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Donepezil for cognitive impairment in Parkinson’s
disease: a randomised controlled study
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Objective: To study the safety and efficacy of the cholinesterase inhibitor donepezil in patients with
Parkinson’s disease (PD) and cognitive impairment.
Methods: This was a double blind, randomised and placebo controlled, crossover study in which 14
patients with PD and cognitive impairment received donepezil (5 or 10 mg per day) or matching pla-
cebo during two sequential periods lasting 10 weeks each. The primary outcome measures were the
mini mental state examination (MMSE) score, the clinician’s interview based impression of change plus
caregiver input (CIBIC+) score, and the motor subscale of the unified Parkinson’s disease rating scale
(UPDRS).
Results: Two patients on donepezil (14%) dropped out after one and four weeks of the first treatment
period because of peripheral cholinergic side effects, otherwise the adverse effects were few and not
severe. Carryover or residual effects were not observed. Parkinsonism did not increase during donepe-
zil treatment. After 10 weeks of treatment, the mean MMSE score was increased by 2.1(SD 2.7) points
on donepezil and 0.3 (SD 3.2) points on placebo, and the CIBIC+ score was 3.3 (SD 0.9) on donepe-
zil and 4.1 (SD 0.8) on placebo. Statistical analysis of the repeated measurements and crossover study
design showed significant effects of donepezil compared with placebo for MMSE (p=0.013) and
CIBIC+ (p=0.034). Five (42%) patients on donepezil and two (17%) on placebo were rated as
improved on the basis of the CIBIC+ score.
Conclusions: Donepezil improves cognition, and seems to be well tolerated and not to worsen parkin-
sonism in patients with cognitive impairment.

The prevalence of Parkinson’s disease (PD) is nearly 1% in
the population 65 years of age and above.1 Cognitive
impairment and dementia often accompany the motor

manifestations of the disease. Studies suggest that 25–30% of
patients with PD are demented,2 and the risk of dementia in
PD is nearly six times higher than in the general population.3

Cognitive impairment in patients with PD has important
clinical consequences with regard to risk for nursing home
placement4 and caregiver stress.5

PD is caused by a progressive degeneration of dopaminergic
neurones in the substantia nigra where the principal
neuropathological finding is Lewy bodies.6 These are also
found in the cortex of most patients with PD7 and may
contribute to the development of dementia.8

Neuropathological9 and imaging10 studies in patients with PD
who have dementia have shown appreciable dysfunction of
the cholinergic neurones in the nucleus of Meynert and their
cortical terminals, suggesting that cholinergic deficits are also
involved in the cognitive impairment in PD.

Cholinergic deficits are typical in Alzheimer’s disease,9 in
which treatment with cholinesterase inhibitors improves cog-
nition and activities of daily living.11 There is also evidence to
suggest that cholinergic agents improve cognition in dementia
with Lewy bodies (DLB),12 a disorder with clinical, neuro-
chemical, and pathological similarities to PD.13 Preliminary
results from an open study of treatment of cognitively
impaired patients with PD with the cholinesterase inhibitor
tacrine14 suggest that this class of drugs improves cognition in
PD, but placebo controlled studies have not yet been reported.
The aim of this study was therefore to test the hypothesis that
a cholinesterase inhibitor, donepezil, improves cognition in
patients with PD and cognitive impairment. Because concern
has been expressed that cholinesterase inhibitors may
increase parkinsonism, the motor symptoms of PD were
monitored during the study.

MATERIALS AND METHODS
Consecutive patients with PD and cognitive impairment, diag-
nosed at the outpatient clinic of the Department of Neurology
at the Central Hospital of Rogaland, Stavanger, were invited to
participate. The diagnostic evaluation comprised physical and
neurological examinations, a clinical interview of the patient
and caregiver based on the Diagnostic and statistical manual of
mental disorders, 4th ed15 (DSM-IV) criteria for dementia due to
PD, neuropsychological examination, routine blood tests, a
computed tomography scan of the brain, and a chest
radiograph. To exclude patients with a lower probability of
idiopathic PD, only patients with clinically definite and prob-
able PD, according to published criteria,16 were recruited to the
study. A diagnosis of clinically definite PD requires that the
patient has resting tremor, at least two additional cardinal
signs (akinesia, rigidity, or postural abnormalities), unilateral
onset and asymmetrical development of the disease, and a
good to excellent response to a dopaminergic drug. No atypi-
cal features should be present in the history or on the clinical
examination. For a diagnosis of clinically probable PD, the
patient should have at least two of the four cardinal features of
parkinsonism. Resting tremor is not mandatory, and not more
than one of the following clinical features may be present:
mild dementia or clinically relevant autonomic failure at dis-
ease onset; symmetrical disease presentation; no better than a
moderate response to a dopaminergic agent; other atypical
features.

The inclusion criteria were: mild to severe parkinsonism
(Hoehn and Yahr17 stage less than 5); age 45–95 years; clinical
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evidence of decline in memory and at least one other category
of cognitive function; onset of cognitive decline starting one
year or more after the onset of parkinsonism; a mini mental
state examination (MMSE)18 score of 16–26. (Patients with
more severe cognitive impairment would not be able to com-
plete the neuropsychological battery.) The treatment of the
disease should have remained stable during the month
preceding the baseline evaluation, and was continued during
the study. The spouse or another caregiver accompanied the
patient to the hospital for the assessments to act as an
informant. Patients with brain disease other than PD or with
other severe medical disorders were excluded. The subjects
were not be taking anticholinergic drugs or psychotropic
agents with anticholinergic effects. All patients provided
informed consent, and the study protocol was approved by the
committee for ethics in biomedical research of the University
of Bergen, Norway.

Design
This was a double blind, placebo controlled, crossover trial
with two treatment periods of 10 weeks each. A random-
isation list was computer generated according to a randomised
block design. The various treatment-placebo and placebo-
treatment blocks were then issued with a medication number
and assigned to consecutive patients. The principal investiga-
tor (DA) was given a sealed envelope containing the individual
treatment regimens of each patient. This envelope was to be
opened only in case of emergency. All personnel involved in
the study remained unaware of the group assignment until all
patients had completed the trial.

The assessments took place at baseline and after six and 10
weeks of each treatment period—that is, at week 6, 10, 16, and
20. A previous study of donepezil in patients with Alzheimer’s
disease showed that cognition declined to baseline level
within three weeks of withdrawal.19 A washout period
between the two treatment periods was therefore not consid-
ered necessary. The initial dose was donepezil 5 mg or identi-
cally appearing placebo tablets taken once a day in the
evening. The dose was increased to 10 mg after six weeks if
well tolerated. Glasses containing 49 or 35 tablets were given
to the patient and caregiver for each six or four week
treatment period respectively—that is, one glass for each
patient and each dose. The assessments were scheduled at
about the same time of the day for each patient, and patients
with parkinsonian motor fluctuations were examined in their
“on phase”—that is, at their best level of motor functioning.
Short acting hypnotics (zolpidem or zopiklon) were allowed,
but longer acting benzodiazepines were not allowed to be
taken within the 24 hours before testing.

Outcome measures
The primary outcomes were: (a) the MMSE score; (b) the cli-
nician’s interview based impression of change (CIBIC+),
which provides a global impression of a patient’s cognitive
improvement or deterioration over time, scored on the basis of
an interview with the patient and a caregiver on a seven point
scale (1=very much improved; 4=no change; 7=very much
worse) by a clinician, blinded to other assessments; (c) the
motor subscale of the unified Parkinson’s disease rating scale
(UPDRS),20 which assesses the severity of parkinsonism. In
addition, psychiatric symptoms such as hallucinations,
delusions, agitation, depression, and apathy were rated by the
psychiatrist using the neuropsychiatric inventory (NPI).21 The
caregiver and patient also evaluated whether parkinsonism
had improved, declined, or remained unchanged during each
treatment period using the same seven point scale as the
CIBIC+. In addition, the patients completed a battery of
neuropsychological tests assessing verbal and visual memory,
executive functions, visuospatial abilities, and attention. These
results will be described in more detail elsewhere.

Drug compliance and safety
Dosing compliance was assessed by interviewing the caregiver
and tablet counts. Patients were excluded if the number of
tablets removed from the bottles divided by the number of
treatment days between each visit was outside the range
70–130%. Safety evaluations conducted at each assessment
point comprised vital signs and an interview based check list
for adverse events based on the Scandinavian society for psy-
chopharmacological scale for side effects.22

Statistical analysis
Detailed analysis of the outcome variables were carried out
using the general linear model (SYSTAT, SPSS Inc) to encom-
pass the repeated measurement and crossover structure of the
design. Subject, treatment, period, and a residual effect
(nested with period) of the treatment given in the previous
period (coded as none, drug, or placebo) were modelled as
categorical. Tests for carryover and period effects were
performed. Patients were included in the efficacy analysis if
they had both a baseline score and at least one score after the
baseline (last observation carried forward). Differences in fre-
quency of side effects were tested with McNemar’s test of
symmetry using exact methods. Data from patients who had
received at least one dose of study drugs were considered for
the safety analysis. p<0.05 was assumed to be significant.

RESULTS
Thirty three patients were screened, and 14 (13 men, one
woman) were randomised (fig 1). Two patients (14%), both
male, withdrew from the study because of adverse reactions
(dizziness, nausea, and diarrhoea) before the evaluation at
week 6 of the first study period; both were receiving donepe-
zil. The remaining 12 all completed the study, assessed
according to the protocol, and included in the further
analyses. Dose increments were carried out according to the
protocol for 11 of the patients. In one patient, the dose was not
increased owing to a misunderstanding, and this patient con-
tinued on 5 mg donepezil during the final four weeks of the
treatment period. Tablet counts showed a high degree of drug
compliance (mean 101%, range 83–123%).

Seven subjects were diagnosed as suffering from clinically
definite PD and five from clinically probable PD. The mean
Hoehn and Yahr stage was 2.4 (range 1–4), age 71.0 (SD 3.9)
years, duration of PD 10.8 (SD 5.2) years, baseline MMSE
score 20.8 (SD 3.4) (range 16–26), duration of cognitive
decline 3.0 (SD 2.6) years, and levodopa dose 485 (SD 256) mg
a day. The two treatment groups did not differ with regard to
baseline MMSE score, age, or duration of disease. There was a
trend towards higher mean UPDRS motor score in the
donepezil-placebo group (35.3 (SD 17.0)) compared with the
placebo-donepezil group (28.8 (SD 14.0)) (t=0.7, df=10,
p=0.49). Eleven patients had impairment of at least two cog-
nitive domains other than memory. Eight patients fulfilled all
the DSM-IV criteria for dementia due to PD, while significant
functional impairment due to cognitive deficits could not be
definitely verified for four.

Effects on primary outcomes
At the end of both treatment periods, patients on donepezil
had higher MMSE and lower CIBIC+ scores than those on
placebo (table 1), indicating improvement under donepezil
treatment. The statistical modelling of the MMSE and the
CIBIC+ data showed no significant residual effect nested with
treatment period (p=0.87 and p=0.53 respectively). In the
group receiving donepezil first, the MMSE score six weeks
after crossover to placebo was 20.3 (SD 3.2), compared with
20.8 (SD 3.9) at baseline. There was thus no indication of a
carryover effect. A significant treatment effect of donepezil on
the MMSE score compared with placebo was found (F=9.1,
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df=1, p=0.013). On donepezil, the mean MMSE score differ-
ence from baseline to week 10 was 2.1 (SD 2.7) points and on
placebo 0.3 (SD 3.2) points. Figure 2 shows the mean MMSE
scores by group. There were negative, but non-significant, cor-
relations between baseline MMSE scores and change during
donepezil treatment at week 6 (Pearson r=−0.01) and week 10
(r=−0.38, p=0.22).

Three patients had missing data on the CIBIC+ (two at
week 6 and one at week 16). These data points were coded as
no change. After 10 weeks of treatment, five (42%) patients on
donepezil and two (17%) on placebo were rated as improved—
that is, a CIBIC+ score of 3 or lower. The mean CIBIC+ score
at week 10 was 3.3 (SD 0.9) during donepezil treatment and

4.1 (SD 0.8) during placebo treatment. Statistical modelling
showed a significant treatment effect in favour of donepezil on
this outcome also (F=6.0, df=1, p=0.034). Reanalysis of the
data without recoding the missing CIBIC+ data points,
thereby excluding data from three cases from the analysis,
resulted in a p value of 0.079.

The scores on the UPDRS motor subscale disclosed no dete-
rioration in parkinsonian symptoms after 10 weeks of
treatment with donepezil (p=0.37). Similarly, neither the
caregivers nor the patients reported worsening of parkinson-
ism (p=0.20) (table 1). Few of the 12 patients had positive NPI
scores on delusions (n=3), hallucinations (n=2), agitation
(n=1), depression (n=6), or apathy (n=5) at baseline, and

Figure 1 Progress of the patients throughout the 20 weeks of the crossover trial. Intervention was the administration of donepezil or placebo
during two treatment sequences of 10 weeks each.

Registered: 33 patients

Not randomised: 19
       Inclusion or exclusion criteria not met: 15
       Patient decision: 3
       Rediagnosed as not PD: 1

Randomised: 14

Assigned to donepezil-
placebo: 8

Received intervention: 8

Followed up: 6
Assessed at week 6, 10, 16, and 20

Withdrawn: 2
Adverse events: 2

Completed trial: 6

Assigned to placebo-
donepezil: 6

Received intervention: 6

Followed up: 6
Assessed at week 6, 10, 16, and 20

Withdrawn: 0

Completed trial: 6

Table 1 Scores on efficacy measures at baseline and after treatment with donepezil
and placebo

Baseline

After 6 weeks After 10 weeks

Donepezil Placebo Donepezil Placebo

MMSE score 20.8 (3.4) 22.7 (3.6)* 19.9 (4.0) 22.8 (3.7)* 21.0 (5.0)
CIBIC+ score – 3.1 (0.9)* 3.7 (0.5) 3.3 (0.9)* 4.1 (0.8)
UPDRS motor score 32.1 (15.2) – – 31.8 (15.4) 35.1 (8.1)
Subjective impression of parkinsonism – 3.6 (1.2) 3.8 (1.4) 3.7 (1.1) 4.2 (1.5)

Values are mean (SD) or number (%) of patients with at least one score after the baseline.
*p<0.05 compared with placebo (repeated measurements analysis of variance).
MMSE, Mini-mental state examination; UPDRS, unified Parkinson’s disease rating scale; CIBIC+, Clinician’s
interview based impression of change based on carer information.
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mean NPI scores were low at baseline. No significant
treatment effects were observed with regard to any of the NPI
items (results not shown).

Adverse events
Table 2 shows the proportion of patients reporting adverse
events. The number of patients reporting any adverse events
while taking donepezil was 10 out of 14 (71%) and while tak-
ing placebo nine out of 12 (75%) (14 patients entered the
donepezil condition, and only 12 the placebo condition). Most
specific examples of adverse events were more common
during donepezil than during placebo treatment, but statisti-
cal significance (McNemar’s test) was not reached. However,
owing to the few patients in the study, the power of detecting
significant differences was low.

DISCUSSION
This study shows that donepezil improves performance on the
MMSE and the clinician’s interview based impression of cog-
nition in patients with PD and cognitive impairment. Clinical
improvement was reported for 42% of the patients receiving
donepezil compared with 17% receiving placebo. To the best of
our knowledge, this is the first placebo controlled trial report-
ing a benefit of a cholinesterase inhibitor in patients with PD
and cognitive impairment. We found no indication that such
treatment worsens parkinsonism. Two of 14 patients withdrew

because of typical side effects of donepezil. The remaining 12
did not report significantly more side effects in the donepezil
than the placebo condition. However, the power of this small
study is evidently too low to give precise estimates for the
prevalence of side effects of donepezil in patients with PD and
cognitive impairment.

The small sample size and the skewed sex distribution may
raise concern about the representativeness of the patients.
However, age, disease duration, stage of parkinsonism, and
level of cognitive impairment as measured by the MMSE score
were similar to that of a representative community based
sample of patients with PD and mild to moderate dementia
previously reported.2 Eight patients fulfilled the DSM-IV
criteria for dementia due to PD, and another three fulfilled the
dementia criteria suggested by Cummings and Benson.23 This
suggests that the results are generalisable to patients with PD
and mild to moderate dementia.

As patients with parkinsonism and dementia may also ful-
fil criteria for possible DLB,24 there was a possibility that
patients with DLB erroneously diagnosed as suffering from PD
were included. Care was therefore taken to exclude patients
who might fulfil clinical criteria for DLB. According to an
international panel of experts, the main clinical feature
distinguishing PD from DLB is the sequence of the develop-
ment of symptoms. In particular, if dementia24 or
hallucinations25 develops within one year of onset of
parkinsonism, such patients should be diagnosed with DLB
and not PD. This type of patient was excluded from this study.
In our study, the mean duration of parkinsonism was nearly
10 years before cognitive decline started to become evident,
strongly indicating that the patients included would have
been diagnosed as PD and not DLB using modern diagnostic
criteria.26 On the other hand, patients with PD often have some
Lewy bodies in their cerebral cortex,7 and recent studies sug-
gest that cortical Lewy bodies contribute to dementia in PD.8

Thus, DLB and PD with dementia may be neuropathologically
indistinguishable. Further studies are needed to clarify the
exact clinical, pathological, and nosological distinction be-
tween DLB and PD.

The advantage of a crossover design is that comparison can
be made within subjects rather than between subjects, and the
sample size needed will therefore be smaller.27 However, the
disadvantage is the risk of confounding caused by carryover
and period effects, and that patients may be withdrawn during
the first treatment period and therefore not receive the second
treatment. The results in our study did not indicate any
carryover effect. This is consistent with studies on Alzheimer’s
disease showing that the effect of donepezil had disappeared
three weeks after withdrawal.19

Neocortical cholinergic activity is reduced in PD and at least
as severe in patients with PD and dementia as in patients with
Alzheimer’s disease.9 28 Choline acetyltransferase activity in
the temporal cortex of patients with PD and dementia corre-
lates with the number of cholinergic neurones in the nucleus
of Meynert and with cognition, but not with the extent of
plaques or tangles.29 There are indications that postsynaptic
muscarinic receptors are better preserved and are more func-
tionally intact in patients with PD and dementia than in those
with Alzheimer’s disease.9 Accordingly, cholinergic drugs may
be more effective in demented patients with PD than in those
with Alzheimer’s disease. This may explain why the differ-
ences between active drug and placebo on the MMSE and
CIBIC+ scores seemed more pronounced in our study than in
trials on patients with Alzheimer’s disease.11 This is also in line
with previous reports suggesting a better response to
cholinergic treatment in DLB than in Alzheimer’s disease.30

However, given the crossover design and the limited number
of patients, our findings must be confirmed in larger parallel
group trials before donepezil can be recommended for cogni-
tive impairment in patients with PD.

Figure 2 Change in mini mental state examination (MMSE) score
from baseline over the two treatment sequences. Values are mean
(SE).
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Table 2 Number with adverse events
reported during treatment with
donepezil and placebo

Any degree
(moderate/severe)

Donepezil
(n=14*)

Placebo
(n=12)

Nausea 4 (3) 2 (1)
Headache 4 (3) 3 (1)
Tiredness 7 (6) 6 (5)
Insomnia 2 (1) 2 (1)
Increased dreaming 3 (2) 5 (2)
Dizziness 7 (3) 3 (1)
Increased sweating 6 (5) 3 (2)
Increased salivation 6 (4) 4 (1)
Dry mouth 4 (2) 5 (2)
Diarrhoea 2 (2) 2 (1)
Constipation 5 (2) 4 (0)
Urinary retention 0 0
Rash 3 (0) 0
Any adverse event 12 (11) 9 (7)
Number of adverse events
per person, mean (SD) 4.2 (3.2) 2.8 (1.0)

*14 patients received donepezil treatment, but
only 12 received placebo treatment because two
patients dropped out.
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