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ABSTRACT
Introduction. Cognitive impairment occurs from the earliest stages of multiple sclerosis (MS) and progresses over time. The 
introduction of disease modifying therapies (DMTs) has changed the prognosis for MS patients, offering a potential opportunity 
for improvement in the cognitive arena as well.
Material and methods. 41 patients with relapsing-remitting multiple sclerosis (MS) were recruited to the study. Thirty patients 
were available for final follow-up and were included in the analysis. Baseline (BL) brain MRI including volumetry and neuropsy-
chological tests were performed. Blood samples were collected at BL and follow-up (FU) and were tested for: vascular endothe-
lial growth factor (VEGF), soluble vascular cell adhesion molecule-1 (sVCAM1), soluble platelet-endothelial CAM-1 (sPECAM1), 
and soluble intercellular CAM-1 (sICAM-1). Patients were invited for a final neuropsychological follow-up after a median of  
6 years. Disease activity (relapses, EDSS increase, new/active brain lesions on MRI) was analysed between BL and FU. 
Results. The study group deteriorated in the Rey–Osterrieth Complex Figure (ROCF) test (p = 0.001), but improved significantly 
in three other tests, i.e. semantic fluency test (p = 0.013), California Verbal Learning Test (CVLT, p = 0.016), and Word Comprehen-
sion Test (WCT, p < 0.001). EDSS increase correlated negatively with semantic fluency and WCT scores (r = –0.579, p = 0.001 and 
r = –0.391, p = 0.033, respectively). Improvements in semantic fluency test and WCT correlated positively with baseline deep 
grey matter, grey matter, and cortical volumes (p < 0.05, r > 0).
Higher EDSS on FU correlated significantly negatively with baseline left and right pallidum, right caudate, right putamen, right 
accumbens, and cortical volume (p < 0.05, r < 0). No significant relationship was found between the number of relapses and 
EDSS on FU or neuropsychological deteriorations. Improvements in WCT and CVLT correlated positively with baseline sPECAM1 
and sVCAM1 results, respectively (r > 0, p < 0.05). Deterioration in ROCF test correlated significantly with higher levels of baseline 
VEGF and sVCAM1 (p < 0.05).
Conclusions. Brain volume is an important predictor of future EDSS and cognitive functions outcome. MS patients have a po-
tential for improving in neuropsychological tests over time. It remains to be established whether this is related to successful 
disease modification with immunotherapy. Baseline volumetric measures are stronger predictors of cognitive performance than 
relapse activity, which yet again highlights the importance of atrophy in MS prognosis.  
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Introduction

Multiple sclerosis (MS) is a chronic demyelinating disor-
der of both inflammatory and neurodegenerative aetiologies 
[1]. Cognitive impairment (CI) occurs in MS patients from 
the earliest stages of the disease, progresses over time, and 
affects up to 65% of the MS population [2].

Patients with MS perform worse in cognitive tests com-
pared to the healthy population [3]. Cognitive domains that 
are typically affected in MS include information processing 
speed, learning and memory, visuospatial skills, and executive 
function [2]. Importantly, cognitive complaints observed in 
patients during the prodromal stage of MS have been shown 
to be predictors of a worse clinical outcome [4]. 

The introduction of effective disease-modifying therapies 
(DMTs) has markedly reduced the annual relapse rate and 
radiological progression. Moreover, DMTs also seem to have 
an impact on reducing the rate of cognitive impairment (CI) 
and the potential for improving cognitive parameters [5].

The risk factors associated with the development of CI in 
MS include older age, greater disability in EDSS scale [6], 
brain atrophy [7], fewer years of education, and male sex [8], 
although the data differs despite the studies. Factors that have 
a protective effect on the development of CI are DMTs [5] and 
the cognitive reserve [9]. There is little data on biochemical 
factors as predictors of CI in MS, studies having focused main-
ly on light neurofilaments, with contradictory results [10, 11].

Clinical rationale for study

Conclusions regarding prognostic factors in MS differ 
between studies. Our objective was to analyse them in our 
patient population, with a longer follow-up period than that 
adopted in most studies.

In addition to the well-known prognostic factors, we also 
investigated those rarely considered, e.g. neurotrophins and 
endothelial molecules.

Our study aimed to analyse how performance in specific 
cognitive domains evolves as the disease worsens in a typical 
relapsing-remitting MS (RRMS) population. Additionally, we 
analysed which baseline biochemical and imaging parameters 
were the best predictors of Expanded Disability Status Scale 
(EDSS) worsening, and which were predictive of cognitive 
deterioration, or protective of cognitive function, in specific 
neuropsychological domains. 

Material and methods

Participants were recruited from a single MS centre 
at the Department of Neurology, Poznan University of 
Medical Sciences, Poland. Forty-one adult patients with 
RRMS were recruited for the study consecutively between 

2014 and 2015. Baseline (BL) brain MRI, including volum-
etry, was performed on a 3.0 Tesla scanner at the Centre for 
Modern Interdisciplinary Technologies, Nicolaus Copernicus 
University in Torun, Poland. Extensive cognitive assessment 
was done by a trained neuropsychologist, and blood samples 
collected and stored until further analysis. After baseline 
assessment, out of 41 originally recruited patients, nine were 
lost to follow-up at some point and two declined to participate, 
leaving 30 patients who were recruited for the final follow-up 
including neuropsychological re-assessment, conducted be-
tween 2020 and 2022. 

On the day of of study inclusion, all patients had been 
treated with platform disease-modifying therapies for a me-
dian of 3 years (range 0.5–6, IQR 3) and were regularly 
being seen at the outpatient MS clinic of the Department of 
Neurology, Poznan University of Medical Sciences. EDSS 
scores were recorded by treating neurologists at the time of 
enrollment into the study, and every 3–6 months thereafter 
during regular follow-up visits to the MS centre. A control 
brain MRI was performed yearly on a 3.0 T scanner available 
at the local hospital, recording the presence of new or enlarg-
ing T2 or gadolinium enhancing lesions.

Clinical data concerning the onset of first MS symptoms 
and of MS diagnosis was obtained from patient records and 
verified, with the data being entered by treating neurologists 
into the central nationwide register under the public health-
care system (the National Health Fund electronic database). 

The median follow-up (FU) of the study cohort who 
showed up for the final cognitive follow-up (n = 30) was 
6 years. Patients who did not consent to participate in the 
study, and those with suspected depressive disorders (as 
verified by the Beck’s Depression Inventory) were excluded 
from the study. 

This study was approved by the Internal Review Board 
of Poznan University of Medical Sciences, Poland and all 
participants signed written informed consent.

Neuroimaging data  
acquisition and analysis

Brain structural imaging was performed using high 
resolution T1-weighted sequence obtained using 3 Tesla 
MRI scanner (MR750, GE Healthcare; Waukesha, WI, 
USA) and 32-channel dedicated head coil. Protocol included 
high-resolution T1-weighted BRAVO acquisition, CUBE T2-
FLAIR, and multidirection T2-weighted diffusion acquisition. 
Extracted dicom images were converted to nifti format and 
processed using comprehensive segmentation pipeline recon-
all using Freesurfer 5.3 to extract brain volume and evaluate 
cross-sectional regional brain volume difference across the 
entire group. Freesurfer (Martinos Centre for Biomedical 
Imaging, Harvard-MIT, Boston; available at http://surfer.
nmr.mgh.harvard.edu/) consists of surface based analysis and 
volumetric segmentation. It involves intensity non-uniform-
ity correction affine transformation to a MNI305 template, 
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intensity normalisation, removal of non-brain tissue, linear  
and non-linear transformations to a probabilistic brain atlas, and  
labelling of cortical and subcortical structures. It uses a Markov 
Random Field model for each structure for each point in space. 
Spatial localisation priors are used in determining the right 
label per voxel. Since Freesurfer version 5.2, surface-based 
calculations are used to calculate various brain volumes to get 
better accuracy. In our study, segmentation was performed us-
ing default settings (i.e. using the command: ‘recon-all’). For 
our study, we used the compartment measurements reported 
by Freesurfer. All volumes were extracted from the stat files 
that Freesurfer produces using the ‘asegstats2table’ command. 
Since Freesurfer estimates ICV and does not perform segmen-
tation of extracerebral CSF, we obtained the CSF volume by 
subtracting TBV from the estimated ICV.

Detailed and technically acceptable baseline MRI data 
was available for 27/30 patients who showed up for the final 
cognitive follow-up. Yearly follow-up MRI was performed on 
a 3.0 T scanner available at the local hospital (Magnetom Skyra 
3.0 T, Siemens Healthineers, 20-channel dedicated head coil).

Neuropsychological assessment
A broad battery of neuropsychological tests was applied 

by a trained neuropsychologist in standardised clinical 
conditions. The following neuropsychological tests were 
used: Stroop Colour-Word Interference Test, Rey–Osterrieth 
Complex Figure test, Benton Visual Retention Test, Colour 
Trails Test, semantic and phonemic fluency test, Word 
Comprehension Test, Raven’s Progressive Matrices, and 
California Verbal Learning Test. (see Tab. 1 for summary of 
tests with assessed domains).

Blood biomarkers
The following molecules were measured with the use 

of the ELISA method in serum samples collected at base-
line, according to the manufacturer’s instructions: vascular 
endothelial growth factor (VEGF), soluble vascular cell 
adhesion molecule-1 (sVCAM1), soluble platelet-endothelial  
cell adhesion molecule-1 (sPECAM1), and soluble intercellu-
lar adhesion molecule-1 (sICAM-1) (BioVendor Laboratory 
Medicine Inc., Czech Republic). The levels of sVCAM1, 
sPECAM1, and sICAM1 were calculated from standard 
curves in nanograms per millilitre (ng/mL). Nerve growth 
factor (NGF), brain derived neurotrophic factor (BDNF), and 
neutrophin 4/5 (NT4/5) were measured with the use of ELISA 
kits, according to the manufacturer’s instructions (Multi-
Neurotrophin Rapid Screening ELISA Kit: Human, Biosensis 
Pty Ltd, Thebarton, Australia) in lysates of peripheral blood 
mononuclear cells fraction, which was isolated at baseline 
and then frozen until further analysis, according to the pro-
cedure described previously [12]. Their concentrations were 
expressed as relevant weight units per 1 mg of the protein.

Statistical analyses
The results were reported as counts (percentage) for the qual-

itative variables, mean ± standard deviation if normally distri- 
buted, and median (interquartile range) if not normally 
distributed quantitative variables. Quantitative variables were 
summarised using either the mean and standard deviation, 
or median and IQR. Qualitative variables were summarised 
using percentages.

A comparison of the two repeated measurements of 
quantitative variables was performed using the Wilcoxon 
signed-rank test. Correlations among continuous variables 
were assessed by the Spearman rank correlation coeffi-
cient. Statistical significance was defined as p-value < 0.05. 
Therefore, those test results with p < 0.05 were interpret-
ed as indicating significant relationships. The analysis 
was performed in R, version 4.3.1. (R Core Team (2023).  
(R: A language and environment for statistical computing,  
R Foundation for Statistical Computing, Vienna, Austria, URL 
https://www.R-project.org).

Results

In the final analysis, we included 30 subjects with RRMS 
who completed the long-term cognitive follow-up, of whom 
27 were women (90%) and three men (10%). The mean age 
at MS diagnosis (years) was 31 ± 7; median was 30 (range 
18–45, IQR 10). The mean age at baseline (years) was 36 ± 7; 
median 35 (range 23–50, IQR 11), and at the final follow-up 
it was 42 ± 6.8; median 41 (range 29–57, IQR 11.25).

The mean disease duration in years from experiencing first 
MS symptoms to baseline was 6 ± 4, median 6 (range 1–26, 
IQR 3). At baseline, median EDSS was 1.0 (range 0–3.5), 
while at the final follow-up, median EDSS was 2.0 (range 0–6, 
IQR 2). Only four (13.3%) patients achieved EDSS > 3 at FU. 
23/30 (76.7%) patients had higher education. 

At the start of the study, 29 patients were on moderate 
efficacy treatment (injectables such as beta-interferons and 
glatiramer acetate), and one patient was receiving high 
efficacy therapy (fingolimod). Between the baseline and 
follow-up visits, nine (30%) patients switched their treat-
ments because of a lack of efficacy and 12 (40%) due to side 
effects and inconvenience related to long-term injections. 
Fourteen (46.7%) patients experienced at least one relapse 
between BL and FU. Annual brain MRIs revealed new ac-
tive lesions in eight (26.7%) patients and new T2 lesions in 
15 (30%) patients. 

By the end of the study period, 26 patients remained on 
moderate efficacy treatment (dimethyl fumarate, beta-interfer-
ons, teriflunomide, glatiramer acetate), three patients were on 
high efficacy drugs (ofatumumab, cladribine), and one patient 
had resigned from treatment.  
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Neuropsychological assessment 
At the group level, we found significant changes in neu-

ropsychological scores from baseline to the final follow-up 
in four tests (Tab. 1).

Patients deteriorated significantly in the Rey–Osterrieth 
Complex Figure test (from mean 36.00 points to 34.77, 
p = 0.001).

On the other hand, patients improved significantly in 
the semantic fluency test (from mean 22.53 to 24.93 points, 
p = 0.013), California Verbal Learning Test (from mean 
58.90 to 62.47 points, p = 0.016), and Word Comprehension 
Test (from mean 21.27 to 26.27 points, p < 0.001).

There were no significant relationships between the 
number of relapses, new active or T2 lesions between BL 
and FU, and changes in specific neuropsychological tests. 
Patients with a higher increase in EDSS had a lower likeli-
hood of reaching improvement in the semantic fluency test 
(r = –0.579, p = 0.001) and WCT (r = –0.391, p = 0.033). On 
follow-up, patients who achieved worse results on baseline 
CVLT and CTT tests deteriorated in EDSS significantly 
more often, and subsequent relapses were significantly more 
common in patients with worse baseline Benton and WCT 
test results (p < 0.05).

Imaging predictors of cognitive decline, disease 
activity, and disability progression 

Improvement in the semantic fluency test correlated 
positively (p ˂ 0.05, r ˃ 0) with baseline volumes of right 
caudate and left hemisphere cortex (Tab. 2). Improvement 
in the Word Comprehension Test correlated positively  
(p ˂ 0.05, r ˃ 0) with baseline volumetric parameters of the 
right pallidum, right nucleus accumbens, left and right hemi-
sphere cortex, and total grey matter (Tab. 2).

None of the volumetric parameters was a significant pre-
dictor for achieving improvement in CVLT or for deterioration 
in ROCF test. 

The total number of relapses between BL and FU cor-
related significantly negatively with the left and right cho-
roid plexus volumes (r = –0.452, p = 0.02 and r = –0.402, 
p = 0.042). Accumulation of a new T2 lesion between BL 
and FU correlated negatively with the volume of the left and 
right cerebellum white matter, left choroid plexus, and right 
thalamus (p < 0.05, r < 0) (Tab. 2).

Deterioration in EDSS on FU correlated significantly 
negatively with the following baseline volumes: left and right 
globus pallidus, right caudate, right putamen, right nucleus 
accumbens, left and right hemisphere cortex, and total grey 

Table 1. Comparison of neuropsychological test results measured at baseline and after mean 6-year follow-up 

Neuropsychological test             Domain Timepoint Mean SD P-value

Semantic fluency test (SF) Verbal functions
Baseline 22.53 5.37 0.013*

Follow-up 24.93 6.21

Phonemic fluency test (PF) Verbal functions
Baseline 17.13 6.11 0.124

Follow-up 18.93 5.67

Raven’s Progressive Matrices Abstract reasoning
Baseline 51.67 15.76 0.179

Follow-up 48.53 9.06

Word Comprehension Test (WCT) Verbal functions
Baseline 21.27 5.15 < 0.001*

Follow-up 26.27 5.41

Stroop Interference Test (time 1: colour)
Working memory Baseline 81.53 31.22 0.516

Executive functions Follow-up 75.73 14.67

Stroop Interference Test (time 2: interference)
Working memory Baseline 119.80 23.21 0.509

Executive functions Follow-up 116.70 26.94

Benton Visual Retention Test (correct score) Spatial and visuospatial memory
Baseline 7.87 1.50 0.234

Follow-up 7.57 1.63

Benton Visual Retention Test (error score) Spatial and visuospatial memory
Baseline 3.13 2.39 0.073

Follow-up 3.90 3.14

Colour Trails Test (time 1) Attention and executive functions
Baseline 38.30 14.95 0.574

Follow-up 39.40 18.86

Colour Trails Test (time 2) Attention and executive functions
Baseline 73.17 25.68 0.65

Follow-up 74.20 28.99

Rey–Osterrieth Complex Figure (ROCF) test (copy) Spatial and visuospatial memory
Baseline 36.00 0.00 0.001*

Follow-up 34.77 1.65

Rey–Osterrieth Complex Figure (ROCF) test (recall) Spatial and visuospatial memory
Baseline 23.10 5.73 1

Follow-up 23.13 6.71

California Verbal Learning Test (CVLT) Verbal memory
Baseline 58.90 8.34 0.016*

Follow-up 62.47 7.31
Grey background — tests with significant change between two; p < 0.05 — clinically significant; SD — standard deviation; *p < 0.05 clinically significant
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Table 2. Imaging predictors of cognitive decline, disease activity, and disability progression

EDSS increases be-
tween BL and FU 

Semantic fluency 
test FU

Word Comprehen-
sion Test FU

Relapses between 
BL and FU

New T2 lesions be-
tween BL and FU

R thalamus r = –0.185, p = 0.356 r = 0.281, p = 0.155 r = 0.276, p = 0.163 r = –0.323, p = 0.107 r = –0.395, p = 0.046*

L thalamus r = –0.249, p = 0.211 r = 0.121, p = 0.549 r = 0.229, p = 0.251 r = –0.176, p = 0.39 r = –0.231, p = 0.257

R choroid plexus r = –0.124, p = 0.536 r = –0.068, p = 0.736 r = –0.091, p = 0.651 r = –0.402, p = 0.042* r = –0.24, p = 0.238

L choroid plexus r = –0.146, p = 0.467 r = 0.103, p = 0.61 r = –0.159, p = 0.428 r = –0.452, p = 0.02* r = –0.517, p = 0.007*

R accumbens r = –0.444, p = 0.02* r = 0.366, p = 0.061 r = 0.488, p = 0.01* r = –0.12, p = 0.559 r = –0.13, p = 0.527

L accumbens r = –0.262, p = 0.186 r = 0.184, p = 0.359 r = 0.244, p = 0.219 r = –0.099, p = 0.629 r = 0.022, p = 0.915

R pallidum r = –0.519, p = 0.006* r = 0.353, p = 0.071 r = 0.453, p = 0.018* r = –0.371, p = 0.062 r = –0.249, p = 0.219

L pallidum r = –0.467, p = 0.014* r = 0.339, p = 0.084 r = 0.337, p = 0.086 r = –0.295, p = 0.143 r = –0.091, p = 0.659

R caudate r = –0.424, p = 0.027* r = 0.429, p = 0.025* r = 0.302, p = 0.126 r = –0.247, p = 0.224 r = –0.133, p = 0.518

L caudate r = –0.265, p = 0.181 r = 0.207, p = 0.301 r = 0.107, p = 0.594 r = –0.308, p = 0.126 r = –0.084, p = 0.684

R putamen r = –0.397, p = 0.04* r = 0.124, p = 0.537 r = 0.319, p = 0.105 r = –0.361, p = 0.07 r = –0.055, p = 0.79

L putamen r = –0.33, p = 0.093 r = 0.154, p = 0.442 r = 0.179, p = 0.373 r = –0.377, p = 0.058 r = –0.053, p = 0.796

Cortex r = –0.583, p = 0.001* r = 0.381, p = 0.05* r = 0.416, p = 0.031* r = –0.239, p = 0.239 r = –0.086, p = 0.678

Total grey matter r = –0.517, p = 0.006* r = 0.34, p = 0.083 r = 0.4, p = 0.039* r = –0.305, p = 0.129 r = –0.139, p = 0.499

R hemisphere cortex r = –0.579, p = 0.002* r = 0.353, p = 0.071 r = 0.391, p = 0.044* r = –0.246, p = 0.227 r = –0.036, p = 0.86

L hemisphere cortex r = –0.61, p = 0.001* r = 0.402, p = 0.038* r = 0.425, p = 0.027* r = –0.243, p = 0.232 r = –0.109, p = 0.597

R cerebellum WM r = –0.16, p = 0.425 r = 0.231, p = 0.247 r = 0.027, p = 0.893 r = –0.208, p = 0.307 r = –0.421, p = 0.032*

L cerebellum WM r = –0.272, p = 0.169 r = 0.259, p = 0.192 r = 0.08, p = 0.691 r = –0.153, p = 0.456 r = –0.491, p = 0.011*
BL — baseline; EDSS — Expanded Disability Scale score; FU — follow up; L — left; R — right; WM — white matter; *p < 0.05 statistically significant, r > 0 positive association, r < 0 negative association; yellow 
background — association with significant correlation

matter (p < 0.05, r < 0) (Tab. 2). We did not identify a correla-
tion between the number of relapses and EDSS deterioration 
from baseline.

Blood markers as predictors  
of cognitive decline, disease activity,  

and disability progression
Improvement in the Word Comprehension Test corre-

lated positively with baseline sPECAM1 results (r = 0.402, 
p = 0.028), while improvement in the CVLT correlated posi-
tively with baseline sVCAM1 results (r = 0.401, p = 0.028). 
On the other hand, deterioration in the ROCF test correlat-
ed significantly with higher levels of VEGF (r = –0.395, 
p = 0.031) and sVCAM1 (r = –0.392, p = 0.032). There was 
no correlation between baseline blood biomarkers results 
and subsequent relapses, EDSS worsening, or new active or 
T2 lesions on MRI.

Discussion

Our study provides long-term detailed cognitive follow-up 
data for a subgroup of classic RRMS patients from a Polish 
population treated with the use of moderate efficacy DMTs 
from disease onset. We aimed to determine baseline MRI and 
biochemical predictors of future disease activity, disability 
progression, and cognitive decline.

Firstly, our patient group was representative of the gen-
eral RRMS population treated at our centre, as we recruited 
patients consecutively. Notably, our study group had a mod-
erately active MS course. Namely, within the six years of 
follow-up, only 30% had to switch their primary DMT due 
to a lack of efficacy, less than 50% had relapses, and 30% had 
new T2 lesions in MRI.

As for the cognitive aspect, on the group level the study 
subjects worsened from baseline to follow-up only in the 
ROCF copy test, while they improved significantly in three 
other tests, two of them assessing verbal functions (semantic 
fluency test and Word Comprehension Test), which we find 
informative, as it is believed that language functions are gen-
erally spared in MS [2]. Importantly, the standard test batteries 
used in the MS population do not include the assessment of 
this domain. However, verbal fluency is perceived to be as 
sensitive as the widely used SDMT [13].

The third test where patients improved over time was the 
California Verbal Learning Test, which is used for evaluating 
verbal learning and memory [3]. These results were consist-
ent with other studies where patients on DMTs have shown 
improvement in CVLT-II [14–17].

The only test where patients deteriorated on FU was the 
ROCF test, which assesses visuospatial abilities, memory, 
attention, and executive functions [18]. Patients with MS 
generally perform worse in the ROCF test than healthy con-
trols, and the results are correlated with grey matter and deep 
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grey matter volume [18]. To date, no other studies concerning 
longitudinal ROCF scores in the MS population have been 
published.  Our data indicates that a nonverbal test such as 
the Ray-Osterrieth Complex Figure might be useful in lon-
gitudinal assessment of complex planning and memorisation 
independent of language. In standard conditions, ROCF 
performance is characterised by a ceiling effect. However, 
in clinical settings of chronic disease, minor deficiencies in 
copying reveal subtle cognitive impairment which might be 
useful for the international community to replicate.

In our study group, improvement in language tests (SF 
and WCT) correlated positively with baseline volumes of 
deep grey matter structures (right caudate nucleus in FS, right 
globus pallidus, and right accumbens in WCT) and cortex. 
Additionally, for WCT there was also a significant positive 
correlation between baseline total grey matter volume and 
better results on FU. This is in line with previous studies, 
where cortical thickness, grey matter and deep grey matter 
atrophy have been associated with cognitive impairment [7, 
19, 20]. On the other hand, grey matter volume has increased 
in MS patients who have learnt a second language, which is 
suggestive of the efficacy of cognitive rehabilitation [21]. 
Matias-Guiu et al. [22] reported that semantic fluency results 
correlated with thalamus and caudate volumes in both hemi-
spheres, while Crosson et al. [23] revealed that both left and 
right basal ganglia play a role in language generation. Total 
cortical volume might be perceived as a surrogate biomarker 
of cognitive reserve, and could in this way explain the fluc-
tuations of the change over time.

Choroid plexus (CP) volume is yet another important 
imaging marker that has recently surfaced in MS research. CP 
volume has been found to be larger in patients with RRMS 
than in neuromyelitis optica spectrum disorder (NMOsd) or 
in healthy controls [24–26]. In our study, baseline CP volume 
correlated significantly negatively with relapses and new T2 le-
sions during the follow-up period, which is a novel finding.

Most of the previous studies focused on the positive cor-
relation between choroid plexus and brain atrophy [24, 27].  
Also, a larger CP was found in patients with cognitive im-
pairment [24] and was associated with an increased risk of 
chronic lesions expansion [27]. CP might be a better indicator 
of disability than relapses, because of its close association 
with brain atrophy; to date, data concerning CP and relapses 
is divergent. Jankowska et al. [28] reported that a larger plexus 
correlated with relapses during 12-month FU, but not with the 
change in brain volume or lesions volume, albeit in a small 
sample of 14 subjects. Similarily, Ricigliano et al. [25] con-
nected CP volume with relapses. However, Muller et al. [26] 
found no association between CP and relapses, and Klistorner 
et al. [27] found no correlation between choroid plexus and 
new T2 lesions or EDSS deterioration during a 4-year FU. 

As for predicting EDSS score on follow-up, we found 
several correlations with the baseline brain volume parameters. 
Deterioration in EDSS correlated significantly  with cortical, 

total grey matter and deep grey matter (left and right pallidum, 
right caudate, right putamen, right accumbens) volumes, which 
confirms the role of these parameters as good predictors of fu-
ture disability and is consistent with the literature [19, 29–34].

Despite the fact that almost half of the patients experi-
enced at least one relapse between BL and FU, they were not 
relevant predictors of EDSS or cognitive outcomes. This is in 
line with the published data showing that only early relapses 
have an impact on future disability, while relapses throughout 
the subsequent disease course are not associated with long-
term disability measures [35, 36].

On the contrary, baseline volumetric parameters had 
a significant impact on both EDSS and cognitive performance, 
which confirms that brain atrophy might be more relevant in 
predicting future disability. Therefore, atrophy assessment 
should become a standard part of MRI protocol in MS [37].

Interestingly, higher baseline sPECAM-1 and sV-
CAM-1 serum concentrations correlated significantly with 
improvements in the WCT and CVLT tests, respectively. 
The opposite results were obtained for the ROCF test, where 
baseline higher sVCAM1 and VEGF values correlated sig-
nificantly positively with deterioration in the ROCF test. So 
far, data on the role of sPECAM -1, sVCAM-1 and VEGF 
as potential markers in MS has yielded contradictory results.

Both sPECAM -1 and sVCAM-1 are considered mark-
ers of MS activity and blood-brain barrier disruption [38]. 
sPECAM-1 plasma concentrations have been shown to be 
significantly increased in MS patients and to be elevated 
during relapses [39]. However, they may also have a neuro-
protective effect: an sVCAM-1 increase was associated with 
a better treatment outcome [40], while lower sPECAM-1 and 
sVCAM-1 increased the risk of progression from CIS to MS 
[38]. Higher baseline endothelial molecules concentration may 
reflect greater inflammatory disease activity, and thus greater 
therapeutic potential, due to the fact that DMTs main mode of 
action is anti-inflammatory. However, in our study, this was 
confirmed only with regards to the language domain tests. 

Our group has previously shown that patients with MS 
have a higher level of serum VEGF compared to non-MS indi-
viduals, and that similar concentrations were found in MS and 
NMOsd patients [41]. A different group showed that a higher 
VEGF level shortened the remission phase in MS [42],  
but its role remains ambiguous.

In the natural history of MS, we expect a constant deteri-
oration of cognitive performance over time. Also in previous 
studies, patients’ cognitive function was observed to deteri-
orate over time [43].

We did not consider the influence of the initial neuropsy-
chological test results on the FU cognitive scores; it is known 
that the initial CI is a negative factor for further development 
of CI. However, we found that patients who achieved worse 
results on baseline CVLT and CTT tests significantly more 
often deteriorated in EDSS on FU, which is coherent with 
other studies [44].
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However, one should consider that most of the previous 
data was derived from a different (historical) MS population, 
as current patients typically have a lower median EDSS and 
start DMT earlier, which is related to the new diagnostic 
criteria [45]. Recently, Katsari et al. found that during a 10- 
-year follow up there was a group of patients that did improve 
cognitive functions [46].

The improvement that was observed in our study cohort 
could partly be explained by the relatively mild disease 
course (mean EDSS on FU = 2.0) and by a relatively high 
educational level in our group, as cognitive reserve has an 
important protective function [9]. Finally, all our patients 
were treated with DMTs.

We do recognise some limitations of our study 
Firstly, the final sample size was small, and we did not 

use a control group. Fortunately, all of the neuropsychological 
tests we used are standardised and have established normative 
data. Additionally, there were disproportionately few men in 
our population, which may also influence the results, as male 
gender has been reported as a negative prognostic factor for 
the development of CI in MS.

Another limitation is that we did not have volumetric pa-
rameters from FU MRIs to determine brain atrophy rate. We 
also did not consider the potential impact of DMTs switching 
on the final result.

On the other hand, the strengths of the study include 
a relatively long observation period and the fact that patients 
were assessed with a wide battery of neuropsychological tests 
applied by a trained neuropsychologist. Also, a large number 
of radiological parameters and blood markers were included 
as potential predictors.

Clinical implications/future directions
We have shown that MS patients may improve in cog-

nitive performance while on DMTs. We found that patients 
with higher baseline volumes of grey matter, deep grey 
matter and cortex improved in tests evaluating language 
functions. Baseline brain atrophy was a more significant 
factor influencing the EDSS and cognitive outcomes than 
relapse rate. Detecting cognitive deterioration in the course 
of a long chronic disease poses a difficult challenge. On the 
one hand, the repetitive assessment using psychometric tests 
designed for cross-sectional assessment might detect a spu-
rious improvement in test performance that might be caused 
by learning the test heurystic. 

Yet on the other hand, the clinician’s drive to define ac-
tionable deterioration in cognitive performance is desired to 
modify the clinical management and adjust to the progressive 
nature of the disease process. There is still an unmet need to 
implement volumetric assessment into routine MRI protocol. 
The role of endothelial molecules in stratification of patients 
with regards to future disease progression requires further 
studies.
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