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with some levels of cognitive impairment, reported in 
43%–70% of them.[2] Cognitive impairment in MS does 
not involve all the entities equally. Usually, attention, 
management functioning, processing velocity, and 
spatial vision are affected to a more extent while verbal 
and expressive lingual entities are preserved.[3] Cognitive 
manifestations may be present in the earliest stages of 
the disease or occur during more severe phases.[4]

Time and content are two entities of memory that can 
be affected by MS. Time categories of memory include 
short‑term, long‑term, and job memory, and content 

INTRODUCTION

Multiple sclerosis  (MS) is a chronic disabling 
inflammatory disease of the central nervous system 
(CNS) that occurs due to autoimmunity against the 
myelin sheath. MS mostly affects young individuals, 
predominantly among women. While different genetic 
and environmental factors have been suggested to play 
a role in MS etiology, it has remained unclear.[1]

The chronic nature of MS, along with the disabling 
symptoms, has led affected individuals to struggle 
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categories include conscious and unconscious memories. 
Over sixty percent of MS patients experience memorial 
dysfunction, and job memory and long‑term conscious 
memory are the most affected areas.[3] On the other hand, 
MS causes depression, as the most common associated 
psychological disorder, and decreased quality of life (QOL).[5]

Variety of medical and behavioral therapies have been 
utilized to save, rehabilitate, and preserve memorial 
function, depression, and QOL among MS patients, 
resulting in uncertain outcomes.[6‑8] Due to the inadequate 
and contradictory information about the best and most 
efficient means of improving MS‑related psychological 
consequences, the current study aimed to assess the 
efficacy of cognitive rehabilitation on depression, memory, 
attention, and QOL in these patients.

MATERIALS AND METHODS

Study participants
The current presentation is a double‑blinded clinical‑trial 
study conducted from August 2016 to April 2017 on 
56 patients out of 100 ones with MS who were eligible for 
the participation in the study and referred to Kashani MS 
Clinic affiliated to Isfahan University of Medical Sciences. 
Among the remained 44 ones, 30 ones were excluded as they 
did not participate in the sessions, ten ones either did not 
refer for the posttest completion or had more than 20% of 
incomplete data, and four other patients withdrew the study 
because of relapses occur during the study course [Figure 1].

The inclusion criteria were defined as least ability of 
writing and reading, Extended Disability Severity Scale 
(EDSS) of  ≤5.5 based on John Kurtzke criteria,[9] mild 
to moderate memorial impairment based on Everyday 
Memory Questionnaire  (EMQ),[10] and mild to moderate 
depression status based on second version of Beck 
depression inventory.[11] Patients who denied participating 
in the primary psychologic and cognitive assessment were 
excluded. The Ethics Committee of Isfahan University of 
Medical Sciences approved the study protocol. Besides, 
the study protocol was enrolled in the Iranian Registry of 
Clinical Trials and performed based on the code number 
IRCT2016042227522N1.

All of the participants were requested to sign the written 
informed consents before the enrollment.

Sampling and randomization
Eligible patients were recruited and randomly divided 
into two groups of intervention  (Group A) and control 
(Group B). The study population selection was performed 
through convenience sampling, and randomization was 
performed using Random Allocation Software. Therefore, 

each patient was provided with a particular number using 
the mentioned software that allocated him/her to either the 
control group or the intervention group. A random number 
was assigned to each patient, and individuals with even 
numbers were allocated to the intervention group. Patients 
and the psychologist who interpreted the questionnaires 
were blinded to assignments.

The sample size of the study was measured based on the 
Borm–Fransen–Lemmens formula[12] as follows:

n = 2(1- p )(z + z )
d

2
1- /2 1-

2
2

2α β

σ

The test level was 0.05, the test power was 0.8, and the 
coefficient correlation between pretests and posttests was 

0.7, and eventually, the 
2

2d
σ  ratio was considered as 2.5. 

Therefore, the estimated required sample size was 28 for 
each of the groups.

Assessment tools
This study was aimed to assess the efficacy of cognitive 
rehabilitation on cognitive function, QOL, and depression 

Figure 1: Consort diagram of the studied population
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status of MS affected patients. These assessments have been 
done using varieties of questionnaires presented as follows:

Patients in both groups were evaluated using the validated 
Persian version of Abbreviated Mental Test (AMT),[13] 
Prospective and Retrospective Memory Questionnaire 
(PRMQ), [14] EMQ,[10] Digit Span test for attention 
assessment,[15] QOL‑54 questionnaire,[16] and second version 
of Beck depression inventory.[11]

EMQ questionnaire is a 28‑item questionnaire assessing 
general memory and attention aspects (reliability: 0.80 and 
Cronbach’s alpha: 0.88).[17] Second version Beck depression 
inventory is a 21‑item questionnaire (reliability: 0.74 and 
validity: 0.87).[11] AMT evaluates the mental status of 
patients and is shown to have the validity of 92.15% and 
reliability of 81.5%.[13] PRMQ is a 16‑item questionnaire 
that was turned to Persian with the reliability of 0.84 for 
prospective and 0.80 for retrospective memory.[14] QOL‑54 
Persian version is a questionnaire containing 54 questions 
regarding the assessment of life quality in MS patients. This 
Persian questionnaire has high validity and reliability with 
a ɑ‑Cronbach coefficient of 0.96.[16]

Study procedure
In Group A, the therapeutic intervention was ten sessions 
of cognitive rehabilitation courses. Each session lasted for 
2 h and was individualized for each case based on impaired 
function reconstruction and modulation. Sessions were 
held every 7–10 days. Generally, in each class, the therapist 
aimed for reinforcement and/or consolidation of previous 
cognitive abilities which have been impaired and tried 
to reinforce other remained abilities for compensation of 
impaired abilities. In this way, patients could rehabilitate 
their role in society and actively maintain their functions.[18]

Group B attended similar classes with regard to the number 
and duration of sessions; however, the content of the 
sessions was different and was not supporting cognitive 
rehabilitation. In these sessions, patients were requested 
to present their experiences of cognitive impairments, and 
cases with successful coping with new conditions were 
admired. At the end of the intervention, outcomes were 
compared between the two groups.

Cognitive rehabilitation
Cognitive rehabilitation schedule consisted of rehabilitation 
entities including attention, concentration, visual and 
auditory memory, and autobiography memory. The 
approaches were performed considering the severity of 
cognitive impairment and with the aim of optimization 
of the residual functions. To achieve the mentioned 
rehabilitative programs, the mnemonic approach was 
utilized which includes visual imagery, theological 

organization, and relational strategies including mnemonics 
of fiction, the clues about the first word, chain connection, 
and the technique of PQRST  (Preview, Question, Read, 
Self‑recitation, and Test).[19‑21] The sessions were performed 
as follows:

Numbers of 10 sessions of group treatment were performed 
that each had a duration of 120  min. Memory and its 
disturbances in the daily life were explained for the 
participants; then, the autobiographical memory, its 
subtypes, and its disturbances were represented.

The technique of recalling positive memories through 
autobiographical memory was trained, and then, the 
psychologist presented several samples and requested 
the participants to recall and then present their positive 
memories.

Statistical analysis
Obtained data were analyzed using  SPSS‑22 software (The 
Statistical Package for Social Sciences; IBM; Chicago; The 
United States). Descriptive data were presented in means 
and percentages. In the purpose of analyzing data and 
hypothesis testing, MANCOVA model was used. T‑test was 
utilized to compare pretest statuses of the two groups. P < 
0.05 was considered as a significant level.

RESULTS

Initially, 100 MS patients were screened and invited to 
participate, and 56 cases were included at the end. All of 
the members of Group A and Group B fulfilled the study 
protocol, and none of them were eliminated from the study 
for any reason.

The mean age of participants was 31.33 years with a gender 
distribution of 39 females and 17 males.   Participants were 
randomly divided into two groups including cases group 
consisted of 28 ones with mean age of 32.21 years  and 
control group consisted of 28 patients with mean age of 
30.46 years (P = 0.449). The distribution of gender in groups 
was as follows: female: male ratio 2.50 for Group A and 2.11 
for Group B (P = 0.776). The mean baseline EDSS was not 
different between two groups (2.28 for cases versus 1.87 for 
controls; P = 0.284). Detailed information about patients’ 
demographics has been presented in Table 1.

The studied population pretests showed significant 
difference between cases and controls regarding physical 
(P = 0.011) and mental health (P = 0.014), while the other 
entities including EMQ (P = 0.994), PRMQ (P = 0.568), digit 
span test (P = 0.705), and depression were not statistically 
different (P = 0.062)  [Table 2].  Table 2 presents information 
about patients’ cognitive status over  3 months after the 
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intervention. As it is presented, patients in Group A 
showed improved status of everyday memory, prospective 
and retrospective memory, digit span test, physical 
and mental health, and eventually better rehabilitation 
of their depression within 3 months after cognitive 
rehabilitation therapy (P < 0.05). In contrast, individuals in 
Group B experienced deterioration of everyday memory 
and prospective and retrospective memory, although 
statistically nonsignificant (P > 0.05).

To assess the efficacy of the intervention, the multivariate 
covariance test has been used. In this term, the six posttest 
assessed variables were considered as the vectors of response 
variables, and the six pretest assessed variables were 
considered as the predictive variables. The outcomes of the 

spherical test were assessed using the Box test; therefore, 
the indices of the test, F = 1.235 and  P = 0.210 showed no 
confounding role of sphericity. Besides, considering the 
Wilk’s Lambda test, the intervention had a significant 
effect  (F  =  12.576, and Sig  =  0.001), representing the 
significance of the intervention on only one of the response 
variables.

Thus, we found that cognitive rehabilitation was in direct 
association with improvement in cognitive statuses 
including everyday memory, prospective and retrospective 
memory, digit span test as an assessment of attention, 
physical, and mental health and moreover caused a 
significant improvement of depression. These findings are 
presented in Table 3.

Table 1: Demographic and clinical characteristics of the studied population
Intervention group (%) Control group (%) P

Age 32.21 30.46 0.449
Gender

Male 8  (28.5) 9  (32.1) 0.776
Female 20  (71.4) 19  (67.8)

Extended disability status score 2.28 1.87 0.287
Duration of the disease 7.46 7.07 0.639
Relapse rate since the previous year

No 18  (64.28) 19  (67.8) 0.949
One 7  (25) 6  (21.4)
Two 3  (10.7) 3  (10.7)

Type of the MS
Relapsing remitting 19  (67.8) 20  (71.4) 0.943
Primary progressive 3  (10.7) 3  (10.7)
Secondary progressive 6  (21.4) 5  (17.8)

Drug treatments
Beta interferon 19  (67.8) 21  (75) 0.822
Fingolimod 6  (21.4) 5  (17.8)
Rituximab 3  (10.7) 2  (7.1)

Dominant presentation
Motor symptoms 13  (46.4) 10  (35.7) 0.883
Sensory symptoms 4  (14.2) 5  (17.85)
Brainstem symptoms 6  (21.4) 6  (21.4)
Sphincteric symptoms 3  (10.7) 3  (10.7)
Ocular symptoms 2 (7.14) 4 (14.2)

MS=Multiple sclerosis

Table 2: Comparison of pretests‑posttests derived from patients of two groups
Variable Control Cognitive rehabilitation Comparing two 

groups (before 
treatment)

Mean±SD P* Mean±SD P*
Before the 

intervention
After the 

intervention
Before the 

intervention
After the 

intervention
Everyday memory 109.07±46.39 112.57±41.14 0.76 126.86±49.39 92.93±44.29 <0.001 0.994
Prospective and retrospective memory 42.86±9.70 45.57±7.73 0.06 49.07±9.11 36.11±9.76 <0.001 0.568
Digit span memory 12±2.62 11.54±2.41 0.23 10.14±3.54 12±2.95 <0.001 0.705
Physical health 58.42±12.40 56.25±12.09 0.38 59.46±15.92 66.93±15.59 <0.001 0.011
Mental health 52.18±12.70 50.90±15.32 0.75 50.53±17.09 67.77±15.12 <0.001 0.014
Depression 20.89±6.59 20.64±5.69 0.83 20.8±6.59 11±6.86 <0.001 0.062
*Paired sample t‑test to compare before and after treatment. SD=Standard deviation
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DISCUSSION

It has been well established that MS causes cognitive, 
motor, and behavioral disorders through the formation of 
inflammatory destructive sclerotic plaques in CNS. Based 
on previous findings, 50%–80% of MS patients would 
experience significant disabilities within a decade after 
their disease initiation. Of those, cognitive dysfunction 
plays a crucial role in the occurrence of disabilities in this 
vulnerable population.[22]

Although MS patients commonly experience cognitive 
impairment, this dysfunction cannot be easily diagnosed 
through routine neurological examinations. That is while 
cognitive impairment significantly disrupts individual and 
social functioning of patients.[23] From a physiologic point of 
view, memory impairment is mainly in association with the 
abnormality of the temporal lobe of the brain while other 
aspects of cognitive dysfunction  (including information 
processing, attention, and concentration) are mainly 
attributed to the frontal region. Size and location of lesions 
may be responsible for memory dysfunction as well.[24] 
For instance, Rao et al.[25] and Swirsky‑Sacchetti et al.[26] in 
two different studies presented that ventricular‑brain ratio 
and corpus callosum size are directly in association with 
entities including verbal intelligence, attention, conceptual 
reasoning, and concentration.

Moreover, MS patients usually suffer from attention deficit as 
well as decreased processing velocity.[27] On the other hand, 
depression is known as the most common psychological 
disorders seen in MS. The chronic and disabling nature of 
the disease is recognized to be responsible for this finding, 

although brain lesions may also play a role by affecting 
self‑esteem and confidence based on the damaged areas.[28]

Chiaravalloti et  al. showed that autobiography memory 
would be affected by MS negatively. In that study, cognitive 
rehabilitation lead to alterations in the improvement of 
autobiography memory.[29] Further study by Raskin and 
Sohlberg showed similar results considering patents’ 
memorial aspects.[30] Results from both studies are also 
comparable to ours.

Although the association of depression with neurological 
disorders has not been well established, the direct 
association of depression with memory, training, and ability 
of planning is determined. Depression affects cognitive 
function negatively, and treatment of depression among 
MS patients has been associated with better cognitive 
performance.[31]   Furthermore, improvement of cognitive 
entities including attention, concentration, and information 
processing has reduced the anxiety of MS patients and 
thus has led to pleasure and increased confidence.[32] This 
study showed that cognitive rehabilitation could improve 
both depression and cognitive performance of MS patients, 
which is in line with previous reports.

With regard to the QOL, MS patients are usually affected 
significantly. The underlying reasons for decreased QOL 
include the progressive nature of MS, long duration of the 
disease, physical disabilities, fatigue, and depression.[33] In 
the current study, we observed significant improvement 
of patients’ QOL following cognitive rehabilitation in 
comparison to control group. These findings were achieved 
in both physical and mental subscales of QOL.

Different therapeutic techniques have been suggested 
to treat, control, or prevent cognitive dysfunction. 
Medical therapy,[34] compensatory interventions,[35] 
cognitive rehabilitation,[36] and computerized cognitive 
rehabilitation[37] are the suggested interventions. We found 
that cognitive rehabilitation could improve various aspects 
of cognitive dysfunction. This outcome was achieved 
through classes in which we tried to make patients 
compensate their missed abilities by reinforcement of 
remained ones and also trying to develop their remained 
abilities, which could improve their self‑esteem and 
confidence. Furthermore, QOL and depression improved 
significantly after cognitive rehabilitation approach. 
O’Brien et al. reviewed the effect of cognitive rehabilitation 
at the earliest days of its introduction and concluded that 
it is not able to change patients’ cognitive performance 
considerably.[38]

In contrast, Birnboim and Miller found that cognitive 
rehabilitation improves cognitive performance.[39] Similarly, 

Table 3: Analysis of covariance for evaluating the 
effectiveness of cognitive rehabilitation on multiple 
sclerosis patients
Source Type III sum 

of squares
df Mean 

square
F Significant

Intervention
Depression 1010.968 1 1010.968 36.643 0.000
PRMQ 1932.555 1 1932.555 47.286 0.000
EMQ 10959.553 1 10959.553 7.255 0.010
Digit span test 36.195 1 36.195 11.944 0.001
Physical health 1285.000 1 1285.000 3.631 0.063
Mental health 4695.908 1 4695.908 3.267 0.077

Error
Depression 1324.309 48 27.590
PRMQ 1961.730 48 40.869
EMQ 72513.120 48 1510.690
Digit span test 145.457 48 3.030
Physical health 16987.956 48 353.916
Mental health 68988.040 48 1437.251

PRMQ=Prospective and Retrospective Memory Questionnaire; EMQ=Everyday 
Memory Questionnaire
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Mattioli et al. showed that 3‑month computerized intensive 
cognitive rehabilitation could considerably improve 
attention, executing performance, and information 
processing among patients with relapsing‑remitting MS. 
Furthermore, patients reported lower levels of depression 
after the intervention.[40] Our findings comply with most of 
the previous studies in this field.

CONCLUSION

Here, we found that ten sessions of cognitive rehabilitation 
could significantly improve cognitive performance in MS 
patients. Moreover, our approach affected their QOL and 
depression positively. It can be concluded that cognitive 
rehabilitation can successfully affect numerous cognitive 
and psychological aspects of MS patients and should be 
utilized more among these cases. Further evaluation of this 
issue is strongly recommended.
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