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A B S T R A C T

Background: Prevention of long-term disability is the goal of therapeutic intervention in Relapsing Remitting MS
(RRMS). The Bayesian Risk Estimate for MS at Onset (BREMSO) gives an individual risk score predicting disease
evolution into Secondary Progressive MS (SPMS). We investigated whether BREMSO correlates with physical
disability, cognitive dysfunction, and regional brain atrophy early in MS.
Methods: One hundred RRMS patients with at least two years of follow-up were enrolled. BREMSO score as well
as Symbol Digit Modalities Test (SDMT) and Multiple Sclerosis Severity Score (MSSS), Timed 25-Foot Walk Test
(T25-FW) and 9-Hole Peg Test (9-HPT), were assessed. Intracranial volume (ICV), subcortical gray matter
structures and corpus callosum (CC) were automatically segmented on MRI images and their volumes measured.
Results: BREMSO score correlated negatively with SDMT at visit1 (β=−0.33, p=0.019), visit2 (β=−0.34,
p=0.017) and visit3 (β=−0.34, p=0.014), and positively with MSSS at visit1 (r= 0.38, p=0.006), visit2
(r= 0.47, p < 0.0001) and visit3 (r= 0.42, p=0.002), but not with T25-FW and 9-HPT. BREMSO negatively
correlated with CC volume at baseline (p < 0.03). No correlations were found with ICV and subcortical gray
matter.
Conclusions: BREMSO score at onset correlated with physical disability (MSSS), cognitive function (SDMT) and
CC volume measurements in patients with early MS.

1. Introduction

Multiple sclerosis is a chronic inflammatory demyelinating disease
of the CNS that affects more than two million people worldwide. It is
the most common cause of permanent disability in young adults and the
peak incidence is between age 20 and 40 (Weiner and
Stankiewicz, 2012). MS is characterized by regression of both motor
and cognitive abilities that evolve independently (Chiaravalloti and
DeLuca, 2008). Cognitive impairment (CI) symptoms affect primarily
processing speed, attention and executive functions (Hankomäki et al.,
2014) and are usually under-recognized and not commonly clinically

quantified due to time and cost limitations (Patti, 2009). Nonetheless,
CI has a major impact on the patient's quality of life; it affects work
performance, management of family tasks and daily routine. Cogni-
tively-impaired MS patients are often more limited in independence
(Fischer, 2001). Moreover, CI occurs in up to 70% of patients and can
be seen in radiologically isolated syndrome (RIS), clinically isolated
syndrome (CIS) and all phases of MS (including pediatric onset)
(Jongen et al., 2012). In addition, cognitive impairment could be more
subtle in one third of patients with early MS (Amato et al., 2010) and
predicts disease progression to SPMS (Moccia et al., 2016). The Symbol
Digit Modalities Test (SDMT) is a standardized test used clinically to
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evaluate patients’ information processing speed (Costa et al., 2017). It
allows for a fast assessment and tracking of cognitive deficits over time
regardless of age, sex, income or culture (Van Schependom et al.,
2014).This method was shown to accurately classify 75.4% of cogni-
tively impaired MS patients (López-Góngora et al., 2015). While a
variety of interventions are available to treat and prevent the worsening
of MS symptoms, they become less effective in the later stages of the
disease. Recognition of the role of cognitive impairment in MS is es-
sential for the assessment of patient deterioration, enabling potential
early therapeutic interventions and minimizing future disability
(Patti, 2009).

Magnetic resonance imaging (MRI) has become an essential tool for
the diagnostic workup of patients with MS and for the assessment of the
disease progression. MRI studies have shown a limited association of
whole brain T2 lesion-burden with neuropsychological tests
(Rovaris et al., 2006). Similarly, T1 hypointensities assessment has not
substantially improved clinico-radiological associations. However,
atrophy measurements of the whole brain or of selected brain regions
(i.e., ventricles, corpus callosum, subcortical gray matter (GM) provide
robust correlates of MS-associated cognitive dysfunction
(Houtchens et al., 2007). Indeed, studies have demonstrated that brain
volume measurements are better correlated with patients’ cognitive
performance than lesion load measures (Fisher et al., 2008).

The Bayesian Risk Estimate for MS at Onset (BREMSO) was pro-
posed as a prognostic tool to calculate the risk of reaching SPMS using
information collected at disease onset (Bergamaschi et al., 2015). The
aim of this study is to investigate whether BREMSO correlates with
cognitive dysfunction and physical disability as well as selected MRI
volume measurements in patients with early RRMS.

2. Materials and methods

2.1. Study design

AUBMC Multiple Sclerosis Interdisciplinary Research (AMIR) is a
longitudinal observational study of patients with MS evaluated an-
nually with clinical, radiological, cognitive function and quality of life
variables, as well as blood, urine and DNA samples. The study was
approved by the American University of Beirut (AUB) Institutional
Review Board, with all subjects providing informed written consent for
participation.

We selected patients participating in the AMIR study, diagnosed by
their treating neurologist with RRMS according to the 2010 McDonald's
criteria (Polman et al., 2011) or CIS, with all participants having a
disease duration of six years or less since their first symptom, record of
at least two annual follow-up visits, no history of a relapse or in-
travenous steroids intake within one month of their annual visit and an
expanded disability status scale (EDSS) of less than or equal to four. A
subgroup of patients, whose 3-T brain MRI was performed at their first
visit (following a standard MS protocol described below) (Cotton et al.,
2015), were included for evaluation of brain volumes.

2.2. Variables

The clinical and demographic variables included age, gender, dis-
ease duration, number of attacks, disease modifying therapies (DMTs),
presence of depression and concurrent use of antidepressant medica-
tions and level of education. Physical disability variables included
Multiple Sclerosis Severity Score (MSSS), 9-Hole Peg Test (9-HPT) and
Timed 25-Foot Walk Test (T25-FWT), while the cognitive function
variable was represented by the SDMT. Brain MRI measurements of the
ventricles, subcortical gray matter and corpus callosum (CC) were ex-
tracted from a subgroup of patients untreated with any DMT until the
first visit.

2.2.1. Bayesian risk estimate for multiple sclerosis at onset (BREMSO)
The BREMSO score was calculated at onset for all included patients

using the formula described in (Bergamaschi et al., 2015). Accordingly,
patients were classified as low, intermediate, or high-risk groups ac-
cording to cut off points calculated in the original BREMSO study
(Bergamaschi et al., 2015). The participants were considered low-risk if
their score was≤−0.58 (first quartile); high-risk if their score
was > 0.52 (third quartile), and intermediate-risk if their score was
between the two previously mentioned values.

2.3. MRI acquisition and processing

MRI acquisitions were performed on a 3-Tesla Philips Ingenia MR
System (Philips Healthcare, Best, The Netherlands). Conventional MRI
protocol consisted in the acquisition in the bicallosal plane of a 3D T1-
weighted sequence with gadolinium injection and a fluid-attenuated
inversion recovery (FLAIR) sequence. Before MRI image processing, a
quality control step is performed to exclude any images with major
artifacts that could implicate an error during the processing steps.

MRI image processing is performed using the FMRIB Software
Library (FSL-v5.0) (Smith et al., 2004). Brain extraction is applied on
both FLAIR and T1 images to differentiate between brain and non-brain
tissue and to measure the intra-cranial volume (ICV). Total ventricular
volume is then estimated using SIENAX (Smith et al., 2002). Finally, T1
weighted images are fed into volBrain to obtain subcortical GM volume
measurements of the Accumbens, Amygdala, Caudate nucleus, Hippo-
campus, Pallidum, Putamen, Thalamus and Lateral Ventricles (http://
volbrain.upv.es) (Manjón and Coupé, 2016). An atlas-based segmenta-
tion was performed to extract the CC. The JHU-ICBM atlas was non-
linearly registered to each patient's FLAIR image using the Nifty-Reg
software (http://cmictig.cs.ucl.ac.uk/wiki/index.php/NiftyReg). The
resulting transformation was applied on the atlas labels mask from
which the genu, body and splenium of the CC were extracted. All ex-
tracted masks were checked for accuracy, corrected if needed, and
volumes extracted.

2.4. Statistical analysis

Statistical analysis was performed using the Statistical Package for
Social Sciences Software (IBM Corp. IBM SPSS Statistics for Windows,
Version 24.0. Armonk, NY: IBM Corp.). Statistical significance was
defined as p < 0.05, unless Bonferroni adjustment is specified. The
normality of distributions was evaluated through the Shapiro-Wilk test.
Variables were classified as demographic and clinical (age, gender,
disease duration, number of attacks, treatments, level of education,
depression), physical disability (MSSS, 9-HPT, and T25-FWT), cognitive
function (SDMT) and regional brain volumes. Level of education was
grouped into two categories (high school or less and college or more).
The BREMSO score was also categorized as low, intermediate, and high-
risk groups according to the cut-offs specified in the original BREMSO
cohort study.

Differences between the three BREMSO risk-groups were explored
using analysis of variance (ANOVA) and Bonferroni multiple compar-
isons test for continuous variables such as physical disability, cognitive
function and Chi-square test for categorical, clinical and demographic
variables. Cognitive and physical disability were also explored as con-
tinuous variables among the BREMSO risk groups at each visit (un-
paired samples) as well as their changes between annual visits (paired
samples). For normally distributed variables, two-sided independent
samples or paired samples t-tests were used, while for non-normally
distributed samples the Mann–Whitney U or Wilcoxon Signed ranks
tests were performed, as applicable.

Linear regression analysis with Bonferroni adjustment for multiple
comparisons was executed, reporting Bonferroni adjusted p-values and
Spearman correlation coefficients. In these analyses, BREMSO was ex-
plored as a continuous variable. Analyses of continuous variables with
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multivariable linear regression (adjusting for level of education and
depression when exploring cognitive function) were performed using
cognitive and physical disability scores as well as different regional
brain volumes as outcomes and the BREMSO score as the independent
variable. Age at MS onset and age at each visit were not included in the
models predicting SDMT due to evidence of significant multicollinearity
with the BREMSO score, most likely because age is a main component
in its computation.

3. Results

Clinical data from 130 patients having RRMS or CIS were retrieved
from the AMIR database. Thirty patients were excluded from the study
due to incomplete data, loss to follow-up, or disease duration of more
than six years (Fig. 1). One hundred patients with MS (RRMS=89 and
CIS=11) were included in this study, with a mean (SD) disease
duration of 2.4 (1.8) years and 59% being women. Their mean (SD)
BREMSO score was 0.29 (0.75), with 18, 49 and 33 patients in the low,
intermediate and high-risk groups, respectively (Fig. 2). At visit1, 34%
of patients were untreated (Supplementary Figure 1). Most patients
were under treatment by the time of their follow-up visit. Clinical and
demographic characteristics of the cohort are shown in Table 1. Pa-
tients in the three BREMSO risk groups did not differ significantly in
their disease duration, level of education, presence of depression or use
of antidepressants, type of disease-modifying treatment (DMT), number
of previous MS attacks, number of past steroid courses, mean serum
vitamin D level or 25-FWT time at each visit. There was an interesting
gender disparity with 30.5%, 54.2% and 15.3% of the women corre-
sponded to low, intermediate, and high BREMSO risk groups in contrast

to 0%, 41.5% and 58.5% of men, respectively (Chi-Square 27.05,
p < 0.0001), likely because gender is one of the parameters of the
BREMSO score. When compared to the intermediate and the high risk
BREMSO groups, the low risk BREMSO group demonstrated higher
SDMT and lower MSSS scores at each visit. Additionally, over time,
while there was an overall improvement in SDMT and MSSS, higher risk
patients did not reach the scores of their lower risk counterparts after
three years (Table 2).

SDMT increased among all BREMSO risk groups between visit1 and
visit2 (p < 0.001) but not between visit2 and visit3 (Fig. 3A and
Table 2). We hypothesized that the improved SDMT was due to in-
itiation of DMT, so we analyzed the data after excluding subjects who
had been on DMT at visit1. As shown in Fig. 3B, the improvement in
SDMT lost statistical significance in the low and intermediate BREMSO
risk groups.

Multivariate analyses, using the BREMSO score as a continuous
variable, controlling for gender, education and antidepressants use or
depression at each visit and using a Bonferroni adjusted significance
level of 0.016, showed a negative and statistically significant correla-
tion between the BREMSO score and SDMT at visit1 (adjusted
Beta=−5.2, p=0.016), visit2 (adjusted Beta=−7.09, p=0.002)
and visit3 (adjusted Beta=−7.64, p=0.002) (Fig. 4). Age at onset
and at each visit was not included in these models predicting SDMT due
to evidence of multicollinearity. The BREMSO score correlated posi-
tively with MSSS (controlling for age and gender) at visit1 (adjusted
Beta= 0.98, p=0.016), visit2 (adjusted Beta= 1.11, p=0.003) and
visit3 (adjusted Beta= 0.91, p=0.008) (Fig. 4).

Brain volume measurements and analyses were performed at visit1
on 19 patients (10 women, 9 men). This subgroup was clinically and
demographically similar to the overall study sample, except that they
were all untreated at visit1. By visit2, 18 subjects were on Interferons
and one was on Fingolimod, and by visit3, three patients were on
Fingolimod. Seven (36.8%), four (21.1%), and eight (42.1%) patients
had low, intermediate and high BREMSO risk scores, respectively.
Patients in the different BREMSO risk groups had a similar disease
duration, age and physical disability scores at each visit, as well as a
similar extent of change in SDMT and MSSS in the first and second year.
Multivariate analyses, using the BREMSO score as a continuous vari-
able, controlling for age, showed a negative and statistically significant
correlation between the BREMSO score and the volume of the splenium
(adjusted Beta=−0.1, p < 0.0001) as well as the total CC volume
(adjusted Beta=−0.19, p=0.002) (Supplementary Figure 2).

4. Discussion

In this study, the correlation between BREMSO score and physical
and cognitive deficits was explored in patients with early RRMS and CIS
and with a disease duration of less than six years. The BREMSO score is
a simple score developed using the Bayesian statistical approach that
relies mainly on clinical data collected at disease onset
(Bergamaschi et al., 2015) and predicting long-term evolution of the
disease. The BREMSO score has good predictive value for subjects with
high or low risk scores (≤first and≥ third quartiles)
(Bergamaschi et al., 2015).

In line with previous reports, the BREMSO score proved to have a
good correlation with physical disability measured by MSSS. A novel
finding in our study is the negative correlation in multivariable analyses
between the BREMSO score and SDMT at each visit. Moreover,
BREMSO score correlated negatively with CC volume. These associa-
tions were not previously explored in the BREMS (Bergamaschi et al.,
2006) and BREMSO studies (Bergamaschi et al., 2015). The correlation
was consistent even after controlling for gender, education, anti-de-
pressant use and clinical depression.

Patients diagnosed with MS can develop cognitive deficits even at
early stages of the disease (Chiaravalloti and DeLuca, 2008; Rovaris
et al., 2008). Since it is difficult to perform a neuropsychological

Fig. 1. CONSORT flowchart of patient disposition.

Fig. 2. Number of patients in each of the BREMSO risk groups.
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battery on patients in a routine fashion, simpler tests have been pro-
posed such as the SDMT (Smith, 1991). SDMT is sensitive to MS asso-
ciated cognitive impairment and can be used as an alternative to the
more cumbersome Paced Auditory Serial Addition Test (PASAT) test
used to calculate the MS functional composite (MSFC) (Brochet et al.,
2008; Drake et al., 2010). The BREMSO score and SDMT correlation
could help physicians identify patients at risk of cognitive decline early
in the disease course.

Furthermore, using multivariable analyses controlling for age and
gender, our data showed a positive correlation between the BREMSO
score and MSSS at each of visit1, 2 and 3. Such findings are interesting
since we included all BREMSO risk groups with early RRMS and rela-
tively low level of physical disability in this analysis. Hence, BREMSO
calculated at disease onset predicts physical disability using MSSS. In
contrast to the report Bergamaschi et al. (2006), we found a correlation
with MSSS in all the BREMSO quartiles including the intermediate risk
group. The difference in outcome between our study and the Berga-
mashi study might be caused by their heterogeneous sampling (i.e.

stages of disease at onset and the multicenter subject recruitment)
compared to ours.

Analysis of results showed a substantial SDMT improvement for all
subgroups during visit2 when compared to visit1. However, the im-
provement rate between visit2 and visit3 decreased drastically. The
initial increase in SDMT is mostly related to treatment initiation rather
than practice effect (Motl, 2010). This theory was supported by the fact
that the SDMT increase was significantly reduced when we excluded
patients who started DMTs at visit1. Remarkably, MSSS decreased in all
subgroups during the follow-up visits suggesting improvement in phy-
sical ability. Both findings emphasized the importance of early treat-
ment initiation in improving cognitive and physical functions in RRMS
and CIS patients. Such improvement is consistent with previous studies
exploring the role of treatment in halting or decreasing physical dete-
rioration by recovery or compensation (Kappos et al., 2009, 2007).
Immunomodulatory drugs effect on cognitive deterioration is not
completely understood but few studies showed improvement in cogni-
tive functions using brain MRIs and neuropsychological tests after

Table 1
Clinical and demographic characteristics of the study cohort.

Variable Mean (SD) or N (%)

Age at onset (years) 31.5 (11.2)
Female gender 59 (59%)
Diagnosis of RRMS/CIS 89 (89%) / 11 (11%)
Number of steroid courses before visit 1 1.4 (1.3)
Number of MS exacerbations before visit 1 1.9 (1.3)
Duration between the first two relapses (among RRMS cases, in months) 20 (17.7)
Use of antidepressants or depression at each visit (visit 1/visit 2/visit 3) 22/21/19
BREMSO score 0.29 (0.75)
Number of patients in each BREMSO risk group: low/intermediate/high 18/49/33
MSSS at visit 1 3.17 (2.36)
DMT treatment status at visit 1
- Never treated 34 (34%)
- Interferons 48 (48%)
- Fingolimod 12 (12%)
- Natalizumab 4 (4%)
- Others (Teriflunomide, Glatiramer Acetate) 2 (2%)

MSSS at visit 2 2.36 (2.12)
DMT treatment status at visit 2
- Never treated 2 (2%)
- Interferons 62 (62%)
- Fingolimod 25 (25%)
- Natalizumab 8 (8%)
- Other (Teriflunomide, Dimethyl Fumarate, Rituximab) 3 (3%)

MSSS at visit 3 2.28 (1.96)
DMT treatment status at visit 3
- Never treated 1 (1%)
- Interferons 47 (47%)
- Fingolimod 30 (30%)
- Natalizumab 10 (10%)
- Dimethyl Fumarate 6 (6%)
- Teriflunomide 4 (4%)
- Other (Rituximab, Interferon combined with mycophenolate mofetil) 2 (2%)

Table 2
Cognitive and physical disability at each annual visit among patients in the low, intermediate, or high BREMSO risk group (*Statistically significant differences
between-groups through Analysis of Variance (ANOVA)).

Variable BREMSO risk group, mean (SD) p- value (between groups)

Low Intermediate High

SDMT Visit 1 61.9 (12.9) 54.8 (13.2) 51.1 (12.7) 0.021*
Visit 2 68.4 (13) 58.3 (13.2) 55.8 (15.5) 0.009*
Visit 3 69.4 (15.5) 58.5 (14.1) 56.4 (15.3) 0.009*

MSSS Visit 1 2.15 (2.2) 3.3 (2.5) 3.5 (2.1) 0.122
Visit 2 1.15 (1.3) 2.46 (2.23) 2.85 (2.09) 0.019*
Visit 3 1.44 (1.15) 2.19 (2.09) 2.87 (1.94) 0.039*

9-HPT (in seconds) Visit 1 19.6 (2.5) 21.6 (5) 22 (2.9) 0.109
Visit 2 17.9 (2.3) 20.5 (3.2) 21 (3.3) 0.008*
Visit 3 18.6 (2.2) 20.1 (3.8) 21 (3.8) 0.119
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Fig. 4. (A) Correlations between BREMSO and SDMT at visits 1, 2, and 3, controlling for gender, education, and antidepressants use or depression at each visit; (B)
Correlations between BREMSO and MSSS at visits 1, 2, and 3, controlling for age at each visit and gender (*Statistically significant correlations using generalized linear
models with Bonferroni adjustment for multiple comparisons at the level of 0.016).

Fig. 3. Mean SDMT at visits 1, 2, and 3 among the three BREMSO risk groups including all patients (A) and excluding those who started a DMT at visit 1 (B)
(*Statistically significant between-groups differences by paired samples t-tests).
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starting Natalizumab or Beta-Interferon (Amato et al., 2013; Kappos
et al., 2007; Mattioli et al., 2014). This improvement could be asso-
ciated with decreased irreversible nerve damage, brain atrophy, on-
going inflammatory activity, or neuroprotective/neurotropic effect.
However evidence supporting this theory is still limited (Gold et al.,
2010).

Our results show a clear correlation between the splenium, and total
CC volumes and the BREMSO score. CC atrophy is associated with high
score predicting worse cognitive and physical disability in early RRMS.
No correlation was observed between BREMSO and subcortical GM
possibly due to the small sample size in this study. Subcortical GM
atrophy could be secondary to axonal transection induced by distant
WM lesions (Gilmore et al., 2009; Vercellino et al., 2009) and sub-
sequent Wallerian degeneration (Mühlau et al., 2013). Functional dis-
connection between GM structures, secondary to WM damage may be
responsible for cognitive impairment in MS (Dineen et al., 2009).

Even though the BREMSO score has proven to have a good corre-
lation with early MS disability and potential cognitive dysfunction, the
main limitation of this score is that it is mainly based on recalled in-
formation. It is recommended to expand this study to include a rela-
tively larger sample size, monitor progress of patients over a longer
period and explore other aspects of cognition.

5. Conclusion

BREMSO is a simple score that correlated with the SDMT and MSSS
in patients with early RRMS followed up for two years. This association
could help us identify patients with low risk of cognitive and physical
disability at disease onset who will benefit from safer disease modifying
treatment compared to the high and intermediate risk patients. Using a
larger sample size and incorporating SDMT and the corpus callosum
measurement to this score might help to better categorize patients with
intermediate BREMSO risk scores.
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