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Abstract- Multiple sclerosis (MS) is defined as an inflammatory, progressive, and autoimmune disease in the
central nervous system, recognized by its subsequent demyelination and neurodegeneration. Cognitive
disorders are among the most severe problems in patients with MS, affecting their personal and professional
life. This study is aimed to evaluate memory and visual learning, visual processing speed, and spatial perception
in MS patients based on age, gender, and level of education. This cross-sectional study was carried out on 42
MS patients (based on McDonald’s criteria). The level of disability in patients was assessed using EDSS, and
cognitive performance was evaluated by the use of judgment of line orientation (JLO), symbol digit modalities
test (SDMT), and revised brief visuospatial memory test (BVMT-R). In this study, patients were within the age
range of 20-51 years, 73.8% of which were female, and 61.9% had academic degrees. According to the classes
of independent variables (gender, education level), no significant difference was observed in the mean scores
of dependent variables (JLO, SDMT, and BVMR-T scores) (P>0.05). In addition, age as a confounding variable
had no impact (P>0.05). In addition, gender and level of education had no significant interaction (P>0.05).
According to the results of the study, age, gender, and education level had no significant effect on memory and
visual learning, visual processing speed, and spatial perception.
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory,
progressive, and autoimmune disease in the central
nervous system (CNS) recognized by its subsequent
demyelination and neurodegeneration (1). The disease
symptoms depend on the myelin destruction location and
the extent of the lesion (1). An estimated 2,500,000 in the
world and 50,000 people in Iran have MS, and the
prevalence rate of MS in Iran has been estimated at nine
per 100,000 individuals (2,3). Studies showed that the

number of MS patients has been increasing in recent years
in Iran (4). The pathogenesis of MS is complex and
multifaceted, and various factors are involved in the
emergence of the disease, including immune system state,
inheritance, and several environmental factors (5).
Nevertheless, all of the above-said factors have to be
proven yet, and MS has no clear etiology (6). In other
words, MS has no definitive treatment (7,8), and the main
goal of treatment is to reduce disability and delay
maximum incapability (1).

Some of the most common symptoms of MS include
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sensory, motor, visual, intestine, bladder, cognitive, and
emotional disorders (9). In this regard, cognitive
disorders are among the most prevalent complications of
the disease (10). With a prevalence of 50-70% among MS
patients, cognitive dysfunction is related to memory,
learning, information processing speed, visual-spatial
perception, and performance (7,11). Cognitive domains
most commonly impaired in MS are information
processing speed and memory (12). These cognitive
impairments begin at a high-speed level and affect
patients’ personal and professional life (13). Furthermore,
the above mentioned cognitive impairments exacerbate
disabilities in MS patients up to 43-70% (14). The
emergence of cognitive disorders might be related to
individual and clinical features (15) and could affect the
personal and professional lives of individuals (13).
Impaired cognitive performance is often determined by
tests that measure attention, information processing
speed, working memory, spatial and visual-spatial
memory, and executive functions (16).

In research, a delay was found in the reaction time in
MS patients, compared to normal people (17). Another
study revealed problems in the processing speed in all
cognitive domains, especially the memory of MS patients
(18). Rao reported deficits in mental processing and
memory in MS patients (19). In various studies, the
relationship between cognitive disorders and some
individual and clinical features has been assessed, some
of which have yielded contradictory results (15,20,21).
The present study was designed and conducted due to
insufficient evidence of the relationship between age,
gender, and level of education with cognitive disorders in
MS patients.

Materials and Methods

This cross-sectional research was performed on 42
MS patients (31 females and 11 males) with a mean age
of 30.53+7.27 years, who were referred to neurologic
clinics in Kerman and Rafsanjan, Iran. Inclusion criteria
were willingness to participate in the study, definitive
diagnosis of MS via neurological examinations by a
specialist, evaluation of medical files, and based on the
McDonald Criteria for diagnosis of MS (22),
experiencing at least one relapse in the past two years, and
receiving a 0-3.5 score in expanded disability status scale
(EDSS). On the other hand, exclusion criteria were brain-
related diseases, such as stroke, history of brain injury,
seizure, and intellectual disability. At first, the research
objectives were explained to the participants, who filled
a consent form and a demographic characteristics
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questionnaire (age, gender, and level of education).
Afterward, a neurologist determined the level of
disability in MS patients using EDSS (23).

The cognitive performance of MS patients was
assessed using MACFIMS, the Farsi version of which has
been validated by Eshaghi et al., (2012) (24). Among the
cognitive tests, the researchers used three tests, which
were symbol digit modalities test (SDMT), revised brief
visuospatial memory test (BVMT-R), and judgment of
line orientation (JLO). SDMT was applied to assess the
visual processing speed and working memory of patients.
This test encompasses nine pairs of numbers/symbols,
and patients were asked to verbally express the numbers
related to the target symbol in 90 seconds at the fastest
pace possible. After that, the number of correct figures
expressed in 90 seconds was recorded, and a score of 0-
110 was allocated to each subject (25,26). The
researchers also used BVMT-R, where patients were
asked to present six abstract shapes in a 2x3 network. The
participants were given 10 seconds to learn the shapes and
their position. In addition, they were required to draw the
shapes on a piece of paper using a pencil without a time
limit. It is to be noted that the test was repeated three
times (T1, T2, T3). Each drawing was allocated a score
of 0, 1, or 2 based on the accuracy and positioning criteria
of the six shapes (27). Moreover, processing ability and
spatial-visual perception in patients were assessed using
JLO, which involves displaying two lines with various
angles to patients. There are 11 numbered lines at the
bottom of the sheet creating a semicircle. According to
the test, patients paired the angled lines with 11 numbered
lines by expressing the number of lines. The test involved
five practice tests and 30 main tests. The test had no time
limit, and correct responses were recorded (28,29).

Statistical analysis

Demographic characteristics and test results were
presented as mean+SD, except for educational level and
gender, for which data were shown as n (%). In the study,
the distribution of continuous variables was normal, and
the Friedman test was carried out for other variables due
to abnormal data. Moreover, the effects of gender and
level of education on test data were evaluated using
multivariate analyses of variance (MANOVA). In this
analysis, JLO, Oral SDMT, Written SDMT, and Total
Recall of BVMT were variables of task response, but age
was a covariate. All statistical assessments were two-
tailed, and P<0.05 was considered significant. Data were
analyzed using SPSS (version 21, Chicago, IL, USA).

Results
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Among the subjects, 73.8% were female, and 61.9% in various aspects of JLO, SDMT, and BVMT-R.
had academic degrees. In addition, the age range of Table two shows the results of spatial-visual
patients was 20-51 years, and their mean age was reported perception and processing in MS patients using JLO.
as 30.53+7.37 years (Table 1). Moreover, Table one According to the table, the most and least correct
shows the range and mean scores obtained by MS patients responses were related to items six (97.6) and 27 (24.4).

Table 1. The descriptive data of the study

Variables Number Range Mean +SD

age (year) 42 20-51 30.53 +7.27

MMSE 42 25-30 2952+ 1.13

JLO 42 7-29 20.21+£5.35

SOMT oral 42 20-77 o
Written 42 16-77  44.19+12.40

BVMT-R  Trial-1 42 1-12 5.89+2.63
Trial-2 42 2-12 8.81+2.95
Trial-3 42 3-12 9.65 +2.80
Total Recall 42 7-36 24.36 £7.77

Education Elementary n(%) 3(7.1)

level High school n(%0) 13 (31.0)
University/college n(%6) 26 (61.9)

Gender Male n(%o) 11(26.2)
Female n(%) 31(73.8)

Table 2. Results of the evaluation of spatial vision processing in MS patients using the
judgment of line orientation test (JLO)

Test Items Correct Answer The number of correct answers to each item (%)
V1 5-10 HH 21 (51.2)
V2 2-11 MM 28 (68.3)
V3 1-2 LL 38 (92.7)
V4 1-7 HH 34 (82.9)
V5 6-7 HH 37 (90.2)
V6 5-6 LL 41 (97.6)
V7 4-5 HH 32(78.0)
V8 1-3MM 28 (68.3)
V9 5-11 MM 36 (87.8)
V10 1-10 HH 37 (90.2)
ikl 1-7 MM 30 (73.2)
V12 2-6 HH 35 (85.4)
V13 7-9 MM 30(73.2)
V14 2-5 HL 25 (61.0)
V15 1-9LL 28 (68.3)
V16 7-8 MM 37 (90.2)
V17 3-5 HH 35 (85.4)
V18 10-11 MH 29 (70.7)
V19 1-4 MM 26 (63.4)
V20 3-11LL 27 (65.9)
v21 6-10 LL 20 (48.8)
V22 29LL 21 (51.2)
V23 3-8 HH 30(73.2)
V24 9-11 HH 15 (36.6)
V25 3-4LM 19 (46.3)
V26 8-9LL 17 (41.5)
V27 8-11 HH 10 (24.4)
V28 7-10 HL 20 (48.8)
V29 3-10 HL 12 (29.3)
V30 5-8 HM 31 (75.6)
Table three shows the results of the evaluation of the BVMT-R. According to Friedman’s test results, the
learning and visual memory of MS patients applying frequency distribution of patients’ responses varied in T1,
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T2, and T3 stages in every six drawings (P<0.05), and
almost all six drawings of patients received a score of zero
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and two at T1 and T3 stages, respectively.

Table 3. Results of the evaluation of learning and visual memory of MS patients using brief
visuospatial memory test-revised (BVMT-R)

BVMT-R Trial -1 Trial-2 Trial-3 p
N (%) N (%) N (%)
0 9(23.7) 4 (10.5) 3(8.1)
1 10 (26.3) 8(21.1) 5 (13.5)
0.003
2 19 (50.5) 26 (68.4) 29 (78.4)
0 12 (31.6) 3(7.9) 2 (5.4)
1 16 (42.1) 18 (47.4) 13 (35.1)
P<0.0001
2 10 (26.3) 17 (44.7) 22 (59.5)
0 9(23.7) 3(7.9) 12.7)
1 6 (15.8) 4 (10.5) 3(8.1)
P<0.0001
2 23 (60.5) 31(81.6) 33(89.2)
0 14 (36.8) 3(7.9) 3(8.1)
1 15 (39.5) 10 (26.3) 8 (21.6)
P<0.0001
2 9(23.7) 25 (65.8) 26 (70.3)
0 15 (39.5) 7 (18.4) 4 (10.8)
1 11 (28.9) 9(23.7) 5 (11.9)
P<0.0001
_i 2 12 (28.6) 22 (57.9) 28 (66.7)
0 23 (60.5) 13 (34.2) 7(16.7)
1 10 (26.3) 7 (18.4) 8 (19.0)
P<0.0001
2 5(13.2) 18 (47.4) 22 (52.4)

Table 4 shows the mean and standard deviation of
scores of JLO, SDMT, and BVMT in MS patients is based
on gender and level of education. JLO, SDMT-oral,
SDMT- written, and BVMT-total recall received the
highest scores in MS patients, Men with the education of
diploma, elementary school, a high school diploma, and
elementary school degrees.

According to Table five, no significant difference was

observed in the mean scores of any of the dependent
variables (JLO, SDMT, BVMR-T) based on classes of
independent variables (gender and level of education)
(P>0.05).

According to Figure 1, age had no impact on the
results as a confounding factor (P>0.05). Furthermore,
gender and level of education had no significant
interaction (P>0.05).

Table 4. Sample composition and scores for each subgroup

Gender Education level JLO SDMT oral SDMT Written BVMT-total recall
Mean = SD Mean + SD Mean + SD Mean + SD
Elementary 16.00 £ 0.00 34.00 £ 0.00 40.00 £0.00 7.00 £0.00
Female High school 20.44 +559 4355+11.18 40.44 £7.93 23.22+7.66
University 18.35+5.18 44.64 £11.76 43.58 £14.51 25.41+754
Elementary 19.00 £ 0.00 56.00 + 0.00 49.00 £0.00 31.00+£0.00
Male High school 26.00 +2.16 49.00 £ 2.94 50.00 + 3.07 25.75+4.03
University 21.20+1.92 43.40 £10.59 40.40 £10.78 22.80+9.73
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Table 5. MANOVA results

Source of variation Dependent Variable d.f. Mean square F P
JLO 1 19.03 0.828 0.370
A ORAL 1 152.74 1.296 0.264
ge WRITTEN 1 26.99 0.186 0.669
Total Recall 1 22.91 0.385 0.540
JLO 1 53.39 2.32 0.138
Gender ORAL 1 286.86 243 0.129
WRITTEN 1 84.42 0.582 0.451
Total Recall 1 208.56 3.507 0.071
JLO 2 49.32 2.145 0.135
Education level ORAL 2 27.26 0.231 0.795
WRITTEN 2 31.31 0.216 0.807
Total Recall 2 33.47 0.563 0.575
JLO 2 8.632 0.375 0.690
enderx education level ORAL 2 151.075 1.282 0.292
g WRITTEN 2 133.378 0.920 0.410
Total Recall 2 155.290 2.611 0.090
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Figure 1. Means of JLO, ORAL, WRITTEN, and Total Recall according to gender and education. Age is estimated as a Covariate variable in the
model 30.5541. There is no significant difference

Discussion

Given the fact that cognitive disorders are among the
common problems in MS patients (10), the present study
aimed to evaluate memory and visual learning, visual
processing speed, and spatial processing and perception
(as important cognitive branches) in MS patients based on
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age, gender and level of education (as important
individual characteristics). While the psychological
assessment of MS patients dates back more than 50 years
(30), different studies have highlighted the role of
neuropsychological assessment tools in recognition of
these disorders (31). In line with the overall conclusion of
the study by Vanotti S et al., (2016) (32), where BVMT-



R and SDMT were used as reliable monitoring tools to
identify MS patients with cognitive disorders, and since
the impaired cognitive function is determined by tests that
measure attention, information processing speed, spatial-
visual memory and executive functions (16), we applied
JLO, BVMT-R, and SDMT in the current research.

In the present study, age had no impact on cognitive
functions, which is incongruent with the results obtained
by Amato et al., (33), who reported a decrease in the
cognitive level of subjects by aging. This lack of
consistency between the results might be due to the age
range of participants (20-50 years), and evaluation of
higher ages might show a greater impact of age on the
cognitive status of individuals. We observed that age had
no effect on cognitive function as a confounding variable,
which is inconsistent with the results obtained by Tam JW
et al., (34), who marked a significant relationship
between age and learning and memory based on BVMT-
R and SDMT. This inconsistency between the results
might be due to the age range in the current study (20-50
years). The findings of the present study are not in line
with the results obtained by Pouramiri M et al., (35), who
reported a significant association between age and
executive functions. This lack of consistency might be
due to differences in the type of cognitive test. Similarly,
the findings of this study are inconsistent with the results
obtained by Vanotti S et al., (36), who marked a
significant correlation between age and the overall
performance based on BICAMS. This inconsistency
between the results might be due to different age ranges
(18-60 years in the study by Vanotti S et al.,).

According to the results of the present study, gender
had no significant impact on the cognitive function of the
participants, which is congruent with the results obtained
by Tam JW et al., (34), who did not consider gender as a
predictive factor, Beyti et al., (37), who reported that
gender was not a predictive factor at the cognitive level,
and Pouramiri M et al., (35) and Vanotti S et al., (36),
who observed no significant relationship between gender
and cognitive and executive functions. On the other hand,
our findings are inconsistent with the results obtained by
Shaygannejhad et al., (15), who reported more cognitive
complications in women compared to men. This
inconsistency between the results might be due to the
small sample size and low sensitivity of cognitive
assessment tools. Similarly, our findings are inconsistent
with the results obtained by Benedict et al., (10), who
recognized the male gender as one of the risk factors for
cognitive impairment in MS patients. This lack of
consistency between the results might be due to different
MS diseases, duration of disease, and type of cognitive
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test.

In the current research, level of education had no
impact on the cognitive function of MS patients, which is
in line with the results obtained by Maloni et al., (38),
who expressed that level of education did not act as a
predictor for cognitive dysfunction, and the results
obtained by Pouramiri M et al., (35), who marked a lack
of a significant association between level of education
and cognitive performance. Nevertheless, the findings of
this study are not in line with the results obtained by
Shaygannejhad et al., (15), who posed a significant
relationship between cognitive disorders and level of
education. This inconsistency between the results might
be due to different cognitive assessment tools since the
level of education had an impact on some of the cognitive
tools.

According to the results of the present study, level of
education and gender had no significant effect on
cognitive performance of MS patients, which is
incongruent with the results obtained by Caparelli-
Daquer EM et al., (39), who reported that the highest
scores on the correct answer to the JLO test were in men
and in higher education groups. This lack of consistency
between the results might be due to different sample
populations and sizes.

Some of the limitations of the research included a
small sample size, having a similar type of MS, and an
age limit. In addition, disease duration, cultural factors,
and lifestyle might have affected the results of cognitive
tests.

It is recommended that future studies evaluate the
effect of age, gender, level of education, and duration of
disease on cognitive performance of MS patients and they
should be assessed on larger sample sizes and the results
should be compared to healthy individuals.

The results of SMDT, JLO, and BVMT-R were
indicative of the lack of impact of age, gender, and level
of education on cognitive performance of MS patients.
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