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Objective: Alzheimer’s disease pathology
includes both histologic changes and neu-
rotransmitter deficits. The cholinergic defi-
cit contributes to both cognitive and be-
havioral disturbances, and cholinesterase
inhibitors may improve behavior in Alzhei-
mer’s disease patients. This analysis was
conducted to assess the impact of galan-
tamine, a cholinesterase inhibitor with nic-
otinic-receptor-modulating properties, on
the pattern and evolution of behavioral
disturbances in patients with Alzheimer’s
disease and on caregiver distress related to
patients’ behavior.

Method: Data from 978 patients with
mild to moderate Alzheimer’s disease
who were randomly assigned to placebo
or galantamine (8, 16, or 24 mg/day) were
analyzed. Behavioral changes were as-
sessed with the Neuropsychiatric Inven-
tory, and alterations in caregiver distress
were measured by the Neuropsychiatric
Inventory distress scale. Data collected at

baseline and 12 and 21 weeks postbase-
line were analyzed.

Results: Neuropsychiatric Inventory
scores worsened with placebo, whereas
patients treated with 16 or 24 mg/day of
galantamine had no change in total Neu-
rospcyhiatric Inventory scores. Treated pa-
tients, asymptomatic or symptomatic at
baseline, had better Neuropsychiatric In-
ventory subscale scores than did patients
receiving placebo. Behavioral improve-
ment in patients symptomatic at baseline
ranged from 29% to 48%. Changes were
evident in patients receiving 16 or 24 mg/
day of galantamine. High-dose galan-
tamine was associated with a significant
reduction in caregiver distress.

Conclusions: Galantamine therapy was
associated with reduced emergence of
behavioral disturbances and improve-
ment in existing behavioral problems in
patients with mild to moderate Alzhei-
mer’s disease, with a concomitant reduc-
tion in reported caregiver distress.

(Am J Psychiatry 2004; 161:532–538)

The pathology of Alzheimer’s disease includes both
histologic changes and neurotransmitter deficits. The
cholinergic deficit of this disorder contributes to both cog-
nitive and behavioral disturbances. Galantamine is a ter-
tiary alkaloid, originally derived from plants, that revers-
ibly and competitively inhibits acetylcholinesterase and
allosterically modulates nicotinic acetylcholine receptors
(1, 2). In clinical trials involving patients with Alzheimer’s
disease, galantamine was shown to improve or maintain
global function, cognitive abilities, and activities of daily
living better than placebo (3–5).

Cholinesterase inhibitors have been observed to have
psychotropic effects, including effects on apathy, halluci-
nations, anxiety, depression, agitation, and delusions, in
various clinical trials (6). In a double-blind, placebo-con-
trolled, parallel-group trial of galantamine in Alzheimer’s
disease (4), patients treated with 16 or 24 mg/day of the
cholinesterase inhibitor galantamine had no overall change
in behavior during the 21-week study, whereas patients
taking placebo had significantly worsened scores on the
Neuropsychiatric Inventory (7) at the end of the study. The

current investigation was based on a hypothesis-driven
secondary analysis of the behavioral data derived from the
original study. We hypothesized that changes on the Neu-
ropsychiatric Inventory would correlate with global rat-
ings and with assessments of instrumental activities of
daily living, but not with cognition. We posited a dissocia-
tion between cognition and behavioral responses on the
basis of evidence that these disease manifestations are
mediated by different brain regions. We further hypothe-
sized that reductions in psychopathology would be associ-
ated with reduced behavior-related caregiver distress. We
also sought to determine whether galantamine reduced
existing psychopathology and/or reduced the emergence
of new neuropsychiatric symptoms.

Method

Patient Selection

The patients included in the trial had a diagnosis of probable
Alzheimer’s disease based on the criteria of the work group of the
National Institute of Neurological and Communicative Disorders
and Stroke and the Alzheimer’s Disease and Related Disorders As-
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sociation (8). Patients had scores on the Mini-Mental State Exam-
ination (MMSE) (9) between 10 and 22 and scores of 18 or higher
on the standard version of the Alzheimer’s Disease Assessment
Scale cognitive subscale (10). Laboratory studies and neuroimag-
ing were obtained to support the diagnosis of probable Alzhei-
mer’s disease and exclude other potential causes of dementia, a
practice consistent with the guidelines of the American Academy
of Neurology (11).

Patients were excluded from the study if they had evidence of
any other neurodegenerative disease or active cardiac, renal, pul-
monary, metabolic, or endocrine disorder. Patients with a history
of epilepsy or significant drug or alcohol abuse and those who
had received an experimental agent in the preceding 60 days also
were excluded, as were those with a history of major mental ill-
ness (schizophrenia, bipolar illness, or major depression) that
was clinically evident within 5 years of the onset of the dementia.

Psychotropic medications were not a basis for exclusion from
study participation. In the placebo group, 27% of the patients re-
ceived antidepressants and 23% received other psychotropic
medications (anxiolytics, hypnotics, and antipsychotics). In the
three galantamine treatment arms, 26%–34% received antide-
pressants and 24%–27% received other psychotropic medica-
tions. Differences in medication type and dose among the groups
were not significant. The use of hypnotics was prohibited for 48
hours before neuropsychological assessment.

A patient was considered eligible only if he or she had a respon-
sible caregiver who, together with the patient, provided written
informed consent in accordance with the Declaration of Helsinki
and provided information on the patient’s behavior and his or her
own response to the behavior in an interview using the Neuropsy-
chiatric Inventory.

Study Design

The data used in the current analysis were derived from a mul-
ticenter, parallel-group, double-blind, placebo-controlled trial
conducted in the United States (4). Following a 4-week single-
blind, placebo lead-in period, the patients were randomly as-
signed to one of four treatment arms for 21 weeks (5 months): pla-
cebo, galantamine at a dose of 8 mg/day, galantamine at 16 mg/
day, or galantamine at 24 mg/day. The patients in the 16-mg/day
group initially received 8 mg/day for 4 weeks; they then received
16 mg/day for 17 weeks. Patients in the 24-mg/day group received
8 mg/day for 4 weeks, then 16 mg/day for weeks 5–8, and then 24
mg/day for the remaining 13 weeks. Galantamine and placebo
were administered as identical single tablets taken orally twice
daily. The patients were assigned to the placebo, 8-mg, 16-mg,
and 24-mg groups in a ratio of 2:1:2:2. Data were available from
administration of the Neuropsychiatric Inventory at baseline,
week 12, and week 21 of the 21-week study.

Patients were not selected or assigned to treatment on the basis
of information derived with the Neuropsychiatric Inventory. In-
spection of the group assignments revealed that the random as-
signment produced acceptable proportions of patients with and
without baseline symptoms according to the Neuropsychiatric
Inventory. The scores were somewhat low compared to typical
clinical populations (7), reflecting a relatively limited amount of
psychopathology; this is common among patients participating
in randomized clinical trials. Including patients receiving psycho-
tropic medication in the trial also may have reduced baseline
scores.

Outcome Measures

The outcomes of interest in the current study were the Neuro-
psychiatric Inventory total score, individual behavioral domain
scores, and the behavior-related caregiver distress score. The
Neuropsychiatric Inventory assesses 10 behavioral domains com-
monly encountered in patients with Alzheimer’s disease: delu-

sions, hallucinations, agitation/aggression, dysphoria, anxiety,
euphoria, apathy, disinhibition, irritability/lability, and aberrant
motor behavior. The Neuropsychiatric Inventory has been dem-
onstrated to be valid and to have good interrater and test-retest
reliability (7).

When administering the Neuropsychiatric Inventory, a clinician
interviews a caregiver familiar with the patient’s behavior using a
scripted interview, and the caregiver rates each domain as present
or absent. If behavioral disturbances are present, they are scored
on a 1–4-point scale by the caregiver for frequency and on a 1–3-
point scale for severity with anchored ratings. The score for each
domain is a product of the ratings for frequency and severity (thus,
the maximum possible score is 12 for each domain). A total Neuro-
psychiatric Inventory score is generated by summing the 10 do-
main scores (total possible score=120). The Neuropsychiatric In-
ventory includes an integrated measure of behavior-related
caregiver distress (12). After the caregiver rates the frequency and
the severity of each behavior, he or she is asked to score their dis-
tress as it relates to the patient’s behavior on an anchored 0–5-
point rating scale. The total caregiver distress score is generated by
adding the item-related distress scores (total possible score=50).

Other primary and secondary efficacy measures used during
the trial included the Alzheimer’s Disease Assessment Scale cog-
nitive subscale, the Clinician’s Interview-Based Impression of
Change, the Alzheimer’s Disease Cooperative Study Activities of
Daily Living Scale, and measures of adverse events. The cognitive
subscale of the Alzheimer’s Disease Assessment Scale is a stan-
dardized assessment tool for measuring cognitive function in Alz-
heimer’s disease; the score can range from 0 to 70, with a lower
score meaning better cognitive function (10). The Clinician’s In-
terview-Based Impression of Change with caregiver input is used
to evaluate global change in patient cognitive function, behavior,
and instrumental activities of daily living on a scale of 1 to 7, with
a score of 4 indicating no change (13). The Alzheimer’s Disease
Cooperative Study Activities of Daily Living Scale determines the
ability to perform activities of daily living; scores range from 0 to
78, with a higher score indicating better functioning (14).

Statistical Analysis

The total score on the Neuropsychiatric Inventory, the Neuro-
psychiatric Inventory caregiver distress score, and the total score
on the Alzheimer’s Disease Cooperative Study Activities of Daily
Living Scale were used as secondary outcome measures in the
original study (4). The primary efficacy measures—change from
baseline to week 21 in the scores on the Alzheimer’s Disease As-
sessment Scale cognitive subscale and the Clinician’s Interview-
Based Impression of Change with caregiver input—were pre-
sented previously (4). The calculations of group size and statisti-
cal power were based on the primary hypotheses to demonstrate
treatment effect, according to these primary efficacy measures.
The analysis of the change in the total of the 10 Neuropsychiatric
Inventory item scores from baseline to week 21 used the same
methods as the analyses of scores on the Alzheimer’s Disease As-
sessment Scale cognitive subscale and the Alzheimer’s Disease
Cooperative Study Activities of Daily Living Scale.

Two types of comparisons were made among the three galan-
tamine groups and one placebo group in this study: comparisons
between each galantamine dose and placebo and comparisons
among galantamine doses. A step-down closed testing procedure
(15) was used for both types of comparisons. The step-down pro-
cedure was defined a priori in a sequence of hypotheses in hierar-
chical order. The first comparison was between 24 mg/day and
placebo. If this was significant at the 0.05 level, then the next com-
parison was between 16 mg/day and placebo. Each comparison
could be made at the 0.05 level because of the sequential closed
testing procedures. No adjustment for the Alzheimer’s Disease
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Assessment Scale cognitive subscale and Clinician’s Interview-
Based Impression of Change was needed because results for these
tests were not primary measures in the current analyses.

If the primary analysis showed that both 24 mg/day and 16 mg/
day were statistically significant from placebo, testing proceeded
to compare the 8-mg/day dose with placebo at the 0.05 level. A
test for increasing response with increasing dose was done by us-
ing a linear contrast to explore the dose-response relationships
among these doses. A similar step-down testing procedure was
applied in the comparison of each of the higher doses of galan-
tamine with the 8-mg dose.

All randomly assigned patients who received at least one dose
of study medication were included in the analysis of data on
safety, demographic variables, and baseline characteristics. The
efficacy data were analyzed on the basis of observed cases, tradi-
tional last observation carried forward, classical intent-to-treat,
and retrieved dropouts. (Traditionally, the “observed case” data
set refers to double-blind data that are observed at designated as-
sessment times. “Last observation carried forward” refers to the
last observation available for each subject in the double-blind pe-
riod, excluding baseline. The “classical intent-to-treat” data set
comprises the last observation available for each subject during
the study regardless of the time at which it was recorded. “Re-
trieved dropout data” are data retrieved and assessed at or close
to the scheduled time point for patients who did not complete the
study.) Patients with no postbaseline efficacy measurements were
included in the classical intent-to-treat analysis set (if a datum
was missing at a postbaseline time point, then the missing value
was imputed from the baseline value) but were excluded from the
analysis of the last observation carried forward (i.e., baseline data
were not carried forward to the postbaseline time points in this
set). The primary analysis was based on observed cases.

For the continuous variables (e.g., changes from baseline in
scores on the Alzheimer’s Disease Assessment Scale cognitive

subscale, total Neuropsychiatric Inventory, and total Alzheimer’s
Disease Cooperative Study Activities of Daily Living Scale), a two-
way analysis of variance model with treatment and site as factors
was used to compare the treatment groups for the change from
baseline. The treatment-by-site interaction was tested and re-
moved from the model when it was found not significant at the
10% level. The linear contrasts in the least-square means of the
treatment effect were used to perform the between-group com-
parisons. The baseline value for each measure was included in an
analysis of covariance model with treatment and site as factors
and the baseline value as covariate. The baseline value was ex-
cluded from the analysis of each score in the final model, as the
conclusions remained the same with or without it as a covariate
in the model. A longitudinal analysis was performed for the con-
tinuous variables by applying a mixed-effects model (16)—with
treatment, site, and treatment-by-week as factors and with an as-
sumption of unstructured covariance—to evaluate the effect of
treatment with galantamine over time. The score on the Clini-
cian’s Interview-Based Impression of Change with caregiver input
was analyzed by using the van Elteren test (17), i.e., the Cochran-
Mantel-Haenszel test statistics based on modified ridit scores
(derived from rank scores).

Results

A total of 1,178 patients were screened, and 978 were
randomly assigned to medication or placebo, 80% of
whom completed the trial. Table 1 presents the clinical
characteristics of the randomly assigned patients. Pa-
tients had manifested symptoms for approximately 4
years and had been diagnosed with Alzheimer’s disease

TABLE 1. Baseline Characteristics of Patients With Alzheimer’s Disease Who Received Placebo or Galantamine at 8, 16, or
24 mg/day

Galantamine

Characteristic Placebo (N=286) 8 mg/day (N=140) 16 mg/day (N=279) 24 mg/day (N=273)
N % N % N % N %

Study completers 240 83.9 108 77.1 219 78.5 212 77.7
Gender

Male 108 37.8 50 35.7 105 37.6 90 33.0
Female 178 62.2 90 64.3 174 62.4 183 67.0

White race 267 93.4 132 94.3 260 93.2 249 91.2
Other active medical conditions 274 95.8 137 97.9 274 98.2 264 96.7

Mean SD Mean SD Mean SD Mean SD

Age (years) 77 8 76 7 76 8 78 7
Weight (kg) 68 14 70 17 68 14 67 13
Years since diagnosis of cognitive 

problem 4.3 2.6 4.1 2.5 4.2 2.7 3.9 2.7
Years since diagnosis of probable 

Alzheimer’s disease 1.4 1.8 1.3 1.4 1.4 1.8 1.3 1.8
Total MMSE score 17.7 3.7 18.0 3.5 17.8 3.5 17.7 3.6

N Mean SD N Mean SD N Mean SD N Mean SD
Score on Alzheimer’s Disease Assessment 

Scale 11-item cognitive subscalea 269 29.4 10.3 132 27.8 10.8 266 29.4 10.7 262 29.0 10.8
Score on Alzheimer’s Disease Cooperative 

Study Activities of Daily Living Scalea 275 52.3 14.8 134 54.2 14.2 267 51.6 15.2 262 51.9 15.9
Neuropsychiatric Inventory scoresa

Total 275 11.0 11.0 134 12.9 14.3 267 12.4 12.6 262 11.9 13.4
Caregiver distress 236 6.9 5.9 120 7.2 6.5 233 7.6 6.3 218 7.4 6.3

a One study site was excluded from all efficacy analyses (before database unblinding) because of data quality issues. The results of analyses
that include data from this site do not differ substantially from those presented.
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for approximately 1.5 years. The distribution of the base-
line data was similar across treatment groups.

Table 2 summarizes the results from the analyses of the
change from baseline to week 21 in the total score on the
Neuropsychiatric Inventory and the score on the measure
of caregiver distress. The analyses of observed cases re-
vealed differences in favor of galantamine for the 16-mg/
day and 24-mg/day groups.

After 21 weeks, the total score on the Neuropsychiatric
Inventory was reduced by 0.1 point in the 16- and 24-mg/
day galantamine groups and increased by 2.3 points in the
placebo and 8-mg/day galantamine groups. The differ-
ences between galantamine and placebo in favor of galan-
tamine were statistically significant for the 16-mg/day
group (difference in least-square means=–2.5 points, 95%
CI=–4.6 to –0.3) and the 24-mg/day group (difference in
least-square means=–2.5 points, 95% CI=–4.7 to –0.4).

Analysis of the 21-week scores on subscales of the Neuro-
psychiatric Inventory revealed significant differences in
favor of galantamine in aberrant motor behavior for the
16-mg/day group (difference from placebo in least-square
means=–0.7, 95% CI=–1.2 to –0.2) and the 24-mg/day
group (difference from placebo in least-square means=
–0.7, 95% CI=–1.2 to –0.2). There were significantly greater
reductions in anxiety, compared with placebo, for the 16-
mg/day group (difference in least-square means=–0.6,
95% CI=–1.1 to –0.1) and the 24-mg/day group (difference
in least-square means=–0.5, 95% CI=–1.1 to –0.0). Drug-
placebo differences approached significance (difference
in least-square means=–0.3, 95% CI=–0.5 to –0.0) for the
hallucinations subscale score for the group taking 24 mg/
day of galantamine. Behavior-related caregiver distress
was significantly reduced in the caregivers of patients re-

ceiving 24 mg/day (difference in least-square means=–1.5,
95% CI=–2.9 to –0.1) compared with placebo.

This trial included two groups of patients with respect to
baseline Neuropsychiatric Inventory scores: one without
specific behavioral symptoms and one including patients
who were symptomatic in one or more behavioral do-
mains at baseline. The patients who were asymptomatic at
study entry (with a score of zero on the Neuropsychiatric
Inventory individual items) could have become symptom-
atic during the course of the illness or could have re-
mained without symptoms. If the latter occurred with
greater frequency in the treatment group than in the pla-
cebo group, the active treatment may have suppressed the
emergence of behavioral disorders during the trial. The
patients who were symptomatic (nonzero scores on the
Neuropsychiatric Inventory items) at baseline could have
improved, worsened, or shown no change during the trial.
Treated patients who improved more than did those in the
placebo group or who worsened less than did those in the
placebo group may have derived psychotropic benefit
from treatment. Our analyses took these possibilities into
account.

An observed-case analysis of patients who were without
specific behavioral symptoms at baseline revealed signifi-
cantly less emergence of new behaviors by week 21 in the
patients receiving galantamine on the following subscales:
aberrant motor behavior (8-mg and 24-mg/day groups),
apathy (16-mg/day group), and disinhibition (16-mg/day
group). Patients without these symptoms at baseline and
assigned to placebo developed these symptoms more fre-
quently than did those assigned to galantamine. There
was minimally greater emergence of agitation in those re-
ceiving galantamine. The magnitude of the drug-placebo

TABLE 2. Change From Baseline to Week 21 in Scores on the Total Neuropsychiatric Inventory and Caregiver Distress
Measure for Patients With Alzheimer’s Disease Who Received Placebo or Galantamine at 8, 16, or 24 mg/day

Total Neuropsychiatric Inventory
Neuropsychiatric Inventory Measure 

of Caregiver Distress

Change in Score Change in Score

Group and Efficacy Measure N Mean SD N Mean SD
Placebo

Observed 234 2.3 11.3 180 1.2 6.7
Last observation carried forward 262 2.0 11.0 214 0.9 6.4

Galantamine
8 mg/day

Observed 106 2.3 11.5 85 1.3 4.5
Last observation carried forward 129 2.3 11.4 116 1.2 5.9

16 mg/day
Observed 211 –0.1a 11.1 154 0.1 6.2
Last observation carried forward 255 –0.1b 11.4 215 –0.1 6.0

24 mg/day
Observed 212 –0.1c 11.1 154 –0.2d 7.0
Last observation carried forward 253 –0.0e 11.1 206 –0.2f 6.5

a Significantly different from value for placebo (F=4.99, df=1, 731, p=0.03).
b Significantly different from value for placebo (F=4.49, df=1, 867, p=0.04).
c Significantly different from value for placebo (F=5.29, df=1, 731, p=0.03).
d Significantly different from value for placebo (F=4.25, df=1, 541, p=0.04).
e Significantly different from value for placebo (F=4.65, df=1, 867, p=0.04).
f Significantly different from value for placebo (F=3.72, df=1, 719, p=0.054).



536 Am J Psychiatry 161:3, March 2004

GALANTAMINE AND ALZHEIMER’S DISEASE

http://ajp.psychiatryonline.org

differences was small, representing 0.3–0.8 points on the
Neuropsychiatric Inventory.

Among the patients who were symptomatic at baseline,
the score on the aberrant motor behavior scale showed
greater reduction with galantamine than with placebo for
the 16-mg/day dose (difference in least-square means=
–1.4, 95% CI=–2.4 to –0.3) and the 24-mg/day dose (least-
square mean difference=–0.9, 95% CI=–2.0 to 0.1). Patients
with agitation/aggression had greater reductions in scores
with galantamine at 16-mg/day (difference in least-square
means=–1.5, 95% CI=–2.4 to –0.5) or 24-mg/day (differ-
ence in least-square means=–1.0, 95% CI=–2.0 to –0.1)
than with placebo. The anxiety scale scores were also re-
duced more in the 16-mg/day group (difference in least-
square means=–1.2, 95% CI=–2.2 to –0.2) and the 24-mg/
day group (difference in least-square means=–1.1, 95%
CI=–2.1 to –0.1) than in the placebo group. These reduc-
tions were clinically meaningful, with reductions from
baseline of 38% and 29% (at 16 mg/day and 24 mg/day, re-
spectively) in scores for aberrant motor behavior, 48% and
32% (16 and 24 mg/day) in agitation scores, and 41% and
29% (16 and 24 mg/day) in anxiety scores. Analysis of the
12-week data showed similar patterns in the groups that
were symptomatic and asymptomatic at baseline, but
only the smaller increases in anxiety in patients taking
galantamine, compared to those taking placebo, among
the initially asymptomatic group and the smaller increases
in agitation in the symptomatic group reached statistical
significance.

The change in the Neuropsychiatric Inventory total
score was significantly but weakly associated with the
score on the Clinician’s Interview-Based Impression of
Change at week 21 in the placebo group (r=0.19, 95% CI=
0.06 to 0.31, N=234) and in the 24-mg/day treatment
group (r=0.25, 95% CI=0.12 to 0.37, N=212). Reduction in
the total Neuropsychiatric Inventory score, i.e., improved
behavior, also was associated with improvement in the
score for activities of daily living in the placebo group (r=
–0.13, 95% CI=–0.26 to –0.01, N=234) and in the 24-mg/day
group (r=–0.14, 95% CI=–0.27 to –0.00, N=212). There was
no significant association between change in the score on
the Alzheimer’s Disease Assessment Scale cognitive sub-
scale and change in the Neuropsychiatric Inventory score.

The change in total Neuropsychiatric Inventory score
during the 21 weeks was associated significantly with the
change in the distress score for all treatment groups
(r≥0.68, 95% CI from ≥0.59 to ≥0.76).

A longitudinal analysis of the total Neuropsychiatric In-
ventory score was performed to assess the effect of galan-
tamine treatment as measured by the total score over
time. There was a significant interaction of time (week)
with treatment (F=4.89, df=4, 1586, p=0.001), indicating
that the rates of changes in the total score were signifi-
cantly different among the treatment groups. Both 16 mg/
day (t=2.83, df=1,586, p=0.005) and 24 mg/day (t=2.55, df=

1,586, p=0.02) of galantamine were significantly more ef-
fective than was placebo.

Discussion

This hypothesis-driven analysis of changes in neuro-
psychiatric symptoms was performed to further explore
the effects of galantamine on behavior. The results of post
hoc analyses of this type must be interpreted cautiously, as
the patients were not recruited or randomly assigned on
the basis of behavioral symptoms. Emergence of aberrant
motor behavior, apathy, and disinhibition was somewhat
less in galantamine-treated patients who were without
these symptoms at baseline. In patients who exhibited be-
havioral abnormalities at the time of study entry, there
were robust reductions from baseline (29%–48%) in aber-
rant motor behavior, agitation, and anxiety. In addition,
the treatment-related benefit to caregivers on the behav-
ior-related caregiver distress measure of the Neuropsychi-
atric Inventory is consonant with a psychotropic effect of
galantamine.

Effects of cholinesterase inhibitors on behavior have
been observed in open-label trials of tacrine (18) and ri-
vastigmine (19) and in double-blind, placebo-controlled
trials of metrifonate (20) and donepezil (21). Tacrine di-
minished apathy, anxiety, disinhibition, and aberrant mo-
tor behavior (18). Rivastigmine reduced mood disorders
and hallucinations in a 2-year open-label extension of a
double-blind clinical trial (19). Metrifonate reduced the
score on the Neuropsychiatric Inventory subscale for vi-
sual hallucinations, as well as the total Neuropsychiatric
Inventory score (20). Donepezil therapy was associated
with a reduced total Neuropsychiatric Inventory score and
improved scores on the anxiety, depression, and apathy
subscales in patients with moderate-to-severe Alzheimer’s
disease (21). A community survey of patients receiving
donepezil revealed that they were less likely to receive pre-
scriptions for psychotropic agents than were patients not
receiving donepezil (22). Thus, psychotropic effects are
commonly reported across studies of cholinesterase in-
hibitors. The behavioral response profiles, however, differ
somewhat from study to study. These differing symptom
responses may reflect differences in the populations in-
cluded in the trials, differences in the pharmacologic
properties of the agents studied, or differences in the be-
havioral measures employed.

To our knowledge, no previous study of an approved
cholinesterase inhibitor has shown a reduction in the
emergence of new neuropsychiatric symptoms in patients
who were asymptomatic at baseline. In the current study,
there were modest but significant reductions in the emer-
gence of aberrant motor behavior, apathy, and disinhibi-
tion. Similar reductions were observed in clinical trials of
metrifonate (23), a cholinesterase inhibitor whose further
development was discontinued. Reduced emergence of
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new behavioral disturbances may be a benefit of long-
term cholinesterase inhibitor therapy.

The current report also appears to be the first to identify
a beneficial impact of cholinesterase inhibitor therapy on
behavior-related caregiver distress. The difference in Neu-
ropsychiatric Inventory caregiver distress scores between
patients receiving active drug and those receiving placebo
was approximately 15%, indicative of lower caregiver dis-
tress for individuals given active therapy. Specific areas of
patient improvement include depression/dysphoria, dis-
inhibition, hallucinations, and irritability/lability. A previ-
ous study with the atypical antipsychotic olanzapine
showed reduced reports of occupational disruption by
nursing home caregivers of patients who exhibited re-
duced delusions, hallucinations, and agitation following
treatment (24). Reduction in caregiver distress is an impor-
tant outcome in treatment of patients with Alzheimer’s dis-
ease, because caregiver stress and burden lead to caregiver
illness and may precipitate institutionalization of patients
with Alzheimer’s disease (25, 26). Although reduced care-
giver distress could be attributed to improved cognition or
function, the Neuropsychiatric Inventory assesses distress
specifically linked to behaviors, and the reductions ob-
served are likely attributable to the improved behavior.

Alterations in function as measured by changes in the
Alzheimer’s Disease Cooperative Study Activities of Daily
Living Scale correlated significantly with Neuropsychiatric
Inventory scores. Activities of daily living require both in-
strumental cognitive functions, such as memory, and cog-
nitive functions mediated by the frontal lobes. Behavioral
abnormalities also have been related to frontal lobe dys-
function (27); frontal mediation of both activities of daily
living and emotion and behavior may explain the correla-
tion between these measures (28). Performance on the
Alzheimer’s Disease Assessment Scale cognitive subscale
depends primarily on posterior hemispheric regions that
support language, memory, and visuospatial skills. There
are no measures of executive function on the standard
version of the Alzheimer’s Disease Assessment Scale cog-
nitive subscale reported here. The absence of correlations
between cognitive and behavioral changes following treat-
ment with galantamine indicates that these two domains
are independent response dimensions.

There are multiple mechanisms by which galantamine
may exert psychotropic effects. First, the acetylcholine
deficiency of Alzheimer’s disease is marked in the limbic
system (29), and enhancement of limbic function with a
cholinesterase inhibitor may ameliorate behavioral alter-
ations. Second, the allosteric nicotinic modulation ex-
erted by galantamine increases arousal and may decrease
aberrant motor behavior and agitation, similar to the ef-
fects of psychostimulants in improving symptoms of hy-
peractivity in children with attention deficit disorders (30).
Third, improved function of nicotinic thalamofrontal pro-
jections may reduce agitation, disinhibition, and apathy,
which appear to be frontally mediated (31, 32). Fourth,

galantamine has secondary effects on other transmitters
(33, 34), and these subsequent events may be partially re-
sponsible for the psychotropic effects of the agent. Finally,
improvements in global functioning, activities of daily liv-
ing, and cognitive abilities may have secondary behavioral
consequences.

In summary, patients treated with galantamine had bet-
ter total Neuropsychiatric Inventory scores as well as less
aberrant motor behavior, agitation, anxiety, apathy, and
disinhibition than did patients receiving placebo. There
was an attendant reduction in behavior-related caregiver
distress. Improved behavior contributed to the global ben-
efit of galantamine and was correlated with changes in
scores on the Alzheimer’s Disease Cooperative Study Ac-
tivities of Daily Living Scale. This analysis suggests that
galantamine has psychotropic properties in addition to
enhancing function and cognition.
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