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Abstract Rationale: Schizophrenia is a disorder with cog-
nitive deficits that could stem from cholinergic dysfunction.
Objectives: Our aim was to examine if donepezil adminis-
tered to stable, medicated outpatients with schizophrenia
improves cognition and psychopathology. Methods: We
conducted a double-blind placebo-controlled trial of do-
nepezil up to 10 mg/day added for 8 weeks to ongoing
antipsychotic treatment in 36 typical community-treated
schizophrenia patients not selected for cognitive impairment.
Results: Donepezil did not improvemeasures of cognition or
psychopathology. It was well tolerated. Conclusion: Con-
sistent with other studies, addition of donepezil to stable
patients with schizophrenia did not improve cognition or
measures of psychopathology. This result does not sup-
port the hypothesis that residual symptoms and cognitive
problems result from a cholinergic deficit that can be
remedied by an acetylcholinesterase inhibitor. A donepezil
add-on strategy might make sense in selected schizophre-
nia cases where a pathological process is known to affect
cholinergic neurons (e.g., history of head injury or comor-
bid dementia).
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Introduction

Can we view schizophrenia as a disorder with a cholinergic
deficit? A large body of evidence in animals and humans
has established that the cholinergic neurotransmitter system
is important for attention, memory, and learning, involving
both the nicotinic and muscarinic systems (Friedman 2004;
Furey et al. 2000; Hasselmo and Bower 1993). In schizo-
phrenia, patients often show cognitive deficits in these
areas, particularly in learning and verbal memory (Green
1996). A cholinergic deficit can theoretically stem from
insufficient output of acetylcholine, e.g., from gross de-
struction of cholinergic neurons as it occurs in dementia
of the Alzheimer type (DAT) (Arendt et al. 1983); from
reduction in the activity of the enzyme, choline acetyl-
transferase (CAT), which synthesizes acetylcholine; or from
insufficient action at the target receptors. Some authors
have pointed out that schizophrenia and DAT share some
clinical characteristics beyond cognitive problems, includ-
ing psychosis and negative symptoms (Reichman et al.
1996; White and Cummings 1996). However, neuropatho-
logical studies clearly refute that schizophrenia is a disorder
of too few cholinergic neurons (el-Mallakh et al. 1991) or of
decreased synthetic capacity of cholinergic neuron popula-
tions (Powchik et al. 1998). Rather, in schizophrenia the
dysfunction seems to be located at the cholinergic recep-
tor level of both nicotinic and muscarinic subtypes. Direct
evidence of involvement of muscarinic receptors in schizo-
phrenia comes from postmortem work showing decreased
mRNA of M1 receptors (Dean et al. 2002) and a SPECT
imaging study showing decreased availability ofmuscarinic
receptors (Raedler et al. 2003). Nicotinic receptors, in-
cluding the low-affinity alpha7 receptor subtype, are re-
duced in the hippocampus of patients with schizophrenia
(Freedman et al. 1995). This receptor subtype is involved
in sensory gating, a hippocampal neurophysiological phe-
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nomenon that is typically impaired in patients with schizo-
phrenia (Adler et al. 1993). The alpha7 receptor is of par-
ticular interest because the region on chromosome 15 that
contains the gene for this receptor subtype has been linked
to schizophrenia (Freedman et al. 1997). Pharmacological
trials in unmedicated patientswith schizophrenia have shown
an improvement in negative symptoms with anticholiner-
gic treatment (Tandon 1999; Tandon and Greden 1989).
This, however, has not been found in all trials (Goff et al.
1994).

Indirect evidence includes the high rates of cigarette
smoking in patients with schizophrenia (Goff et al. 1992;
McEvoy and Allen 2003) and findings of cognitive and
symptomatic benefit from nicotine (Dalack et al. 1998) and
from the muscarinic agonist, betel nut (Sullivan et al. 2000).
Betel nut contains a direct muscarinic agonist, arecoline;
similar direct muscarinic agonists are currently under de-
velopment but not yet available for clinical use. One such
drug, xanomeline, shows a gene expression profile similar
to atypical antipsychotics (Perry et al. 2001).

Taken together, some manifestations of schizophrenia
could be the result of an overall cholinergic deficit. En-
hancing the availability of acetylcholine at the synaptic cleft
by inhibiting its metabolizing enzyme, acetylcholinesterase
(AChE) might therefore ameliorate some problems that are
due to hypofunction of nicotinic and/or muscarinic recep-
tors. However, until donepezil, a well-tolerated, oral in-
hibitor of AchE, became available for clinical use it was
difficult to increase cholinergic tone in the central nervous
system. Donepezil is a competitive, reversible inhibitor of
AChE that is approved in the United States for the treatment
of dementia of the Alzheimer type and is, at least for this
indication, well tolerated. It is effective not only for the
cognitive manifestations of the dementing process but also
for the frequent comorbid psychosis and behavioral prob-
lems (Wynn and Cummings 2004), consistent with a role of
the cholinergic system in psychosis.

We located two randomized, double-blind trials in which
donepezil was used as an add-on agent to stable schizo-
phrenia patients maintained on their antipsychotic medica-
tion (Friedman et al. 2002; Tual et al. 2004). Both trials were
negative: donepezil had no effect on measures of cognition
or psychopathology. One trial used a crossover design of
only 12 patients and might thus have been insufficiently
powered to detect even a large effect size (Tual et al. 2004).
Friedman et al. (2002) studied 36 patients in a parallel group
design in which patients were randomized to placebo or
donepezil, either 5 or 10 mg; thus, not all patients received
the highest approved dose of donepezil. Patients for this
trial were selected if they showed cognitive impairment,
defined as scoring two standard deviations below the norm
for the California Verbal Learning Test (CVLT), a test of
secondary memory.

We conducted a double-blind, placebo-controlled trial in
which we added a full therapeutic dose of donepezil to
representative community patients with schizophrenia not
selected for the presence of cognitive impairment. We hy-
pothesized that some aspects of impaired cognition are
mediated by a cholinergic deficit in schizophrenia that

might be ameliorated by donepezil. We also examined the
effects of cholinergic manipulation on psychosis and gen-
eral psychopathology.

Materials and methods

Study setting and sponsorship

The study was conducted at two sites: an urban mental
health center in downtown Boston (the Freedom Trail Clin-
ic at the Erich Lindemann Mental Health Center), and a VA
outpatient clinic just outside of Metro Boston (the Edith
Nourse Rogers Memorial VA Hospital). The study was
sponsored by Pfizer Inc. in the form of an investigator-
initiated unrestricted grant.

Patient selection

Subjects were referred for this study by their clinicians. The
research team assessed competency to participate in clinical
research with a semistructured interview (available upon
request). All subjects consented in writing to participate in
this trial. The study was approved by the responsible in-
stitutional review boards.

Characteristics of subjects

Subjects had to have schizophrenia as their primary di-
agnosis, and they had to be deemed psychiatrically stable
on an antipsychotic medication. Diagnoses were based on
physician interview and chart review (O.F. and L.H.), using
DSM-IV criteria (American Psychiatric Association Com-
mittee on Nomenclature and Statistics 1994). Subjects were
excluded if there was an active substance use disorder
within the past 3months, not counting nicotine dependence.
Subjects were also excluded if they had any cognitive
disorder (including mental retardation) or developmental
disorder as determined by chart review or if they scored less
than 20 on the Mini-Mental State Examination (MMSE)
(Folstein et al. 1975). Subjects taking antipsychotics that are
considered strongly anticholinergic were excluded (e.g.,
clozapine and low-potency conventional antipsychotics);
subjects could not be on ancillary medications with anti-
cholinergic properties (e.g., benztropine or trihexyphenidyl).

Study design and procedures

This was a parallel-group, placebo-controlled, double-blind
trial in which subjects received either donepezil or placebo
for 8 weeks. Study medication was added to the subject’s
stable antipsychotic regimen. Subjects were assessed with
standard rating scales of psychopathology at baseline, after
2, 4, and 8 weeks. Side effects and adverse events were
assessed every 2 weeks. Cognition was measured by a cog-
nitive battery at baseline and after 8 weeks.
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Drug regimen

Subjects started with a 5-mg daily dose of donepezil. After
4 weeks, the dose was increased to 10 mg daily for another
4 weeks. Donepezil and placebo were prepared in identical-
appearing capsules, which were dispensed every 2 weeks;
surplus capsules were counted each study visit. All subjects
remained on their stable antipsychotic during the trial.

Ratings

Clinical psychopathology was assessed with standard rat-
ings scales for schizophrenia: the Positive and Negative
Syndrome Scale (PANSS) (Kay et al. 1987) for summary
ratings supplemented by the Scale for the Assessment of
Negative Symptoms (SANS) (Andreasen 1982, 1983) for
negative symptoms and the Calgary Depression Scale for
Schizophrenia (CDSS) (Addington et al. 1990), a rating scale
specifically designed to rate depression in patients with
schizophrenia. We measured side effects with the Simpson–
Angus Rating Scale (SARS, CATIE-modified version)
(Simpson and Angus 1970), the Barnes Akathisia Rating
Scale (BARS) (Barnes 1989), and the Abnormal Involun-
tary Movement Scale (AIMS) (Guy 1976). Adverse effects
were collected with the Systematic Assessment for Treat-
ment Emergent Events (SAFTEE) (Levine and Schooler
1986), a rating scale that contains both open-ended and
closed inquiries.

A cognitive battery comprised of standard items used in
schizophrenia research and selected for domains usually
affected in schizophrenia and possibly sensitive to procho-
linergic agents was used. Cognitive domains probed were
attention and short-term memory, verbal learning, set-shifting
abilities, verbal fluency, and visuospatial function and motor
speed. Attention and short-termmemorywere assessed using
the Digit Span subtest from the Wechsler Memory Scale
(WAIS-III) (Wechsler 1997); verbal learning was assessed
by the three learning trials of the Hopkins Verbal Learn-
ing Test—Revised (HVLT-R) (Benedict et al. 1998); set-
shifting abilities were assessed using the Trail Making
Test, parts A and B (Trail A and B) (Spreen and Strauss
1991); word fluency was assessed using the Benton Oral
Word Association Test (Benton and Hamsher 1978); and
visuomotor function and motor speed were assessed using
the Grooved Pegboard Test (model 32025, Lafayette In-
strument Company).

Data analysis

Clinical variables were analyzed using repeated measures
analysis of variance (ANOVA) with group (drug vs pla-
cebo) as the between-subjects factor and time (baseline,
week 2, week 4, and week 8) as the within-subjects factor.
For missing data, the last observation was carried forward
(LOCF analysis). The cognitive variables were analyzed
using mixed-model ANOVAwith group (drug vs placebo)
as the between-subjects factor and time (pretreatment vs

posttreatment) as the within-subjects factor, with IQ in-
cluded as a covariate followed by simple F tests. Baseline
comparisons were made with t tests or chi-square analysis,
depending on the nature of the respective variable. All tests
were two-tailed, with level of significance set at 0.05.

Results

Subject details

Forty subjects agreed to participate; 4 subjects withdrew
consent after randomization before they received any study
medication. The remaining 36 subjects compose the sample
for this study. Of the 36 subjects, 19 were randomized to
active study medication and 17 to placebo. Four subjects
did not finish the 8-week trial, leaving 32 study completers.
Complete cognitive data were available for 30 subjects.

The demographic characteristics and baseline measures
of our study sample were as follows: most subjects were
male (91.7%), white (88.9%), and smoked (80%). Only
three subjects in the placebo group and four patients in the
donepezil group did not smoke. The average age of subjects
was 48.7 years (range, 24–64 years). Most had never
married (72.2%), and they had an education of 12.2 years
(compared to 13.3 years parental education). The estimated
IQ based on NAARTscores (Blair and Spreen 1989; Spreen
and Strauss 1991) was 96.2 (range, 74.4–118.0). Mean
MMSE score was 27.3 (range, 21–30). On average, subjects
were first hospitalized at age 23 (range, 13–41 years), with an
average duration of illness of 25 years (range, 1–43 years).
Among the subjects, 66.7% of the sample had been hos-
pitalizedmore than four times over their lives. PANSS total
score was 64.6 (range, 44–96), SANS total score was 48.5
(range, 14–80), indicating generally mild psychopatholo-
gy. The only significantly different baseline variable be-
tween the groups was the estimated IQ (103 in the placebo
group, 90 in the donepezil group; F=13.5, df 1, p=0.001).

The most commonly used antipsychotic was olanzapine
(13 subjects or 36%), followed by risperidone (10 patients
or 28%). Olanzapine and risperidone were about evenly
distributed in the placebo and donepezil group. Other anti-
psychotics were distributed between aripiprazole, fluphen-
azine, haloperidol, quetiapine, and ziprasidone; five patients
received a combination of two antipsychotics.

Compliance as judged by pill count of returned medi-
cines every visit was excellent, with most patients missing
no pills at all. Only for three study visits was compliance
estimated as partial (defined as less than 80% of pills taken).

Measures of psychopathology and side effects

Clinical ratings at baseline, after 4 weeks of treatment, and
after 8 weeks of treatment remained essentially unchanged
(table of mean values and standard deviation of clinical
ratings available upon request). Repeatedmeasures analysis
showed no main effect of time or drug, or of time by drug
interaction (data not shown). There was thus no benefit of
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medications on any measure of psychopathology and no
improvement or worsening of side effects.

Cognitive measures

Table 1 shows the results of the cognitive tests for both
subject groups pre- and posttreatment with calculated effect
sizes. There were no statistically significant differences be-
tween groups on any of the cognitive measures by mixed-
model ANOVA (data not shown). We would have needed
35 subjects in each group to have 80% statistical power to
detect an effect of Cohen’s d=0.6 with an α=0.05; the only
measure in our battery with that large of an effect size was
the Trail Making Test, part A.

Even though we did not select for cognitive impairment,
our study sample of chronic patients showed typical and
expected poor performance on the cognitive tests; gener-
ally, subjects scored between one and two standard devi-
ations below the norms for normal controls.

Safety and tolerability

Donepezil was well tolerated. Only one donepezil sub-
ject did not complete the study because of an intercurrent
medical illness in need of hospitalization, which was not
attributable to donepezil. There were two serious adverse
events, both in subjects assigned to donepezil; neither was
attributed to donepezil. Treatment-emergent or worsening
side effects as collected with the SAFTEE and analyzed
according to expectable donepezil side effects (from larger
samples (Dunn et al. 2000; Mohs et al. 2001)) were rare and
not significantly different between the treatment and place-
bo group. Possible donepezil side effects that we examined
were asthenia, headache, sialorrhea, diarrhea, dyspepsia,
nausea/vomiting, insomnia, agitation, dizziness, abnormal
dreams, rhinitis, and micturition problems. We noticed
sialorrhea in three donepezil subjects and in no placebo pa-
tient; sialorrhea is not usually listed as a common problem

(but biologically plausible). Adding donepezil did not
change ratings of extrapyramidal symptoms, akathisia, or
tardive dyskinesia (TD). Seven subjects, four of whom re-
ceived donepezil, had AIMS scores of at least 4 at base-
line. Although AIMS ratings improved from 5.75 to 3.75
(SD 3.742) in these donepezil subjects, this was not sig-
nificant by t test (t=1.1; p=0.363).

Discussion

This was a negative trial: patients with schizophrenia who
received donepezil added to their maintenance antipsy-
chotic did not improve on measures of psychopathology or
cognition. Donepezil was well tolerated. Whereas some
uncontrolled trials suggest efficacy of this add-on strategy,
our trial is consistent with the negative results of the other
two double-blind trials that used donepezil as the augment-
ing medication.

What could account for our negative findings? Clearly,
our trial was only powered to detect larger effects that we
would consider to be clinically meaningful. Our trial was
not powered to detect small or medium effect sizes, which
might be more realistic to expect judging from trials of
donepezil in DAT. While not directly comparable, im-
provement in Alzheimer’s disease has been estimated to
average 0.8 points on the MMSE (95% confidence interval,
0.5–1.2) with donepezil treatment (AD 2000 Collaborative
Group 2004); this is a small improvement in cognition of
dubious clinical significance. It is possible that we selected
the wrong tests to sample effects of cholinergic function, but
for pragmatic and statistical reasons we thought it would
be important to limit the number of outcome measures.
Nevertheless, we would have expected some signal in one
of the tests if donepezil were effective. Our trial lasted only
8 weeks and might be too short.

Next, we could have studied the wrong patient popula-
tion. For one, our sample of chronic, disabled patients may
be particularly refractory to the intervention. Furthermore,
we excluded patients with a history of traumatic brain injury

Table 1 Neuropsychological
scores pre- and posttreatment of
participants with schizophrenia
in a donepezil add-on trial

There were no statistically sig-
nificant differences between the
groups on any of the cognitive
measures as assessed by mixed-
model ANOVA
+ change opposite to expected
direction

Placebo (SD)/donepezil (SD) Effect size, Cohen’s d

Pre Post

Digit Span Forward 8.84 (1.91) 9.31 (1.32) 0.29
8.82 (2.07) 8.42 (1.69) 0.30+

Digit Span Backward 5.62 (1.56) 5.69 (1.84) 0.04
4.29 (1.86) 4.23 (1.95) 0.04+

Hopkins Verbal Learning Test 19.31 (3.83) 18.84 (4.16) 0.12+
19.65 (4.87) 20.23 (4.96) 0.14

Trail Making, part A 62.96 (36.30) 62.42 (30.15) 0.06
50.28 (24.57) 40.89 (17.39) 0.64

Trail Making, part B 160.77 (89.16) 186.50 (109.69) 0.22+
142.12 (71.07) 131.40 (71.12) 0.17

Benton Oral Word Association Test 27.92 (10.05) 27.62 (11.69) 0.06+
25.35 (9.11) 26.88 (8.75) 0.30

Grooved Pegboard Test 21.46 (10.34) 21.62 (10.57) 0.04
25.71 (7.78) 26.76 (6.58) 0.15
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(TBI). TBI has clear deleterious effects on cholinergic neu-
rons, and donepezil is a reasonable strategy that can be tried
(Arciniegas 2003; Griffin et al. 2003). Similarly, elderly
schizophrenic patients with comorbid dementia would be
another patient group where procholinergic agents would
be a rational choice. Patients with TD might be yet another
group of patients where there is some support for using
donepezil (Caroff et al. 2001). The few patients in our co-
hort with TD did not respond, however.

Smoking is perhaps the biggest confounder, at least for
any remedial role of donepezil for the nicotinic arm of the
cholinergic system. One can theorize that patients are al-
ready treating their putative cholinergic dysfunction maxi-
mally with nicotine. On the other hand, nicotinic neurons
desensitize quickly when exposed to nicotine. Donepezil
is a rather blunt instrument that floods the brain with ace-
tylcholine. This can have effects of adaptation in different
brain areas, including leading to desensitization of nicotinic
receptors in the hippocampus, which renders the additional
acetylcholine made available by donepezil useless. Even in
nonsmokers, daily dosing of a procholinergic agent might
not be the best strategy. It is hard of course to argue for an
intervention that has as its prerequisite the lack of a behavior
in the target population that most display (smoking). The
patients that we studied (most of whom smoked) constitute
the bulk of patients with schizophrenia. Therefore, donepezil
use would be limited to the approximately 20% of patients
who do not smoke.

To get around adaptation, pharmacological principles
beyond AChE inhibition might be necessary (Maelicke and
Albuquerque 2000). This is suggested by a successful trial
of galantamine in schizophrenia, which, in addition to block-
ingAchE, allostericallymodulates nicotinic receptors, there-
by preventing nicotinic receptor desensitization (Allen
et al. 2003). In this double-blind, placebo-controlled trial,
galantamine improved a measure of attention and verbal
fluency.

In summary, the results of this and two other double-
blind, placebo-controlled trials do not support the addition
of donepezil to stable patients with schizophrenia for im-
provement of cognition or psychopathology. The residual
symptoms and cognitive problems do not appear to result
from a cholinergic deficit that can be easily remedied by a
nonspecific AChE inhibitor. It could also be that schizo-
phrenia sensu strictu is not a disorder of cholinergic deficit
at all. However, ours was a pragmatic trial of established
and medicated patients, not a proof-of-concept study where
unmedicated, nonrefractory patients would be more appro-
priate. Our study thus does not rule out a more subtle and
more complicated role of the cholinergic system in schizo-
phrenia, such as a very selective and relatively small loss of
only certain cholinergic neuron populations (Holt et al. 1999).
A donepezil add-on strategy makes sense in those selected
cases where a pathological process is known to affect cho-
linergic neurons (e.g., history of head injury or comorbid
dementia). The value of donepezil in first-episode patients
(who are presumably not refractory), particularly if they
are nonsmokers, remains to be studied. Future trials might
also go beyond acute symptoms and instead focus on long-

term neuroprotective effects of agents like donepezil (Takada
et al. 2003). It is discouraging, however, that even in dis-
orders with well-defined cholinergic pathology (i.e., DAT)
it has been very difficult to show clear-cut clinical benefit
(AD 2000 Collaborative Group 2004).
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