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uscarinic acetylcholine receptors are distributed
throughout the nervous system, both centrally
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Background: Older individuals with dementia
are highly sensitive to the effects of muscarinic
receptor blockade.

Study Design: This was a 6-week multisite,
randomized clinical trial. Subjects: Eighty-six
patients with probable Alzheimer’s disease,
vascular dementia, or mixed-etiology dementia
(DSM-IV criteria) were randomly assigned
to treatment with olanzapine or risperidone.
Assessments: Anticholinergic activity was
measured with a radioreceptor assay, and plasma
levels of antipsychotic medications were deter-
mined. Primary outcomes were assessed with
the Udvalg for Kliniske Undersogelser (UKU)
scale and somnolence adverse events; secondary
outcome measures included scores on the Neuro-
psychiatric Inventory (NPI) and other scales.

Results: There were no between-treatment
differences in the UKU scale or in somnolence
adverse events. Statistically significant improve-
ments (p < .001) from baseline were found for the
NPI measures, with no between–treatment group
differences. Olanzapine was associated with sig-
nificant increases from baseline in anticholinergic
activity, while risperidone was not; the between–
treatment group differences were not statistically
significant. Increase in anticholinergic activity
was associated with an increase in anticholinergic
side effects and slower performance on the Trail
Making Test Part A. Higher endpoint anticholin-
ergic activity was associated with higher endpoint
scores on several items from the NPI, including
delusions, anxiety, and aberrant motor behavior.

Implications: Efficacious doses of
olanzapine increased anticholinergic activity
in older patients with dementia, while similarly
efficacious doses of risperidone did not. Patients
whose anticholinergic activity increased were
more likely to experience anticholinergic side
effects and to have worsening in certain cognitive
domains. These data suggest that certain patients
may be vulnerable to the anticholinergic activity
associated with antipsychotic treatment.
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M
and peripherally. Modulation of the activity levels of
these transmitters has a variety of effects, including pe-
ripheral effects impacting on the gastrointestinal (i.e.,
nausea, constipation, and dry mouth) and cardiovascular
(tachycardia and palpitation) systems.1 The central acetyl-
choline receptor system is intrinsically involved in sev-
eral cognitive domains, particularly attentional functions
and episodic memory.2 Thus, medications that interact
with the muscarinic cholinergic system can have a variety
of therapeutic or adverse effects. Multiple different com-
pounds cause adverse anticholinergic effects, generally
by antagonism at the muscarinic M1 receptor.3,4 It has
been demonstrated that the effects of total anticholinergic
activity are cumulative5,6 and can be measured in vivo.
This activity may be measured with radioreceptor binding
and can be expressed in terms of atropine, the prototypical
M1 antagonist, equivalents.7,8

Many previous studies have identified moderate
(memory impairment)9 to serious (significant delirium)10

effects resulting from anticholinergic activity of medica-
tions. Many individuals are taking medications with “hid-
den” anticholinergic effects, including medications used
to treat cardiac conditions, allergic rhinitis, and psychiat-
ric conditions such as depression. Vulnerability to this ef-
fect is increased substantially with age11 and in individu-
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als whose cortical functioning is otherwise compromised,
such as patients who have Alzheimer’s disease,12 late-life
schizophrenia,13 or traumatic brain injury.14,15 Moreover,
as individuals age, they are increasingly likely to be pre-
scribed multiple medications resulting in additive total
anticholinergic activity.16

Treatment of Alzheimer’s disease and related condi-
tions with medications that improve cholinergic function-
ing has been a recent therapeutic development.17 The 4
medications (tacrine, donepezil, galantamine, and riva-
stigmine) currently approved by the U.S. Food and Drug
Administration for the treatment of mild to moderate Alz-
heimer’s disease are acetylcholinesterase inhibitors. These
medications increase cholinergic functions by inhibiting
the breakdown of endogenously produced acetylcholine.
They apparently do not impact the production of acetyl-
choline or the sensitivity of acetylcholine receptors. Im-
portantly, there are no human data to assess whether or not
these medications reverse the effects of cholinergic recep-
tor antagonism. Patients treated with acetylcholinesterase
inhibitors who received medications with anticholinergic
properties had a worse course of illness than those who did
not receive this type of medication.18 So, even in cases in
which clinically effective doses of acetylcholinesterase
inhibitors are administered, adverse effects can be caused
by medications that block central cholinergic receptors.

The consequences of excessive anticholinergic activity
in elderly individuals, especially those with dementia,
can be substantial. One of the major potential causes of
reversible cognitive impairment in older individuals is
unintentional excessive treatment with anticholinergic
medications, often through combinations of medications
administered to treat other conditions.19 As a result, avoid-
ance of excessive administration of anticholinergic medi-
cations, particularly in vulnerable populations, is a clinical
imperative.

Current treatment standards for first-line pharmaco-
therapy of agitation and psychosis in dementia typically
include the use of antipsychotic medications. Due to con-
cerns about the development of irreversible tardive dys-
kinesia,20 a high risk even in the short term for the treat-
ment of elderly individuals, most of these patients are
treated with atypical antipsychotic medications. Double-
blind studies have demonstrated the efficacy of both olan-
zapine and risperidone for these symptoms.21–25 While
these medications have been shown to be effective relative
to placebo (at least at certain doses), there are essentially
no published head-to-head randomized, prospective com-
parative studies of the relative safety and efficacy of atypi-
cal antipsychotic medications for the treatment of psycho-
sis in dementia. Comparative information about different
atypical medications would be helpful for clinicians treat-
ing this population.

This study addressed the relative efficacy and safety of
2 widely used atypical antipsychotic medications (risper-

idone and olanzapine) for the treatment of psychosis in
dementia, assessed with several outcome measures. As
previously reported, muscarinic M1 receptor antagonism
and the level of anticholinergic activity of olanzapine are
both considerably less than those seen with clozapine26,27

and considerably greater than those seen with risperidone
treatment.28 Thus, we also assessed anticholinergic activ-
ity and anticholinergic-related side effects.

METHOD

Subjects
This multisite clinical trial was conducted at 12 differ-

ent study sites. Patients were entered into the study if they
were over the age of 55 years, had probable Alzheimer’s
disease, probable vascular dementia, or probable demen-
tia of mixed etiology. Male and female patients were
recruited, and all subjects were required to meet several
inclusion criteria. These patients had to meet DSM-IV cri-
teria for 1 of the 3 dementia types described above, with a
requirement that subjects had to have a duration of illness
of at least 1 year. All were residents of long-term care fa-
cilities, with Mini-Mental State Examination40 scores at
study entry between 7 and 26. They also had to have defi-
nite psychotic symptoms, as defined by having a Neuro-
psychiatric Inventory (NPI)29 frequency × severity score
of greater than or equal to 4 on delusions, hallucinations,
or both.

Exclusion criteria were the presence of delirium at the
time of study entry as defined by the Confusion Assess-
ment Method,30 an inability to swallow oral medication, a
probable or definite diagnosis of psychosis prior to the
onset of dementia, and an inability to otherwise cooperate
with the study procedures. The study was approved by
an institutional review board at each of the 12 sites, and
each patient or his or her legal representative signed an
informed consent form. Descriptive characteristics of the
patients, as a function of treatment condition, are pre-
sented in Table 1.

Study Design
This was a 6-week, double-blind, randomized clinical

trial preceded by a 7-day single-blind placebo period. Any
subject who experienced a significant exacerbation of his
or her psychosis could be entered into double-blind
therapy after 3 days of washout. Following the washout,
subjects were treated with either risperidone or olanza-
pine, 2 capsules per day at bedtime. The titration schedule
for risperidone was 0.25 mg/day for the first 3 days, fol-
lowed by an increase to 0.5 mg/day for days 3 through 6.
Starting at day 7, the risperidone dose was increased to
0.75 mg/day until day 10, after which the investigator
could increase the dose by 0.25 mg/day every 4 days if
there was an insufficient clinical response. The total al-
lowable risperidone dose was 1.5 mg/day. For olanzapine,
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the starting dose was 2.5 mg/day and the same titration
schedule was employed, with a maximum possible dose
of 10.0 mg/day. No dose adjustments were allowed in the
4 days prior to any blood sample collection. These maxi-
mum doses and titrations were selected based upon previ-
ously published double-blind studies of risperidone22 and
olanzapine23 in patients with dementia.

Lorazepam was allowed for 4 days in any 7-day period
for the treatment of agitation, at a maximum dose of 3.0
mg/day. Any subject who had been receiving daily benzo-
diazepines for sleep disturbances for at least 2 weeks at
baseline was allowed to continue; chloral hydrate or zol-
pidem was allowed to be instituted if new sleep problems
emerged. No other antipsychotic, antidepressant, or mood
stabilizer treatment was permitted in the double-blind pe-
riod. Cholinesterase inhibitor treatments were allowed to
continue during the double-blind period, provided that
they had been in effect for at least 3 months at study entry.
Four olanzapine patients (10 mg, 10 mg, 10 mg, and 20
mg q.d.) and 2 risperidone patients (both 10 mg q.d.) re-
ceived donepezil pretrial and continued the treatment.
Two olanzapine patients (8 mg and 12 mg b.i.d.) and 1
risperidone patient (8 mg b.i.d.) received galantamine
pretrial and continued treatment. One risperidone patient
took rivastigmine (3 mg b.i.d.) pretrial and continued the
treatment.

Assessments of the primary and secondary outcome
measures described below occurred at screening, base-
line, and then at weekly periods for the duration of the
trial. Cognitive assessments occurred at baseline and
weeks 3 and 6 (or early termination).

Assessments
The primary outcome measures were the Udvalg for

Kliniske Undersogelser (UKU)31 rating scale measuring
peripheral anticholinergic effects (including visual ac-
commodation disturbances, dry mouth, constipation, mic-
turition disturbances, and palpitations) or a site report

of a somnolence adverse event. Secondary outcome
measures included clinical efficacy measures from the
NPI,29 including the target symptoms of hallucinations
and delusions, as well as other symptom scores. The
NPI has a total of 12 different items that were assessed,
with these symptoms rated in terms of severity (1 = mild
to 3 = severe) and frequency (1 = less than once per week
to 4 = greater than once per day or continuously). Total
scores include frequency × severity and impact on occu-
pational adjustment.

An abbreviated cognitive assessment was also per-
formed, which included measures of working memory
and visuomotor speed. Working memory was measured
by the Wechsler Memory Scale, Third Edition,32 digit
span subtest, while visuomotor speed was measured with
the Trail Making Test Parts A and B.33 These cognitive
data are to be reported elsewhere in detail and will be
used primarily for exploratory analyses of possible cen-
tral anticholinergic effects. Additional safety information
was collected with the Extrapyramidal Symptom Rating
Scale (ESRS).34 The ESRS was used to rate parkinsonism,
dystonia, and dyskinesia at each assessment. In addition,
Clinical Global Impressions (CGI) scores of the severity
of parkinsonism, dystonia, and dyskinesia were also col-
lected. Scores on the CGI range from 1 to 9.

Assay Procedures
Assays of plasma blood samples were performed

at baseline, week 3, and week 6 or endpoint to examine
levels of both antipsychotic and anticholinergic activity.
Drug levels were measured by radioimmunoassay as pre-
viously described by Woestenborghs et al.35 Anticholiner-
gic activity was measured in the laboratory of the Geri-
atric Psychopharmacology Program at the University of
Pittsburgh using the radioreceptor assay developed by
Tune and Coyle.7,19 In this assay, anticholinergic displace-
ment of titrated quinuclidinyl benzilate is examined in
a homogenate of rat forebrain. Level of displacement is

Table 1. Demographic and Baseline Characteristics of the Intent-to-Treat Populationa

Variable Risperidone (N = 42) Olanzapine (N = 43)
Gender, % female 71 84
Age, mean ± SD, y 84.7 ± 7.32 (range, 63–96) 83.0 ± 6.89 (range, 63–95)
Baseline MMSE score, mean ± SD 13.7 ± 5.05 (range, 7–25) 13.2 ± 4.79 (range, 7–25)
Race, %

White 76 79
Hispanic 19 16
Black 5 5

Weight, mean ± SD, kg 60.6 ± 11.82 62.4 ± 13.86
Dementia type, %

Alzheimer’s disease 76 86
Vascular dementia 12 2
Mixed 12 12

Length of institutionalization, mean ± SD, mo 11.9 ± 13.5 (median = 7; range, 1–54) 27.1 ± 34.6 (median = 12; range, 1–156)
aIncludes all treated patients who had baseline and at least 1 postbaseline assessment. One 92-year-old white female olanzapine-treated patient did

not have postbaseline assessment and was excluded from the intent-to-treat analysis.
Abbreviation: MMSE = Mini-Mental State Examination.
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compared to atropine as a standard and is expressed in
pmol/mL of plasma. Previous results in our laboratory
have suggested an intra-assay coefficient of variation of
less than 12%.

Statistical Analyses
For the primary and secondary variables, analyses in-

cluded all treated patients who had baseline and at least
1 postbaseline assessment. A last-observation-carried-
forward (LOCF) method was used to define endpoint
value of each variable. In addition, plasma samples were
not available on all patients, and analyses of those samples
are based on those cases who had samples available at
baseline and at least 1 postbaseline visit.

The primary efficacy analyses examined UKU periph-
eral anticholinergic effects and site reports of somnolence
adverse events with the χ2 test and the Cochran-Mantel-
Haenszel test to examine if these differences were con-
sistent across investigators. Secondary efficacy variables
were examined with 2-way analysis of covariance, with
treatment and investigator as the factors and baseline as
the covariate.

Exploratory analyses based on changes in anticholiner-
gic activity were also performed. We used Pearson corre-
lations to examine the relationship between antipsychotic
dosage and anticholinergic activity in each treatment con-
dition separately. Cases were subdivided into those whose
anticholinergic activity increased versus those whose ac-
tivity was stable or decreased. The NPI and cognitive cor-
relates of those changes in anticholinergic activity were
examined with t tests.

RESULTS

Completion
Eighty-six patients were randomized into the study,

with 69 (80.2%) completing and 17 (19.8%) discontinu-
ing. One olanzapine patient did not have a postbaseline as-
sessment and was excluded from the intent-to-treat analy-
sis. The most common reason for discontinuation from the
study was an adverse event, occurring in 4 of the risperi-
done subjects and 2 of the olanzapine subjects (p = .428,
Fisher exact test). The mean modal dose of risperidone
was 0.81 ± 0.04 mg/day (average daily dose was 0.76 mg),
while the mean modal dose of olanzapine was 5.56 ± 0.19
mg/day (average daily dose was 5.22 mg). Concurrent
lorazepam usage was 40% in the risperidone group and
19% in the olanzapine group (p = .034, Fisher exact test).

Primary Efficacy Measures
Twelve risperidone patients and 12 olanzapine patients

had UKU-based anticholinergic events (p = .95, χ2 test).
Six of the olanzapine patients and 2 of the risperidone
patients had somnolence adverse events (p = .27, Fisher
exact test).

Secondary Outcome Measures
NPI scores. For risperidone patients, there was a

statistically significant and substantial improvement in
overall NPI frequency × severity scores (p < .001, paired
t test). A similar improvement was detected for the olan-
zapine patients (p < .001). There were no between-group
differences in the extent to which risperidone or olanza-
pine improved NPI frequency × severity scores. Both of
the target symptoms required for entry into the study were
also improved by risperidone (delusions: p < .001; hallu-
cinations: p = .007) and olanzapine (delusions: p < .001;
hallucinations: p = .007). Again, there were no between-
group differences in the extent to which either of these
medications improved these psychotic symptoms of delu-
sions and hallucinations. Likewise, there were no group
differences in any of the other individual NPI items across
the 2 treatment groups. Similar results were found for oc-
cupational disruption items on the NPI, for which there
was a statistically significant overall change from base-
line (p < .001, paired t test) and no treatment-associated
differences in any of the subscales.

ESRS scores. For total ESRS scores, there were no
statistically significant changes with either risperidone
or olanzapine and no statistically significant differences
between the 2 treatments. The results for the individual
subscales were equivalent to the overall analyses.

CGI scores. CGI scores of parkinsonism were found to
be significantly worse at endpoint than at baseline for the
olanzapine-treated patients (p = .008, paired t test), while
no significant changes were found for the risperidone pa-
tients (p = .39). The between-group differences on this
variable did not reach statistical significance.

Anticholinergic Activity
For these analyses, there were 23 risperidone and

25 olanzapine patients available. The demographic and
baseline variables of those patients were similar to those
of all randomized patients. Figure 1 shows the changes
from baseline in anticholinergic activity expressed in
pmol/mL atropine equivalents. As can be seen in Figure 1,
olanzapine patients had an increase in anticholinergic
activity from baseline that was statistically significant at
week 3 (p = .0001, paired t test), with this increase sus-
tained through endpoint (p = .0012). Risperidone-treated
patients had no such increase in their anticholinergic ac-
tivity. There were no statistically significant differences
between the medications in their changes from baseline
to endpoint.

The correlation of plasma antipsychotic concentrations
and anticholinergic activity was also assessed. There was
a statistically significant Pearson product moment cor-
relation between olanzapine levels and anticholinergic
activity (r = 0.55, p < .001) while the correlation for the
risperidone patients was essentially 0 (r = –0.04, p = .75).
The distribution of these scores is presented in Figure 2.
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The correlation between antipsychotic levels and anti-
cholinergic activity was significantly greater for the
olanzapine-treated patients (Fisher z = 3.875, p < .001).

Case-by-case changes in anticholinergic activity. In
the next analyses, the sample was split into those cases
in which anticholinergic activity was found to increase
(N = 34) and to decrease (N = 14). These groups were
compared on several outcome measures. Twelve of the 34
patients with increases in anticholinergic activity had at
least 1 anticholinergic event, while none of the 14 patients
with decreases in their anticholinergic activity had an
event (35.3% vs. 0%, p = .024, Fisher exact test). In terms
of cognitive performance, there was a statistically sig-
nificant increase (+67.8 seconds) in Trail Making Part A
time in patients whose anticholinergic activity increased,
compared with those whose anticholinergic activity de-
creased, for whom an improvement in performance (–32
seconds) was detected (p < .05, analysis of variance).
There was no statistically significant association between
changes in digit span performance and changes in anti-
cholinergic activity. Trail Making Test Part B could not be
analyzed because so few patients received valid scores on
this test at baseline (N = 9).

The final analyses examined NPI endpoint scores and
endpoint anticholinergic activity, using Pearson product
moment correlations. NPI overall frequency × severity
scores were higher in those patients with higher anti-
cholinergic activity (r = 0.28, p = .04), as were scores
on overall occupational disruption (r = 0.42, p = .001).
The severity of delusions, in terms of both frequency ×
severity (r = 0.35, p = .008) and occupational disruption
(r = 0.45, p < .001), was also higher in patients with
higher endpoint anticholinergic activity. Similar results
were found for anxiety, in terms of both frequency ×

severity (r = 0.38, p = .004) and occupational disruption
(r = 0.42, p = .002). Finally, in terms of occupational
disruption, higher endpoint scores on both agitation/
aggression (r = 0.29, p = .034) and aberrant motor behav-
ior (r = 0.34, p = .012) were associated with higher anti-
cholinergic activity.

DISCUSSION

In terms of overall efficacy, both risperidone and olan-
zapine led to substantial and statistically significant im-
provements in psychotic symptoms in dementia. The fact
that more than a quarter of the patients were treated with
benzodiazepines suggests that the beneficial effects on
cognition detected in patients with reduced anticholiner-
gic activity may be an underestimate of the true benefit,
because of the adverse effects of benzodiazepines on cog-
nition in elderly patients. Consistent with earlier reports
on the treatment of agitation in dementia,21–25 both of these
atypical antipsychotic medications improved psychosis

aChange = log (1 + EP)–log (1 + BL). Transformation was applied to
correct the skewness of distribution in atropine-equivalent scores.

Abbreviations: BL = baseline, EP = endpoint.
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within a relatively brief treatment trial. Overall safety pa-
rameters were largely similar as well, with no treatment-
associated differences between the 2 medications in terms
of UKU and somnolence. ESRS scores were largely the
same as well, with the only difference being a significant
increase in CGI parkinsonism scores for olanzapine-
treated patients. This finding may be consistent with ear-
lier work indicating that olanzapine has the potential for
increasing extrapyramidal symptoms in patients with
Parkinson’s disease and related conditions.36

There were considerable differences between these
medications in terms of their impact on anticholinergic
activity. Consistent with previous reports, olanzapine was
associated with a dose-dependent increase in anticholiner-
gic activity.26,27 In contrast, risperidone induced no such
change in anticholinergic activity and there was no anti-
cholinergic dose response. A number of correlates of anti-
cholinergic activity were detected as well. Patients whose
anticholinergic activity was higher at endpoint were likely
to have greater levels of certain behavioral or psycholog-
ical symptoms. In addition, increased anticholinergic ac-
tivity was associated with reduced motor speed and an
increased risk of clinically detectable anticholinergic side
effects and somnolence.

Before the implications of these findings are discussed,
the limitations of the study should be delineated. Not all
patients had plasma samples available for analysis, and,
while there were no differences between those patients
with available plasma samples and those without, the pos-
sibility that this factor influenced the results cannot be
entirely ruled out. The baseline differences in anticholin-
ergic activity in the risperidone- and olanzapine-treated
patients reduced the ability to find differences in changes
in anticholinergic activity. Despite criteria that tried to in-
clude as many patients as possible with higher levels of
cognitive functioning, many of the patients were unable
to be tested even on Trail Making Part B. Thus, many
other important anticholinergic cognitive effects could
not be examined in this sample and assessment of epi-
sodic memory was not possible.

Since there were no treatment-group differences in
anticholinergic side effects but there were correlations
between increased anticholinergic load and adverse clini-
cal, cognitive, and safety variables, there may be indi-
vidual differences in sensitivity to olanzapine-associated
anticholinergic effects. These individual differences have
been found in the general population, in that even some
individuals who are known to be taking drugs with anti-
cholinergic effects have low levels of measured anticho-
linergic activity.19 The number of potentially anticholiner-
gic medications taken does not necessarily correlate with
measured anticholinergic activity. There are also likely
to be individual differences in susceptibility to anticholin-
ergic effects given a specific anticholinergic activity. For
instance, some individuals with high levels of measured

anticholinergic activity do not show demonstrable cog-
nitive adverse consequences. It is clear, however, that in
individuals with conditions that compromise the function-
ing of the central cholinergic system, susceptibility to
anticholinergic effects is greater.37

Another issue is that of the magnitude and assessment
of expected anticholinergic adverse effects. Subtle cog-
nitive and clinical changes were much more likely than
gross indicators of delirium or peripheral anticholinergic
effects to be associated with increased anticholinergic ac-
tivity. These data indicate that case-by-case examination
of possible cognitive adverse effects may be important in
older individuals treated with medications that have anti-
cholinergic effects.

A final, albeit speculative, interpretation of these find-
ings may be of interest as well. Previous studies of olan-
zapine treatment for agitation and psychosis in dementia
have found a curvilinear dose-response curve, with 15-mg
daily doses less effective than lower doses.23 The data
from the current study found an anticholinergic activity
dose-response relationship with olanzapine and a cor-
relation with higher levels of anticholinergic activity
and greater symptoms at endpoint. Thus, these data in-
dicate that one possible reason for the lack of efficacy
of olanzapine at higher doses in dementia may be its po-
tential for increased anticholinergic activity. This possi-
bility should be considered in other populations such as
older patients with schizophrenia, as higher doses of olan-
zapine are being investigated as possible treatments for
schizophrenia.38,39

Drug names: atropine (Atropen), clozapine (Fazaclo, Clozaril, and
others), donepezil (Aricept), galantamine (Reminyl), lorazepam
(Ativan and others), olanzapine (Zyprexa), risperidone (Risperdal),
rivastigmine (Exelon), tacrine (Cognex), zolpidem (Ambien).

Financial Disclosure: Dr. Mulsant has received grant/research support
from the National Institutes of Health, AstraZeneca, Corcept, Eli Lilly,
Forest, GlaxoSmithKline, Janssen, and Pfizer/Eisai; has served as
a consultant for AstraZeneca, Bristol-Myers Squibb, Eli Lilly,
Forest, Fox Learning System, GlaxoSmithKline, Janssen, and
Pfizer; has served on the speakers bureau of AstraZeneca, Forest,
GlaxoSmithKline, Janssen, and Pfizer/Eisai; and has received
honoraria from AstraZeneca, Forest, Janssen, Lundbeck,
GlaxoSmithKline, and Pfizer/Eisai. Drs. Gharabawi, Bossie,
Greenspan, and Bastean and Mr. Mao are employees of Janssen
Medical Affairs, L.L.C. Dr. Martinez is an employee of Johnson
& Johnson. Dr. Tune serves as a consultant for and has received
grant/research support from Janssen Pharmaceuticals. Dr. Pollock
has received grant/research support from the National Institute of
Mental Health, Janssen Pharmaceutica, Forest, and GlaxoSmithKline;
has served as a consultant for Forest, Janssen Pharmaceutica,
Organon, GlaxoSmithKline, AstraZeneca, Alexza Molecular Delivery,
and Warner Chilcott; and has served on the speakers bureau of Forest
and GlaxoSmithKline.

REFERENCES

  1. Brimblecombe RW, Green DM. The peripheral and central actions of
some anticholinergic substances. Int J Neuropharmacol 1968;7:15–21

  2. Sitaram N, Weingartner H, Gillin JC. Human serial learning:
enhancement with arecholine and choline impairment with scopolamine.



© COPYRIGHT 2004 PHYSICIANS POSTGRADUATE PRESS, INC. © COPYRIGHT 2004 PHYSICIANS POSTGRADUATE PRESS, INC.

Mulsant et al.

1714 J Clin Psychiatry 65:12, December 2004

Science 1978;201:274–276
  3. Richardson JS, Miller PS, Lemay JS, et al. Mental dysfunction and the

blockade of muscarinic receptors in the brains of the normal elderly.
Prog Neuropsychopharmacol Biol Psychiatry 1985;9:651–654

  4. Tune L, Carr S, Hoag E, et al. Anticholinergic effects of drugs
commonly prescribed for the elderly: potential means for assessing
delirium. Am J Psychiatry 1992;149:1393–1394

  5. Rovner BW, David A, Lucas-Blaustein MJ, et al. Self-care capacity and
anticholinergic drug levels in nursing home patients. Am J Psychiatry
1988;145:107–109

  6. Tune LE. Anticholinergic effects of medication in elderly patients.
J Clin Psychiatry 2001;62(suppl 21):11–14

  7. Tune L, Coyle JT. Serum levels of anticholinergic drugs in treatment
of acute extrapyramidal side effects. Arch Gen Psychiatry 1980;37:
293–297

  8. Thienhaus OJ, Allen A, Bennett JA, et al. Anticholinergic serum levels
and cognitive performance. Eur Arch Psychiatry Clin Neurosci 1990;
240:28–33

  9. Nebes RD, Pollack BG, Mulsant BH, et al. Low-level serum
anticholinergicity as a source of baseline cognitive heterogeneity in
geriatric depressed patients. Psychopharmacol Bull 1997;33:715–720

10. Flacker JM, Cummings V, Mach JR Jr, et al. The association of serum
anticholinergic activity with delirium in elderly medical patients. Am J
Geriatr Psychiatry 1998;6:31–41

11. Molchan SE, Martinez RA, Hill JL, et al. Increased cognitive sensitivity
to scopolamine with age and a perspective on the scopolamine model.
Brain Res Brain Res Rev 1992;17:215–226

12. Sunderland T, Tariot PN, Cohen RM, et al. Anticholinergic sensitivity in
patients with dementia of the Alzheimer type and age-matched controls:
a dose-response study. Arch Gen Psychiatry 1987;44:418–426

13. Davidson M, Harvey PD, Powchik P, et al. Severity of symptoms in
chronically institutionalized geriatric schizophrenic patients. Am J
Psychiatry 1995;152:197–205

14. Robinson SE, Foxx SD, Posner MG, et al. The effect of M1 muscarinic
blockade on behavior and physiological responses following traumatic
brain injury in the rat. Brain Res 1990;511:141–148

15. Arciniegas D. The cholinergic hypothesis of cognitive impairment
caused by traumatic brain injury. Curr Psychiatry Rep 2003;5:391–399

16. Peters NL. Snipping the thread of life: antimuscarinic side effects of
medications in the elderly. Arch Intern Med 1989;149:2414–2420

17. Herrmann N. Cognitive pharmacotherapy of Alzheimer’s disease and
other dementias. Can J Psychiatry 2002;47:715–722

18. Lu CJ, Tune LE. Chronic exposure to anticholinergic medications
adversely affects the course of Alzheimer disease. Am J Geriatr
Psychiatry 2003;11:458–461

19. Mulsant BH, Pollock BG, Kirschner M, et al. Serum anticholinergic
activity in a community-based sample of older adults. Arch Gen
Psychiatry 2003;60:198–203

20. Jeste DV, Rockwell E, Harris MJ, et al. Conventional vs. newer
antipsychotics in elderly patients. Am J Geriatr Psychiatry 1999;7:70–76

21. De Deyn PP, Rabheru K, Rasmussen A, et al. A randomized trial of
risperidone, placebo, and haloperidol for behavioral symptoms of
dementia. Neurology 1999;53:899–901

22. Katz IR, Jeste DV, Mintzer JE, et al, for the Risperidone Study Group.
Comparison of risperidone and placebo for psychosis and behavioral
disturbances associated with dementia: a randomized, double-blind trial.

J Clin Psychiatry 1999;60:107–115
23. Street JS, Clark WS, Gannon KS, et al, for the HGEU Study Group.

Olanzapine treatment of psychotic and behavioral symptoms in patients
with Alzheimer disease in nursing care facilities: a double-blind, random-
ized, placebo-controlled trial. Arch Gen Psychiatry 2000;57:968–976

24. De Deyn PP, Carrasco MM, Deberdt W, et al. Olanzapine versus placebo
in the treatment of psychosis with or without associated behavioral
disturbances in patients with Alzheimer’s disease.
Int J Geriatr Psychiatry 2004;19:115–126

25. Satterlee WG, Reams SG, Burns PR, et al. A clinical update on
olanzapine treatment in schizophrenia and in elderly Alzheimer’s
Disease patients [abstract]. Psychopharmacol Bull 1995;31:534

26. Bymaster FP, Hemrick-Luecke SK, Perry KW, et al. Neurochemical
evidence for antagonism by olanzapine of dopamine, serotonin,
alpha 1-adrenergic and muscarinic receptors in vivo in rats.
Psychopharmacology (Berl) 1996;124:87–94

27. Chengappa KN, Pollock BG, Parepally H, et al. Anticholinergic
differences among patients receiving standard clinical doses of
olanzapine or clozapine. J Clin Psychopharmacol 2000;20:311–316

28. Tracy JI, Monaco CA, Abraham G, et al. Relation of serum
anticholinergicity to cognitive status in schizophrenia patients taking
clozapine or risperidone. J Clin Psychiatry 1998;59:184–188

29. Cummings JL, Mega M, Gray K, et al. The Neuropsychiatric Inventory:
comprehensive assessment of psychopathology in dementia. Neurology
1994;44:2308–2314

30. Inouye SK, van Dyck CH, Alessi CA, et al. Clarifying confusion: the
confusion assessment method: a new method for detection of delirium.
Ann Intern Med 1990;113:941–948

31. Lingjaerde O, Ahlfors UG, Bech P, et al. The UKU Side Effect Rating
Scale: A New Comprehensive Rating Scale for Psychotropic Drugs and
a Cross-Sectional Study of Side Effects in Neuroleptic-Treated Patients.
Acta Psychiatr Scand Suppl 1987;334:1–100

32. Wechsler D. The Wechsler Memory Scale. 3rd ed. San Antonio, Tex:
Psychological Corporation; 1997

33. Reitan RM, Wolfson D. The Halstead-Reitan Neuropsychological Test
Battery: Theory and Clinical Interpretation, Second Edition. Tucson,
Ariz: Neuropsychology Press; 1993

34. Chouinard G, Ross-Chouinard A, Annable L, et al. The Extrapyramidal
Symptom Rating Scale [abstract]. Can J Neurol Sci 1980;7:233

35. Woestenborghs R, Geuens I, Lenoir H, et al. On the selectivity of some
recently developed RIA’s. In: Reid E, Wilson ID, eds. Methodological
Surveys in Biochemistry and Analysis, vol 20. 4th ed. Cambridge, UK:
Royal Society of Chemistry; 1990:241–246

36. Breier A, Sutton VK, Feldman PD, et al. Olanzapine in the treatment of
dopamimetic-induced psychosis in patients with Parkinson’s disease.
Biol Psychiatry 2002;52:438–445

37. Chew ML, Mulsant BH, Rosen J, et al. Serum anticholinergic activity
and cognition in patients with moderate to severe dementia. Am J Geriatr
Psychiatry. In press

38. Karagianis JL, Baksh A. High-dose olanzapine and prolactin levels.
J Clin Psychiatry 2003;64:1192–1194

39. Lerner V. High-dose olanzapine for treatment refractory schizophrenia.
J Clin Neuropharmacol 2003;26:58–61

40. Folstein MF, Folstein SE, McHugh PR. Mini-Mental State: a practical
method for grading the cognitive state of patients for the clinician.
J Psychiatr Res 1975;12:189–198


	Table of Contents

