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Introduction
Cognitive impairment is found in 45‑‑70% 
of patients with multiple sclerosis (MS) 
without any gender predominance.[1] 
MS‑related cognitive impairment is shown 
to affect daily activity, occupational 
state, and self‑confidence notably.[2] The 
consequences of cognitive impairment 
(e.g., less participation in social activities) 
could also exacerbate the condition. 
For example, less participation in social 
activities leads to negative psychological 
disorders (e.g., depression) that worsen 
the cognitive function.[3] Furthermore, 
depression and anxiety pose treatment 
follow‑up withdrawals and increase the 
risk of flare‑ups as well as deterioration 
of cognitive state.[3] Given the debilitating 
nature of cognitive impairment, effective 
interventions are required to ease the 
symptoms in affected individuals.

It has been reported that MS patients with 
cognitive impairment have some degrees 
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Abstract
Background: Cognitive impairment is one of the debilitating consequences of multiple sclerosis 
(MS) with negative effects on daily life, individual and social activities, quality of life (QOL), and 
depression. No approved medication is introduced so far for affected individuals. We aimed to evaluate 
the efficacy of donepezil on cognitive performance, QOL, and depression in MS. Methods: This is 
a double‑blinded randomized clinical trial conducted on 100 patients with MS during 2018. Patients 
were assessed prior to intervention abbreviated mental test (AMT), prospective and retrospective 
mental questionnaire (PRMQ), everyday memory questionnaire (EMQ), digit span test, Beck 
depression inventory (BDI), and MSQOL questionnaire. Then patients were randomly divided into 
two groups of treatment (daily regimen of 10 mg donepezil) and placebo for 3 months. Subjects were 
reassessed using the same instruments at the end of intervention. Results: Fifty patients remained 
in each group at the end of study. The mean age in donepezil and placebo groups was 31.9 ± 5.89 
and 30.65 ± 5.43 years, respectively. EMQ, PRMQ, digit span test, MSQOL, and depression scores 
improved following donepezil therapy (P < 0.001) while no statistically significant difference was 
found in the placebo group (P > 0.05). Comparison of two groups also showed more favorable 
scores in donepezil group with respect to all assessment tools (P < 0.001). Conclusions: Donepezil 
could effectively improve cognitive impairment in MS patients. Also, its positive effect on QOL and 
depression could result in a smaller number of interventions in this group of patients.
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of cholinergic disturbance.[4] Acetylcholine 
esterase inhibitors (AChEIs) prolong/
increase the presence of acetylcholine in the 
synaptic space and could potentially facilitate 
memory and learning. These medications 
are currently being used in patients with 
Alzheimer’s disease.[5] Donepezil, as 
an AChEI, has been shown to control 
cognitive impairment and lead to memory 
reconstruction and reinforcement among MS 
patients.[6,7] Also, it has an antidepressant 
function due to the sigma agonism effects.[8]

Despite the importance of cognitive 
dysfunction in MS, no approved 
intervention is recognized to benefit these 
patients.[5] Previous studies evaluating the 
effect of AChEIs on cognitive function 
have reported mixed findings.[5] Also, 
they mostly have failed to address all the 
possible effects of such interventions on 
affected individuals. Therefore, we decided 
to evaluate the efficacy of donepezil on 
MS patients with cognitive dysfunction, 
as well as its possible effect on depression 
rehabilitation and quality of life (QOL).
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Methods
Study setting

This is a double‑blinded randomized clinical trial conducted 
on patients with MS referred to Kashani Hospital outpatient 
Clinic, affiliated to Isfahan University of Medical Sciences, 
during 2018. MS patients (diagnosed according to the 
revision of McDonald criteria in 2017[9]), aged ≥18 y/o with 
extended disability status scale (EDSS)[10] ≤5.5 who could 
read and write were approached and invited to the screening 
stage. In this stage, they were asked to complete two 
screening tests [everyday memory questionnaire (EMQ) 
13‑item scale[11] and Beck depression inventory (BDI)[12] to 
assess their cognitive ability and depression state. Patients 
with mild to moderate cognitive impairment were included 
and those with severe depression were excluded. 

The mild to moderate cognition impairment was defined as 
the scores of less than 116 in the EMQ. This questionnaire 
contains 28 questions with the least score of 28 and the 
most score of 252. The scores of 28‑‑58 are defined as 
appropriate memory performance, 59‑‑116 as moderate 
impaired, and 117‑‑252 as the severe impaired memory 
function.[13]

Also, we excluded patients with other neurological 
disorders, history of using AChEIs or psychostimulants, 
abnormal hepatic or kidney function, current use of 
anticholinergic medications, and known psychiatric 
illnesses. The study was approved by the ethics committee 
of Isfahan University of medical sciences (2/13/2016).

Sample size and recruitment

We used the equation for comparing two means with type I 
error of 1.96 and power of 0.80 to calculate the sample size. 
Assumptions in two groups (including mean score of cognitive 
function tests) were pre‑specified on the basis of previously 
published data and our previous experiment on another 
AChEI.[14,15] We hypothesized that an equivalent outcome will 
be observed in groups, regarding the memory function and 
assessed as the mean score of “prospective and retrospective 
mental questionnaire (PRMQ)” and “EMQ” which are 
explained below. The greater number was considered as the 
sample size. Given our assumptions, the required sample size 
was calculated to be 50 patients in each group.

The study procedure and the intervention were completely 
explained to the patients and written informed consents 
were obtained prior to the screening phase. The study 
protocol was approved by Isfahan University of Medical 
Sciences Ethics Committee (registration code: 398611). 
This study is a subset of a larger clinical trial and the main 
protocol has been registered in the Iranian Registry of 
Clinical Trials (IRCT2016042227522N1).

The patients were blinded to the type of the intervention 
as they were unaware about the group that was randomly 
allocated to. Besides, the psychologist who interviewed 

with the patients and filled the questionnaires was blinded 
to the regimen of interviewed participants.

Tools and procedures

As stated before, all patients were asked to fill out “EMQ 
28‑item scale” before inclusion in the study.[11] After initial 
screening and recruitment, patients were asked to fill out a 
set of questionnaires in the pretreatment phase to evaluate 
their cognitive function (memory and attention components) 
as well as QOL. Cognitive function was assessed using 
abbreviated mental test (AMT),[16] PRMQ)[17] and digit 
span test. Furthermore, the second version of BDI was 
used to evaluate depression in the screening phase.[12] QOL 
was also assessed using “multiple sclerosis quality of life 
questionnaire” (MSQOL).[18]

EMQ measures memory function in everyday life and is 
consisted of 28 items with 9‑point scoring system, with 
greater scores representing worse memory state.[11] The 
Persian version of AMT includes 10 questions that evaluate 
cognitive impairment. The questions ask for age, orientation 
for time, date, and place, occupation, date of birth, date of 
revolution in Iran, name of the Iran’s leader, invert counting 
and repeating an address. The reliability of this test 
determined to be 0.89.[16] PRMQ is consisted of 16 items 
that target different types of memory failure, as well as the 
resultant frustration. The items are scored on a five‑point 
scale,[1‑5] with higher scores accounting for more frequent 
memory failures. The reliability of the Persian version is 
reported to be 0.80.[17] Digit span test evaluates working 
memory and attention by asking the patients to repeat a list 
of digits that is being read for them. Higher scores show 
greater number of numbers and therefore better working 
memory function.[15] The second version of BDI measures 
the severity of depressive symptoms. It includes 21 items 
scoring from 0 (absent or mild) to 3 (severe) and the greater 
scores show more severe depression. The reliability of the 
Persian version of the test is 0.84.[12] MSQOL consisted 
of 54 questions assessing physical health, role limitation 
due to physical and emotional problems, pain, emotional 
well‑being, energy, health perception, social function, 
cognitive function, health distress, sexual function, and 
overall QOL. The higher total scores demonstrate a better 
QOL in the target subset of questionnaire. The reliability of 
the Persian version is reported to be 0.96.[18]

Then, the patients were randomly divided into two groups 
of A (treated with donepezil) and B (treated with placebo). 
In group A, daily regimen of 10 mg donepezil (Yasnal®; 
KRKA pharmaceutical company, Slovenia) was started 
for 3 months. Patients in group B were treated with daily 
regimen of placebo, similar to donepezil pills in shape, 
color, and packaging, for 3 months. Medication adherence 
and adverse events was evaluated through weekly phone 
call follow‑ups. Both patients and the people who were 
in touch with them for most of the times were asked 
about the adherence to the medications. Eventually, 
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all patients underwent posttreatment assessment with 
previously mentioned questionnaires used in the screening 
and pretreatment assessment phase. The posttreatment 
assessments were performed within less than 15 days after 
the discontinuation of the interventions.

Outcome measurement

Patients completed the questionnaires in two time 
points: before the intervention (including the screening 
questionnaires) and at most within 15 days following 
the discontinuation of the interventions. The primary 
outcome was defined as cognitive function, measured by 
EMQ, AMT, PRMQ, and “digit span test.” The secondary 
outcomes were QOL and depression, measured by MSQOL 
and BDI, respectively. Reported side effects were also 
recorded and reported as the secondary outcome.

Statistical analysis

Descriptive data were presented in form of means (± standard 
deviation) and percentages. Chi‑squared test was used to 
compare categorical data between two groups. Independent 
t‑test or the nonparametric equivalent was used to compare 
interval data between two groups, as applicable. Analysis of 
covariance (ANCOVA) was also used to evaluate the effect 
of intervention in each group. Only patients who completed 
the study were reported at the end. Statistical analysis was 
carried out using IBM SPSS version 22 and a P value less 
than 0.05 was considered as significant.

Results
Study flow chart, and demographic features

We approached 192 patients, 46 patients refused to 
participate, 26 were excluded, including 12 patients with 
severe depressive symptoms (based on BDI results) and 
14 with moderate to severe cognitive dysfunction in the 
screening phase. Also, six patients had history of previous 
use of AChEIs or psychostimulants, two had impaired renal 
function, five had concomitant neurological disorders, and 
four had known psychiatric illnesses.

The remaining 103 cases were randomly divided into two 
groups of placebo (51 cases) and intervention (52 cases); 
however, a patient in the placebo decided to withdraw in 
the beginning of the study. In addition, two patients in 
the treatment group withdrew due to recurrent headaches 
following donepezil use. The study flow chart is presented 
in Figure 1.

In donepezil group, 37 patients were females while the 
control group included 34 females (P = 0.513). The mean 
age of patients in group A and B were 31.9 ± 5.89 and 
30.65 ± 5.43, respectively (P = 0.45). The mean EDSS in 
group A and B were 2.71 and 2.58, respectively (P = 0.66). 
Baseline characteristics and demographic features are 
presented in Table 1.

Assessment questionnaires before and after intervention

Table 2 demonstrates comparison of results from 
pre‑/post‑intervention assessments. As it is demonstrated, 
EMQ, RPMQ, digit span memory, physical and mental 
health scores of MSQOL, and depression scores 
significantly improved in donepezil group after intervention 
(P < 0.05) while no statistically significant change was 
observed in the placebo (P > 0.05). ANCOVA results are 
showed in Table 3. It shows independent role of donepezil 
on improvement of scores from each questionnaire.

Medication adherence and adverse events

Medication adherence and adverse events were evaluated 
through weekly phone calls. None of the patients reported 
medication non‑adherence in the interviews, however, we 
did not measure serum levels of the drugs to confirm this.

With respect to the adverse events, three patients in the 
donepezil group reported nausea and one patient reported 
diarrhea in one of the follow‑ups. Four of the patients 
started experiencing headaches following donepezil therapy. 
Two of them reported mild transient headaches one or two 
times only, while the other two subjects reported recurrent 
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43 patients 
excluded

46 patients 
refused to 
participate

12 patients with
 severe 

depressive 
symptoms

14 patients with
 moderate to severe 
cognitive dysfunction
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Figure 1: The study flowchart
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Table 1: Demographic features and baseline characteristics of the study groups
Donepezil group Placebo group

Type of multiple sclerosis disease 
(n (%))

Relapsing remitting 41 (82%) 44 (88%)
Primary progressive 3 (6%) 2 (4%)
Secondary progressive 6 (12%) 4 (8%)

Relapse rate (n (%))
Without relapse 39 (78%) 38 (76%)
Once 8 (16%) 10 (20%)
Twice 3 (6%) 2 (4%)
Duration of multiple sclerosis (years) 6.15 5.90
Age 31.92±5.89 30.66±5.43
Female/male 37 (74%)/13 (26%) 34 (68%)/16 (32%)
Extended disability scale score (mean) 2.71 2.58

Disease modifying therapy
Fingolimod 5 (10%) 7 (14%)
Beta interferon 43 (86%) 41 (82%)
Rituximab 2 (4%) 2 (4%)

Dominant disease symptom
Motor 22 (44%) 20 (40%)
Brain stem 10 (20%) 11 (22%)
Sensory 7 (14%) 8 (16%)
Sphincteric 6 (12%) 7 (14%)
Ocular 5 (10%) 4 (8%)

Table 2: Comparison of pre‑ and post‑intervention assessment results between two study groups
Group questionnaire Everyday 

memory 
questionnaire

Retrospective and 
prospective memory 

questionnaire

Digit span 
test

Multiple sclerosis quality of life 
questionnaire

Beck 
depression 
inventoryPhysical health Mental health

Placebo Before intervention 116.98±36.04 53.36±10.68 9.80±2.36 37.52±10.26 34.28±13.70 32.74±10.24
After intervention 106.42±30.55 55.32±11.05 9.90±2.48 34.51±12.84 31.96±13.14 33.04±9.80
P 0.06 0.19 0.74 0.06 0.22 0.79

Donepezil Before intervention 111.76±39.12 43.46±7.56 10.44±2.35 57.12±10.46 50.55±12.77 21.48±8.18
After intervention 74.62±25.24 36.70±8.71 13.30±2.68 66.37±14.97 64.75±13.79 13.96±7.88
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Table 3: Analysis of covariance for assessment of donepezil 
effect on memory performance, attention, quality of life, 

and depression in multiple sclerosis patients
Questionnaire Donepezil

Variable Factor F P
Everyday memory Before intervention 39.15 <0.001

Group 38.85 <0.001
Prospective and 
retrospective 
memory

Before intervention 30.16 <0.001
Group 45.73 <0.001

Digit span memory Before intervention 17.41 <0.001
Group 41.90 <0.001

Physical health Before intervention 58.86 <0.001
Group 26.19 <0.001

Mental health Before intervention 20.46 <0.001
Group 79.86 <0.001

Depression Before intervention 78.71 <0.001
Group 57.73 <0.001

mild to moderate episodes and decided to withdraw the 
study. For all these patients, we changed the daily regimen 
to every other day for a week and they were back on the 
daily regimen after that. In the placebo group, one patient 
reported gastroesophageal reflux and two reported nausea, 
but all were mild and resolved without any intervention.

Discussion
Cognitive dysfunction is a major problem in MS patients, 
leading to other consequences such as decreased QOL, 
depression, anxiety, etc.[5,19,20] Despite the intensity of the 
problem, approved interventions are not introduced for 
these patients. Previous research in the field has resulted in 
suggesting some interventions, however the mixed results 
have limited the reliability of these approaches.[21,22] In 
the current study, we decided to evaluate the efficacy of 
donepezil treatment on cognitive function, but with a more 
wholistic approach, by evaluating depression and QOL 
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as secondary outcome measures. This could be beneficial 
when considering a medication like donepezil in this 
patient, as the patient may benefit in different aspects from 
a single intervention.

Given the successful usage of donepezil in Alzheimer 
disease, it was introduced as a potential treatment 
in a number of neurologic disorders with cognitive 
impairment.[23,24] The major mechanism of this medication 
is through inhibiting acetylcholine esterase, however, its 
glutaminergic effects are suggested to affect cognition and 
daily activity in both animals and human.[25] Dysfunction of 
muscarinic receptors was found as a possible mechanism 
responsible for memory impairment in multiple sclerosis. 
Consequently, donepezil was used in these patients to 
improve memory and cognitive function.[26,27]

In contrary, other major mechanisms of cognitive 
impairment in MS include myelin destruction (leading to 
slow transmission of impulses), axonal injuries (leading 
to main pathways interruptions and development of new 
elongated slow accessory pathways), and elimination 
of cognitive modulators.[28] Accordingly, in a systematic 
review, Cotter et al. argued that acetylcholine esterase 
impaired function may not be present in all of MS patients 
with cognitive impairment; thus, all of these patients would 
not benefit equally from donepezil treatment. They also 
claimed that this group of medication has no benefit over 
placebo in improving cognitive impairment.[5]

Based on our findings, donepezil could successfully improve 
different components of cognitive function, including 
daily memory, retrospective and prospective memory, and 
attention. Moreover, it improves depression as well as both 
physical and mental QOL. Although our findings do not 
comply with the results from the study by Cotton et al., 
we believe the observed discrepancy in donepezil treatment 
outcome is due to the different mechanisms responsible for 
cognitive impairment in MS patients. Nevertheless, it still 
could improve cognitive function to some extent, and can 
also be beneficial in a more wholistic perspective.

QOL is also affected negatively in MS patients. This 
occurs due to MS progressive nature, the long‑term course 
of disease, development of disabilities, chronic fatigue, and 
depression.[29] Li et al. showed that donepezil treatment 
in Alzheimer disease improves QOL.[30] Studies on MS 
patients have shown improvement of QOL following 
donepezil therapy and have attributed the observed findings 
to the possible improved cognitive functionality.[7,31] We 
also found higher scores of QOL following donepezil 
therapy among our patients, while the placebo group 
showed no improvement.

With respect to depression, we found smaller depression 
scores following donepezil therapy among our patients 
while the placebo group showed no difference before and 
after the intervention. Similar to our findings, previous 
studies have also reported improvement in depression 

after treatment with donepezil and have attributed the 
observed change to the improved cognitive function in 
these patients.[5,32] For instance, long‑term use of donepezil 
for treatment of Alzheimer disease was accompanied with 
considerable both cognitive and functional benefits.[33,34]

Besides its application in cognition, donepezil could affect 
other areas as well. A study suggested that donepezil 
could decrease the brain and spleen interlukin‑1β and 
cyclooxygenase‑2 (COX‑2), and possibly could reduce 
systemic inflammation.[24] In contrast, another animal 
study assessed the efficacy of donepezil on learning and 
memory of mice following a 15‑day period of therapy. 
At the end of the study, they dissected animals’ brains 
looking for acetylcholine esterase level, as well as 
oxidative and anti‑inflammatory markers. They only 
reported reduced level of acetylcholine esterase at 
the end.[35] In the current study, we did not investigate 
systemic inflammation.

This study was limited by the short duration of treatment, 
lack of long‑term follow‑up assessment, lack of assessment 
for other possible effects of donepezil on systemic 
inflammation and cytokines, not using other tools to 
evaluate cognitive function, lack of a reliable method to 
evaluate medication adherence, and limited number of 
study population. We recommend further larger studies 
with longer follow‑up duration in future.

Conclusions
Donepezil could effectively improve cognitive impairment 
in MS patients. Also, it has positive effects on QOL and 
depression. Therefore, donepezil therapy could cover 
multiple affected areas in these patients, making them 
needless of multiple drugs and avoiding consequent side 
effects and drug interactions. It seems that the earlier 
initiation of donepezil for patients in the early steps of 
cognitive dysfunctions can help lessen the severity and 
decelerate the progression of cognition impairment.
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