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Scale (EDSS).

cognitive dysfunction in MS.

Background: Montreal Cognitive Assessment test (MoCA) is a brief, sensitive test that has been recommended as a
reliable tool to detect mild cognitive impairment. Associations between brain imaging measures and cognitive
functioning have been observed in patients with multiple sclerosis (MS).

Objectives: To evaluate cognitive dysfunction and physical disability in MS patients by making correlation between
magnetic resonance imaging (MRI), MoCA test, and Expanded Disability Status Scale (EDSS).

Methods: Fifty MS patients and 25 controls underwent clinical evaluation and assessment of cognitive functions
using the MoCA test. In addition, all MS patients underwent conventional MRI brain and Expanded Disability Status

Results: The scores for trail making test, memory, attention, serial seven subtractions, fluency, naming, and
orientation in MS patients were significantly different from control (p < 0.05). There was significant inverse
correlation between number of MS plaques in the temporal lobe and abstraction (p < 0.001, r=—0.52). Less inverse
correlation was found between total number of MRI plaques and concentration, total number of MRI plagues and
abstraction, and infratentorial lesions and clock drawing test. No correlations were found between the number of
MS plaques in frontal, parietal, occipital, corpus callosum, and neuropsychological tests.

Conclusion: Although conventional MRI techniques are crucial in the MS diagnostic workup, their accuracy in
evaluating and predicting cognitive dysfunction is less relevant. The MoCA test would provide a brief screen for
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Introduction

Multiple sclerosis (MS) has a variety of physical as well
as cognitive signs and symptoms [1]. Cognitive dysfunc-
tion has a negative effect on social functions and quality
of life with an important determinant of employment
status and associated costs [2, 3].

Multiple sclerosis-associated cognitive impairment is a
subcortical dementia subtype that affects mainly the
speed of information processing [4]. In spite of the cog-
nitive impairment in MS patients which has been corre-
lated with both macro- and microscopic changes in
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brain anatomy, the pathogenesis of cognitive impairment
in MS patient has not been fully understood [5].

Among the psychometric cognitive assessment that
has been used commonly in research of MS, Montreal
Cognitive Assessment test (MoCA) that has been rec-
ommended by the National Institute of Neurological
Diseases and Stroke and Canadian Stroke Network
(NINDS-CSN) was defined as a fast, reliable, accurate,
and high-sensitivity test to detect mild cognitive impair-
ment (MCI) and used as an alternative to the Mini-Men-
tal Status Examination (MMSE) [6-9].

The effect of brain atrophy and lesion load was tested
in different studies with different methodological assess-
ment and variable results in MS patients [10-15].
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The aim of this study was to test the relation between
the clinical psychometric cognitive assessment and
radiological finding by using conventional MRI brain
and MoCA test in a cohort of MS patients. In addition,
we used the Expanded Disability Status Scale (EDSS) to
determine the physical disability in MS patients.

Subjects and methods

Subjects

This prospective, observational study was carried out
during the period from May 2017 to June 2018 in the
Neurology Department of Mansoura New General Hos-
pital. The study included 50 MS patients and 25 age-,
sex-, and education-matched healthy control subjects.

Inclusion criteria

1. MS patients (relapsing—remitting “RR,” secondary
progressive “SP,” and clinically isolated syndrome
“CIS” according to “Revised Mc Donald criteria
2010” [16])

2. Age > 18 years

3. No relapse for at least 3 months before the study

Exclusion criteria

1. Primary progressive “PP” MS
History of any neurological disorder other than MS
3. DPsychiatric disorder or other medical conditions
that may affect the neuropsychological performance
4. Any contraindication to MRI

Methods
Clinical evaluation

1. Informed written consent was taken from all
patients and control subjects

2. History taking and complete neurological
examination were done at the outpatient clinic at
the Neurology Department of Mansoura New
General Hospital

3. All patients were diagnosed with MS according to
“Revised McDonald criteria 2010” [16]

Assessment of cognitive functions

The MoCA was performed for all MS patients and con-
trol. The MoCA consists of 30 items divided into the
domains of attention, language, memory, visuospatial,
executive functions, and orientation. Score is a total of
the points earned; an additional point was given for hav-
ing 12 years or less of education. A score of 26 or above
was considered normal [7].
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Assessment of physical disability

Physical disability was determined using the Expanded
Disability Status Scale (EDSS). The EDSS is used to de-
scribe disease progression in patient s with MS. It con-
sists of an ordinal rating system ranging from zero
(normal neurological status) to ten (death due to MS)
[17].

MRI examintation

All patients underwent scanning with 1.5T Siemens
Magnetom Symphony Maestro Class, Syngo MR 2002B
(Siemens Medical system Inc., Erlangen, Germany). T1-
weighted (T1W), T2-weighted, and FLAIR image sets
were acquired in the axial, sagittal, and coronal planes.
The T1W sequence was TR, 500 ms; TE, 15 ms; matrix,
256 x 256 slices; slice thickness, 5 mm. The T2 sequence
was TR, 3530 ms; TE, 81 and 70 ms; slice thickness, 5
mm. The FLAIR images were TR, 6000; TE, 140 ms;
slice thickness, 5 mm.

To estimate the presence of MS plaques, we counted
the number of plaques in different brain areas including
frontal, parietal, temporal, and occipital lobes in addition
to the corpus callosum and infratentorial plaques. Brain
atrophy was determined using the qualitative method by
recognition of an increase in cerebrospinal fluid spaces
or a reduction in the size of parenchymal structures
compared with the normal appearance for age [18].

Statistical analysis

The collected data were coded, processed, and analyzed
using the SPSS (Statistical Package for Social Sciences)
version 15 Windows (SPSS Inc., Chicago, IL, USA).
Qualitative data was presented as number and percent.
Comparison between groups was done by chi-square
test. Quantitative data was presented as mean + SD. Stu-
dent’s ¢ test was used to compare between the two
groups. Non-parametric data was presented as min—max
and median. Mann—Whitney test was used for compari-
son between groups. Spearman’s correlation coefficient
was used to test the correlation between variables. p <
0.05 was considered to be statistically significant.

Results

Demographic results

Fifty MS patients and 25 normal control subjects partici-
pated in this study. The mean age of patients and con-
trol was 32.54 + 6.64 and 29.88 + 7.33, respectively (p =
0.11). Thirty-four of MS patients (68%) and 14 of the
controls (56%) were women (p = 0.30). Thirty-one of pa-
tients (62%) had > 12years of educations and 19 (38%)
patients had <12 years of educations while 12 (48%) of
control group had > 12 years of educations and 13 (52%)
had < 12 years of education (p = 0.24) (Table 1).
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Table 1 Demographic of MS patients and control subjects

Patient Control p

Age (mean £ SD) 3254 £ 6.64 29.88+7.33 0.1
Sex

Male, no. (%) 16 (32%) 11 (44%) 030

Female, no. (%) 34 (86%) 14 (56%)
Education

12 years: no. (%) 19 (38%) 13 (52%) 024

12 years: no. (%) 31 (62%) 12 (48%)

P significant if < 0.05
SD standard deviation

Clinical characteristics

According to the results of MoCA test, we classified our
MS patients into two groups: cognitively abnormal
group (32 patients “64%”, MoCA <26) and cognitively
normal group (18 patients“36%”, MoCA > 26). The mean
disease duration was 6.05 + 4.08 years in cognitively ab-
normal group and 3.08 +2.83years in the cognitively
normal group. There were statistically significant differ-
ences between the two groups as regards the MS dur-
ation (p = 0.009).

Of the entire cognitively abnormal group, there were
27 (84.4%) relapsing—remitting (RR), four (12.5%) were
secondary progressive (SP), and one (3.1%) with clinic-
ally isolated syndrome (CIS) whereas the cognitively nor-
mal group showed 13 (72.2%) with RR, 3 (16.7%) with
SP, and 2 (11.1) with CIS. There were no statistically sig-
nificant differences between the two groups as regards
the MS phenotype (p = 0.45).

The most common presentation in the cognitively ab-
normal group was motor in 24 patients (75%), visual in
20 patients (62.5%), sensory in 17 patients (53.1%), cere-
bellar in 12 patients (37.5%), and speech in 6 patients
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cognitively normal group were sensory in 12 patients
(66.7%), motor in 9 patients (50%), visual in 9 patients
(50%), cerebellar in 3 patients (16.7%), and speech in 2
patients (11.1%). There were no statistically significant
differences between the clinical presentations of both
groups (p > 0.05).

The mean EDSS score was 4.36 + 1.88 in the cognitively
abnormal group and 2.81 +2.05 in the cognitively normal
group. They were statistically significant differences be-
tween the EDSS of both groups (p = 0.009) (Table 2).

Montreal Cognitive Assessment test in MS and controls
MoCA test results of the patients and controls are shown
in Table 3. The scores for trail making test, memory, at-
tention, serial seven subtractions, fluency, naming, and
orientation in MS patients were significantly different
from control (p < 0.05). On the other hand, cube drawing,
clock drawing, concentration, sentence repetition, and ab-
straction (similarities) showed non-significant differences
between MS patients and control (p > 0.05).

MoCA test results of MS patients with normal and ab-
normal cognition showed a statistically significant cor-
relation in all subtests (p<0.05) except vigilance,
concentration, and fluency (p > 0.05) Table 4.

MoCA test results of MS subtypes showed a statistically
insignificant correlation in all subtests (p >0.05) except
digit span (sustained attention) which showed a highly sta-
tistically significant correlation (p = 0.001) Table 5.

MRI in cognitively normal and cognitively impaired
patients

The presence of brain atrophy was more common in the
cognitively abnormal group than in the cognitively nor-
mal group with statistically significant differences (p =
0.031). MS plaques in the temporal lobe were more

(18.8%). The most common presentations in the common in the cognitively abnormal group than in the
Table 2 Clinical characteristics
Normal (N=18) Abnormal (N=32) p
Duration in years (mean + SD) 3.08+283 6.05+4.08 0.009
Phenotype
RR: no. (%) 13 (72.2%) 27 (84.4%) 045
SP: no. (%) 3 (16.7%) 4 (12.5%)
CIS: no. (%) 2 (11.1%) 1 (3.1%)
cP
Sensory 12 (66.7) 17 (53.1) 0352
Motor 9 (50%) 24 (75%) 0.073
Cerebellar 3 (16.7%) 12 (37.5%) 0.123
Speech 2011 6 (18.8) 0479
Visual 9 (50%) 20 (62.5) 0.390
EDSS (mean + SD) 2.81+2.05 436+ 1388 0.009

N number, PR relapsing-remitting, SP secondary progressive, CIS clinically isolated syndrome, CP clinical picture, EDSS Extended Disability Status Scale
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Table 3 Montreal cognitive assessment in MS and control
MS (N =50) Control (N =25) p

Visuospatial/executive

Trail making (executive) 0.68+047 1.00 £ 0.00 <0.001

Cube (visuoconstructional) 0.8+ 040 0.84+0.37 0.680

Clock (visuoconstructional) 268 +0.65 288+033 0.083
Naming 240+0.70 267 £044 0.008
Attention

Digit span (sustained attention) 1.72+0.50 2.00+0.00 <0.001

Vigilance (concentration) 1.04+0.28 1.00 £ 0.00 0322

Serial 7s (working memory) 1.80+1.03 264+057 <0.001
Language

Repetition 0.96 +0.20 1.00 +0.00 0.159

Fluency 0.50+0.51 1.00 +0.00 <0.001
Abstraction (similarities) 140+0.67 1.56 +0.51 0.296
Delayed recall (episodic memory) 228+ 1.62 4.16+£0.90 <0.001
Orientation 562x0.73 592+0.28 0.012

p significant if < 0.05
N number

cognitively normal group with statistically significant differ-
ences (p = 0.048). Both the cognitively abnormal and cogni-
tively normal groups showed no statistically significant
differences regarding the total number of MS plaques as
well as MS plaques in frontal, parietal, occipital, corpus cal-
losum (CC), and infra-tentorial regions (p > 0.05) Table 6.

Correlation between MRI and the MoCA test

There was a significant inverse correlation between the
number of MS plaques in the temporal lobe and abstrac-
tion (p<0.001, r=-0.52). Also, there were inverse

correlations between the total number of MRI plaques
and concentration (p = 0.048, r = - 0.28), total number of
MRI plaques and abstraction (p =0.005, r=-0.38), and
infra-tentorial lesions and clock drawing test (p =0.001,
r=-0.44). No correlations were found between the num-
ber of MS plaques in frontal, parietal, occipital, and corpus
callosum and the MoCA subtests (p > 0.05) (Table 7).

Discussion
MoCA is a well-established cognitive screen test. It is
known to have discriminative power with high sensitivity

Table 4 Montreal cognitive assessment in MS with normal and abnormal cognition

Normal cognition (N=18) Abnormal cognition (N =32) p

Visuospatial/executive

Trail making (executive) 098+0.15 0.55+0.51 0.000

Cube (visuoconstructional) 09+03 0.7+047 0.030

Clock (visuoconstructional) 293+0.26 252+0.76 0.005
Naming 274 +05 224 +071 0.001
Attention

Digit span (sustained attention) 195+0.22 1.64 +0.55 0.003

Vigilance (concentration) 1.07+£0.26 097+0.17 0.058

Serial 7s (working memory) 2554067 148+1 0.000
Language

Repetition 1.1+£048 0.55+051 0.000

Fluency 1+0 094 +0.24 0.160
Abstraction (similarities) 0.93+£0.26 0.33+£048 0.000
Delayed recall (episodic memory) 402+087 148+133 0.000
Orientation 1.67 £048 1.18+£0.68 0.001
Total MoCA score 27984139 2048+ 368 0.000

p significant if < 0.05
N number
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Table 5 Montreal cognitive assessment in MS subtypes with cognitive impairment
RRMS (N =27) SPMS (N=4) AS(N=1) p

Visuospatial/executive

Trail making (executive) 056 +0.51 05+0.58 0£0 0.571

Cube (visuoconstructional) 0.7+047 05+0.58 1+0 0.59

Clock (visuoconstructional) 252+0.75 25+1 3+0 0.831
Naming 2.19+0.74 25+0.58 2+0 0.687
Attention

Digit span (sustained attention) 1.74+045 0.75+05 2+0 0.001

Vigilance (concentration) 0.96+0.19 1+0 1+0 0917

Serial 7s (working memory) 152+ 1.01 1.25+1.26 2+0 0.792
Language

Repetition 056+0.51 05+0.58 0+0 0.571

Fluency 093+027 1+0 1+0 0.181
Abstraction (similarities) 03+047 025+05 1+0 0338
Delayed recall (episodic memory) 148+ 14 125+1.26 2+0 0.883
Orientation 1.22+0.75 1+£0 1+£0 0815
Total MoCA score 2056+3.8 18.75%32 22+0 0.609

p significant if < 0.05

N number, RRMS relapsing-remittent multiple sclerosis, SPMS secondary progressive multiple sclerosis, CIS clinically isolated syndrome

and is widely validated for differentiating mild cognitive
impairment from normal cognition and considered the
short cognitive instrument of choice [19, 20].

The advantage of the MoCA over other cognitive
screening measures is the breadth of cognitive domain
coverage beyond memory, and it also detects individuals
presenting with non-amnestic cognitive changes [21].

Many factors such as cognitive reserve, age, and level of
education may have an effect on cognitive abilities and
cause marked variability of cognitive impairment [22].

The aim of this study was to test the relation between
the clinical psychometric cognitive assessment and
radiological finding by using conventional MRI brain
and MoCA test in a cohort of MS patients. In addition,
we used the Expanded Disability Status Scale (EDSS) to
determine the physical disability in MS patients.

In our study, 31 patients (62%) had > 12 years of edu-
cations and 19 patients (38%) had <12 years of educa-
tions while 12 patients (48%) of control group had > 12
years of educations and 13 patients (52%) had < 12 years
of education (p = 0.24).

In our work, 64% of MS patients were cognitively im-
paired and 36% were cognitively normal. This agreed
with the study of Chiaravalloti and DeLuca as they found
40 to 70% of MS patients cognitively impaired [23] and
disagreed with Guimaraes, who stated that overt demen-
tia in MS patients was rare [24].

Our study showed longer disease duration in the cog-
nitively impaired MS patients group than the disease
duration in the non-cognitively impaired MS patients
group (p =0.009), and this matched with Achiron et al.
[25] and Bagert et al. [26] who reported that the longer

Table 6 Magnetic resonance imaging in cognitively normal and cognitively abnormal patients

Cognitively normal (18)

Median (range)

Frontal 2.5 (1.0-4.0)
Parietal 0 (1.0-12.0)
Temporal 0(0.0-80)
Occipital 0 (0.0-4.0)
Corpus callosum 5 (0.0-4.0)
Infratentorial 0 (0.0-4.0)
Total no of lesions 14.0 (8.0-23.0)
Brain atrophy 8 (44.4%)

Cognitively abnormal (32) p
Median (range)

2.0 (0.0-7.0) 0.140
6.0 (1.0-17.0) 0.700
3.0 (0.0-11.0) 0.048
2.0 (0.0-6.0) 0.775
0.0 (0.0-4.0) 0.771
0.5 (0.0-4.0) 0432
15.0 (6.0-34.0) 0.656
24 (75%) 0.031
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Table 7 Correlation between MRI and the MoCA test
Frontal Parietal Temporal Occipital CcC Infratentorial  Number of lesions in
MRI
R pr p T P r p T P r P r P

Visuospatial/executive

Trail making test 001 090 0.10 047 —-0.14 030 0.19 018 002 086 -0.11 041 -003 0.82

Cube drawing 017 023 025 007 —-0.24 008 0.22 0.10 -0.10 047 -004 075 004 0.75

Clock drawing -002 085 0.00 098 -0.15 029 0.06 068 001 094 -044 0001 —0.21 0.13
Naming 005 072 -008 054 —011 042 0.13 035 -014 030 -005 072 -0.11 042
Attention

Digit span 005 069 -020 014 =012 040 0002 099 -024 009 -0.11 043 =020 0.16

Vigilance (concentration) 009 051 -019 018 -0.13 033 -016 025 000 095 -006 066 —0.28 0.048

Serial 7s 012 038 024 008 —-0.13 035 0.15 029 005 070 -004 073 012 037
Language

Repetition 022 011 -003 081 -0.19 0.18 -0001 099 -006 067 —006 065 —0.09 0.50

Fluency 007 059 —-0004 098 000 1.00 0007 095 017 023 017 021 0.0 047
Abstraction (similarities) 0.01 094 -006 066 —-052 <0001 -015 029 -027 0058 000 1.00 -0.38 0.005
Delayed recall (episodic memory) 0.10 045 0.05 070 —0.14 030 0.16 025 —-004 073 —009 053 001 0.94
Orientation 004 074 -009 050 —0.15 028 0.08 056 -002 088 -019 017 -0.16 0.25

p significant if < 0.05
R correlation coefficient, CC corpus callosum

the duration of the disease, the more the progression of
cognitive decline, and once cognitive impairment ap-
pears, it is unlikely to remit.

In our study, we concluded that cognitive impairment
present in all MS phenotypes (RR, SP, and CIS) with no
statistically significant differences (p >0.05) except for
digit span (sustained attention) which showed highly sta-
tistically significant correlation (p =0.001). These find-
ings were coping with Nocentini et al. [27], Portaccio et
al. [28], and Khalil et al. [29], and they mentioned that
cognitive dysfunction is often present in all MS subtypes
and has been reported in the CIS.

In this study, when we compared the MS patients with
the control group using the MoCA test, we found statis-
tically significant differences in the digit span (p < 0.001),
serial 7s (p <0.001), delayed recall (p <0.001), trail mak-
ing test (p <0.001), and fluency (p <0.001). This is in
agreement with several other studies; Sumowski et al.
recognized deficits in episodic memory and processing
speed as a debilitating symptom and prevalent of MS
[30]. Rao et al. found that the MS patients were fre-
quently impaired in recent memory, attention, and
visuospatial functions [31]. Benedict et al. emphasized
that the most affected domains in MS were verbal mem-
ory and executive function [32]. Deloire et al. observed
differences between the MS patients and the control
group as regards the attention, and
conceptualization [33].

In our study, we found that MS patients with cognitive
impairment have a higher EDSS than MS patients with

memory,

normal cognition with statistically significant differences
between the EDSS of both groups (p=0.009). This
agreed with Ruano et al.; they found global cognitive im-
pairment to be associated with higher EDSS in MS pa-
tients [34].

In our study, brain atrophy was more common in MS
patients with abnormal cognition than MS patients with
normal cognition with statistically significant differences
(p=0.031) This is in agreement with Camp et al,; they
reported that cognitive impairment was correlated with
total area/volume of MRI T2 lesions, cerebral volume,
corpus callosum size, and third ventricle volume or
width [35]. Benedict et al. concluded that ventricular en-
largement (which is an index of brain atrophy) is associ-
ated with abnormalities on various cognitive tests [36].
Calabrese et al. showed a more severe cortical atrophy in
RR-MS patients with cognitive impairment when com-
pared with cognitively preserved patients [37]. Accord-
ing to Eijlers et al., brain atrophy is a predictor of
cognitive decline in late relapsing—remitting and pro-
gressive MS [38].

Our study showed no statistically significant differ-
ences between the cognitively abnormal and cognitively
normal MS patients as regards the lesion distribution in
all the studied brain areas except temporal lobe. This is
partially matching with Paul et al,, as they did not detect
differences in T1 and T2 lesion load between RRMS pa-
tients with or without cognitive impairment. These find-
ings suggest that focal white matter lesions are not the
sole feature influencing cognitive performance in MS
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and point to additional mechanisms such as damage to
the normal-appearing white and gray matter [39].

Azevedo et al. [40], Nourbakhsh et al. [13], and Zivadi-
nov et al. [41] reported that brain atrophy during MS
course has become a well-recognized phenomenon. De
Stefano et al. [42] and Fjell et al. [43] showed that brain
atrophy has the strongest correlation with clinical dis-
ease progression, and increased atrophy over time is
thought to predict worsening cognitive function and is
known to occur in normal aging with an annual loss of
brain volume of approximately 0.2—0.5%.

Vagberg et al. [44] reported that, in patients with MS,
the atrophy rate is estimated to be 0.5-1.3% per year
and appears commonly to be more prominent in pa-
tients with progressive MS than in those with RRMS.
Other studies have shown that significant volume loss
can already occur in patients with early RRMS and in
patients with CIS [45, 46].

In our study, the total number of demyelinating plaques
load showed no statistically significant differences between
the cognitively abnormal and cognitively normal MS pa-
tients. Correlations between MRI findings and the neuro-
psychological assessment using MoCA test also showed no
statistically significant differences except between number
of MS plaques in the temporal lobe and abstraction (p <
0.001, r=-0.52), total number of MRI plaques and con-
centration (p = 0.048, r = — 0.28), total number of MRI pla-
ques and abstraction (p=0.005, r=-0.38), and
infratentorial lesions and clock drawing test (p = 0.001, r=
—0.44). This agrees with several previous studies including
Foong et al; they did not find an association between
frontal lesion load and impairment of executive skills [47].
Rossi et al. did not find an association between callosal le-
sions and the symbol digit modalities test [48]. Tiemann et
al. did not find an association between the total lesion and
seven neuropsychological variables [49]. Problems in ab-
stract reasoning appear early in MS but may remain stable
after many years. This type of cognitive impairment does
not necessarily develop in parallel with other neurological
deficits and may cause significant disturbances in everyday
life [50].

Conclusions

Our study showed that the MoCA test would provide a
brief screen for cognitive dysfunction in MS and is likely
to be most useful in identifying those MS patients who
may be at risk for cognitive impairment and warrant re-
ferral for full neuropsychological evaluation. Although
conventional MRI techniques are crucial in the MS diag-
nostic workup, their accuracy in evaluating and predict-
ing cognitive dysfunction is less relevant.
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