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Abstract 

Background:  About 40–70% of patients with multiple sclerosis (MS) develop cognitive impairment (CI) throughout 
their life. We aim to study the influence of MS on cognitive changes. This is a case–control study of fifty patients with 
MS who met the revised 2017 Mc Donald Criteria and fifty age- and sex-matched healthy subjects. The Expanded Dis‑
ability Status Scale (EDSS) was used to assess the degree of disability, and the Montreal Cognitive Assessment (MoCA) 
scoring system was used to assess cognitive function.

Results:  MS patients show low total MoCA score than the controls. Total MoCA scores were lower in patients with CI 
versus those with intact cognition. CI was higher in those with a longer duration of illness and a high EDSS. MoCA was 
positively correlated with education level but negatively with EDSS and disease duration.

Conclusion:  MoCA scale has optimal psychometric properties for routine clinical use in patients with MS, even in 
those with mild functional disability. The longer the disease duration and the higher the EDSS, the lower the MoCA 
score and the higher the education level, the higher the MoCA score. As for the profile of cognitive dysfunction in 
patients with MS, the domains most frequently failed by the patients were memory, attention, visuospatial learning, 
and language.
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Background
Multiple sclerosis (MS) is an inflammatory and immune-
mediated disease of the central nervous system charac-
terized by the development of focal demyelination and 
neuronal injury in functionally or anatomically related 
regions involved in cognitive processing such as the 
white matter, the cerebral cortical and deep gray matter, 
and the hippocampus [1–3].

Besides, motor and autonomic symptoms, MS was 
verified to have a higher risk of developing a wide range 
of psychobehavioral disorders, such as depression, anxi-
ety, bipolar disorder, sleep disorders, schizophrenia, and 

other psychotic disorders, all of which share cognitive 
decline [4–6].

Epidemiological studies reported frequencies of cog-
nitive impairment (CI) in patients with MS between 40 
and 70% of subcortical profiles [7, 8]. The presence of 
cognitive and psychological difficulties in people with MS 
contributes more to withdrawal from work and unem-
ployment than physical disability [9].

The CI is more common in advanced stages of the dis-
ease, although it can occur at any time.  Exceptionally, 
CI is the first manifestation of MS, and these patients 
develop a progressive cognitive deterioration from the 
beginning of the disease [10]. In a recent study, persons 
with newly diagnosed MS are more likely to have subtly 
CI than controls regardless of race/ethnicity [11].

The most frequently altered cognitive domains are 
sustained attention, speed of information processing, 
abstract reasoning, executive functions, and long-term 
verbal and visual memory. The involvement of cortical 
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functions such as aphasia or negligence is exceptional 
[12–14].

The precise mechanisms responsible for MS-related CI 
are complex and tangled and not completely known [15]. 
CI is associated with both structural injury and func-
tional impairment of neuronal networks in the MS brain 
[16] or could be driven by a synaptopathy facilitated by 
the CNS inflammatory situation [3].

Whether early CI in MS varies by race/ethnicity is 
unknown. Non-Hispanic blacks, especially women, were 
disproportionately affected and had less common, earlier 
progressive MS phenotypes [17].

Along with parameters of a higher disease bur-
den, APOE ε4 homozygosity was identified as a potential 
predictor of cognitive performance in patients with clini-
cally isolated syndrome and early relapsing–remitting 
MS [18].

There is no agreement on what should be the most 
suitable instruments for the exploration of CI in MS. 
Batteries of short and large tests are available. It is very 
important to carry out a neuropsychological screening 
evaluation that can identify cognitive impairment before 
a more extensive and comprehensive evaluation is per-
formed [19, 20].

Among the psychometric cognitive assessment that 
has been used commonly in research of MS, MoCA 
that has been recommended by the National Institute of 
Neurological Diseases and Stroke and Canadian Stroke 
Network was defined as a fast, reliable, accurate, and 
high-sensitive test to detect mild CI in 90% of cases and 
used as an alternative to the Mini-Mental Status Exami-
nation [21]. Single cutoff scores are frequently used to 
classify cognitive impairment in different MoCA versions 
[22]. A cutoff of ≤ 22 points was adopted to differentiate 
cognitively unimpaired individuals from possible mild CI 
[23].

We aim to assess the effect of MS on cognitive func-
tions using the MoCA scoring system and investigate the 
relationship of MoCA scores with different confounding 
factors.

Methods
A case-control study was conducted at the multiple scle-
rosis clinic at Baghdad Teaching Hospital / Medical City 
between November 2019 to November 2020. The study 
was approved by the Iraqi Committee of Medical Spe-
cialization (Decision No. 931; Date 1/3/2020) and an 
informed consent was ensured from all the participants.

The participants consisted of 50 MS patients in the 
remission phase (42 relapsing–remitting and 8 with 
secondary progressive) aged 20–54  years who met the 
2017 revised Mc Donald Criteria [24]. Another 50 age- 
and sex-matched controls aged were studied. Duration 

of patient’s illness ranging from 1  year to > 20  years. All 
patients were carefully followed up at a single MS center 
and they were under immunomodulatory therapy, such 
as interferon or glatiramer acetate.

Patients under treatment that have a significant 
impact on their cognitive performance, with a history of 
impaired hearing function, diagnosed psychiatric disor-
der, or cognitive impairment before MS diagnosis were 
excluded from the study.

A detailed neurological examination was done by a sen-
ior neurologist. The neuropsychological assessment were 
both performed within 1 week. The EDSS [25] is used to 
evaluate the degree of disability (the higher the score, the 
worse the patient’s disability). The scale ranges from 0 
(normal) to 10 (death due to MS) in 20-step scale scores 
(with 0.5-unit increments). EDSS steps 1.0–4.5 refer to 
fully ambulatory patients, and the precise step number 
is defined by the functional system score(s), while EDSS 
steps 5.0–9.5 are mostly described by impairment of 
ambulation [26].

Cognitive functions were assessed using the MoCA 
scale. MoCA consists of 30 items divided into the 
domains of attention, language, memory, visuospatial, 
executive functions, and orientation and scored accord-
ingly from 0 to 30 with a cutoff value of 26. A score of 
26 or above was considered normal [27], 25 to 23 as mild 
cognitive impairment, 23 to 11 as moderate cognitive 
impairment, and 10 and below is severe cognitive impair-
ment [28]. Accordingly, MoCA score ranges from 14 to 
25 refers to impaired cognition, and from 27 to 30 goes 
with intact cognition [29].

All statistical analyses were performed using SPSS 
statistical software, version 25 (IBM SPSS Statistics for 
Windows, Version 25.0. Released 2017, Armonk, NY: 
IBM Corporation, USA). Quantitative variables were pre-
sented as mean ± standard deviation (SD) and analyzed 
with an independent student t test. Categorical variables 
were expressed as counts and percentages or median and 
range and analyzed with a Chi-square test.

The receiver operating characteristic (ROC) curve was 
used to evaluate the EDSS and total MoCA in the con-
text of discrimination between patients with MS and 
controls. Correlations between different quantitative var-
iables were performed with two-tailed Pearson’s correla-
tion analysis. For all tests, a difference of variables with 
statistical significance was considered when p < 0.05.

Results
Table  1 shows the basic demographic data of the study 
population. No significant difference was noticed 
between the patients with MS and controls regarding age 
and gender, employment, and years of educations.
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Total MoCA score was significantly lower in patients 
with MS than in the control group (p < 0.001). Similarly, 
the score of all cognitive domains was significantly less 
in the patients versus the controls (Table 2).

The duration of illness and the EDSS were sig-
nificantly higher in patients with low MoCA scores 
(p = 0.001, p < 0.001, respectively). On the contrary, the 
education level was significantly higher in those with 
intact cognition (p < 0.001), as shown in Table 3.

The total MoCA score was significantly lower in those 
with impaired cognition (p < 0.001). Likewise, all cog-
nitive domains were significantly lower in those with 
impaired as compared to those with intact cognition 
apart from the language domain which is statistically 
insignificant between the two subgroups (p = 0.441) as 
illustrated in Table 4.

As for the profile of major domains of cognitive per-
formance used in our study. In descending manner, the 
domains most frequently impaired in MS patients were 
memory (42, 84%), attention (32, 64%), visuospatial 
learning (26, 52%), language (20, 40%), naming (9, 18%), 
abstract (8, 16%), and orientation (6, 12%), as shown in 
Table 5.

Pearson’s correlation was made between MoCA scores 
and confounding factors (education level, EDSS, and dis-
ease duration), as demonstrated in Table 6.

Total MoCA score was negatively correlated with EDSS 
(r = − 0.879, p < 0.001) and disease duration (r = − 0.754, 
p < 0.001), while it was positively correlated with educa-
tion level (r = 0.623, p < 0.001) (Fig. 1).

Discussion
Because of the complexity and unusual presentation 
of MS symptoms, there are no markers specific and 
the diagnosis is challenging. Diagnosis mainly depends 
on the medical history and neurological examination, 
magnetic resonance imaging with contrast, cerebro-
spinal fluid analysis (basic, microbial, cytopathological 

Table 1  Demographic characteristics of the study population

SD  standard deviation, n = number

Variable Patients
n = 50

Controls
n = 50

p value

Age (years) Mean ± SD 35.06 ± 8.97 33.3 ± 5.56 0.318

Gender Male (n, %) 22 (44%) 21 (42%) 0.840

Female (n, %) 28 (56%) 29 (58%)

Employment No 28 (56%) 19 (38%) 0.071

Yes 22 (44%) 31 (62%)

Education level (years) 13.03 ± 5.38 15.6 ± 2.32 0.092

Range 8–24 10–20

Table 2  MoCA scale and its different domains in patients with multiple sclerosis and controls

SD  standard deviation

MoCA domains Patients
(n = 50)

Controls
(n = 50)

t test

Range Mean ± SD Range Mean ± SD t p value

Visuospatial 2–5 4.22 ± 0.89 4–5 4.86 ± 0.35 − 4.86  < 0.001

Naming 1–3 2.8 ± 0.45 3 3.0 ± 0.0 − 3.1 0.003

Memory 1–5 3.12 ± 1.29 3–5 4.36 ± 0.52 − 6.28  < 0.001

Attention 1–6 4.16 ± 1.78 4–6 5.4 ± 0.57 − 4.61  < 0.001

Language 1–3 2.5 ± 0.54 2–3 2.78 ± 0.42 − 2.81 0.006

Abstraction 1–2 1.84 ± 0.37 1–2 1.98 ± 0.14 − 2.46 0.015

Orientation 5–6 5.88 ± 0.33 6 6.0 ± 0.0 − 2.56 0.012

Total MoCA 14–30 24.58 ± 4.29 27–30 28.14 ± 0.73 − 5.73  < 0.001

Table 3  Demographic and clinical data of patients with multiple 
sclerosis according to MoCA

SD standard deviation

Variable Cognition p value

Impaired
(n = 24)

Intact
(n = 26)

Age, years Mean ± SD 36.88 ± 9.77 33.24 ± 7.87 0.153

Gender Male (n, %) 11 (44%) 11 (44%) 1.0

Female (n, %) 14 (58.3%) 14 (53.8%)

Disease duration 
(years)

Mean ± SD 9.0 ± 6.11 4.46 ± 2.36 0.001

Range 1–22 1–10

EDSS Mean ± SD 5.0 ± 2.12 2.58 ± 1.05  < 0.001

Median 5.0 2.5

Range 1.5–8.0 1.0–50

Employment No (n, %) 17 (68%) 11 (44%) 0.087

Yes (n, %) 8 (32%) 14 (56%)

Education level 
(years)

Mean ± SD 10.84 ± 2.39 15.2 ± 3.03  < 0.001
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assessment, oxidative enzymes, and tests for IgG index), 
visual and somatosensory evoked potentials as well as 
cognitive tests [30]. Nonetheless, the diagnosis could be 
delayed for several years especially in the presence of 
mental and physical comorbidities [31, 32].

Given the fact that cognitive disorders are among the 
common problems in patients with MS [33], the present 
study aimed to evaluate the MoCA score (as an impor-
tant cognitive assessment) in patients with MS based on 

age, gender, level of education, duration of illness, and 
EDSS (as important individual characteristics).

Forty-eight percent of our patients with MS have CI. A 
finding reflects the underlying inflammatory and neuro-
degenerative pathological features of the disorder [19].

Gender had no significant impact on the cognitive 
function of the participants, which harmonizes the 
results obtained by other researchers [34–36]. Benedict 
and colleagues [33] recognized the male gender as one 
of the risk factors for CI in MS patients. On the reverse, 
Shaygannejhad and colleagues [37] reported more cogni-
tive complications in women compared to men. This lack 
of consistency between the results might be due to dif-
ferent MS diseases, duration of disease, type of cognitive 
test, the difference in sample size, and low sensitivity of 
cognitive assessment tools.

In the present study, age affect cognitive function as a 
confounding variable, which is in contradiction with the 
findings of Hassanshahi and coworkers [36]. However, 
the findings were similar to the results obtained by other 
groups [34, 35, 38], who reported a decrease in the cog-
nitive level of subjects by aging or a significant relation-
ship between age and learning, memory, and executive 
functions based on different batteries. This lack of con-
sistency between the results might be due to the different 
age ranges, and evaluation of higher ages might show a 
greater impact of age on the cognitive status of individu-
als or to differences in the type of cognitive test.

In this study, patients with CI have a longer duration 
of illness along with a significant relationship between CI 
illustrated as low MoCA score with disease duration. This 
suggests that as the disease progresses, cognitive deficits 
tend to extend.

Amato and colleagues [39] examined 50 patients with 
a short disease duration. Ten years later, the short-term 
verbal memory, abstract reasoning, and linguistic abili-
ties were impaired [40]. In addition, the proportion of 
patients who were cognitively preserved decreased over 
the same time from 74% at baseline to 44%; meanwhile, 
the proportion of patients with mild or moderate impair-
ment tended to increase.

Earlier cross-sectional studies found a weak or no cor-
relation between CI and disease duration [41–43], while 
other cross-sectional studies [44–46] using the different 
battery of neuropsychological tests observed an incre-
ment in the proportion of CI over ensuing years.

The long-term CI evolution could be related to the pro-
gression of both gray matter and white matter pathology. 
CI was progressed continuously and paralleled by atro-
phy and lesion accumulation [47, 48].

In this study, low education attainment is associ-
ated with worse cognitive performance in patients with 

Table 4  Cognitive subdomains in patients with multiple 
sclerosis according to MoCA

The data are presented in mean ± standard deviation

MoCA domains Cognition p value

Impaired
(n = 24)

Intact
(n = 26)

Visuospatial 3.6 ± 0.82 4.84 ± 0.37  < 0.001

Naming 2.6 ± 0.58 3.0 ± 0.0 0.001

Memory 2.16 ± 0.94 4.08 ± 0.76  < 0.001

Attention 2.68 ± 1.25 5.64 ± 0.57  < 0.001

Language 2.44 ± 0.51 2.56 ± 0.58 0.441

Abstraction 1.68 ± 0.48 2.0 ± 0.0 0.00

Orientation 5.76 ± 0.43 6.0 ± 0.0 0.008

Total score 21.04 ± 3.25 28.12 ± 0.97  < 0.001

Table 5  Frequency of affected subdomains in patients with 
multiple sclerosis

Cognitive domain Cognition Total
N = 50

Impaired
n = 24

Intact
n = 26

Visuospatial 22 (44%) 4 (8%) 26 (52%)

Naming 9 (18%) 0 (0%) 9 (18%)

Memory 24 (48%) 18 (36%) 42 (84%)

Attention 24 (48%) 8 (16%) 32 (64%)

Language 13 (26%) 7 (14%) 20 (40%)

Abstract 8 (16%) 0 (0%) 8 (16%)

Orientation 6 (12%) 0 (0%) 6 (12%)

Table 6  Pearson’s correlation between different variables in 
patients with multiple sclerosis

Variables EDSS Total MoCA

r p r p

Total MoCA − 0.879  < 0.001

Education level − 0.524  < 0.001 0.623  < 0.001

Disease duration 0.887  < 0.001 − 0.754 0.001
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MS. This finding is in line with the results obtained by 
many groups of researchers [37, 49–51], who posed a 
significant relationship between cognitive disorders 
and level of education even in patients without gray 
matter atrophy. The close correlation between CI and 
education level coincided with the results obtained by 
Caparelli-Dáquer and coworkers [52], who reported 
that the highest scores on the correct answer to the 
Judgment  of  Line Orientation Test were in men and 
higher education groups.

On the contrary to these results, other groups of 
researchers demonstrated that level of education did not 
act as a predictor for cognitive dysfunction [35, 36, 53]. 
This inconsistency between the results is due to different 
cognitive assessment tools, different sample populations, 
and sizes.

A marked association between CI and the individual 
physical state (measured by the EDSS) was shown in our 
study plus the EDSS was negatively correlated with the 
MoCA score. These findings were in harmony with those 
reported elsewhere [46, 54–56]. In a study conducted on 
92 consecutive patients with relapsing–remitting MS in 
whom the EDSS scores were ≤ 2.5, cognitive functions 
were impaired [57] suggesting that cognitive dysfunction 
can occur early in the disease [58, 59].

Finally, the pattern of CI found in patients with MS 
could be essentially indicative of reduced information 
processing speed causing intellectual slowing, attentional 
problems, impairment in abstract reasoning, problem-
solving, and memory dysfunction as distinctive features 
of “subcortical dementia”. This condition could be attrib-
utable to the interruption of the neural connections 
among cortical associative areas as well as between corti-
cal and subcortical structures as a consequence of demy-
elination and axonal degeneration.

This research has a few limitations that should be con-
sidered. First, we enrolled a small sample size, and the 
type of MS being confined to relapsing–remitting and 
secondary progressive phenotypes. Second, we could not 
evaluate the influence of family history, types, or labora-
tory parameters. Third, data regarding certain factors, 
such as those related to environmental conditions, psy-
chosocial characteristics, and genetics, were not part of 
the data set. Finally, we did not test the effect of treat-
ment on cognitive functions.

We recommend future studies of large cohorts 
including all MS phenotypes. Further studies of cog-
nitive function at diagnosis and in the early disease 
course are required to identify the true prevalence 
of CI at diagnosis, its incidence thereafter, factors 

Fig. 1  Correlation of total MoCA and disease duration (A) years of education (B) and EDSS (C) in patients with multiple sclerosis
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contributing to its development, and insight into its 
pathogenesis. The heterogeneity of the neuropsycho-
logical tests previously used to assess cognition in MS 
has undoubtedly contributed to the considerable vari-
ation in the reported prevalence of cognitive deficits. 
Future neuropsychological research should use practi-
cal, validated, and accurate screening tools that are also 
applicable in a clinical setting, such as Brief Interna-
tional Cognitive Assessment for MS.

Conclusions
MoCA scale has optimal psychometric properties for 
routine clinical use in patients with MS, even in those 
with mild functional disability (EDSS). This finding can 
remind clinicians regarding the importance of con-
sidering this to identify MS patients at high risk of CI 
earlier. Our study also concludes that the longer the 
disease duration and higher EDSS, the lower the MoCA 
score, and the higher the education level, the higher the 
MoCA score. As for the profile of CI, the domains most 
frequently affected were memory, attention, visuospa-
tial learning, and language.
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AUC​: Area under the curve; CI: Cognitive impairment; EDSS: Extended disabil‑
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