 616–624. 

D’Hooghe, M.B., Gielen, J., Van Remoortel, A., D’Haeseleer, M., Peeters, E., 
Cambron, M., De Keyser, J., Nagels, G., 2019. Single MRI-Based Volumetric 
Assessment in Clinical Practice Is Associated With MS-Related Disability. J. Magn. 
Reson. Imaging 49 (5), 1312–1321. 

De Stefano, N., Airas, L., Grigoriadis, N., Mattle, H.P., O’Riordan, J., Oreja-Guevara, C., 
Sellebjerg, F., Stankoff, B., Walczak, A., Wiendl, H., Kieseier, B.C., 2014. Clinical 
relevance of brain volume measures in multiple sclerosis. CNS Drugs 28 (2), 
147–156. 

De Stefano, N., Giorgio, A., Battaglini, M., Rovaris, M., Sormani, M.P., Barkhof, F., 
Korteweg, T., Enzinger, C., Fazekas, F., Calabrese, M., Dinacci, D., Tedeschi, G., 
Gass, A., Montalban, X., Rovira, A., Thompson, A., Comi, G., Miller, D.H., Filippi, M., 
2010. Assessing brain atrophy rates in a large population of untreated multiple 
sclerosis subtypes. NeurologyNeurology 74 (23), 1868–1876. 

De Stefano, N., Stromillo, M.L., Giorgio, A., Bartolozzi, M.L., Battaglini, M., Baldini, M., 
Portaccio, E., Amato, M.P., Sormani, M.P., 2016. Establishing pathological cut-offs of 
brain atrophy rates in multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 87 (1), 
93–99. 

Delis, D.C., Kramer, J.H., Kaplan, E., Ober, B.A., 1987. California Verbal Learning Test: 
Adult version Manual. The Psychological Corporation, San Antonia.  

Deloire, M.S., Ruet, A., Hamel, D., Bonnet, M., Dousset, V., Brochet, B., 2011. MRI 
predictors of cognitive outcome in early multiple sclerosis. NeurologyNeurology 76 
(13), 1161–1167. 

DeLuca, J., Barbieri-Berger, S., Johnson, S.K., 1994. The nature of memory impairments 
in multiple sclerosis: acquisition versus retrieval. J. Clin. Exp. Neuropsychol. 16 (2), 
183–189. 

Dong, C., Nabizadeh, N., Caunca, M., Cheung, Y.K., Rundek, T., Elkind, M.S., DeCarli, C., 
Sacco, R.L., Stern, Y., Wright, C.B., 2015. Cognitive correlates of white matter lesion 
load and brain atrophy: the Northern Manhattan Study. NeurologyNeurology 85 (5), 
441–449. 

Dusankova, J.B., Kalincik, T., Havrdova, E., Benedict, R.H., 2012. Cross cultural 
validation of the Minimal Assessment of Cognitive Function in Multiple Sclerosis 
(MACFIMS) and the Brief International Cognitive Assessment for Multiple Sclerosis 
(BICAMS). Clin. Neuropsychol. 26 (7), 1186–1200. 

Engl, C., Tiemann, L., Grahl, S., Bussas, M., Schmidt, P., Pongratz, V., Berthele, A., 
Beer, A., Gaser, C., Kirschke, J.S., Zimmer, C., Hemmer, B., Muhlau, M., 2020. 
Cognitive impairment in early MS: contribution of white matter lesions, deep grey 
matter atrophy, and cortical atrophy. J. Neurol. 267 (8), 2307–2318. 

Evans, A.C., Collins, D., Mills, S.R., Brown, E.D., Kelly, R.L., Peters, T., 1993. 3D 
statistical neuroanatomical models from 305 MRI volumes. In: 1993 IEEE 
Conference Record Nuclear Science Symposium and Medical Imaging Conference, 
pp. 1813–1817 vol.1813.  

Fenu, G., Lorefice, L., Arru, M., Sechi, V., Loi, L., Contu, F., Cabras, F., Coghe, G., Frau, J., 
Fronza, M., Sbrescia, G., Lai, V., Boi, M., Mallus, S., Murru, S., Porcu, A., 
Barracciu, M.A., Marrosu, M.G., Cocco, E., 2018. Cognition in multiple sclerosis: 
between cognitive reserve and brain volume. J. Neurol. Sci. 386, 19–22. 

Ferrer, E., Salthouse, T.A., Stewart, W.F., Schwartz, B.S., 2004. Modeling age and retest 
processes in longitudinal studies of cognitive abilities. Psychol. Aging 19 (2), 
243–259. 

Fragoso, Y.D., Wille, P.R., Abreu, M., Brooks, J.B.B., Dias, R.M., Duarte, J.A., Farage, L., 
Finkelsztejn, A., Frohlich, A.C., Goncalves, M.V.M., Guedes, B.V.S., Medeiros, L., 
Oliveira, R.A., Ribas, F.D., da Rocha, F.C.G., Santos, G.A.C., Scorcine, C., da 
Silveira, G.L., Spedo, C.T., Tauil, C.B., Varela, J.S., Vieira, V.L.F., Brazilian Brain 
Volume Studies, G., 2017. Correlation of clinical findings and brain volume data in 
multiple sclerosis. J. Clin. Neurosci. 44, 155–157. 

Giovannoni, G., 2017. The neurodegenerative prodrome in multiple sclerosis. Lancet 
Neurol. 16 (6), 413–414. 

Gromisch, E.S., Portnoy, J.G., Foley, F.W., 2018. Comparison of the abbreviated minimal 
assessment of cognitive function in multiple sclerosis (aMACFIMS) and the brief 
international cognitive assessment for multiple sclerosis (BICAMS). J. Neurol. Sci. 
388, 70–75. 

Grzegorski, T., Losy, J., 2017. Cognitive impairment in multiple sclerosis - a review of 
current knowledge and recent research. Rev. Neurosci. 28 (8), 845–860. 

Hyncicova, E., Vyhnalek, M., Kalina, A., Martinkovic, L., Nikolai, T., Lisy, J., Hort, J., 
Meluzinova, E., Laczo, J., 2017. Cognitive impairment and structural brain changes 
in patients with clinically isolated syndrome at high risk for multiple sclerosis. 
J. Neurol. 264 (3), 482–493. 

Jain, S., Sima, D.M., Ribbens, A., Cambron, M., Maertens, A., Van Hecke, W., De Mey, J., 
Barkhof, F., Steenwijk, M.D., Daams, M., Maes, F., Van Huffel, S., Vrenken, H., 
Smeets, D., 2015. Automatic segmentation and volumetry of multiple sclerosis brain 
lesions from MR images. Neuroimage Clin 8, 367–375. 

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded 
disability status scale (EDSS). NeurologyNeurology 33 (11), 1444–1452. 

Langdon, D.W., Amato, M.P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 
Hamalainen, P., Hartung, H.P., Krupp, L., Penner, I.K., Reder, A.T., Benedict, R.H., 
2012. Recommendations for a Brief International Cognitive Assessment for Multiple 
Sclerosis (BICAMS). Mult. Scler. 18 (6), 891–898. 

Lanz, M., Hahn, H.K., Hildebrandt, H., 2007. Brain atrophy and cognitive impairment in 
multiple sclerosis: a review. J. Neurol. 254 (Suppl 2), II43–II48. 

E. Skorve et al.                                                                                                                                                                                                                                  



Multiple Sclerosis and Related Disorders 69 (2023) 104398

8

Lundervold, A.J., Wollschlager, D., Wehling, E., 2014. Age and sex related changes in 
episodic memory function in middle aged and older adults. Scand. J. Psychol. 55 (3), 
225–232. 

Maltby, V.E., Lea, R.A., Ribbons, K., Lea, M.G., Schofield, P.W., Lechner-Scott, J., 2020. 
Comparison of BICAMS and ARCS for assessment of cognition in multiple sclerosis 
and predictive value of employment status. Mult Scler Relat Disord 41, 102037. 

Niccolai, C., Portaccio, E., Goretti, B., Hakiki, B., Giannini, M., Pasto, L., Righini, I., 
Falautano, M., Minacapelli, E., Martinelli, V., Incerti, C., Nocentini, U., Fenu, G., 
Cocco, E., Marrosu, M.G., Garofalo, E., Ambra, F.I., Maddestra, M., Consalvo, M., 
Viterbo, R.G., Trojano, M., Losignore, N.A., Zimatore, G.B., Pietrolongo, E., 
Lugaresi, A., Pippolo, L., Roscio, M., Ghezzi, A., Castellano, D., Stecchi, S., Amato, M. 
P., 2015. A comparison of the brief international cognitive assessment for multiple 
sclerosis and the brief repeatable battery in multiple sclerosis patients. BMC Neurol. 
15, 204. 

Papadopoulou, A., Muller-Lenke, N., Naegelin, Y., Kalt, G., Bendfeldt, K., Kuster, P., 
Stoecklin, M., Gass, A., Sprenger, T., Radue, E.W., Kappos, L., Penner, I.K., 2013. 
Contribution of cortical and white matter lesions to cognitive impairment in multiple 
sclerosis. Mult. Scler. 19 (10), 1290–1296. 

Pinter, D., Khalil, M., Pichler, A., Langkammer, C., Ropele, S., Marschik, P.B., Fuchs, S., 
Fazekas, F., Enzinger, C., 2015. Predictive value of different conventional and non- 
conventional MRI-parameters for specific domains of cognitive function in multiple 
sclerosis. Neuroimage Clin 7, 715–720. 

Rao, A.B., Richert, N., Howard, T., Lewis, B.K., Bash, C.N., McFarland, H.F., Frank, J.A., 
2002. Methylprednisolone effect on brain volume and enhancing lesions in MS 
before and during IFNbeta-1b. NeurologyNeurology 59 (5), 688–694. 

Rao, S.M., Leo, G.J., Bernardin, L., Unverzagt, F., 1991. Cognitive dysfunction in multiple 
sclerosis. I. Frequency, patterns, and prediction. NeurologyNeurology 41 (5), 
685–691. 

Rovaris, M., Comi, G., Filippi, M., 2006. MRI markers of destructive pathology in 
multiple sclerosis-related cognitive dysfunction. J. Neurol. Sci. 245 (1–2), 111–116. 

Ruet, A., Deloire, M., Hamel, D., Ouallet, J.C., Petry, K., Brochet, B., 2013. Cognitive 
impairment, health-related quality of life and vocational status at early stages of 
multiple sclerosis: a 7-year longitudinal study. J. Neurol. 260 (3), 776–784. 

Sacco, R., Bisecco, A., Corbo, D., Della Corte, M., d’Ambrosio, A., Docimo, R., Gallo, A., 
Esposito, F., Esposito, S., Cirillo, M., Lavorgna, L., Tedeschi, G., Bonavita, S., 2015. 
Cognitive impairment and memory disorders in relapsing-remitting multiple 
sclerosis: the role of white matter, gray matter and hippocampus. J. Neurol. 262 (7), 
1691–1697. 

Sastre-Garriga, J., Pareto, D., Battaglini, M., Rocca, M.A., Ciccarelli, O., Enzinger, C., 
Wuerfel, J., Sormani, M.P., Barkhof, F., Yousry, T.A., De Stefano, N., Tintore, M., 
Filippi, M., Gasperini, C., Kappos, L., Rio, J., Frederiksen, J., Palace, J., Vrenken, H., 
Montalban, X., Rovira, A., group, M.s., 2020. MAGNIMS consensus 
recommendations on the use of brain and spinal cord atrophy measures in clinical 
practice. Nat. Rev. Neurol. 16 (3), 171–182. 

Sastre-Garriga, J., Tur, C., Pareto, D., Vidal-Jordana, A., Auger, C., Rio, J., Huerga, E., 
Tintore, M., Rovira, A., Montalban, X., 2015. Brain atrophy in natalizumab-treated 
patients: a 3-year follow-up. Mult. Scler. 21 (6), 749–756. 

Scharfen, J., Jansen, K., Holling, H., 2018. Retest effects in working memory capacity 
tests: a meta-analysis. Psychon. Bull. Rev. 25 (6), 2175–2199. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2019. The Norwegian 
translation of the brief international cognitive assessment for multiple sclerosis 
(BICAMS). Mult Scler Relat Disord 36, 101408. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2020. A two-year longitudinal 
follow-up of cognitive performance assessed by BICAMS in newly diagnosed patients 
with MS. Mult Scler Relat Disord 46, 102577. 

Smeets, D., Ribbens, A., Sima, D.M., Cambron, M., Horakova, D., Jain, S., Maertens, A., 
Van Vlierberghe, E., Terzopoulos, V., Van Binst, A.M., Vaneckova, M., Krasensky, J., 

Uher, T., Seidl, Z., De Keyser, J., Nagels, G., De Mey, J., Havrdova, E., Van 
Hecke, W., 2016. Reliable measurements of brain atrophy in individual patients with 
multiple sclerosis. Brain Behav 6 (9), e00518. 

Smith, A., 1982. Symbol Digit Modalities Test: Manual. Western Psychological Services, 
Los Angeles.  

Steenwijk, M.D., Amiri, H., Schoonheim, M.M., de Sitter, A., Barkhof, F., Pouwels, P.J. 
W., Vrenken, H., 2017. Agreement of MSmetrix with established methods for 
measuring cross-sectional and longitudinal brain atrophy. Neuroimage Clin 15, 
843–853. 

Storelli, L., Rocca, M.A., Pagani, E., Van Hecke, W., Horsfield, M.A., De Stefano, N., 
Rovira, A., Sastre-Garriga, J., Palace, J., Sima, D., Smeets, D., Filippi, M., Group, M. 
S., 2018. Measurement of Whole-Brain and Gray Matter Atrophy in Multiple 
Sclerosis: assessment with MR Imaging. RadiologyRadiology 288 (2), 554–564. 

Strober, L., Englert, J., Munschauer, F., Weinstock-Guttman, B., Rao, S., Benedict, R.H., 
2009. Sensitivity of conventional memory tests in multiple sclerosis: comparing the 
Rao Brief Repeatable Neuropsychological Battery and the Minimal Assessment of 
Cognitive Function in MS. Mult. Scler. 15 (9), 1077–1084. 

Sumowski, J.F., Leavitt, V.M., 2013. Cognitive reserve in multiple sclerosis. Mult. Scler. 
19 (9), 1122–1127. 

Sumowski, J.F., Rocca, M.A., Leavitt, V.M., Riccitelli, G., Comi, G., DeLuca, J., 
Filippi, M., 2013. Brain reserve and cognitive reserve in multiple sclerosis: what 
you’ve got and how you use it. NeurologyNeurology 80 (24), 2186–2193. 

Thompson, A.J., Banwell, B.L., Barkhof, F., Carroll, W.M., Coetzee, T., Comi, G., 
Correale, J., Fazekas, F., Filippi, M., Freedman, M.S., Fujihara, K., Galetta, S.L., 
Hartung, H.P., Kappos, L., Lublin, F.D., Marrie, R.A., Miller, A.E., Miller, D.H., 
Montalban, X., Mowry, E.M., Sorensen, P.S., Tintore, M., Traboulsee, A.L., 
Trojano, M., Uitdehaag, B.M.J., Vukusic, S., Waubant, E., Weinshenker, B.G., 
Reingold, S.C., Cohen, J.A., 2018a. Diagnosis of multiple sclerosis: 2017 revisions of 
the McDonald criteria. Lancet Neurol. 17 (2), 162–173. 

Thompson, A.J., Baranzini, S.E., Geurts, J., Hemmer, B., Ciccarelli, O., 2018b. Multiple 
sclerosis. Lancet 391 (10130), 1622–1636. 

Toth, E., Farago, P., Kiraly, A., Szabo, N., Vereb, D., Kocsis, K., Kincses, B., Sandi, D., 
Bencsik, K., Vecsei, L., Kincses, Z.T., 2018. The Contribution of Various MRI 
Parameters to Clinical and Cognitive Disability in Multiple Sclerosis. Front Neurol 9, 
1172. 

Uher, T., Krasensky, J., Sobisek, L., Blahova Dusankova, J., Seidl, Z., Kubala 
Havrdova, E., Sormani, M.P., Horakova, D., Kalincik, T., Vaneckova, M., 2018. 
Cognitive clinico-radiological paradox in early stages of multiple sclerosis. Ann Clin 
Transl Neurol 5 (1), 81–91. 

Uher, T., Vaneckova, M., Sormani, M.P., Krasensky, J., Sobisek, L., Dusankova, J.B., 
Seidl, Z., Havrdova, E., Kalincik, T., Benedict, R.H., Horakova, D., 2017. 
Identification of multiple sclerosis patients at highest risk of cognitive impairment 
using an integrated brain magnetic resonance imaging assessment approach. Eur. J. 
Neurol. 24 (2), 292–301. 

van Munster, C.E., Uitdehaag, B.M., 2017. Outcome Measures in Clinical Trials for 
Multiple Sclerosis. CNS Drugs 31 (3), 217–236. 

Vollmer, T., Huynh, L., Kelley, C., Galebach, P., Signorovitch, J., DiBernardo, A., 
Sasane, R., 2016. Relationship between brain volume loss and cognitive outcomes 
among patients with multiple sclerosis: a systematic literature review. Neurol Sci 37 
(2), 165–179. 

Zivadinov, R., Sepcic, J., Nasuelli, D., De Masi, R., Bragadin, L.M., Tommasi, M.A., 
Zambito-Marsala, S., Moretti, R., Bratina, A., Ukmar, M., Pozzi-Mucelli, R.S., 
Grop, A., Cazzato, G., Zorzon, M., 2001. A longitudinal study of brain atrophy and 
cognitive disturbances in the early phase of relapsing-remitting multiple sclerosis. 
J. Neurol. Neurosurg. Psychiatry 70 (6), 773–780. 

E. Skorve et al.                                                                                                                                                                                                                                  MultipleSclerosisandRelatedDisorders69(2023)104398

8

Lundervold, A.J., Wollschlager, D., Wehling, E., 2014. Age and sex related changes in 
episodic memory function in middle aged and older adults. Scand. J. Psychol. 55 (3), 
225–232. 

Maltby, V.E., Lea, R.A., Ribbons, K., Lea, M.G., Schofield, P.W., Lechner-Scott, J., 2020. 
Comparison of BICAMS and ARCS for assessment of cognition in multiple sclerosis 
and predictive value of employment status. Mult Scler Relat Disord 41, 102037. 

Niccolai, C., Portaccio, E., Goretti, B., Hakiki, B., Giannini, M., Pasto, L., Righini, I., 
Falautano, M., Minacapelli, E., Martinelli, V., Incerti, C., Nocentini, U., Fenu, G., 
Cocco, E., Marrosu, M.G., Garofalo, E., Ambra, F.I., Maddestra, M., Consalvo, M., 
Viterbo, R.G., Trojano, M., Losignore, N.A., Zimatore, G.B., Pietrolongo, E., 
Lugaresi, A., Pippolo, L., Roscio, M., Ghezzi, A., Castellano, D., Stecchi, S., Amato, M. 
P., 2015. A comparison of the brief international cognitive assessment for multiple 
sclerosis and the brief repeatable battery in multiple sclerosis patients. BMC Neurol. 
15, 204. 

Papadopoulou, A., Muller-Lenke, N., Naegelin, Y., Kalt, G., Bendfeldt, K., Kuster, P., 
Stoecklin, M., Gass, A., Sprenger, T., Radue, E.W., Kappos, L., Penner, I.K., 2013. 
Contribution of cortical and white matter lesions to cognitive impairment in multiple 
sclerosis. Mult. Scler. 19 (10), 1290–1296. 

Pinter, D., Khalil, M., Pichler, A., Langkammer, C., Ropele, S., Marschik, P.B., Fuchs, S., 
Fazekas, F., Enzinger, C., 2015. Predictive value of different conventional and non- 
conventional MRI-parameters for specific domains of cognitive function in multiple 
sclerosis. Neuroimage Clin 7, 715–720. 

Rao, A.B., Richert, N., Howard, T., Lewis, B.K., Bash, C.N., McFarland, H.F., Frank, J.A., 
2002. Methylprednisolone effect on brain volume and enhancing lesions in MS 
before and during IFNbeta-1b. NeurologyNeurology 59 (5), 688–694. 

Rao, S.M., Leo, G.J., Bernardin, L., Unverzagt, F., 1991. Cognitive dysfunction in multiple 
sclerosis. I. Frequency, patterns, and prediction. NeurologyNeurology 41 (5), 
685–691. 

Rovaris, M., Comi, G., Filippi, M., 2006. MRI markers of destructive pathology in 
multiple sclerosis-related cognitive dysfunction. J. Neurol. Sci. 245 (1–2), 111–116. 

Ruet, A., Deloire, M., Hamel, D., Ouallet, J.C., Petry, K., Brochet, B., 2013. Cognitive 
impairment, health-related quality of life and vocational status at early stages of 
multiple sclerosis: a 7-year longitudinal study. J. Neurol. 260 (3), 776–784. 

Sacco, R., Bisecco, A., Corbo, D., Della Corte, M., d’Ambrosio, A., Docimo, R., Gallo, A., 
Esposito, F., Esposito, S., Cirillo, M., Lavorgna, L., Tedeschi, G., Bonavita, S., 2015. 
Cognitive impairment and memory disorders in relapsing-remitting multiple 
sclerosis: the role of white matter, gray matter and hippocampus. J. Neurol. 262 (7), 
1691–1697. 

Sastre-Garriga, J., Pareto, D., Battaglini, M., Rocca, M.A., Ciccarelli, O., Enzinger, C., 
Wuerfel, J., Sormani, M.P., Barkhof, F., Yousry, T.A., De Stefano, N., Tintore, M., 
Filippi, M., Gasperini, C., Kappos, L., Rio, J., Frederiksen, J., Palace, J., Vrenken, H., 
Montalban, X., Rovira, A., group, M.s., 2020. MAGNIMS consensus 
recommendations on the use of brain and spinal cord atrophy measures in clinical 
practice. Nat. Rev. Neurol. 16 (3), 171–182. 

Sastre-Garriga, J., Tur, C., Pareto, D., Vidal-Jordana, A., Auger, C., Rio, J., Huerga, E., 
Tintore, M., Rovira, A., Montalban, X., 2015. Brain atrophy in natalizumab-treated 
patients: a 3-year follow-up. Mult. Scler. 21 (6), 749–756. 

Scharfen, J., Jansen, K., Holling, H., 2018. Retest effects in working memory capacity 
tests: a meta-analysis. Psychon. Bull. Rev. 25 (6), 2175–2199. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2019. The Norwegian 
translation of the brief international cognitive assessment for multiple sclerosis 
(BICAMS). Mult Scler Relat Disord 36, 101408. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2020. A two-year longitudinal 
follow-up of cognitive performance assessed by BICAMS in newly diagnosed patients 
with MS. Mult Scler Relat Disord 46, 102577. 

Smeets, D., Ribbens, A., Sima, D.M., Cambron, M., Horakova, D., Jain, S., Maertens, A., 
Van Vlierberghe, E., Terzopoulos, V., Van Binst, A.M., Vaneckova, M., Krasensky, J., 

Uher, T., Seidl, Z., De Keyser, J., Nagels, G., De Mey, J., Havrdova, E., Van 
Hecke, W., 2016. Reliable measurements of brain atrophy in individual patients with 
multiple sclerosis. Brain Behav 6 (9), e00518. 

Smith, A., 1982. Symbol Digit Modalities Test: Manual. Western Psychological Services, 
Los Angeles.  

Steenwijk, M.D., Amiri, H., Schoonheim, M.M., de Sitter, A., Barkhof, F., Pouwels, P.J. 
W., Vrenken, H., 2017. Agreement of MSmetrix with established methods for 
measuring cross-sectional and longitudinal brain atrophy. Neuroimage Clin 15, 
843–853. 

Storelli, L., Rocca, M.A., Pagani, E., Van Hecke, W., Horsfield, M.A., De Stefano, N., 
Rovira, A., Sastre-Garriga, J., Palace, J., Sima, D., Smeets, D., Filippi, M., Group, M. 
S., 2018. Measurement of Whole-Brain and Gray Matter Atrophy in Multiple 
Sclerosis: assessment with MR Imaging. RadiologyRadiology 288 (2), 554–564. 

Strober, L., Englert, J., Munschauer, F., Weinstock-Guttman, B., Rao, S., Benedict, R.H., 
2009. Sensitivity of conventional memory tests in multiple sclerosis: comparing the 
Rao Brief Repeatable Neuropsychological Battery and the Minimal Assessment of 
Cognitive Function in MS. Mult. Scler. 15 (9), 1077–1084. 

Sumowski, J.F., Leavitt, V.M., 2013. Cognitive reserve in multiple sclerosis. Mult. Scler. 
19 (9), 1122–1127. 

Sumowski, J.F., Rocca, M.A., Leavitt, V.M., Riccitelli, G., Comi, G., DeLuca, J., 
Filippi, M., 2013. Brain reserve and cognitive reserve in multiple sclerosis: what 
you’ve got and how you use it. NeurologyNeurology 80 (24), 2186–2193. 

Thompson, A.J., Banwell, B.L., Barkhof, F., Carroll, W.M., Coetzee, T., Comi, G., 
Correale, J., Fazekas, F., Filippi, M., Freedman, M.S., Fujihara, K., Galetta, S.L., 
Hartung, H.P., Kappos, L., Lublin, F.D., Marrie, R.A., Miller, A.E., Miller, D.H., 
Montalban, X., Mowry, E.M., Sorensen, P.S., Tintore, M., Traboulsee, A.L., 
Trojano, M., Uitdehaag, B.M.J., Vukusic, S., Waubant, E., Weinshenker, B.G., 
Reingold, S.C., Cohen, J.A., 2018a. Diagnosis of multiple sclerosis: 2017 revisions of 
the McDonald criteria. Lancet Neurol. 17 (2), 162–173. 

Thompson, A.J., Baranzini, S.E., Geurts, J., Hemmer, B., Ciccarelli, O., 2018b. Multiple 
sclerosis. Lancet 391 (10130), 1622–1636. 

Toth, E., Farago, P., Kiraly, A., Szabo, N., Vereb, D., Kocsis, K., Kincses, B., Sandi, D., 
Bencsik, K., Vecsei, L., Kincses, Z.T., 2018. The Contribution of Various MRI 
Parameters to Clinical and Cognitive Disability in Multiple Sclerosis. Front Neurol 9, 
1172. 

Uher, T., Krasensky, J., Sobisek, L., Blahova Dusankova, J., Seidl, Z., Kubala 
Havrdova, E., Sormani, M.P., Horakova, D., Kalincik, T., Vaneckova, M., 2018. 
Cognitive clinico-radiological paradox in early stages of multiple sclerosis. Ann Clin 
Transl Neurol 5 (1), 81–91. 

Uher, T., Vaneckova, M., Sormani, M.P., Krasensky, J., Sobisek, L., Dusankova, J.B., 
Seidl, Z., Havrdova, E., Kalincik, T., Benedict, R.H., Horakova, D., 2017. 
Identification of multiple sclerosis patients at highest risk of cognitive impairment 
using an integrated brain magnetic resonance imaging assessment approach. Eur. J. 
Neurol. 24 (2), 292–301. 

van Munster, C.E., Uitdehaag, B.M., 2017. Outcome Measures in Clinical Trials for 
Multiple Sclerosis. CNS Drugs 31 (3), 217–236. 

Vollmer, T., Huynh, L., Kelley, C., Galebach, P., Signorovitch, J., DiBernardo, A., 
Sasane, R., 2016. Relationship between brain volume loss and cognitive outcomes 
among patients with multiple sclerosis: a systematic literature review. Neurol Sci 37 
(2), 165–179. 

Zivadinov, R., Sepcic, J., Nasuelli, D., De Masi, R., Bragadin, L.M., Tommasi, M.A., 
Zambito-Marsala, S., Moretti, R., Bratina, A., Ukmar, M., Pozzi-Mucelli, R.S., 
Grop, A., Cazzato, G., Zorzon, M., 2001. A longitudinal study of brain atrophy and 
cognitive disturbances in the early phase of relapsing-remitting multiple sclerosis. 
J. Neurol. Neurosurg. Psychiatry 70 (6), 773–780. 

E. Skorve et al.                                                                                                                                                                                                                                  MultipleSclerosisandRelatedDisorders69(2023)104398

8

Lundervold, A.J., Wollschlager, D., Wehling, E., 2014. Age and sex related changes in 
episodic memory function in middle aged and older adults. Scand. J. Psychol. 55 (3), 
225–232. 

Maltby, V.E., Lea, R.A., Ribbons, K., Lea, M.G., Schofield, P.W., Lechner-Scott, J., 2020. 
Comparison of BICAMS and ARCS for assessment of cognition in multiple sclerosis 
and predictive value of employment status. Mult Scler Relat Disord 41, 102037. 

Niccolai, C., Portaccio, E., Goretti, B., Hakiki, B., Giannini, M., Pasto, L., Righini, I., 
Falautano, M., Minacapelli, E., Martinelli, V., Incerti, C., Nocentini, U., Fenu, G., 
Cocco, E., Marrosu, M.G., Garofalo, E., Ambra, F.I., Maddestra, M., Consalvo, M., 
Viterbo, R.G., Trojano, M., Losignore, N.A., Zimatore, G.B., Pietrolongo, E., 
Lugaresi, A., Pippolo, L., Roscio, M., Ghezzi, A., Castellano, D., Stecchi, S., Amato, M. 
P., 2015. A comparison of the brief international cognitive assessment for multiple 
sclerosis and the brief repeatable battery in multiple sclerosis patients. BMC Neurol. 
15, 204. 

Papadopoulou, A., Muller-Lenke, N., Naegelin, Y., Kalt, G., Bendfeldt, K., Kuster, P., 
Stoecklin, M., Gass, A., Sprenger, T., Radue, E.W., Kappos, L., Penner, I.K., 2013. 
Contribution of cortical and white matter lesions to cognitive impairment in multiple 
sclerosis. Mult. Scler. 19 (10), 1290–1296. 

Pinter, D., Khalil, M., Pichler, A., Langkammer, C., Ropele, S., Marschik, P.B., Fuchs, S., 
Fazekas, F., Enzinger, C., 2015. Predictive value of different conventional and non- 
conventional MRI-parameters for specific domains of cognitive function in multiple 
sclerosis. Neuroimage Clin 7, 715–720. 

Rao, A.B., Richert, N., Howard, T., Lewis, B.K., Bash, C.N., McFarland, H.F., Frank, J.A., 
2002. Methylprednisolone effect on brain volume and enhancing lesions in MS 
before and during IFNbeta-1b. NeurologyNeurology 59 (5), 688–694. 

Rao, S.M., Leo, G.J., Bernardin, L., Unverzagt, F., 1991. Cognitive dysfunction in multiple 
sclerosis. I. Frequency, patterns, and prediction. NeurologyNeurology 41 (5), 
685–691. 

Rovaris, M., Comi, G., Filippi, M., 2006. MRI markers of destructive pathology in 
multiple sclerosis-related cognitive dysfunction. J. Neurol. Sci. 245 (1–2), 111–116. 

Ruet, A., Deloire, M., Hamel, D., Ouallet, J.C., Petry, K., Brochet, B., 2013. Cognitive 
impairment, health-related quality of life and vocational status at early stages of 
multiple sclerosis: a 7-year longitudinal study. J. Neurol. 260 (3), 776–784. 

Sacco, R., Bisecco, A., Corbo, D., Della Corte, M., d’Ambrosio, A., Docimo, R., Gallo, A., 
Esposito, F., Esposito, S., Cirillo, M., Lavorgna, L., Tedeschi, G., Bonavita, S., 2015. 
Cognitive impairment and memory disorders in relapsing-remitting multiple 
sclerosis: the role of white matter, gray matter and hippocampus. J. Neurol. 262 (7), 
1691–1697. 

Sastre-Garriga, J., Pareto, D., Battaglini, M., Rocca, M.A., Ciccarelli, O., Enzinger, C., 
Wuerfel, J., Sormani, M.P., Barkhof, F., Yousry, T.A., De Stefano, N., Tintore, M., 
Filippi, M., Gasperini, C., Kappos, L., Rio, J., Frederiksen, J., Palace, J., Vrenken, H., 
Montalban, X., Rovira, A., group, M.s., 2020. MAGNIMS consensus 
recommendations on the use of brain and spinal cord atrophy measures in clinical 
practice. Nat. Rev. Neurol. 16 (3), 171–182. 

Sastre-Garriga, J., Tur, C., Pareto, D., Vidal-Jordana, A., Auger, C., Rio, J., Huerga, E., 
Tintore, M., Rovira, A., Montalban, X., 2015. Brain atrophy in natalizumab-treated 
patients: a 3-year follow-up. Mult. Scler. 21 (6), 749–756. 

Scharfen, J., Jansen, K., Holling, H., 2018. Retest effects in working memory capacity 
tests: a meta-analysis. Psychon. Bull. Rev. 25 (6), 2175–2199. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2019. The Norwegian 
translation of the brief international cognitive assessment for multiple sclerosis 
(BICAMS). Mult Scler Relat Disord 36, 101408. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2020. A two-year longitudinal 
follow-up of cognitive performance assessed by BICAMS in newly diagnosed patients 
with MS. Mult Scler Relat Disord 46, 102577. 

Smeets, D., Ribbens, A., Sima, D.M., Cambron, M., Horakova, D., Jain, S., Maertens, A., 
Van Vlierberghe, E., Terzopoulos, V., Van Binst, A.M., Vaneckova, M., Krasensky, J., 

Uher, T., Seidl, Z., De Keyser, J., Nagels, G., De Mey, J., Havrdova, E., Van 
Hecke, W., 2016. Reliable measurements of brain atrophy in individual patients with 
multiple sclerosis. Brain Behav 6 (9), e00518. 

Smith, A., 1982. Symbol Digit Modalities Test: Manual. Western Psychological Services, 
Los Angeles.  

Steenwijk, M.D., Amiri, H., Schoonheim, M.M., de Sitter, A., Barkhof, F., Pouwels, P.J. 
W., Vrenken, H., 2017. Agreement of MSmetrix with established methods for 
measuring cross-sectional and longitudinal brain atrophy. Neuroimage Clin 15, 
843–853. 

Storelli, L., Rocca, M.A., Pagani, E., Van Hecke, W., Horsfield, M.A., De Stefano, N., 
Rovira, A., Sastre-Garriga, J., Palace, J., Sima, D., Smeets, D., Filippi, M., Group, M. 
S., 2018. Measurement of Whole-Brain and Gray Matter Atrophy in Multiple 
Sclerosis: assessment with MR Imaging. RadiologyRadiology 288 (2), 554–564. 

Strober, L., Englert, J., Munschauer, F., Weinstock-Guttman, B., Rao, S., Benedict, R.H., 
2009. Sensitivity of conventional memory tests in multiple sclerosis: comparing the 
Rao Brief Repeatable Neuropsychological Battery and the Minimal Assessment of 
Cognitive Function in MS. Mult. Scler. 15 (9), 1077–1084. 

Sumowski, J.F., Leavitt, V.M., 2013. Cognitive reserve in multiple sclerosis. Mult. Scler. 
19 (9), 1122–1127. 

Sumowski, J.F., Rocca, M.A., Leavitt, V.M., Riccitelli, G., Comi, G., DeLuca, J., 
Filippi, M., 2013. Brain reserve and cognitive reserve in multiple sclerosis: what 
you’ve got and how you use it. NeurologyNeurology 80 (24), 2186–2193. 

Thompson, A.J., Banwell, B.L., Barkhof, F., Carroll, W.M., Coetzee, T., Comi, G., 
Correale, J., Fazekas, F., Filippi, M., Freedman, M.S., Fujihara, K., Galetta, S.L., 
Hartung, H.P., Kappos, L., Lublin, F.D., Marrie, R.A., Miller, A.E., Miller, D.H., 
Montalban, X., Mowry, E.M., Sorensen, P.S., Tintore, M., Traboulsee, A.L., 
Trojano, M., Uitdehaag, B.M.J., Vukusic, S., Waubant, E., Weinshenker, B.G., 
Reingold, S.C., Cohen, J.A., 2018a. Diagnosis of multiple sclerosis: 2017 revisions of 
the McDonald criteria. Lancet Neurol. 17 (2), 162–173. 

Thompson, A.J., Baranzini, S.E., Geurts, J., Hemmer, B., Ciccarelli, O., 2018b. Multiple 
sclerosis. Lancet 391 (10130), 1622–1636. 

Toth, E., Farago, P., Kiraly, A., Szabo, N., Vereb, D., Kocsis, K., Kincses, B., Sandi, D., 
Bencsik, K., Vecsei, L., Kincses, Z.T., 2018. The Contribution of Various MRI 
Parameters to Clinical and Cognitive Disability in Multiple Sclerosis. Front Neurol 9, 
1172. 

Uher, T., Krasensky, J., Sobisek, L., Blahova Dusankova, J., Seidl, Z., Kubala 
Havrdova, E., Sormani, M.P., Horakova, D., Kalincik, T., Vaneckova, M., 2018. 
Cognitive clinico-radiological paradox in early stages of multiple sclerosis. Ann Clin 
Transl Neurol 5 (1), 81–91. 

Uher, T., Vaneckova, M., Sormani, M.P., Krasensky, J., Sobisek, L., Dusankova, J.B., 
Seidl, Z., Havrdova, E., Kalincik, T., Benedict, R.H., Horakova, D., 2017. 
Identification of multiple sclerosis patients at highest risk of cognitive impairment 
using an integrated brain magnetic resonance imaging assessment approach. Eur. J. 
Neurol. 24 (2), 292–301. 

van Munster, C.E., Uitdehaag, B.M., 2017. Outcome Measures in Clinical Trials for 
Multiple Sclerosis. CNS Drugs 31 (3), 217–236. 

Vollmer, T., Huynh, L., Kelley, C., Galebach, P., Signorovitch, J., DiBernardo, A., 
Sasane, R., 2016. Relationship between brain volume loss and cognitive outcomes 
among patients with multiple sclerosis: a systematic literature review. Neurol Sci 37 
(2), 165–179. 

Zivadinov, R., Sepcic, J., Nasuelli, D., De Masi, R., Bragadin, L.M., Tommasi, M.A., 
Zambito-Marsala, S., Moretti, R., Bratina, A., Ukmar, M., Pozzi-Mucelli, R.S., 
Grop, A., Cazzato, G., Zorzon, M., 2001. A longitudinal study of brain atrophy and 
cognitive disturbances in the early phase of relapsing-remitting multiple sclerosis. 
J. Neurol. Neurosurg. Psychiatry 70 (6), 773–780. 

E. Skorve et al.                                                                                                                                                                                                                                  

Multiple Sclerosis and Related Disorders 69 (2023) 104398

8

Lundervold, A.J., Wollschlager, D., Wehling, E., 2014. Age and sex related changes in 
episodic memory function in middle aged and older adults. Scand. J. Psychol. 55 (3), 
225–232. 

Maltby, V.E., Lea, R.A., Ribbons, K., Lea, M.G., Schofield, P.W., Lechner-Scott, J., 2020. 
Comparison of BICAMS and ARCS for assessment of cognition in multiple sclerosis 
and predictive value of employment status. Mult Scler Relat Disord 41, 102037. 

Niccolai, C., Portaccio, E., Goretti, B., Hakiki, B., Giannini, M., Pasto, L., Righini, I., 
Falautano, M., Minacapelli, E., Martinelli, V., Incerti, C., Nocentini, U., Fenu, G., 
Cocco, E., Marrosu, M.G., Garofalo, E., Ambra, F.I., Maddestra, M., Consalvo, M., 
Viterbo, R.G., Trojano, M., Losignore, N.A., Zimatore, G.B., Pietrolongo, E., 
Lugaresi, A., Pippolo, L., Roscio, M., Ghezzi, A., Castellano, D., Stecchi, S., Amato, M. 
P., 2015. A comparison of the brief international cognitive assessment for multiple 
sclerosis and the brief repeatable battery in multiple sclerosis patients. BMC Neurol. 
15, 204. 

Papadopoulou, A., Muller-Lenke, N., Naegelin, Y., Kalt, G., Bendfeldt, K., Kuster, P., 
Stoecklin, M., Gass, A., Sprenger, T., Radue, E.W., Kappos, L., Penner, I.K., 2013. 
Contribution of cortical and white matter lesions to cognitive impairment in multiple 
sclerosis. Mult. Scler. 19 (10), 1290–1296. 

Pinter, D., Khalil, M., Pichler, A., Langkammer, C., Ropele, S., Marschik, P.B., Fuchs, S., 
Fazekas, F., Enzinger, C., 2015. Predictive value of different conventional and non- 
conventional MRI-parameters for specific domains of cognitive function in multiple 
sclerosis. Neuroimage Clin 7, 715–720. 

Rao, A.B., Richert, N., Howard, T., Lewis, B.K., Bash, C.N., McFarland, H.F., Frank, J.A., 
2002. Methylprednisolone effect on brain volume and enhancing lesions in MS 
before and during IFNbeta-1b. NeurologyNeurology 59 (5), 688–694. 

Rao, S.M., Leo, G.J., Bernardin, L., Unverzagt, F., 1991. Cognitive dysfunction in multiple 
sclerosis. I. Frequency, patterns, and prediction. NeurologyNeurology 41 (5), 
685–691. 

Rovaris, M., Comi, G., Filippi, M., 2006. MRI markers of destructive pathology in 
multiple sclerosis-related cognitive dysfunction. J. Neurol. Sci. 245 (1–2), 111–116. 

Ruet, A., Deloire, M., Hamel, D., Ouallet, J.C., Petry, K., Brochet, B., 2013. Cognitive 
impairment, health-related quality of life and vocational status at early stages of 
multiple sclerosis: a 7-year longitudinal study. J. Neurol. 260 (3), 776–784. 

Sacco, R., Bisecco, A., Corbo, D., Della Corte, M., d’Ambrosio, A., Docimo, R., Gallo, A., 
Esposito, F., Esposito, S., Cirillo, M., Lavorgna, L., Tedeschi, G., Bonavita, S., 2015. 
Cognitive impairment and memory disorders in relapsing-remitting multiple 
sclerosis: the role of white matter, gray matter and hippocampus. J. Neurol. 262 (7), 
1691–1697. 

Sastre-Garriga, J., Pareto, D., Battaglini, M., Rocca, M.A., Ciccarelli, O., Enzinger, C., 
Wuerfel, J., Sormani, M.P., Barkhof, F., Yousry, T.A., De Stefano, N., Tintore, M., 
Filippi, M., Gasperini, C., Kappos, L., Rio, J., Frederiksen, J., Palace, J., Vrenken, H., 
Montalban, X., Rovira, A., group, M.s., 2020. MAGNIMS consensus 
recommendations on the use of brain and spinal cord atrophy measures in clinical 
practice. Nat. Rev. Neurol. 16 (3), 171–182. 

Sastre-Garriga, J., Tur, C., Pareto, D., Vidal-Jordana, A., Auger, C., Rio, J., Huerga, E., 
Tintore, M., Rovira, A., Montalban, X., 2015. Brain atrophy in natalizumab-treated 
patients: a 3-year follow-up. Mult. Scler. 21 (6), 749–756. 

Scharfen, J., Jansen, K., Holling, H., 2018. Retest effects in working memory capacity 
tests: a meta-analysis. Psychon. Bull. Rev. 25 (6), 2175–2199. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2019. The Norwegian 
translation of the brief international cognitive assessment for multiple sclerosis 
(BICAMS). Mult Scler Relat Disord 36, 101408. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2020. A two-year longitudinal 
follow-up of cognitive performance assessed by BICAMS in newly diagnosed patients 
with MS. Mult Scler Relat Disord 46, 102577. 

Smeets, D., Ribbens, A., Sima, D.M., Cambron, M., Horakova, D., Jain, S., Maertens, A., 
Van Vlierberghe, E., Terzopoulos, V., Van Binst, A.M., Vaneckova, M., Krasensky, J., 

Uher, T., Seidl, Z., De Keyser, J., Nagels, G., De Mey, J., Havrdova, E., Van 
Hecke, W., 2016. Reliable measurements of brain atrophy in individual patients with 
multiple sclerosis. Brain Behav 6 (9), e00518. 

Smith, A., 1982. Symbol Digit Modalities Test: Manual. Western Psychological Services, 
Los Angeles.  

Steenwijk, M.D., Amiri, H., Schoonheim, M.M., de Sitter, A., Barkhof, F., Pouwels, P.J. 
W., Vrenken, H., 2017. Agreement of MSmetrix with established methods for 
measuring cross-sectional and longitudinal brain atrophy. Neuroimage Clin 15, 
843–853. 

Storelli, L., Rocca, M.A., Pagani, E., Van Hecke, W., Horsfield, M.A., De Stefano, N., 
Rovira, A., Sastre-Garriga, J., Palace, J., Sima, D., Smeets, D., Filippi, M., Group, M. 
S., 2018. Measurement of Whole-Brain and Gray Matter Atrophy in Multiple 
Sclerosis: assessment with MR Imaging. RadiologyRadiology 288 (2), 554–564. 

Strober, L., Englert, J., Munschauer, F., Weinstock-Guttman, B., Rao, S., Benedict, R.H., 
2009. Sensitivity of conventional memory tests in multiple sclerosis: comparing the 
Rao Brief Repeatable Neuropsychological Battery and the Minimal Assessment of 
Cognitive Function in MS. Mult. Scler. 15 (9), 1077–1084. 

Sumowski, J.F., Leavitt, V.M., 2013. Cognitive reserve in multiple sclerosis. Mult. Scler. 
19 (9), 1122–1127. 

Sumowski, J.F., Rocca, M.A., Leavitt, V.M., Riccitelli, G., Comi, G., DeLuca, J., 
Filippi, M., 2013. Brain reserve and cognitive reserve in multiple sclerosis: what 
you’ve got and how you use it. NeurologyNeurology 80 (24), 2186–2193. 

Thompson, A.J., Banwell, B.L., Barkhof, F., Carroll, W.M., Coetzee, T., Comi, G., 
Correale, J., Fazekas, F., Filippi, M., Freedman, M.S., Fujihara, K., Galetta, S.L., 
Hartung, H.P., Kappos, L., Lublin, F.D., Marrie, R.A., Miller, A.E., Miller, D.H., 
Montalban, X., Mowry, E.M., Sorensen, P.S., Tintore, M., Traboulsee, A.L., 
Trojano, M., Uitdehaag, B.M.J., Vukusic, S., Waubant, E., Weinshenker, B.G., 
Reingold, S.C., Cohen, J.A., 2018a. Diagnosis of multiple sclerosis: 2017 revisions of 
the McDonald criteria. Lancet Neurol. 17 (2), 162–173. 

Thompson, A.J., Baranzini, S.E., Geurts, J., Hemmer, B., Ciccarelli, O., 2018b. Multiple 
sclerosis. Lancet 391 (10130), 1622–1636. 

Toth, E., Farago, P., Kiraly, A., Szabo, N., Vereb, D., Kocsis, K., Kincses, B., Sandi, D., 
Bencsik, K., Vecsei, L., Kincses, Z.T., 2018. The Contribution of Various MRI 
Parameters to Clinical and Cognitive Disability in Multiple Sclerosis. Front Neurol 9, 
1172. 

Uher, T., Krasensky, J., Sobisek, L., Blahova Dusankova, J., Seidl, Z., Kubala 
Havrdova, E., Sormani, M.P., Horakova, D., Kalincik, T., Vaneckova, M., 2018. 
Cognitive clinico-radiological paradox in early stages of multiple sclerosis. Ann Clin 
Transl Neurol 5 (1), 81–91. 

Uher, T., Vaneckova, M., Sormani, M.P., Krasensky, J., Sobisek, L., Dusankova, J.B., 
Seidl, Z., Havrdova, E., Kalincik, T., Benedict, R.H., Horakova, D., 2017. 
Identification of multiple sclerosis patients at highest risk of cognitive impairment 
using an integrated brain magnetic resonance imaging assessment approach. Eur. J. 
Neurol. 24 (2), 292–301. 

van Munster, C.E., Uitdehaag, B.M., 2017. Outcome Measures in Clinical Trials for 
Multiple Sclerosis. CNS Drugs 31 (3), 217–236. 

Vollmer, T., Huynh, L., Kelley, C., Galebach, P., Signorovitch, J., DiBernardo, A., 
Sasane, R., 2016. Relationship between brain volume loss and cognitive outcomes 
among patients with multiple sclerosis: a systematic literature review. Neurol Sci 37 
(2), 165–179. 

Zivadinov, R., Sepcic, J., Nasuelli, D., De Masi, R., Bragadin, L.M., Tommasi, M.A., 
Zambito-Marsala, S., Moretti, R., Bratina, A., Ukmar, M., Pozzi-Mucelli, R.S., 
Grop, A., Cazzato, G., Zorzon, M., 2001. A longitudinal study of brain atrophy and 
cognitive disturbances in the early phase of relapsing-remitting multiple sclerosis. 
J. Neurol. Neurosurg. Psychiatry 70 (6), 773–780. 

E. Skorve et al.                                                                                                                                                                                                                                  

Multiple Sclerosis and Related Disorders 69 (2023) 104398

8

Lundervold, A.J., Wollschlager, D., Wehling, E., 2014. Age and sex related changes in 
episodic memory function in middle aged and older adults. Scand. J. Psychol. 55 (3), 
225–232. 

Maltby, V.E., Lea, R.A., Ribbons, K., Lea, M.G., Schofield, P.W., Lechner-Scott, J., 2020. 
Comparison of BICAMS and ARCS for assessment of cognition in multiple sclerosis 
and predictive value of employment status. Mult Scler Relat Disord 41, 102037. 

Niccolai, C., Portaccio, E., Goretti, B., Hakiki, B., Giannini, M., Pasto, L., Righini, I., 
Falautano, M., Minacapelli, E., Martinelli, V., Incerti, C., Nocentini, U., Fenu, G., 
Cocco, E., Marrosu, M.G., Garofalo, E., Ambra, F.I., Maddestra, M., Consalvo, M., 
Viterbo, R.G., Trojano, M., Losignore, N.A., Zimatore, G.B., Pietrolongo, E., 
Lugaresi, A., Pippolo, L., Roscio, M., Ghezzi, A., Castellano, D., Stecchi, S., Amato, M. 
P., 2015. A comparison of the brief international cognitive assessment for multiple 
sclerosis and the brief repeatable battery in multiple sclerosis patients. BMC Neurol. 
15, 204. 

Papadopoulou, A., Muller-Lenke, N., Naegelin, Y., Kalt, G., Bendfeldt, K., Kuster, P., 
Stoecklin, M., Gass, A., Sprenger, T., Radue, E.W., Kappos, L., Penner, I.K., 2013. 
Contribution of cortical and white matter lesions to cognitive impairment in multiple 
sclerosis. Mult. Scler. 19 (10), 1290–1296. 

Pinter, D., Khalil, M., Pichler, A., Langkammer, C., Ropele, S., Marschik, P.B., Fuchs, S., 
Fazekas, F., Enzinger, C., 2015. Predictive value of different conventional and non- 
conventional MRI-parameters for specific domains of cognitive function in multiple 
sclerosis. Neuroimage Clin 7, 715–720. 

Rao, A.B., Richert, N., Howard, T., Lewis, B.K., Bash, C.N., McFarland, H.F., Frank, J.A., 
2002. Methylprednisolone effect on brain volume and enhancing lesions in MS 
before and during IFNbeta-1b. NeurologyNeurology 59 (5), 688–694. 

Rao, S.M., Leo, G.J., Bernardin, L., Unverzagt, F., 1991. Cognitive dysfunction in multiple 
sclerosis. I. Frequency, patterns, and prediction. NeurologyNeurology 41 (5), 
685–691. 

Rovaris, M., Comi, G., Filippi, M., 2006. MRI markers of destructive pathology in 
multiple sclerosis-related cognitive dysfunction. J. Neurol. Sci. 245 (1–2), 111–116. 

Ruet, A., Deloire, M., Hamel, D., Ouallet, J.C., Petry, K., Brochet, B., 2013. Cognitive 
impairment, health-related quality of life and vocational status at early stages of 
multiple sclerosis: a 7-year longitudinal study. J. Neurol. 260 (3), 776–784. 

Sacco, R., Bisecco, A., Corbo, D., Della Corte, M., d’Ambrosio, A., Docimo, R., Gallo, A., 
Esposito, F., Esposito, S., Cirillo, M., Lavorgna, L., Tedeschi, G., Bonavita, S., 2015. 
Cognitive impairment and memory disorders in relapsing-remitting multiple 
sclerosis: the role of white matter, gray matter and hippocampus. J. Neurol. 262 (7), 
1691–1697. 

Sastre-Garriga, J., Pareto, D., Battaglini, M., Rocca, M.A., Ciccarelli, O., Enzinger, C., 
Wuerfel, J., Sormani, M.P., Barkhof, F., Yousry, T.A., De Stefano, N., Tintore, M., 
Filippi, M., Gasperini, C., Kappos, L., Rio, J., Frederiksen, J., Palace, J., Vrenken, H., 
Montalban, X., Rovira, A., group, M.s., 2020. MAGNIMS consensus 
recommendations on the use of brain and spinal cord atrophy measures in clinical 
practice. Nat. Rev. Neurol. 16 (3), 171–182. 

Sastre-Garriga, J., Tur, C., Pareto, D., Vidal-Jordana, A., Auger, C., Rio, J., Huerga, E., 
Tintore, M., Rovira, A., Montalban, X., 2015. Brain atrophy in natalizumab-treated 
patients: a 3-year follow-up. Mult. Scler. 21 (6), 749–756. 

Scharfen, J., Jansen, K., Holling, H., 2018. Retest effects in working memory capacity 
tests: a meta-analysis. Psychon. Bull. Rev. 25 (6), 2175–2199. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2019. The Norwegian 
translation of the brief international cognitive assessment for multiple sclerosis 
(BICAMS). Mult Scler Relat Disord 36, 101408. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2020. A two-year longitudinal 
follow-up of cognitive performance assessed by BICAMS in newly diagnosed patients 
with MS. Mult Scler Relat Disord 46, 102577. 

Smeets, D., Ribbens, A., Sima, D.M., Cambron, M., Horakova, D., Jain, S., Maertens, A., 
Van Vlierberghe, E., Terzopoulos, V., Van Binst, A.M., Vaneckova, M., Krasensky, J., 

Uher, T., Seidl, Z., De Keyser, J., Nagels, G., De Mey, J., Havrdova, E., Van 
Hecke, W., 2016. Reliable measurements of brain atrophy in individual patients with 
multiple sclerosis. Brain Behav 6 (9), e00518. 

Smith, A., 1982. Symbol Digit Modalities Test: Manual. Western Psychological Services, 
Los Angeles.  

Steenwijk, M.D., Amiri, H., Schoonheim, M.M., de Sitter, A., Barkhof, F., Pouwels, P.J. 
W., Vrenken, H., 2017. Agreement of MSmetrix with established methods for 
measuring cross-sectional and longitudinal brain atrophy. Neuroimage Clin 15, 
843–853. 

Storelli, L., Rocca, M.A., Pagani, E., Van Hecke, W., Horsfield, M.A., De Stefano, N., 
Rovira, A., Sastre-Garriga, J., Palace, J., Sima, D., Smeets, D., Filippi, M., Group, M. 
S., 2018. Measurement of Whole-Brain and Gray Matter Atrophy in Multiple 
Sclerosis: assessment with MR Imaging. RadiologyRadiology 288 (2), 554–564. 

Strober, L., Englert, J., Munschauer, F., Weinstock-Guttman, B., Rao, S., Benedict, R.H., 
2009. Sensitivity of conventional memory tests in multiple sclerosis: comparing the 
Rao Brief Repeatable Neuropsychological Battery and the Minimal Assessment of 
Cognitive Function in MS. Mult. Scler. 15 (9), 1077–1084. 

Sumowski, J.F., Leavitt, V.M., 2013. Cognitive reserve in multiple sclerosis. Mult. Scler. 
19 (9), 1122–1127. 

Sumowski, J.F., Rocca, M.A., Leavitt, V.M., Riccitelli, G., Comi, G., DeLuca, J., 
Filippi, M., 2013. Brain reserve and cognitive reserve in multiple sclerosis: what 
you’ve got and how you use it. NeurologyNeurology 80 (24), 2186–2193. 

Thompson, A.J., Banwell, B.L., Barkhof, F., Carroll, W.M., Coetzee, T., Comi, G., 
Correale, J., Fazekas, F., Filippi, M., Freedman, M.S., Fujihara, K., Galetta, S.L., 
Hartung, H.P., Kappos, L., Lublin, F.D., Marrie, R.A., Miller, A.E., Miller, D.H., 
Montalban, X., Mowry, E.M., Sorensen, P.S., Tintore, M., Traboulsee, A.L., 
Trojano, M., Uitdehaag, B.M.J., Vukusic, S., Waubant, E., Weinshenker, B.G., 
Reingold, S.C., Cohen, J.A., 2018a. Diagnosis of multiple sclerosis: 2017 revisions of 
the McDonald criteria. Lancet Neurol. 17 (2), 162–173. 

Thompson, A.J., Baranzini, S.E., Geurts, J., Hemmer, B., Ciccarelli, O., 2018b. Multiple 
sclerosis. Lancet 391 (10130), 1622–1636. 

Toth, E., Farago, P., Kiraly, A., Szabo, N., Vereb, D., Kocsis, K., Kincses, B., Sandi, D., 
Bencsik, K., Vecsei, L., Kincses, Z.T., 2018. The Contribution of Various MRI 
Parameters to Clinical and Cognitive Disability in Multiple Sclerosis. Front Neurol 9, 
1172. 

Uher, T., Krasensky, J., Sobisek, L., Blahova Dusankova, J., Seidl, Z., Kubala 
Havrdova, E., Sormani, M.P., Horakova, D., Kalincik, T., Vaneckova, M., 2018. 
Cognitive clinico-radiological paradox in early stages of multiple sclerosis. Ann Clin 
Transl Neurol 5 (1), 81–91. 

Uher, T., Vaneckova, M., Sormani, M.P., Krasensky, J., Sobisek, L., Dusankova, J.B., 
Seidl, Z., Havrdova, E., Kalincik, T., Benedict, R.H., Horakova, D., 2017. 
Identification of multiple sclerosis patients at highest risk of cognitive impairment 
using an integrated brain magnetic resonance imaging assessment approach. Eur. J. 
Neurol. 24 (2), 292–301. 

van Munster, C.E., Uitdehaag, B.M., 2017. Outcome Measures in Clinical Trials for 
Multiple Sclerosis. CNS Drugs 31 (3), 217–236. 

Vollmer, T., Huynh, L., Kelley, C., Galebach, P., Signorovitch, J., DiBernardo, A., 
Sasane, R., 2016. Relationship between brain volume loss and cognitive outcomes 
among patients with multiple sclerosis: a systematic literature review. Neurol Sci 37 
(2), 165–179. 

Zivadinov, R., Sepcic, J., Nasuelli, D., De Masi, R., Bragadin, L.M., Tommasi, M.A., 
Zambito-Marsala, S., Moretti, R., Bratina, A., Ukmar, M., Pozzi-Mucelli, R.S., 
Grop, A., Cazzato, G., Zorzon, M., 2001. A longitudinal study of brain atrophy and 
cognitive disturbances in the early phase of relapsing-remitting multiple sclerosis. 
J. Neurol. Neurosurg. Psychiatry 70 (6), 773–780. 

E. Skorve et al.                                                                                                                                                                                                                                  MultipleSclerosisandRelatedDisorders69(2023)104398

8

Lundervold, A.J., Wollschlager, D., Wehling, E., 2014. Age and sex related changes in 
episodic memory function in middle aged and older adults. Scand. J. Psychol. 55 (3), 
225–232. 

Maltby, V.E., Lea, R.A., Ribbons, K., Lea, M.G., Schofield, P.W., Lechner-Scott, J., 2020. 
Comparison of BICAMS and ARCS for assessment of cognition in multiple sclerosis 
and predictive value of employment status. Mult Scler Relat Disord 41, 102037. 

Niccolai, C., Portaccio, E., Goretti, B., Hakiki, B., Giannini, M., Pasto, L., Righini, I., 
Falautano, M., Minacapelli, E., Martinelli, V., Incerti, C., Nocentini, U., Fenu, G., 
Cocco, E., Marrosu, M.G., Garofalo, E., Ambra, F.I., Maddestra, M., Consalvo, M., 
Viterbo, R.G., Trojano, M., Losignore, N.A., Zimatore, G.B., Pietrolongo, E., 
Lugaresi, A., Pippolo, L., Roscio, M., Ghezzi, A., Castellano, D., Stecchi, S., Amato, M. 
P., 2015. A comparison of the brief international cognitive assessment for multiple 
sclerosis and the brief repeatable battery in multiple sclerosis patients. BMC Neurol. 
15, 204. 

Papadopoulou, A., Muller-Lenke, N., Naegelin, Y., Kalt, G., Bendfeldt, K., Kuster, P., 
Stoecklin, M., Gass, A., Sprenger, T., Radue, E.W., Kappos, L., Penner, I.K., 2013. 
Contribution of cortical and white matter lesions to cognitive impairment in multiple 
sclerosis. Mult. Scler. 19 (10), 1290–1296. 

Pinter, D., Khalil, M., Pichler, A., Langkammer, C., Ropele, S., Marschik, P.B., Fuchs, S., 
Fazekas, F., Enzinger, C., 2015. Predictive value of different conventional and non- 
conventional MRI-parameters for specific domains of cognitive function in multiple 
sclerosis. Neuroimage Clin 7, 715–720. 

Rao, A.B., Richert, N., Howard, T., Lewis, B.K., Bash, C.N., McFarland, H.F., Frank, J.A., 
2002. Methylprednisolone effect on brain volume and enhancing lesions in MS 
before and during IFNbeta-1b. NeurologyNeurology 59 (5), 688–694. 

Rao, S.M., Leo, G.J., Bernardin, L., Unverzagt, F., 1991. Cognitive dysfunction in multiple 
sclerosis. I. Frequency, patterns, and prediction. NeurologyNeurology 41 (5), 
685–691. 

Rovaris, M., Comi, G., Filippi, M., 2006. MRI markers of destructive pathology in 
multiple sclerosis-related cognitive dysfunction. J. Neurol. Sci. 245 (1–2), 111–116. 

Ruet, A., Deloire, M., Hamel, D., Ouallet, J.C., Petry, K., Brochet, B., 2013. Cognitive 
impairment, health-related quality of life and vocational status at early stages of 
multiple sclerosis: a 7-year longitudinal study. J. Neurol. 260 (3), 776–784. 

Sacco, R., Bisecco, A., Corbo, D., Della Corte, M., d’Ambrosio, A., Docimo, R., Gallo, A., 
Esposito, F., Esposito, S., Cirillo, M., Lavorgna, L., Tedeschi, G., Bonavita, S., 2015. 
Cognitive impairment and memory disorders in relapsing-remitting multiple 
sclerosis: the role of white matter, gray matter and hippocampus. J. Neurol. 262 (7), 
1691–1697. 

Sastre-Garriga, J., Pareto, D., Battaglini, M., Rocca, M.A., Ciccarelli, O., Enzinger, C., 
Wuerfel, J., Sormani, M.P., Barkhof, F., Yousry, T.A., De Stefano, N., Tintore, M., 
Filippi, M., Gasperini, C., Kappos, L., Rio, J., Frederiksen, J., Palace, J., Vrenken, H., 
Montalban, X., Rovira, A., group, M.s., 2020. MAGNIMS consensus 
recommendations on the use of brain and spinal cord atrophy measures in clinical 
practice. Nat. Rev. Neurol. 16 (3), 171–182. 

Sastre-Garriga, J., Tur, C., Pareto, D., Vidal-Jordana, A., Auger, C., Rio, J., Huerga, E., 
Tintore, M., Rovira, A., Montalban, X., 2015. Brain atrophy in natalizumab-treated 
patients: a 3-year follow-up. Mult. Scler. 21 (6), 749–756. 

Scharfen, J., Jansen, K., Holling, H., 2018. Retest effects in working memory capacity 
tests: a meta-analysis. Psychon. Bull. Rev. 25 (6), 2175–2199. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2019. The Norwegian 
translation of the brief international cognitive assessment for multiple sclerosis 
(BICAMS). Mult Scler Relat Disord 36, 101408. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2020. A two-year longitudinal 
follow-up of cognitive performance assessed by BICAMS in newly diagnosed patients 
with MS. Mult Scler Relat Disord 46, 102577. 

Smeets, D., Ribbens, A., Sima, D.M., Cambron, M., Horakova, D., Jain, S., Maertens, A., 
Van Vlierberghe, E., Terzopoulos, V., Van Binst, A.M., Vaneckova, M., Krasensky, J., 

Uher, T., Seidl, Z., De Keyser, J., Nagels, G., De Mey, J., Havrdova, E., Van 
Hecke, W., 2016. Reliable measurements of brain atrophy in individual patients with 
multiple sclerosis. Brain Behav 6 (9), e00518. 

Smith, A., 1982. Symbol Digit Modalities Test: Manual. Western Psychological Services, 
Los Angeles.  

Steenwijk, M.D., Amiri, H., Schoonheim, M.M., de Sitter, A., Barkhof, F., Pouwels, P.J. 
W., Vrenken, H., 2017. Agreement of MSmetrix with established methods for 
measuring cross-sectional and longitudinal brain atrophy. Neuroimage Clin 15, 
843–853. 

Storelli, L., Rocca, M.A., Pagani, E., Van Hecke, W., Horsfield, M.A., De Stefano, N., 
Rovira, A., Sastre-Garriga, J., Palace, J., Sima, D., Smeets, D., Filippi, M., Group, M. 
S., 2018. Measurement of Whole-Brain and Gray Matter Atrophy in Multiple 
Sclerosis: assessment with MR Imaging. RadiologyRadiology 288 (2), 554–564. 

Strober, L., Englert, J., Munschauer, F., Weinstock-Guttman, B., Rao, S., Benedict, R.H., 
2009. Sensitivity of conventional memory tests in multiple sclerosis: comparing the 
Rao Brief Repeatable Neuropsychological Battery and the Minimal Assessment of 
Cognitive Function in MS. Mult. Scler. 15 (9), 1077–1084. 

Sumowski, J.F., Leavitt, V.M., 2013. Cognitive reserve in multiple sclerosis. Mult. Scler. 
19 (9), 1122–1127. 

Sumowski, J.F., Rocca, M.A., Leavitt, V.M., Riccitelli, G., Comi, G., DeLuca, J., 
Filippi, M., 2013. Brain reserve and cognitive reserve in multiple sclerosis: what 
you’ve got and how you use it. NeurologyNeurology 80 (24), 2186–2193. 

Thompson, A.J., Banwell, B.L., Barkhof, F., Carroll, W.M., Coetzee, T., Comi, G., 
Correale, J., Fazekas, F., Filippi, M., Freedman, M.S., Fujihara, K., Galetta, S.L., 
Hartung, H.P., Kappos, L., Lublin, F.D., Marrie, R.A., Miller, A.E., Miller, D.H., 
Montalban, X., Mowry, E.M., Sorensen, P.S., Tintore, M., Traboulsee, A.L., 
Trojano, M., Uitdehaag, B.M.J., Vukusic, S., Waubant, E., Weinshenker, B.G., 
Reingold, S.C., Cohen, J.A., 2018a. Diagnosis of multiple sclerosis: 2017 revisions of 
the McDonald criteria. Lancet Neurol. 17 (2), 162–173. 

Thompson, A.J., Baranzini, S.E., Geurts, J., Hemmer, B., Ciccarelli, O., 2018b. Multiple 
sclerosis. Lancet 391 (10130), 1622–1636. 

Toth, E., Farago, P., Kiraly, A., Szabo, N., Vereb, D., Kocsis, K., Kincses, B., Sandi, D., 
Bencsik, K., Vecsei, L., Kincses, Z.T., 2018. The Contribution of Various MRI 
Parameters to Clinical and Cognitive Disability in Multiple Sclerosis. Front Neurol 9, 
1172. 

Uher, T., Krasensky, J., Sobisek, L., Blahova Dusankova, J., Seidl, Z., Kubala 
Havrdova, E., Sormani, M.P., Horakova, D., Kalincik, T., Vaneckova, M., 2018. 
Cognitive clinico-radiological paradox in early stages of multiple sclerosis. Ann Clin 
Transl Neurol 5 (1), 81–91. 

Uher, T., Vaneckova, M., Sormani, M.P., Krasensky, J., Sobisek, L., Dusankova, J.B., 
Seidl, Z., Havrdova, E., Kalincik, T., Benedict, R.H., Horakova, D., 2017. 
Identification of multiple sclerosis patients at highest risk of cognitive impairment 
using an integrated brain magnetic resonance imaging assessment approach. Eur. J. 
Neurol. 24 (2), 292–301. 

van Munster, C.E., Uitdehaag, B.M., 2017. Outcome Measures in Clinical Trials for 
Multiple Sclerosis. CNS Drugs 31 (3), 217–236. 

Vollmer, T., Huynh, L., Kelley, C., Galebach, P., Signorovitch, J., DiBernardo, A., 
Sasane, R., 2016. Relationship between brain volume loss and cognitive outcomes 
among patients with multiple sclerosis: a systematic literature review. Neurol Sci 37 
(2), 165–179. 

Zivadinov, R., Sepcic, J., Nasuelli, D., De Masi, R., Bragadin, L.M., Tommasi, M.A., 
Zambito-Marsala, S., Moretti, R., Bratina, A., Ukmar, M., Pozzi-Mucelli, R.S., 
Grop, A., Cazzato, G., Zorzon, M., 2001. A longitudinal study of brain atrophy and 
cognitive disturbances in the early phase of relapsing-remitting multiple sclerosis. 
J. Neurol. Neurosurg. Psychiatry 70 (6), 773–780. 

E. Skorve et al.                                                                                                                                                                                                                                  

MultipleSclerosisandRelatedDisorders69(2023)104398

8

Lundervold, A.J., Wollschlager, D., Wehling, E., 2014. Age and sex related changes in 
episodic memory function in middle aged and older adults. Scand. J. Psychol. 55 (3), 
225–232. 

Maltby, V.E., Lea, R.A., Ribbons, K., Lea, M.G., Schofield, P.W., Lechner-Scott, J., 2020. 
Comparison of BICAMS and ARCS for assessment of cognition in multiple sclerosis 
and predictive value of employment status. Mult Scler Relat Disord 41, 102037. 

Niccolai, C., Portaccio, E., Goretti, B., Hakiki, B., Giannini, M., Pasto, L., Righini, I., 
Falautano, M., Minacapelli, E., Martinelli, V., Incerti, C., Nocentini, U., Fenu, G., 
Cocco, E., Marrosu, M.G., Garofalo, E., Ambra, F.I., Maddestra, M., Consalvo, M., 
Viterbo, R.G., Trojano, M., Losignore, N.A., Zimatore, G.B., Pietrolongo, E., 
Lugaresi, A., Pippolo, L., Roscio, M., Ghezzi, A., Castellano, D., Stecchi, S., Amato, M. 
P., 2015. A comparison of the brief international cognitive assessment for multiple 
sclerosis and the brief repeatable battery in multiple sclerosis patients. BMC Neurol. 
15, 204. 

Papadopoulou, A., Muller-Lenke, N., Naegelin, Y., Kalt, G., Bendfeldt, K., Kuster, P., 
Stoecklin, M., Gass, A., Sprenger, T., Radue, E.W., Kappos, L., Penner, I.K., 2013. 
Contribution of cortical and white matter lesions to cognitive impairment in multiple 
sclerosis. Mult. Scler. 19 (10), 1290–1296. 

Pinter, D., Khalil, M., Pichler, A., Langkammer, C., Ropele, S., Marschik, P.B., Fuchs, S., 
Fazekas, F., Enzinger, C., 2015. Predictive value of different conventional and non- 
conventional MRI-parameters for specific domains of cognitive function in multiple 
sclerosis. Neuroimage Clin 7, 715–720. 

Rao, A.B., Richert, N., Howard, T., Lewis, B.K., Bash, C.N., McFarland, H.F., Frank, J.A., 
2002. Methylprednisolone effect on brain volume and enhancing lesions in MS 
before and during IFNbeta-1b. NeurologyNeurology 59 (5), 688–694. 

Rao, S.M., Leo, G.J., Bernardin, L., Unverzagt, F., 1991. Cognitive dysfunction in multiple 
sclerosis. I. Frequency, patterns, and prediction. NeurologyNeurology 41 (5), 
685–691. 

Rovaris, M., Comi, G., Filippi, M., 2006. MRI markers of destructive pathology in 
multiple sclerosis-related cognitive dysfunction. J. Neurol. Sci. 245 (1–2), 111–116. 

Ruet, A., Deloire, M., Hamel, D., Ouallet, J.C., Petry, K., Brochet, B., 2013. Cognitive 
impairment, health-related quality of life and vocational status at early stages of 
multiple sclerosis: a 7-year longitudinal study. J. Neurol. 260 (3), 776–784. 

Sacco, R., Bisecco, A., Corbo, D., Della Corte, M., d’Ambrosio, A., Docimo, R., Gallo, A., 
Esposito, F., Esposito, S., Cirillo, M., Lavorgna, L., Tedeschi, G., Bonavita, S., 2015. 
Cognitive impairment and memory disorders in relapsing-remitting multiple 
sclerosis: the role of white matter, gray matter and hippocampus. J. Neurol. 262 (7), 
1691–1697. 

Sastre-Garriga, J., Pareto, D., Battaglini, M., Rocca, M.A., Ciccarelli, O., Enzinger, C., 
Wuerfel, J., Sormani, M.P., Barkhof, F., Yousry, T.A., De Stefano, N., Tintore, M., 
Filippi, M., Gasperini, C., Kappos, L., Rio, J., Frederiksen, J., Palace, J., Vrenken, H., 
Montalban, X., Rovira, A., group, M.s., 2020. MAGNIMS consensus 
recommendations on the use of brain and spinal cord atrophy measures in clinical 
practice. Nat. Rev. Neurol. 16 (3), 171–182. 

Sastre-Garriga, J., Tur, C., Pareto, D., Vidal-Jordana, A., Auger, C., Rio, J., Huerga, E., 
Tintore, M., Rovira, A., Montalban, X., 2015. Brain atrophy in natalizumab-treated 
patients: a 3-year follow-up. Mult. Scler. 21 (6), 749–756. 

Scharfen, J., Jansen, K., Holling, H., 2018. Retest effects in working memory capacity 
tests: a meta-analysis. Psychon. Bull. Rev. 25 (6), 2175–2199. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2019. The Norwegian 
translation of the brief international cognitive assessment for multiple sclerosis 
(BICAMS). Mult Scler Relat Disord 36, 101408. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2020. A two-year longitudinal 
follow-up of cognitive performance assessed by BICAMS in newly diagnosed patients 
with MS. Mult Scler Relat Disord 46, 102577. 

Smeets, D., Ribbens, A., Sima, D.M., Cambron, M., Horakova, D., Jain, S., Maertens, A., 
Van Vlierberghe, E., Terzopoulos, V., Van Binst, A.M., Vaneckova, M., Krasensky, J., 

Uher, T., Seidl, Z., De Keyser, J., Nagels, G., De Mey, J., Havrdova, E., Van 
Hecke, W., 2016. Reliable measurements of brain atrophy in individual patients with 
multiple sclerosis. Brain Behav 6 (9), e00518. 

Smith, A., 1982. Symbol Digit Modalities Test: Manual. Western Psychological Services, 
Los Angeles.  

Steenwijk, M.D., Amiri, H., Schoonheim, M.M., de Sitter, A., Barkhof, F., Pouwels, P.J. 
W., Vrenken, H., 2017. Agreement of MSmetrix with established methods for 
measuring cross-sectional and longitudinal brain atrophy. Neuroimage Clin 15, 
843–853. 

Storelli, L., Rocca, M.A., Pagani, E., Van Hecke, W., Horsfield, M.A., De Stefano, N., 
Rovira, A., Sastre-Garriga, J., Palace, J., Sima, D., Smeets, D., Filippi, M., Group, M. 
S., 2018. Measurement of Whole-Brain and Gray Matter Atrophy in Multiple 
Sclerosis: assessment with MR Imaging. RadiologyRadiology 288 (2), 554–564. 

Strober, L., Englert, J., Munschauer, F., Weinstock-Guttman, B., Rao, S., Benedict, R.H., 
2009. Sensitivity of conventional memory tests in multiple sclerosis: comparing the 
Rao Brief Repeatable Neuropsychological Battery and the Minimal Assessment of 
Cognitive Function in MS. Mult. Scler. 15 (9), 1077–1084. 

Sumowski, J.F., Leavitt, V.M., 2013. Cognitive reserve in multiple sclerosis. Mult. Scler. 
19 (9), 1122–1127. 

Sumowski, J.F., Rocca, M.A., Leavitt, V.M., Riccitelli, G., Comi, G., DeLuca, J., 
Filippi, M., 2013. Brain reserve and cognitive reserve in multiple sclerosis: what 
you’ve got and how you use it. NeurologyNeurology 80 (24), 2186–2193. 

Thompson, A.J., Banwell, B.L., Barkhof, F., Carroll, W.M., Coetzee, T., Comi, G., 
Correale, J., Fazekas, F., Filippi, M., Freedman, M.S., Fujihara, K., Galetta, S.L., 
Hartung, H.P., Kappos, L., Lublin, F.D., Marrie, R.A., Miller, A.E., Miller, D.H., 
Montalban, X., Mowry, E.M., Sorensen, P.S., Tintore, M., Traboulsee, A.L., 
Trojano, M., Uitdehaag, B.M.J., Vukusic, S., Waubant, E., Weinshenker, B.G., 
Reingold, S.C., Cohen, J.A., 2018a. Diagnosis of multiple sclerosis: 2017 revisions of 
the McDonald criteria. Lancet Neurol. 17 (2), 162–173. 

Thompson, A.J., Baranzini, S.E., Geurts, J., Hemmer, B., Ciccarelli, O., 2018b. Multiple 
sclerosis. Lancet 391 (10130), 1622–1636. 

Toth, E., Farago, P., Kiraly, A., Szabo, N., Vereb, D., Kocsis, K., Kincses, B., Sandi, D., 
Bencsik, K., Vecsei, L., Kincses, Z.T., 2018. The Contribution of Various MRI 
Parameters to Clinical and Cognitive Disability in Multiple Sclerosis. Front Neurol 9, 
1172. 

Uher, T., Krasensky, J., Sobisek, L., Blahova Dusankova, J., Seidl, Z., Kubala 
Havrdova, E., Sormani, M.P., Horakova, D., Kalincik, T., Vaneckova, M., 2018. 
Cognitive clinico-radiological paradox in early stages of multiple sclerosis. Ann Clin 
Transl Neurol 5 (1), 81–91. 

Uher, T., Vaneckova, M., Sormani, M.P., Krasensky, J., Sobisek, L., Dusankova, J.B., 
Seidl, Z., Havrdova, E., Kalincik, T., Benedict, R.H., Horakova, D., 2017. 
Identification of multiple sclerosis patients at highest risk of cognitive impairment 
using an integrated brain magnetic resonance imaging assessment approach. Eur. J. 
Neurol. 24 (2), 292–301. 

van Munster, C.E., Uitdehaag, B.M., 2017. Outcome Measures in Clinical Trials for 
Multiple Sclerosis. CNS Drugs 31 (3), 217–236. 

Vollmer, T., Huynh, L., Kelley, C., Galebach, P., Signorovitch, J., DiBernardo, A., 
Sasane, R., 2016. Relationship between brain volume loss and cognitive outcomes 
among patients with multiple sclerosis: a systematic literature review. Neurol Sci 37 
(2), 165–179. 

Zivadinov, R., Sepcic, J., Nasuelli, D., De Masi, R., Bragadin, L.M., Tommasi, M.A., 
Zambito-Marsala, S., Moretti, R., Bratina, A., Ukmar, M., Pozzi-Mucelli, R.S., 
Grop, A., Cazzato, G., Zorzon, M., 2001. A longitudinal study of brain atrophy and 
cognitive disturbances in the early phase of relapsing-remitting multiple sclerosis. 
J. Neurol. Neurosurg. Psychiatry 70 (6), 773–780. 

E. Skorve et al.                                                                                                                                                                                                                                  

MultipleSclerosisandRelatedDisorders69(2023)104398

8

Lundervold, A.J., Wollschlager, D., Wehling, E., 2014. Age and sex related changes in 
episodic memory function in middle aged and older adults. Scand. J. Psychol. 55 (3), 
225–232. 

Maltby, V.E., Lea, R.A., Ribbons, K., Lea, M.G., Schofield, P.W., Lechner-Scott, J., 2020. 
Comparison of BICAMS and ARCS for assessment of cognition in multiple sclerosis 
and predictive value of employment status. Mult Scler Relat Disord 41, 102037. 

Niccolai, C., Portaccio, E., Goretti, B., Hakiki, B., Giannini, M., Pasto, L., Righini, I., 
Falautano, M., Minacapelli, E., Martinelli, V., Incerti, C., Nocentini, U., Fenu, G., 
Cocco, E., Marrosu, M.G., Garofalo, E., Ambra, F.I., Maddestra, M., Consalvo, M., 
Viterbo, R.G., Trojano, M., Losignore, N.A., Zimatore, G.B., Pietrolongo, E., 
Lugaresi, A., Pippolo, L., Roscio, M., Ghezzi, A., Castellano, D., Stecchi, S., Amato, M. 
P., 2015. A comparison of the brief international cognitive assessment for multiple 
sclerosis and the brief repeatable battery in multiple sclerosis patients. BMC Neurol. 
15, 204. 

Papadopoulou, A., Muller-Lenke, N., Naegelin, Y., Kalt, G., Bendfeldt, K., Kuster, P., 
Stoecklin, M., Gass, A., Sprenger, T., Radue, E.W., Kappos, L., Penner, I.K., 2013. 
Contribution of cortical and white matter lesions to cognitive impairment in multiple 
sclerosis. Mult. Scler. 19 (10), 1290–1296. 

Pinter, D., Khalil, M., Pichler, A., Langkammer, C., Ropele, S., Marschik, P.B., Fuchs, S., 
Fazekas, F., Enzinger, C., 2015. Predictive value of different conventional and non- 
conventional MRI-parameters for specific domains of cognitive function in multiple 
sclerosis. Neuroimage Clin 7, 715–720. 

Rao, A.B., Richert, N., Howard, T., Lewis, B.K., Bash, C.N., McFarland, H.F., Frank, J.A., 
2002. Methylprednisolone effect on brain volume and enhancing lesions in MS 
before and during IFNbeta-1b. NeurologyNeurology 59 (5), 688–694. 

Rao, S.M., Leo, G.J., Bernardin, L., Unverzagt, F., 1991. Cognitive dysfunction in multiple 
sclerosis. I. Frequency, patterns, and prediction. NeurologyNeurology 41 (5), 
685–691. 

Rovaris, M., Comi, G., Filippi, M., 2006. MRI markers of destructive pathology in 
multiple sclerosis-related cognitive dysfunction. J. Neurol. Sci. 245 (1–2), 111–116. 

Ruet, A., Deloire, M., Hamel, D., Ouallet, J.C., Petry, K., Brochet, B., 2013. Cognitive 
impairment, health-related quality of life and vocational status at early stages of 
multiple sclerosis: a 7-year longitudinal study. J. Neurol. 260 (3), 776–784. 

Sacco, R., Bisecco, A., Corbo, D., Della Corte, M., d’Ambrosio, A., Docimo, R., Gallo, A., 
Esposito, F., Esposito, S., Cirillo, M., Lavorgna, L., Tedeschi, G., Bonavita, S., 2015. 
Cognitive impairment and memory disorders in relapsing-remitting multiple 
sclerosis: the role of white matter, gray matter and hippocampus. J. Neurol. 262 (7), 
1691–1697. 

Sastre-Garriga, J., Pareto, D., Battaglini, M., Rocca, M.A., Ciccarelli, O., Enzinger, C., 
Wuerfel, J., Sormani, M.P., Barkhof, F., Yousry, T.A., De Stefano, N., Tintore, M., 
Filippi, M., Gasperini, C., Kappos, L., Rio, J., Frederiksen, J., Palace, J., Vrenken, H., 
Montalban, X., Rovira, A., group, M.s., 2020. MAGNIMS consensus 
recommendations on the use of brain and spinal cord atrophy measures in clinical 
practice. Nat. Rev. Neurol. 16 (3), 171–182. 

Sastre-Garriga, J., Tur, C., Pareto, D., Vidal-Jordana, A., Auger, C., Rio, J., Huerga, E., 
Tintore, M., Rovira, A., Montalban, X., 2015. Brain atrophy in natalizumab-treated 
patients: a 3-year follow-up. Mult. Scler. 21 (6), 749–756. 

Scharfen, J., Jansen, K., Holling, H., 2018. Retest effects in working memory capacity 
tests: a meta-analysis. Psychon. Bull. Rev. 25 (6), 2175–2199. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2019. The Norwegian 
translation of the brief international cognitive assessment for multiple sclerosis 
(BICAMS). Mult Scler Relat Disord 36, 101408. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2020. A two-year longitudinal 
follow-up of cognitive performance assessed by BICAMS in newly diagnosed patients 
with MS. Mult Scler Relat Disord 46, 102577. 

Smeets, D., Ribbens, A., Sima, D.M., Cambron, M., Horakova, D., Jain, S., Maertens, A., 
Van Vlierberghe, E., Terzopoulos, V., Van Binst, A.M., Vaneckova, M., Krasensky, J., 

Uher, T., Seidl, Z., De Keyser, J., Nagels, G., De Mey, J., Havrdova, E., Van 
Hecke, W., 2016. Reliable measurements of brain atrophy in individual patients with 
multiple sclerosis. Brain Behav 6 (9), e00518. 

Smith, A., 1982. Symbol Digit Modalities Test: Manual. Western Psychological Services, 
Los Angeles.  

Steenwijk, M.D., Amiri, H., Schoonheim, M.M., de Sitter, A., Barkhof, F., Pouwels, P.J. 
W., Vrenken, H., 2017. Agreement of MSmetrix with established methods for 
measuring cross-sectional and longitudinal brain atrophy. Neuroimage Clin 15, 
843–853. 

Storelli, L., Rocca, M.A., Pagani, E., Van Hecke, W., Horsfield, M.A., De Stefano, N., 
Rovira, A., Sastre-Garriga, J., Palace, J., Sima, D., Smeets, D., Filippi, M., Group, M. 
S., 2018. Measurement of Whole-Brain and Gray Matter Atrophy in Multiple 
Sclerosis: assessment with MR Imaging. RadiologyRadiology 288 (2), 554–564. 

Strober, L., Englert, J., Munschauer, F., Weinstock-Guttman, B., Rao, S., Benedict, R.H., 
2009. Sensitivity of conventional memory tests in multiple sclerosis: comparing the 
Rao Brief Repeatable Neuropsychological Battery and the Minimal Assessment of 
Cognitive Function in MS. Mult. Scler. 15 (9), 1077–1084. 

Sumowski, J.F., Leavitt, V.M., 2013. Cognitive reserve in multiple sclerosis. Mult. Scler. 
19 (9), 1122–1127. 

Sumowski, J.F., Rocca, M.A., Leavitt, V.M., Riccitelli, G., Comi, G., DeLuca, J., 
Filippi, M., 2013. Brain reserve and cognitive reserve in multiple sclerosis: what 
you’ve got and how you use it. NeurologyNeurology 80 (24), 2186–2193. 

Thompson, A.J., Banwell, B.L., Barkhof, F., Carroll, W.M., Coetzee, T., Comi, G., 
Correale, J., Fazekas, F., Filippi, M., Freedman, M.S., Fujihara, K., Galetta, S.L., 
Hartung, H.P., Kappos, L., Lublin, F.D., Marrie, R.A., Miller, A.E., Miller, D.H., 
Montalban, X., Mowry, E.M., Sorensen, P.S., Tintore, M., Traboulsee, A.L., 
Trojano, M., Uitdehaag, B.M.J., Vukusic, S., Waubant, E., Weinshenker, B.G., 
Reingold, S.C., Cohen, J.A., 2018a. Diagnosis of multiple sclerosis: 2017 revisions of 
the McDonald criteria. Lancet Neurol. 17 (2), 162–173. 

Thompson, A.J., Baranzini, S.E., Geurts, J., Hemmer, B., Ciccarelli, O., 2018b. Multiple 
sclerosis. Lancet 391 (10130), 1622–1636. 

Toth, E., Farago, P., Kiraly, A., Szabo, N., Vereb, D., Kocsis, K., Kincses, B., Sandi, D., 
Bencsik, K., Vecsei, L., Kincses, Z.T., 2018. The Contribution of Various MRI 
Parameters to Clinical and Cognitive Disability in Multiple Sclerosis. Front Neurol 9, 
1172. 

Uher, T., Krasensky, J., Sobisek, L., Blahova Dusankova, J., Seidl, Z., Kubala 
Havrdova, E., Sormani, M.P., Horakova, D., Kalincik, T., Vaneckova, M., 2018. 
Cognitive clinico-radiological paradox in early stages of multiple sclerosis. Ann Clin 
Transl Neurol 5 (1), 81–91. 

Uher, T., Vaneckova, M., Sormani, M.P., Krasensky, J., Sobisek, L., Dusankova, J.B., 
Seidl, Z., Havrdova, E., Kalincik, T., Benedict, R.H., Horakova, D., 2017. 
Identification of multiple sclerosis patients at highest risk of cognitive impairment 
using an integrated brain magnetic resonance imaging assessment approach. Eur. J. 
Neurol. 24 (2), 292–301. 

van Munster, C.E., Uitdehaag, B.M., 2017. Outcome Measures in Clinical Trials for 
Multiple Sclerosis. CNS Drugs 31 (3), 217–236. 

Vollmer, T., Huynh, L., Kelley, C., Galebach, P., Signorovitch, J., DiBernardo, A., 
Sasane, R., 2016. Relationship between brain volume loss and cognitive outcomes 
among patients with multiple sclerosis: a systematic literature review. Neurol Sci 37 
(2), 165–179. 

Zivadinov, R., Sepcic, J., Nasuelli, D., De Masi, R., Bragadin, L.M., Tommasi, M.A., 
Zambito-Marsala, S., Moretti, R., Bratina, A., Ukmar, M., Pozzi-Mucelli, R.S., 
Grop, A., Cazzato, G., Zorzon, M., 2001. A longitudinal study of brain atrophy and 
cognitive disturbances in the early phase of relapsing-remitting multiple sclerosis. 
J. Neurol. Neurosurg. Psychiatry 70 (6), 773–780. 

E. Skorve et al.                                                                                                                                                                                                                                  

MultipleSclerosisandRelatedDisorders69(2023)104398

8

Lundervold, A.J., Wollschlager, D., Wehling, E., 2014. Age and sex related changes in 
episodic memory function in middle aged and older adults. Scand. J. Psychol. 55 (3), 
225–232. 

Maltby, V.E., Lea, R.A., Ribbons, K., Lea, M.G., Schofield, P.W., Lechner-Scott, J., 2020. 
Comparison of BICAMS and ARCS for assessment of cognition in multiple sclerosis 
and predictive value of employment status. Mult Scler Relat Disord 41, 102037. 

Niccolai, C., Portaccio, E., Goretti, B., Hakiki, B., Giannini, M., Pasto, L., Righini, I., 
Falautano, M., Minacapelli, E., Martinelli, V., Incerti, C., Nocentini, U., Fenu, G., 
Cocco, E., Marrosu, M.G., Garofalo, E., Ambra, F.I., Maddestra, M., Consalvo, M., 
Viterbo, R.G., Trojano, M., Losignore, N.A., Zimatore, G.B., Pietrolongo, E., 
Lugaresi, A., Pippolo, L., Roscio, M., Ghezzi, A., Castellano, D., Stecchi, S., Amato, M. 
P., 2015. A comparison of the brief international cognitive assessment for multiple 
sclerosis and the brief repeatable battery in multiple sclerosis patients. BMC Neurol. 
15, 204. 

Papadopoulou, A., Muller-Lenke, N., Naegelin, Y., Kalt, G., Bendfeldt, K., Kuster, P., 
Stoecklin, M., Gass, A., Sprenger, T., Radue, E.W., Kappos, L., Penner, I.K., 2013. 
Contribution of cortical and white matter lesions to cognitive impairment in multiple 
sclerosis. Mult. Scler. 19 (10), 1290–1296. 

Pinter, D., Khalil, M., Pichler, A., Langkammer, C., Ropele, S., Marschik, P.B., Fuchs, S., 
Fazekas, F., Enzinger, C., 2015. Predictive value of different conventional and non- 
conventional MRI-parameters for specific domains of cognitive function in multiple 
sclerosis. Neuroimage Clin 7, 715–720. 

Rao, A.B., Richert, N., Howard, T., Lewis, B.K., Bash, C.N., McFarland, H.F., Frank, J.A., 
2002. Methylprednisolone effect on brain volume and enhancing lesions in MS 
before and during IFNbeta-1b. NeurologyNeurology 59 (5), 688–694. 

Rao, S.M., Leo, G.J., Bernardin, L., Unverzagt, F., 1991. Cognitive dysfunction in multiple 
sclerosis. I. Frequency, patterns, and prediction. NeurologyNeurology 41 (5), 
685–691. 

Rovaris, M., Comi, G., Filippi, M., 2006. MRI markers of destructive pathology in 
multiple sclerosis-related cognitive dysfunction. J. Neurol. Sci. 245 (1–2), 111–116. 

Ruet, A., Deloire, M., Hamel, D., Ouallet, J.C., Petry, K., Brochet, B., 2013. Cognitive 
impairment, health-related quality of life and vocational status at early stages of 
multiple sclerosis: a 7-year longitudinal study. J. Neurol. 260 (3), 776–784. 

Sacco, R., Bisecco, A., Corbo, D., Della Corte, M., d’Ambrosio, A., Docimo, R., Gallo, A., 
Esposito, F., Esposito, S., Cirillo, M., Lavorgna, L., Tedeschi, G., Bonavita, S., 2015. 
Cognitive impairment and memory disorders in relapsing-remitting multiple 
sclerosis: the role of white matter, gray matter and hippocampus. J. Neurol. 262 (7), 
1691–1697. 

Sastre-Garriga, J., Pareto, D., Battaglini, M., Rocca, M.A., Ciccarelli, O., Enzinger, C., 
Wuerfel, J., Sormani, M.P., Barkhof, F., Yousry, T.A., De Stefano, N., Tintore, M., 
Filippi, M., Gasperini, C., Kappos, L., Rio, J., Frederiksen, J., Palace, J., Vrenken, H., 
Montalban, X., Rovira, A., group, M.s., 2020. MAGNIMS consensus 
recommendations on the use of brain and spinal cord atrophy measures in clinical 
practice. Nat. Rev. Neurol. 16 (3), 171–182. 

Sastre-Garriga, J., Tur, C., Pareto, D., Vidal-Jordana, A., Auger, C., Rio, J., Huerga, E., 
Tintore, M., Rovira, A., Montalban, X., 2015. Brain atrophy in natalizumab-treated 
patients: a 3-year follow-up. Mult. Scler. 21 (6), 749–756. 

Scharfen, J., Jansen, K., Holling, H., 2018. Retest effects in working memory capacity 
tests: a meta-analysis. Psychon. Bull. Rev. 25 (6), 2175–2199. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2019. The Norwegian 
translation of the brief international cognitive assessment for multiple sclerosis 
(BICAMS). Mult Scler Relat Disord 36, 101408. 

Skorve, E., Lundervold, A.J., Torkildsen, O., Myhr, K.M., 2020. A two-year longitudinal 
follow-up of cognitive performance assessed by BICAMS in newly diagnosed patients 
with MS. Mult Scler Relat Disord 46, 102577. 

Smeets, D., Ribbens, A., Sima, D.M., Cambron, M., Horakova, D., Jain, S., Maertens, A., 
Van Vlierberghe, E., Terzopoulos, V., Van Binst, A.M., Vaneckova, M., Krasensky, J., 

Uher, T., Seidl, Z., De Keyser, J., Nagels, G., De Mey, J., Havrdova, E., Van 
Hecke, W., 2016. Reliable measurements of brain atrophy in individual patients with 
multiple sclerosis. Brain Behav 6 (9), e00518. 

Smith, A., 1982. Symbol Digit Modalities Test: Manual. Western Psychological Services, 
Los Angeles.  

Steenwijk, M.D., Amiri, H., Schoonheim, M.M., de Sitter, A., Barkhof, F., Pouwels, P.J. 
W., Vrenken, H., 2017. Agreement of MSmetrix with established methods for 
measuring cross-sectional and longitudinal brain atrophy. Neuroimage Clin 15, 
843–853. 

Storelli, L., Rocca, M.A., Pagani, E., Van Hecke, W., Horsfield, M.A., De Stefano, N., 
Rovira, A., Sastre-Garriga, J., Palace, J., Sima, D., Smeets, D., Filippi, M., Group, M. 
S., 2018. Measurement of Whole-Brain and Gray Matter Atrophy in Multiple 
Sclerosis: assessment with MR Imaging. RadiologyRadiology 288 (2), 554–564. 

Strober, L., Englert, J., Munschauer, F., Weinstock-Guttman, B., Rao, S., Benedict, R.H., 
2009. Sensitivity of conventional memory tests in multiple sclerosis: comparing the 
Rao Brief Repeatable Neuropsychological Battery and the Minimal Assessment of 
Cognitive Function in MS. Mult. Scler. 15 (9), 1077–1084. 

Sumowski, J.F., Leavitt, V.M., 2013. Cognitive reserve in multiple sclerosis. Mult. Scler. 
19 (9), 1122–1127. 

Sumowski, J.F., Rocca, M.A., Leavitt, V.M., Riccitelli, G., Comi, G., DeLuca, J., 
Filippi, M., 2013. Brain reserve and cognitive reserve in multiple sclerosis: what 
you’ve got and how you use it. NeurologyNeurology 80 (24), 2186–2193. 

Thompson, A.J., Banwell, B.L., Barkhof, F., Carroll, W.M., Coetzee, T., Comi, G., 
Correale, J., Fazekas, F., Filippi, M., Freedman, M.S., Fujihara, K., Galetta, S.L., 
Hartung, H.P., Kappos, L., Lublin, F.D., Marrie, R.A., Miller, A.E., Miller, D.H., 
Montalban, X., Mowry, E.M., Sorensen, P.S., Tintore, M., Traboulsee, A.L., 
Trojano, M., Uitdehaag, B.M.J., Vukusic, S., Waubant, E., Weinshenker, B.G., 
Reingold, S.C., Cohen, J.A., 2018a. Diagnosis of multiple sclerosis: 2017 revisions of 
the McDonald criteria. Lancet Neurol. 17 (2), 162–173. 

Thompson, A.J., Baranzini, S.E., Geurts, J., Hemmer, B., Ciccarelli, O., 2018b. Multiple 
sclerosis. Lancet 391 (10130), 1622–1636. 

Toth, E., Farago, P., Kiraly, A., Szabo, N., Vereb, D., Kocsis, K., Kincses, B., Sandi, D., 
Bencsik, K., Vecsei, L., Kincses, Z.T., 2018. The Contribution of Various MRI 
Parameters to Clinical and Cognitive Disability in Multiple Sclerosis. Front Neurol 9, 
1172. 

Uher, T., Krasensky, J., Sobisek, L., Blahova Dusankova, J., Seidl, Z., Kubala 
Havrdova, E., Sormani, M.P., Horakova, D., Kalincik, T., Vaneckova, M., 2018. 
Cognitive clinico-radiological paradox in early stages of multiple sclerosis. Ann Clin 
Transl Neurol 5 (1), 81–91. 

Uher, T., Vaneckova, M., Sormani, M.P., Krasensky, J., Sobisek, L., Dusankova, J.B., 
Seidl, Z., Havrdova, E., Kalincik, T., Benedict, R.H., Horakova, D., 2017. 
Identification of multiple sclerosis patients at highest risk of cognitive impairment 
using an integrated brain magnetic resonance imaging assessment approach. Eur. J. 
Neurol. 24 (2), 292–301. 

van Munster, C.E., Uitdehaag, B.M., 2017. Outcome Measures in Clinical Trials for 
Multiple Sclerosis. CNS Drugs 31 (3), 217–236. 

Vollmer, T., Huynh, L., Kelley, C., Galebach, P., Signorovitch, J., DiBernardo, A., 
Sasane, R., 2016. Relationship between brain volume loss and cognitive outcomes 
among patients with multiple sclerosis: a systematic literature review. Neurol Sci 37 
(2), 165–179. 

Zivadinov, R., Sepcic, J., Nasuelli, D., De Masi, R., Bragadin, L.M., Tommasi, M.A., 
Zambito-Marsala, S., Moretti, R., Bratina, A., Ukmar, M., Pozzi-Mucelli, R.S., 
Grop, A., Cazzato, G., Zorzon, M., 2001. A longitudinal study of brain atrophy and 
cognitive disturbances in the early phase of relapsing-remitting multiple sclerosis. 
J. Neurol. Neurosurg. Psychiatry 70 (6), 773–780. 

E. Skorve et al.                                                                                                                                                                                                                                  



Graphic design: Com
m

unication Division, UiB  /  Print: Skipnes Kom
m

unikasjon AS

uib.no

ISBN: 9788230868218 (print)
9788230861707 (PDF)


	112532 Ellen Danielsen Skorve_Elektronisk
	112532 Ellen Danielsen Skorve_korrekturfil
	112532 Ellen Danielsen Skorve_innmat
	112532 Ellen Danielsen SkorveElektronsk_bakside
	112532 Ellen Danielsen SkorveElektronsk_bakside

