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Abstract:  

Background: Cognitive impairment is highly prevalent in multiple sclerosis (MS). Early 

detection of cognitive dysfunctions using radiological techniques may help in controlling and 

may prevent such complications.    

Objectives: To assess the relationship between cognitive impairment and brain volumes in 

Egyptian MS patients. 

Methods: A cross-sectional study was conducted including 50 Egyptian MS patients with 

diverse subtypes. Adult patients diagnosed with MS based on revised McDonald’s 2017 

criteria, free from other neurological or systemic disorder affecting brain structure and had 

EDSS ≤ 8. The recruited patients were subjected to cognition assessment using Montreal 

Cognitive Assessment (MoCA)test and brain volume estimation using magnetic resonance 

imaging (MRI). Demographic, clinical, and radiological data were compared using appropriate 

tests and SPSS software version 26. 

Results: Out of 50 MS patients, MOCA was normal in 36% patients and abnormal in 64% 

patients. As regard regional brain volumes (Cortical, Cortical Normalized, left thalamus, right 

thalamus and lesion load) were statistically significant smaller in abnormal MOCA patients 

compared to normal with P-value were (0.004,0.001,0.002,0.001 and 0.004) respectively.   

Conclusion: Early estimating brain volume in Egyptian MS patients may help in prediction of 

cognitive impairment among them. large sample size is required to assess the predictive value 

of volumetry. 
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Introduction: 

Multiple sclerosis (MS ) is an immune-mediated disease affecting the central nervous system 

(1). MS is gaining special attention among health care providers because it is considered one 

of the most common causes of disability among youth (2). The main cause of MS is still 

unknown, but pathological studies suggested abnormal immune reaction that results in 

sensitization of B-lymphocytes by the help of T-lymphocytes which secrete antibodies to 

attack glial cells called oligodendrocytes in the CNS which in the end causes the pattern of 

demyelination and remyelination of the neurons (3). The clinical picture varies widely 

according to the affected tract, but the diagnosis should follow the revised Macdonald's 

criteria by the aid of contrast enhanced magnetic resonance imaging and presence of 

oligoclonal bands in the cerebrospinal fluid (4). The relapsing remitting course of the disease 

is the most common. However, other phenotypes such as primary progressive and secondary 

progressive courses are getting special attention in clinical trials targeting preservation of 

brain volume and preventing further disability by preventing the clinical and subclinical 

attacks (5).  

The loss of brain volume was reported in MS patients compared with normal controls in 

variable rates regardless of the disease course (6).The earliest affected areas of the brain are 

the frontal and superior temporal lobes, then it progresses to affect other eloquent brain areas 

such as motor cortex and pyramidal tract (7). Although MS had been believed to be a white 

matter disease in earlier studies, recent studies showed grey matter affection at various stages 

of the disease and among all phenotypes (8). The caudate nucleus and the thalamus along with 

cortical neurons were reported to be affected (9). During MS activity the White Matter (WM) 

volume can increase due to an inflammatory process which leads to an artificial increase in 

volume that masks the brain atrophy process (10). Detection of attacks was traditionally based 

on MRI with gadolinium enhancement to detect the activity of lesions (11). Newer techniques 

were developed to detect subclinical and grey matter attacks such as MRI volumetry (12). 

MRI volumetric studies use manual, semi-automated and fully automated methods to calculate 

the targeted brain volume (13).The fully automated technique is the most widely used because 

it speeds up the analysis and allows the use of complex data and integrates multiple modalities 

and algorisms of calculations (14). Global brain atrophy detected by MRI volumetry is a better 

prognostic tool compared with conventional MRI white matter load regarding motor disability 

(15). Also, cognitive decline was associated with loss brain volume in the Gray Matter(GM) 

of neocortex and basal ganglia along with widening of the third ventricle and atrophy of the 

corpus callosum (16). So, MRI volumetry is a clinically relevant tool to predict the motor 

disability and cognitive decline of MS patients which can help in modifying the line of 
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treatment (17). The lines of treatment in MS target the inflammatory mediators, T-

lymphocytes, B-lymphocytes, and bone marrow according to disease severity (18). They can 

be categorized into platform therapy and high efficacy therapy (19). Escalation, induction, and 

lateral shifting are the strategies used to control disease activity according to factors such as 

the expanded disability status score (EDSS), MRI lesion burden, and the course of progression 

(20). The high efficacy disease modifying therapy was proven to decrease brain volume loss in 

patients with multiple sclerosis compared with platform therapies (21). To the best of our 

knowledge, cognitive impairment in relation to brain volume changes among Egyptian MS 

patients has not been studied. Therefore, we aimed to assess cognitive function in MS patients 

using Montreal Cognitive Assessment (MoCA) test.  MRI volumetry to estimate whole, white 

matter, grey matter, and regional brain, and to study the relationship between the brain volume 

and cognitive impairment.  

Methods: 

Design 

A cross-sectional study was conducted at neurology department of Al-Azhar University 

Hospital, Cairo, Egypt, during the period from august 2021 to February 2022. The study was 

approved by the Ethics Committee of the faculty of medicine, Al-Azhar university. Informed 

consent was taken. 

Patients 

A consecutive sample of MS patients including 50 patients was recruited. The inclusion 

criteria included adult patients aged 18 – 60 years, diagnosed with MS according to revised 

McDonald’s 2017 criteria, EDSS ≤ 8, and no relapse within previous 3 months. However, 

patients with other causes of neurological or cognitive disorders were excluded including 

brain or spinal cord ischemia, brain or spinal tumor, infectious disease affecting neurological 

system, genetic disorders, systemic autoimmune disorders, brain or spinal trauma, or drug 

abuse affecting neurological system were excluded.  

Assessments 

The recruited MS patients were subjected to magnetic resonance imaging (MRI) upon 

outpatient hospital admission as a routine follow-up assessment. MRI-based longitudinal 

technique was utilized for the following assessments; lesion load assessment as volume in 

mm
3
 using MIPAV (Medical Image Processing, Analysis and Visualization) software, whole brain 

volume in mm
3 

, and regional brain volume mm
3
. FMRIB Software Library (FSL) software 

(22) and Structural Image Evaluation using Normalization of Atrophy (SIENAX) method (23) 
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were used for brain volume estimation. Cognitive dysfunction was assessed using MOCA test; 

MoCA scores range between 0 and 30.patients with score < 26 were classified as abnormal 

score indicating cognitive dysfunction, while patients with score ≥ 26 were normal add 1 for 

every educated patient less than 12 years) (24).  

Statistical analysis 

Quantitative data were expressed as mean ± standard deviation (SD) and compared using 

independent samples t-test after ensuring data normality, while qualitative data were expressed 

as frequencies and percentages, and compared using Chi-square test after ensuring the test 

assumptions, otherwise extract Fisher test was used. All tests were conducted at 0.05 level of 

significance using Statistical package for the social sciences (SPSS) version. 26 software 

2019.   
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Results: 

Table (1): Comparison between Normal and Abnormal MOCA multiple sclerosis patients 

regarding demographic and baseline factors 

Variables 
Normal MOCA 

Abnormal 

MOCA P-value 

No.= 18 No.= 32 

Age 31 ± 11.62 34.33 ± 9.68 0.283 

Sex:   

0.941 Female 12 (66.7%) 21 (65.6%) 

Male 6 (33.3%) 11 (34.4%) 

Phenotype:   

0.420 

RRMS 

CIS 

SPMS 

PPMS 

13 (72.2%) 23 (71.9%) 

2 (11.1%) 4 (12.5%) 

2 (11.1%) 4 (12.5%) 

1 (5.6%) 1 (3.1%) 

Disease duration to Image 2.44 ± 1.89 6.31 ± 4.86 0.002*` 

Disease duration now 6.56 ± 3.28 8.94 ± 5.24 0.088 

DMT Years 1.5 ± 0.71 2.17 ± 1.19 0.467 

DMT Current:   

0.792 
Interferon beta-1a 1 (50.0%) 6 (50.0%) 

Fingolimod 1 (50.0%) 4 (33.3%) 

Interferon beta-1b 0 (0.0%) 2 (16.7%) 

EDSS 2.25 ± 1.82 3.66 ± 1.6 0.006* 

PASAT 32.28 ± 7.72 48.59 ± 17.5 <0.001* 

CIS; Clinically isolated syndrome, DMT; Disease modifying therapy, EDSS; The Expanded Disability Status 

Scale, PASAT; Paced Auditory Serial Addition Test, PPMS; Primary progressive multiple sclerosis, SPMS; 

Secondary progressive multiple sclerosis.  

as regard age, sex, phenotype, disease duration now, DMT years and DMT current there are 

no statistically significant difference between normal and abnormal MoCA group while there 

are statistically significant difference as regarded disease duration to image, EDSS and 
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PASAT 3 (p 0.002 , p 0.006 and p<0.001      respectively) in comparing normal with abnormal 

MoCA group. 

Table (2): Comparison between Normal and Abnormal MOCA multiple sclerosis patients 

regarding whole brain volume data 

MRI data 

Normal MOCA Abnormal MOCA 

P-value 

No.= 18 No.= 32 

WBV 974262.96 ± 131412.03 966442.84 ± 115934.25 0.828 

WBV N 1441022.98 ± 103958.99 1418035.05 ± 115183.97 0.487 

Maximal Brain Volume 1249268.06 ± 136916.45 1261344.9 ± 136234.16 0.765 

Percentage Atrophy 0.78 ± 0.06 0.77 ± 0.06 0.489 

MOCA; Montreal Cognitive Assessment, WBV; Whole brain volume, WBV N; Whole brain volume normalized.  

 

as regard whole brain volume data between normal and abnormal MoCA group there were no 

statistically significant difference as regard; Whole brain volume, Whole brain volume 

normalized, Maximal Brain Volume and Percentage Atrophy with P-value of (0.828, 0.487   ,     

0.765   and 0.489) respectively in comparing normal with abnormal MoCA group. 

  



38 
 

Table (3): Comparison between Normal and Abnormal MOCA multiple sclerosis patients 

regarding regional brain volume and lesion load data 

MRI data 
Normal MOCA Abnormal MOCA 

P-value 
No.= 18 No.= 32 

GMV 507635.18 ± 66382.26 501861.75 ± 72081.42 0.781 

GMV N 751729.57 ± 60740.28 731455.03 ± 103506.86 0.452 

WMV 466627.78 ± 70465.6 465727.58 ± 62274.94 0.963 

WMV N 689293.41 ± 58883.68 681578.11 ± 56670.44 0.651 

Cortical 398688.24 ± 53321.77 451455.67 ± 61934.71 0.004* 

Cortical N 590398.66 ± 47285.48 488745.57 ± 70784.91 <0.001* 

Thalamus L 6811.38 ± 1049.27 6020.2 ± 1184.2 0.002* 

Thalamus R 6629.91 ± 958.35 5456.38 ± 1186.86 0.001* 

Caudate L 3191.92 ± 673.48 2943.12 ± 627.28 0.196 

Caudate R 3226.84 ± 555.77 3151.51 ± 556.74 0.648 

Putamen L 4112.17 ± 963.18 3884.67 ± 895.77 0.406 

Putamen R 3985.63 ± 823.31 3804.38 ± 946.68 0.500 

Pallidum L 1797.34 ± 903.09 1598.67 ± 700.92 0.391 

Pallidum R 1707.48 ± 643.85 1610.78 ± 574.6 0.593 

Hippo L 3179.91 ± 620.57 3264.46 ± 662.15 0.660 

Hippo R 3246.41 ± 493.78 3296.18 ± 635.14 0.776 

Amygdala L 1154.34 ± 214.35 1178.41 ± 251.18 0.734 

Amygdala R 1162.13 ± 220.11 1141.16 ± 275.15 0.783 

Brainstem 19415.92 ± 1805.7 19448.41 ± 2658.94 0.963 

Lesion Load 12595.41 ± 18830.41 24996.62 ± 20593.31 0.004* 

GMV; Grey matter volume, L; Left, N; Normalized, R; Right, WMV; White matter volume.  

As regard regional brain volumes (Cortical, Cortical Normalized, left thalamus, right thalamus 

and lesion load) were statistically significant smaller in abnormal MOCA patients compared to 

normal with P-value were (0.004,0.001,0.002,0.001 and 0.004) respectively.   

Discussion: 

Brain volume is reduced in MS patients in different degrees in relation to MS disease 

progression (25), and it is supposed to be used for early diagnosis of MS (26). Moreover, brain 

volume changes in relation to cognitive score has been studied among MS patients in different 

countries (27).  

In this study, significant associations were found between some regional brain volumes and 
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cognitive dysfunction. However, whole brain volume, white matter volume, and grey matter 

volumes were not significantly associated with the cognitive dysfunction in MS patients, 

although a numerical difference has been reported favoring patients with normal MOCA.  

This results is consistent with Golan et al, as their study conducted on 91 MS patients reported 

significant correlations between global cognitive score and whole brain volume (r = 0.4), 

white matter volume (r = 0.4), and grey matter volumes (r = 0.25) (28).  

Another study reported among 195 relapsing MS patients by Fenu et al showed significant 

correlations between three different cognition scores and each of normalized brain volume and 

normalized grey matter volume. However, nonsignificant correlation was found with 

normalized white matter volume (27).  

Regionally, in our study we found significant associations between cognitive impairment and 

cortical, normalized cortical, left thalamus, and right thalamus volumes. This result is 

consistent with Golan et al, it reported significant correlation global cognitive score and 

thalamic volume in MS patients (r = 0.42). However, cortical grey matter volume was not 

significantly correlated with the global cognitive score (28). It was also reported significant 

correlations between different cognition scores and cortical grey matter volume which was 

consistent with our findings (27).  

In disagreement with our findings, a study Houtchens et al aimed to assess thalamic atrophy 

and cognition among 79 MS patients using MRI and Minimal Assessment of Cognitive 

Function in Multiple Sclerosis test. The study reported significant association between MS and 

thalamic volume (p < 0.0001) and brain parenchymal fraction (p < 0.001), but no significant 

group difference between the patients with and without cognitive impairment subgroups (29). 

 

In this study, lesion load was also larger in patients with cognitive dysfunction indicated by 

abnormal MOCA. In agreement with our results, fluid-attenuated inversion recovery (FLAIR) 

lesions and T1 black holes were significantly correlated with global cognitive score among 91 

MS patients (28). But Houtchens et al   study reported numerical, but not significant difference 

between MS patients with and without cognitive dysfunction in FLAIR lesion volume and T1 

lesion volume (29).  

We reported non-significant association between cognitive impairment and the following 

regional brain volumes; caudate, putamen, hippocampi, amygdala,, and brain stem volumes. 

Consistently, with Houtchens et al    whom reported that hippocampi volume was not 

significantly correlated with the global cognitive score in MS patients (28). To the best of our 

knowledge, the other brain regions in relation to cognitive impairment in MS have not been 

studied. 
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Conclusion: Cortical and thalamic regional brain volumes may be more indicative for early 

detection of cognitive impairment in Egyptian MS patients. However, larger sample size is 

required to assess the detecting value of whole brain volume and grey matter volume. Early 

estimating brain volume and following MS patient up for developing cognitive impairment is 

required to be included in future studies. 

 

Abbreviations: 

CIS; Clinically isolated syndrome, DMT; Disease modifying therapy, EDSS; The Expanded Disability Status 

Scale, FSL; FMRIB Software Library, GMV; Grey matter volume, L; Left, MIPAV; Medical Image Processing, 

Analysis, and Visualization, MOCA; Montreal Cognitive Assessment, N; Normalized; , PASAT; Paced Auditory 

Serial Addition Test, PPMS; Primary progressive multiple sclerosis, R; Right ,SIENAX; Structural Image 

Evaluation using Normalization of Atrophy ,SPMS; Secondary progressive multiple sclerosis,,WBV;Whole brain 

volume, WBV N; Whole brain volume normalized, and WMV; White matter volume. 
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