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ABSTRACT

Introduction: Brain atrophy is associated with physical disability in multiple sclerosis (MS),
but there is a great variability between different studies and methodologies, and its use is still
limited to research projects. We aimed to analyze the relationship between several volumetric
measurements and physical disability and cognitive functioning in MS patients in a clinical
practice setting.
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Methods: This is a cross-sectional study. A total of 41 patients (31 relapsing-remitting MS, 6
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secondary-progressive MS, and 4 primary-progressive MS) were included. Whole brain volume
(WBV), gray matter volume (GMV), and T2 lesion load (T2L) were obtained using Icometrix®
software. Physical disability was measured with the Expanded Disability Status Scale (EDSS),
and cognitive status was evaluated with the brief repeatable battery of neuropsychological tests
(BRB-N). The relationship between brain volumes and EDSS was analyzed through linear
multivariate regression. The association between volumetry measurements and the number of
affected cognitive domains was studied with negative binomial regression.

Results: GMV was associated with age (b=-1.7, P=0.014) and with EDSS (b=-7.55, P=0.013).
T2L was associated with EDSS (b=2.29, P=0.032). The number of affected cognitive domains
was associated with clinical phenotype, worse in primary progressive MS (PPMS). There was
not correlations between cognitive impairment and cerebral volumes.
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Conclusion: Brain atrophy measurement is feasible in clinical practice setting, and it is helpful
in monitoring the EDSS progression. Primary progressive phenotype is associated with greater
risk of cognitive dysfunction.
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* The T2 lesion load is associated with physical disability in patients with multiple sclerosis (MS).

* The gray matter volume is associated with age and physical disability in patients with MS.

* There is no significant correlation between cognitive impairment and cerebral volumes in patients with MS.

Plain Language Summary

Conventional magnetic resonance imaging (MRI) is still used for diagnosing and monitoring multiple sclerosis (MS).
Analysis of Brain volumes including Whole brain volume (WBYV), gray matter volume (GMV), and T2 lesion load
(T2L) allows the evaluation of its neurodegenerative mechanisms. Robust evidence links brain atrophy with disability
in MS. This study aims to analyze the relationship between advanced MRI sequences and physical disability and cog-
nitive functioning in MS patients. According to the results, T2L was associated with physical disability and GMV was
associated with age and physical disability. There was no significant correlation between cognitive impairment and

cerebral volumes in patients with MS.

1. Introduction

onventional MRI sequences continue to be

the mainstay in the diagnosis and moni-

toring of multiple sclerosis (MS) patients.

However, they mainly assess the inflam-

matory processes of MS and therefore its
correlation with clinical outcomes is only partial (Filipp
& Grossman, 2002; Li et al., 2006; Fisniku et al., 2008;
Enzinger et al., 2001; Rudick et al., 2006; Minneboo
et al., 2009). Brain volumes analysis allow the evalu-
ation of its neurodegenerative mechanisms. There is a
robust evidence linking brain atrophy with disability in
MS (Kearney et al., 2014; Popescu et al., 2013; Pérez-
Miralles et al.,2015; Deloire et al., 2011; Benedict et al.,
2013; Calabrese et al., 2011; Azevedo et al., 2015; Rocca
et al., 2017; Vollmer et al., 2016; Vidal-Jordana et al.,
2018), and the incorporation of these techniques into the
routine daily basis could be of great value to improve
the follow-up of this disease. Nonetheless there are still
many methodological and biological factors that gener-
ate an important variability in their results, and hold back
its use to research projects (Sastre-Garriga et al., 2017).
The objective of this study is to analyze the relationship
between advanced MRI sequences and physical disabil-
ity and cognitive functioning in MS patients in a clinical
practice setting in order to increase our knowledge of
these techniques and move forward its implementation
as another routine evaluation tool.

2. Materials and Methods

This research is a cross-sectional study. We included MS
patients according the McDonald 2010 criteria (Polman
et al., 2011) attending the demyelinating diseases unit at
Torrejon University Hospital, Madrid, between Decem-
ber/2015 and December/2016. The patients gave their
informed consent. The study complied with the Helsinki
declaration and the results are completely confidential ac-
cording to the personal data protection law (1999).

Clinical and epidemiological data were obtained retro-
spectively through review of the medical charts. Cogni-
tive functioning was evaluated with the Brief Repeatable
Battery of Neuropsychological Tests (BRB-N) (Rao et
al., 1991), which consists of the Selective Reminding
Test (verbal memory), the Paced Auditory Serial Adit-
tion Test (PASAT) (working memory), verbal fluency
test and Symbol Digit Modalities Test (SDMT) (execu-
tive functions and speed processing) and Spatial Recall
Test (SPART) (visual memory). The results were ad-
justed to age, sex and education level for the Spanish
population (Duque et al., 2012). We also obtained the
Beck Depression Inventory-II (BDI-II) (Sacco et al.,
2016)and the Multiple Sclerosis Fatigue Scale (Fisk et
al., 1994; Casanova et al., 2000). Advanced MRI evalu-
ation was done by Icometrix® software through T1-3D
and FLAIR-3D sequences. We analyzed whole brain
volume (WBV), Gray Matter Volume (GMV) and T2
lesion load (T2). We defined cognitive dysfunction for
a cognitive domain as a score lower than 1.5 standard
deviations in its neuropsychological test. The associa-
tion between brain volume measurements and clinical
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variables was studied with lineal multivariate regression,
and between brain volumetry and number of affected
cognitive domains with negative binomial regression.
Statistical analysis was done with SPSS software, ver-
sion 19. Statistical significance was set at P<(0.05.

3. Results

A total of 41 patients were studied, including 31 re-
lapsing-remitting MS (RRMS), 6 secondary progressive
MS (SPMS), and 4 primary progressive MS (PPMS). 27
samples were women. Mean age was 43.85+11.1 years,
and mean duration of MS was 8+1.09 years. Mean score
of EDSS was 2.6+1.9 and median EDSS 2 (Intercuar-
tile range (IQR): 1.0-4.0). Average education level was
11.5£3.3 years. Mean score of BDI-II was 12.2+9.0, and
mean score of MSFS was 9.4+8.9 (Table 1).

Average number of affected cognitive domains was
0.83£6.3. 25 patients (61%) obtained normal punctua-
tions in all the tests. 7 patients had impairment in 1 cog-
nitive domain, and 9 patients (22%) had two or more
(Table 2). The most frequent affected cognitive domain
was working memory (29.3%), followed by speed pro-
cessing (17.1%) and verbal memory (12.2%) (Table 3).

Multivariate regression analysis found a relationship
between WBV and age (b= -2.4, P=0.037), GMV with
age (b=-1.7, P=0.014) and EDSS (b=-7.55; P=0.013),
and finally T2L with EDSS (b=2.29; P=0.032).

Negative binomial regression analysis revealed an
association between cognitive dysfunction and clini-
cal phenotype (greater dysfunction in PPMS) (OR
RRMS/PPMS 0.037, P=0.016; OR SPMS/PPMS 0.02,
P=0.028), but not with MRI data (WBV P=0.383; GMV
P=0.495; T2L p=0.451).

Table 1. Clinical and demographic characteristics of our sample

March & April 2023, Volume 14, Number 2

4. Discussion

In our study we obtained a proportion of cognitive dys-
function (impairment in 2 or more cognitive domains) of
22%, lower than other published series, normally ranging
40-60%. This difference could be explained to the com-
position of our sample with a predominance of RRMS,
which is associated with a lesser cognitive damage (Chi-
aravalloti & DeLuca, 2008; Denney et al., 2005; Ruano
etal., 2017), and low disability (global mean EDSS: 2.6,
and mean EDSS in the RRMS group of 1.8). Nonethe-
less, cognitive impairment can be present even in early
phases of the disease, and in patients with a good clinical
situation (Migliore et al., 2017; Amato et al., 2001; Han-
komaki et al., 2014), so the differences between different
samples must be related to other factors not completely
understood.

Regarding the affected cognitive domains we obtained
similar results to other studies, with more repercussion in
executive functions, speed processing and verbal mem-
ory (Rao, 1995; Benedict et al., 2002), although we also
got a lower percentage of dysfunction of these domains
compared to other studies.

When we analyzed the relationship between volumetry
measurements and cognitive status we only obtained an as-
sociation with the clinical phenotype. This result is in line
with previous works, in which cognitive dysfunction is
more frequent and more intense among progressive forms
of the disease (Chiaravalloti & DeLuca, 2008; Denney et
al., 2005; Ruano et al., 2017). In our study it is notewor-
thy the lack of association between cognitive impairment
and advanced MRI sequences (WBV and GMV). In spite
of the differences in the methodologies of different stud-
ies, most of them find correlations between brain volumes

N (M/F) Mean+SD MeaniSD Median (IQR) Mean+SD
MS Phenotype
Sex Age (y) DD (y) EDSS Ed. Level (y) BDI-II MSFS
Total 27/14 43.9+11.1 8.0+1.09 2.6%1.9 2(1-4) 11.5+3.3 12.2+#9.0 9.4+8.9
RRMS (n=31) 22/9 41.9+11.0 11.2410.7 1.8+1.2 2(1-3) 11.9+3.5 12.049.9 6.617.3
SPMS (n=6) 3/3 47.849.6 22.5+7.9 5.2+1.7 5(3.5-7) 9.7+2.3 12.8+5.3 22.0+4.7
PPMS (n=4) 2/2 53.319.8 3.5+2.1 45423 4(4-6.5) 11.3+2.9 13+7.0 10.0+4.0

N: Number of patients; RRMS: Relapsing-remitting multiple sclerosis; SPMS: secondary progressive multiple sclerosis; PPMS:
primary-progressive multiple sclerosis; M/F: male/female; DD: Duration of the disease; EDSS: Expanded Disability Status
Scale; Ed. Level: education level (years); BDI-II: Beck Depression Inventory-II; MSFES: Multiple Sclerosis Fatigue Scale
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Table 2. Number of affected cognitive domains

Basic and Clinical

Affected Cognitive Domains 0

1

2 3

No. (%) 25(61)

7(17)

3(7) 0(0)

N: number of patients

Table 3. Results of Brief Repeatable Battery of Neuropsychological Tests (BRB-N)

No. (%)

Result
Verbal Memory Visual Memory Working Memory Speed Processing Fluency
SRT-S 37(90.2)

Normal SRT-R 36(87.8)  SPART-Total  41(100) PASAT 29(70.7) SDMT 34(82.9) 38(92.7)
SRT-D 38(92.7)
SRT-S 4(9.8)

Impaired  SRT-R 5(12.2) SPART-D 0(0) PASAT 12(29.3) SDMT 7(17.1) 3(7.3)
SRT-D 3(7.3)

SRT-S: Selective reminding test-Storage; SRT-R: Selective reminding test-Retrieval;, SRT-D: Selective reminding test-Delayed,;
SPART: Spatial recall test-Total; SPART-D: Spatial recall test-Delayed; PASAT: Paced auditory serial addition test; SDMT:

Symbol digit modalities test

and physical and cognitive functioning (Rocca et al., 2017;
Vollmer et al., 2016). In our study is especially striking for
the GMV which is one of the brain volume measurements
with a greater impact in the disability in MS (Steenwijk et
al., 2016; Filippi et al., 2013; Fisher et al., 2008; Rudick
et al., 2009). Again, these differences could be justified by
methodological reasons, regarding the design of the study
(cross-sectional instead of longitudinal), the characteristics
of our sample (low frequency of cognitive impairment),
as well as technical factors related to the acquisition and
analysis of the images (Eshaghi et al., 2018).

Multivariate regression showed a significant relationship
between EDSS and GMV and T2L. In this regard there is
also a great variability among different studies, but most of
them find a positive association between these data, espe-
cially with the atrophy of the gray matter (Eshaghi et al.,
2018), and even with composite measurements of GMV-
T2L (Moodie et al., 2012; Gauthier et al., 2007). At last,
we also found a correlation between age and a loss of cere-
bral volume, both global and gray matter. This result could
be expected as brain volume decrease physiologically with
age and with a longer duration of the disease.

5. Conclusion

we can say that our study corroborates that brain at-
rophy measurements can be incorporated into the daily
basis evaluation of MS patients. Specifically T2 load
and Gray Matter volume are helpful in monitoring the

EDSS progression. On the other hand, we also add evi-
dence to the importance of the cognitive impairment and
volumetric changes occurring in MS, as well as the dif-
ferences between the different clinical forms of the dis-
ease (greater cognitive impairment in progressive MS).
Finally some results, in particular the lack of associa-
tion between volumetry data and cognitive dysfunction,
show the importance of continuing the research of the
neurodegenerative processes of MS.
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