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Objective: The authors’ goals were 1) to
establish a clinically useful standard index
of the relative anticholinergic potency of
psychiatric medications; 2) to determine
which cognitive functions are most af-
fected by the administration of anticho-
linergic medications to patients with
schizophrenia; and 3) to compare in vitro
and clinically derived indexes of anticho-
linergic load in predicting these cognitive
impairments.

Method: One hundred six clinically stable
patients with schizophrenia were given a
brief neuropsychological battery and eval-
uated on a standard symptom rating scale.
The anticholinergic load associated with
their psychiatric medications was esti-
mated by using 1) a pharmacological in-
dex, calculated from a compilation of pub-
lished studies reporting in vitro brain
muscarinic receptor antagonism, and 2) a
clinical index, based on clinician ratings of
the anticholinergic side effects of medica-
tions. The authors analyzed the correla-
tions of both indexes with the neuropsy-
chological measures and with summary
neuropsychological factor scores.

Results: The clinical and pharmacological
anticholinergic indexes were highly corre-
lated with each other and showed virtually
identical associations with neuropsycho-
logical measures. Anticholinergic load was
associated with lower scores on measures
of attention and declarative memory, in-
cluding several measures of auditory and
visual memory and two tests of complex
attention, but was unrelated to intelli-
gence, simple attention, working memory,
executive functions, conceptual fluency, or
motor speed.

Conclusions: This pattern of cognitive
impairment with central cholinergic an-
tagonism is consistent with emerging
models of the functional anatomy of as-
cending forebrain cholinergic subsystems.
Both pharmacological and clinical indexes
show utility in predicting the effects of an-
ticholinergic load on cognition in schizo-
phrenia. Doses of psychiatric medication
within the range of routine pharmacother-
apy practice may have clinically significant
effects on memory and complex attention
in patients with schizophrenia; these ef-
fects may contribute as much as one-third
to two-thirds of the memory deficit typi-
cally seen in patients with schizophrenia.

(Am J Psychiatry 2004; 161:116-124)

Many medications currently used to treat schizo-

phrenia spectrum disorders, including antipsychotics, an-
tidepressants, and antiparkinsonian medications, have
clinically significant anticholinergic effects. The general
role of such medications in iatrogenic memory impair-
ment and other cognitive deficits in schizophrenia has
been recognized (1). Nevertheless, the precise nature of
the cognitive impairment resulting from the use of these
medications in this clinical population is not well charac-
terized. This is a crucial unresolved issue in the clinical
practice of psychopharmacology, given the association
between cognitive impairment and functional status in
schizophrenia (2, 3). By the same token, the effect of anti-
cholinergic medications on cognition is a likely confound-
ing factor that is often ignored in the laboratory research
on neurocognition in clinical populations treated with
these medications.

The few reported empirical studies addressing anticho-
linergic effects on cognition in schizophrenia have gener-
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ally found isolated impairments in declarative memory
(4-11). However, these studies have generally used small
sample sizes and limited neurocognitive batteries. In ad-
dition, these studies have been inspired by an older, obso-
lete model of mammalian forebrain cholinergic functional
anatomy. In this earlier model, the entire basal forebrain
cholinergic system was postulated specifically to subserve
memory functions in an undifferentiated manner. In con-
trast, advances in basic neuroscience methodology have
revealed the role of cholinergic subsystems in mediating
distinct cognitive functions (see references 12 and 13 for
reviews).

For example, the ascending cholinergic cortical projec-
tion from the nucleus basalis of Meynert is now recog-
nized as playing a central role in attentional function, par-
ticularly in tasks of divided, cross-modal, or sustained
attention (14-17). The different roles of muscarinic and
nicotinic acetylcholine receptors have not yet been clari-
fied. These two receptor types, both found in terminal
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fields of mammalian cholinergic projection neurons, dif-
fer in virtually every important aspect, such as brain distri-
bution, chemical structure, the set of ligands that bind
them, and the cellular effects associated with activation of
these receptors (18). Nevertheless, among the currently
available medications indicated for psychiatric disorders,
none is recognized as having significant activity at the nic-
otinic receptor. In contrast, many medications have recog-
nized antimuscarinic activity. Thus, the primary issue of
clinical significance is to evaluate the role of antimusca-
rinic effects on cognition (we use the term “anticholin-
ergic” to refer to antimuscarinic data in the remainder of
the paper because of the familiarity of this term).

It is also unclear which method is more appropriate in
the clinical setting for estimating the anticholinergic load
conferred by psychiatric medications. Pharmacological
indexes, established from in vitro acetylcholine receptor
binding studies, are often used to calculate the anticholin-
ergic load that individuals are exposed to either in clinical
settings or in studies of normal human cognition. In vitro
estimates of anticholinergic load do not account for phar-
macokinetic factors, which may account for significant
variation in the bioavailability of these medications. Al-
though a laboratory assay has been developed to deter-
mine the anticholinergicload from human serum samples
(19), this method remains costly and unavailable in most
clinical and research settings. In addition, the relationship
between serum concentrations of these compounds and
brain synaptic biophase concentrations (i.e., the rate of
brain penetration) is unknown for most medications at
this time. Therefore, the need remains for an inexpensive,
easy, and reliable method for estimating clinically relevant
anticholinergic loads.

We performed the present analysis on the clinical and
neuropsychological data from our established database in
order to address the following questions: 1) Which cogni-
tive functions are most affected by the administration of
anticholinergic medications to schizophrenic patients? 2)
How do in vitro and clinically derived indexes of anticho-
linergic load compare in predicting these cognitive im-
pairments? 3) What is the magnitude of the cognitive ef-
fects that might result from a change in anticholinergic
medication doses?

To address these questions, we calculated mean in vitro
muscarinic receptor binding affinity from all published re-
ports that provided binding data on any medications cur-
rently prescribed in the United States for the treatment of
psychiatric disorders. We believe that this report is the first
to comprehensively integrate muscarinic receptor bind-
ing data from the literature in order to establish a standard
index of relative anticholinergic potency of psychotropic
medications. We also calculated a clinical index of anti-
cholinergic load based on clinicians’ ratings of the relative
potency of these medications in inducing common pe-
ripheral anticholinergic side effects.
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Method

Subjects

All subjects (N=106) were outpatients recruited from the San
Francisco VA Medical Center and the surrounding community
and diagnosed with either schizophrenia or schizoaffective disor-
der according to the Structured Clinical Interview for DSM-IV
Axis I Disorders. These subjects were recruited to participate in
other concurrent studies of neurocognitive impairment in
schizophrenia. Exclusion criteria for all subjects were history of
head trauma, psychoactive substance abuse within 6 months be-
fore study participation, or English as a second language. After
complete description of the study to the subjects, written in-
formed consent was obtained.

Eighty-one (76%) of the patients were men; their mean age was
39.9 years (SD=11.3); their mean education level was 13.7 years
(SD=2.3); their mean illness duration (from time of first symp-
toms) was 20 years (SD=10.7); and their mean Global Assessment
of Functioning Scale (GAF) (DSM-1V, p. 32) score was 50 (SD=9.0).
All patients were clinically stable, with no change for at least 1
month in their current medication regimen prescribed by their
outpatient physician. Treatment adherence was assessed by in-
terview at each testing session.

Reference values on cognitive tests were obtained from 50
healthy comparison subjects (29 male, 21 female) who were re-
cruited from hospital employees and contacts in the community,
excluding candidates with any current axis I diagnosis or sus-
pected schizophrenia spectrum disorders in first-degree relatives
(based on a brief structured interview). The group of patients with
schizophrenia and the comparison group were matched for age
(for patients, mean=39.9, SD=11.3, and for comparison subjects,
mean=39.4, SD=12.6), parental education (for patients, mean=
13.7 years, SD=3.4, and for comparison subjects, mean=13.6, SD=
3.5), and parental occupation level (Hollingshead index) (for pa-
tients, mean=>5.3, SD=2.1, and for comparison subjects mean=>5.0,
SD=2.1). There were 18% more males among the patients with
schizophrenia (76% of the patients were men, compared with
58% of the comparison subjects) (p<0.10, Fisher’s exact test). Pa-
tients with schizophrenia completed fewer years of education
(mean=13.7, SD=2.3) than comparison subjects (mean=15.5, SD=
2.2) (t=4.9, df=151, p<0.001), as is expected for appropriately
matched groups of patients with schizophrenia and comparison
subjects (20).

Medications

Eighty-six percent of the patients with schizophrenia or
schizoaffective disorder (N=91) were receiving neuroleptics; their
mean chlorpromazine equivalent dose was 520 mg/day. Table 1
provides a list of all psychiatric medications prescribed to these
subjects that have anticholinergic activity. Nonpsychiatric medi-
cations currently prescribed to each patient were recorded but
not entered into the subsequent analysis (Table 1). None of these
nonpsychiatric medications is considered to have significant an-
ticholinergic activity.

Clinical and Neuropsychological Assessment

To evaluate current symptom severity, we administered an ex-
tended version of the Positive and Negative Symptom Scale (21),
which included 10 supplementary items from the Comprehen-
sive Assessment of Symptoms and History (22), to all of the pa-
tients. In addition, all patients were assessed with a neuropsycho-
logical battery that included portions of the WAIS-R (23), the Trail
Making Test (Trails A and B) (24), the Digit Span and Visual Span
from the Wechsler Memory Scale—Revised (WMS-R) (25), the
Wisconsin Card Sorting Test (26), the Stroop Color and Word Test,
Victoria version (27), the Rey-Osterrieth Complex Figure Design
(with copy and recall after 20 minutes according to the Denman
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TABLE 1. Relative Anticholinergic Potency of Psychiatric
Medications?

Pharmacological ~ Clinical ~ Number of
Index? Index¢ Subjects
Receiving
Medication Mean SD  Mean SD Medicationd
Amitriptyline® 10 2.2 47 87 1
Amoxapine 733 113 131 1
Benztropine 1 1 26
Biperiden 0.7 —f
Chlorpromazine® 47 34 78 138 4
Clozapine® 8 65 85 140 8
Desmethylimipramine® 105 31 93 117
Diphenhydramine 147 30 120 11
Doxepin® 41 13 50 92 2
Fluphenazine —f 13 8 11
Haloperidol — 13 8 15
Imipramine® 51 11 69 146 1
Loxapine 293 —f
Mesoridazine 47 —f
Nortriptyline® 73 26 85 115 4
Olanzapine 17 19 34 9
Paroxetine 73 67 85 6
Perphenazine 1470 14 14 15
Pimozide 490 —f
Prochlorperazine 367 —f
Promazine 98 —f
Quetiapine 733 228 231 4
Risperidone —f 1M1 6 24
Sertraline 490 —f 8
Thioridazine 12 61 111 4
Thiothixene —f 15 13 8
Trifluoperazine 490 17 16 10
Trihexyphenidyl 1.6 2 5 6

2 Medications are included only if in vitro data were available on an-
ticholinergic activity in mammalian brain preparations and the
medications were prescribed for psychiatric indications. Data are
expressed as milligram amount equivalent in anticholinergic activ-
ity to 1 mg of benztropine mesylate and standard deviation. Non-
psychiatric medications prescribed to the 106 patients in our data-
base at the time of study included cimetidine (N=1), enalapril (N=
1), hydrochlorothiazide (N=1), hydroxyurea (N=1), Premarin (N=1),
propranolol (N=2), and propothyrouracil (N=1). See text for deriva-
tion of anticholinergic indexes.

b Unless noted, for the pharmacological index, only one or two pub-
lished reports contributing data to the index were available. Stan-
dard deviations of the mean are not defined for data points based
on fewer than three studies. Standard deviation is undefined for
benztropine because it was the reference value.

¢ Based on ratings of medication’s effects on their patients by 10 psy-
chiatrists with experience in clinical psychopharmacology.

d Number of subjects in our database prescribed the medication at
the time of study; total exceeds 106 because many patients were
prescribed more than one medication concurrently.

€ Three published reports contributed data to the index.

f Anticholinergic activity is effectively zero (either in vitro data or as
judged by the clinical panel) or otherwise not available.

g Five published reports contributed data to the index.

scoring system) (28), the California Verbal Learning Test (29), fa-
cial memory from the Test of Memory and Learning (30), the Se-
rial Visuospatial Learning Test (a test of visual position learning
and recall analogous to the California Verbal Learning Test, under
development in our laboratory), the Controlled Oral Word Associ-
ation Test (31), the Ruff Figural Fluency Test (32), and the Finger
Tapping Test (33). All symptom ratings and neurocognitive as-
sessments were performed within a 2—-4-week period.

Derivation of Anticholinergic Indexes

Pharmacological index. A MEDLINE search of the existing lit-
erature was first conducted with the keywords “anticholinergic,”
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“acetylcholine,” “neuropsychology,” and “cognition.” These key-
words were used to capture all reports addressing the effects of
anticholinergic medications on neurocognitive or neuropsycho-
logical function. All English-language reports of in vitro acetyl-
choline receptor binding studies using brain tissue and any of the
psychotropic medications either currently prescribed to our sub-
jects or commonly prescribed in general psychiatric practice were
included (34-41). These reports included both human and rodent
brain tissue preparations because many of the newer medica-
tions do not have reported receptor binding affinities from hu-
man tissue. Relative affinities for brain muscarinic receptors
(across all subtypes) were typically reported as Kq values for dis-
placement of 3-quinuclidinyl benzilate binding in brain homoge-
nates. For medications that had been assayed in multiple studies,
a mean pharmacological anticholinergic potency was calculated.
These data were then converted to relative “benztropine equiva-
lents” on the basis of the K4 for benztropine mesylate reported by
Snyder and Yamamura (41) in order to derive values for in vitro
activity that could be directly compared with those derived from
a clinical reference. The total “pharmacological” anticholinergic
load (expressed relative to 1 mg benztropine mesylate) was then
calculated for each subject (Table 1).

Clinical index. We recruited a panel of 10 practicing psychia-
trists with extensive experience in clinical psychopharmacology.
This panel was composed of staff psychiatrists from the Depart-
ment of Veterans Affairs Medical Center, San Francisco, and Lang-
ley Porter Psychiatric Institute at the University of California, San
Francisco. The median length of experience in active clinical psy-
chopharmacological experience among these raters was 20 years;
in addition, eight of these raters have published empirical re-
search in the field of pharmacology. The clinicians were asked to
rate the clinical potency of medications, relative to 1 mg of benz-
tropine mesylate p.o., on the basis of their patients’ complaints of
dry mouth, blurred vision, and constipation, the most prevalent
nonpsychotropic side effects of anticholinergic medications.
Each clinician completed these ratings independently, without
being informed of one another’s evaluations. Based on these rat-
ings, mean anticholinergic potency was calculated for each med-
ication (Table 1), and the total “clinical” anticholinergic load was
calculated for each patient, also in benztropine equivalents.

Data Analysis

Using the age of each of our 106 patients and published age-
stratified norms, we calculated age-adjusted z scores for each pa-
tient’s neuropsychological test data (positive z scores indicate
above-average performance). Several measures that were not nor-
mally distributed (clinical benztropine mesylate equivalents, Trails
A and B, and all Wisconsin Card Sorting Test and Stroop Color and
Word Test variables) were successfully normalized by log transfor-
mation before correlation analyses. The pharmacological benz-
tropine mesylate equivalent variable was normalized by an inverse
transformation before analysis (the sign was reversed on inversion
to maintain the direction of the correlations). This permitted use of
parametric procedures for all statistical tests. Student’s t test was
used to compare the cognitive test scores of the patients with
schizophrenia and those of the control subjects. Pearson’s r was
used to evaluate the correlations of the two anticholinergic indexes
with one another and with cognitive scores. Fisher’s r-z transfor-
mation, adjusted for nonindependence of measures (42), was used
to test whether the two anticholinergic indexes had significantly
different patterns of correlation with the cognitive test scores.

The normalizing data transformations noted above did not
change the pattern of significant findings (as assessed by non-
parametric Mann-Whitney U and Spearman’s rho tests, not re-
ported here). Because all neuropsychological test scores were
transformed to z scores, all associations of anticholinergic load
with neuropsychological impairment are expressed as negative
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TABLE 2. Performance on Neuropsychological Tests of 106 Patients With Schizophrenia or Schizoaffective Disorder and 50

Healthy Comparison Subjects?

Comparison Subjects Patients Analysis
Neuropsychological Measure Mean SD Mean SD t df p
General intelligence: full-scale 1Q (WAIS-R) 112 13 97 12 6.22 135 <0.0005
Simple attention
Digit Span forward (WMS-R) 0.21 1.21 -0.59 117 3.53 135 0.001
Visual Span forward (WMS-R) 0.00 0.91 -0.24 1.07 1.18 130 0.24
Visuomotor search (Trails A) 0.08 0.53 -0.82 1.16 6.18 129 <0.0005
Complex attention
Divided attention (Trails B) 0.22 0.48 -0.81 1.23 7.00 134 <0.0005
Response Control (Stroop Color and Word Test, color-word) 0.40 1.03 -1.00 1.97 4.50 116 <0.0005
Copy accuracy (Rey-Osterrieth Complex Figure Design) 0.39 0.85 -0.29 1.55 3.21 109  0.002
Short-term memory
Verbal learning and recall
Initial recall (California Verbal Learning Test, trial 1) 0.24 1.12 -0.89 1.07 5.30 133 <0.0005
Serial recall (California Verbal Learning Test, sum of trials 1-5) 0.51 0.92 -1.19 1.25 8.51 80 <0.0005
Visuospatial learning and recall
Initial recall (Serial Visuospatial Learning Test, trial 1) 0.06 1.00 -0.45 1.08 2.40 125  0.02
Serial recall (Serial Visuospatial Learning Test, sum of trials 1-5) 0.23 0.93 -0.60 1.05 4.09 125 <0.0005
Delayed recall (Rey-Osterrieth Complex Figure Design) 0.09 0.99 -0.81 1.03 4.50 132 <0.0005
Facial learning and recall (Test of Memory and Learning)
Immediate recognition memory 0.54 0.96 -0.58 0.89 6.37 134 <0.0005
Delayed recognition 0.40 0.51 -0.03 0.66 3.54 134 0.001
Semantic memory
Color naming speed (Stroop Color and Word Test, trial 1) 0.27 1.00 -1.41 2.65 5.27 130 <0.0005
Verbal Category Fluency Test (animals) 0.30 1.63 -0.35 1.06 217 44 0.036
Working memory (WMS-R)
Digit Span backward 0.42 1.06 -0.32 0.97 3.9 135 <0.0005
Visual Span backward 0.35 0.93 -0.25 0.89 3.34 130  0.001
Executive functions
Problem solving (Wisconsin Card Sorting Test, categories) 0.45 0.48 -0.26 1.10 3.73 128 <0.0005
Design fluency (Ruff Figural Fluency Test) 0.01 1.16 -1.01 0.94 5.06 128 <0.0005

a All data expressed as age-adjusted z scores, except for 1Q. All comparisons are two-tailed t tests.

correlations. Two-tailed tests of significance, with alpha set at
0.05, were used throughout; however, we indicate any effects that
approach significance (p<0.10), so that readers may consider pos-
sible type II error.

Results

Two Anticholinergic Indexes: Medication
Ratings, Reliability, Convergent Validity

The relative anticholinergic activities of psychiatric
medications, as estimated from either in vitro muscarinic
binding or clinical ratings of peripheral anticholinergic ef-
fects, are indicated in Table 1. The panel of 10 psychiatrists
showed a high degree of agreement in their ratings of the
anticholinergic effects of psychiatric medications, as as-
sessed by the intraclass correlation coefficient (ICC=0.88,
p<0.0001, mixed effect model for the mean of all ratings).
Using the pharmacological index of anticholinergic activ-
ity, we found that our patients were exposed to a median
load of 0.28 benztropine equivalents/day (range=0-64).
Using the clinical index, we found that the median load
was 1.68 benztropine equivalents/day (range=0-22).
Within our group of patients, these two anticholinergic in-
dexes were highly correlated with one another (r=0.80,
p<0.0001).

Performance on the Neurocognitive Battery

The neuropsychological performance of our 106 pa-
tients and 50 comparison subjects is indicated in Table 2.
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The patients with schizophrenia or schizoaffective disor-
der performed significantly worse than the comparison
subjects on every measure in this battery except Visual
Span forward. To assist interpretation of findings, we per-
formed a principal components analysis on the neurocog-
nitive battery, which provided a moderately adequate sam-
ple for this purpose (Keyser-Meyer-Olkin index of sample
adequacy=0.76). Scree-plot and factor-interpretability cri-
teria indicated the extraction of four components, ac-
counting for 54% of the total variability in cognitive test
scores. Promax-rotated factor loadings are provided in Ta-
ble 3; we interpret these factors as 1) general intelligence
and attention, 2) visual attention, 3) short-term declarative
memory, and 4) other.

Relationship of Anticholinergic Load
to Neuropsychological Performance

Table 4 provides the Pearson correlation coefficients re-
lating anticholinergic load to performance on the neuro-
psychological measures and factors. Each anticholinergic
index was significantly related to inferior performance on
1) trial 1 and the sum of trials 1-5 of the California Verbal
Learning Test; 2) immediate and delayed facial memory;
3) sum of trials 1-5 on the Serial Visuospatial Learning
Test; 4) copy accuracy and delayed recall on the Rey-Oster-
rieth Complex Figure Design; 5) Trails B, and 6) color nam-
ing speed and response control on the Stroop Color and
Word Test (the color-word response control measure only
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TABLE 3. Principal Component Analysis of Neuropsychological Measures for 106 Patients With Schizophrenia or Schizoaf-

fective Disorder?

Factor Loading

General Visual Short-Term

Neuropsychological Measure Intelligence/Attention Attention Declarative Memory Other
Intelligence (WAIS-R IQ) 0.72P 0.48 0.36
Trails B 0.72b 0.63° 0.40
Visual Span forward (WMS-R) 0.64°
Digit Span backward (WMS-R) 0.63°
Design fluency (Ruff Figural Fluency Test) 0.60° 0.55° 0.28
Figure copy (Rey-Osterrieth Complex Figure Design) 0.58° 0.46
Digit Span forward (WMS-R) 0.54° 0.35
Visual Span backward (WMS-R) 0.53° 0.43
Problem solving (Wisconsin Card Sorting Test, categories) 0.52°
Stroop Color and Word Test, color-word 0.30 0.80P
Color naming speed (Stroop Color and Word Test, trial 1) 0.78° 0.28
Trails A 0.54P 0.71> 0.29 0.26
Verbal recall

Serial (California Verbal Learning Test, sum of trials 1-5) 0.31 0.83°

Initial (California Verbal Learning Test, trial 1) 0.32 0.33 0.82P
Facial memory

Delayed recognition (Test of Memory and Learning) 0.51° 0.63°

Immediate recognition (Test of Memory and Learning) 0.59P 0.60P
Figure recall (Rey-Osterrieth Complex Figure Design) 0.43 0.60° 0.49
Visuospatial recall

Initial (Serial Visuospatial Learning Test, trial 1) 0.79°

Serial (Serial Visuospatial Learning Test, sum of trials 1-5) 0.26 0.29 0.78°
Verbal Category Fluency Test (animals) 0.27 0.47 0.25 0.54°

a Structure matrix (item-factor correlations), following oblique rotation (Promax). All loadings >0.03 are shown.

b Factor loading >0.50.

approached significant correlation with the pharmacolog-
ical index). The remaining tasks of the neuropsychological
battery were not associated with anticholinergic load
when calculated with either method.

In terms of the neurocognitive factors, short-term de-
clarative memory was significantly related to both anti-
cholinergic indexes; in addition, visual attention was sig-
nificantly related to the clinical anticholinergic index but
not to the pharmacological index.

A chi-square homogeneity test comparing the pattern of
correlations of the two anticholinergic indexes (42) found
no significant difference between the correlations of the
indexes with the 20 cognitive measures (y?=14.5, df=20, p=
0.20) or with the four cognitive factors (3?=3.20, df=4, p=
0.47).

To assess the possible role of symptom severity in medi-
ating the effects found, we conducted partial correlation
analyses on all significant correlations between anticholin-
ergic load and neuropsychological performance, control-
ling for GAF score and for total scores on the extended ver-
sion of the Positive and Negative Symptom Scale. This had
no significant effect on any correlation (all partial correla-
tions were within r=0.03 of their zero-order correlations).

To assess whether the hypothesized effects of anticho-
linergic load on divided attention and declarative memory
were independent of each other, we calculated partial
correlations between anticholinergic load and Trails B
performance, controlling for performance on the Califor-
nia Verbal Learning Test. The association between anti-
cholinergic load and Trails B performance diminished
slightly but remained significant after we controlled for ei-
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ther of the two California Verbal Learning Test scores (r=
0.25, p=0.02).

To assess whether the associations between anticholin-
ergic load and neuropsychological performance were
strongest for the patients’ most impaired neurocognitive
functions, we calculated the correlation between 1) Pear-
son’s correlation coefficient between anticholinergic load
and neurocognitive performance and 2) the t value from
the t test comparing patients and control subjects on the
neurocognitive battery. This secondary correlation was r=
—0.59, p=0.006, when the pharmacological index was used;
it was r=-0.49, p=0.03, when the clinical index was used.
These negative correlations indicate that the association
of anticholinergic load with neurocognitive impairment is
strongest where the performance of the schizophrenia
group is closest to normal.

Hypothetical Effect of Medication Dose Change
on Memory Performance

Finally, we estimated the expected impairment in epi-
sodic memory performance as the benztropine mesylate
dose was escalated within the range routinely used in psy-
chiatric treatment. We regressed patients’ scores on the
California Verbal Learning Test (sum of trials 1-5) on anti-
cholinergic load (using the pharmacological index) after
previously entering the total score on the extended ver-
sion of the Positive and Negative Symptom Scale to con-
trol for current symptom severity, and the score on the
WAIS-R Picture Completion and Information to control
for IQ, excluding attention-dependent WAIS-R subtests.
We then estimated the decrement in California Verbal
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TABLE 4. Correlations Between Anticholinergic Load and Neuropsychological Measures for 106 Patients With Schizophre-

nia or Schizoaffective Disorder?

b

Pharmacological Anticholinergic Clinical Anticholinergic

Neuropsychological Measure Index Index
Intelligence: full-scale 1Q (WAIS-R) -0.09 -0.15
Simple attention
Digit Span forward (WMS-R) -0.12 -0.17
Visual Span forward (WMS-R) 0.02 -0.05
Visuomotor search (Trails A) -0.14 -0.18
Complex attention
Divided attention (Trails B) —0.32%* —0.27%*
Response control (Stroop Color and Word Test, color-word) -0.17 —0.30%*
Copy accuracy (Rey-Osterreith Complex Figure Design) -0.26* -0.21*
Short-term memory
Verbal learning and recall
Initial recall (California Verbal Learning Test, trial 1) —-0.29%* —0.33%*
Serial recall (California Verbal Learning Test, sum of trials 1-5) —0.32** —0.29**
Visuospatial learning and recall
Initial recall (Serial Visuospatial Learning Test, trial 1) -0.10 -0.17
Serial recall (Serial Visuospatial Learning Test, sum of trials 1-5) -0.24* —-0.26*
Delayed recall (Rey-Osterrieth Complex Figure Design) -0.24* —0.24*
Facial learning and recall (Test of Memory and Learning)
Immediate recognition memory -0.22* —0.24*
Delayed recognition -0.24* —0.28**
Semantic memory
Color naming speed (Stroop Color and Word Test, trial 1) -0.24* —0.34**
Verbal category fluency test (animals) 0.00 -0.10
Working memory
Digit Span backward (WMS-R) 0.05 0.04
Visual Span backward (WMS-R) -0.09 -0.11
Executive functions
Problem solving (Wisconsin Card Sorting Test, categories) -0.18 -0.13
Design fluency (Ruff Figural Fluency Test) -0.08 -0.09
Factor scores
General intelligence/attention -0.15 -0.16
Visual attention -0.14 —0.24*
Declarative memory —0.35%* —0.35%*
Other -0.14 -0.19

2 All neuropsychological measures were corrected for age and sex and coded so that negative values correspond to worse performance. See
Table 3 for derivation of neuropsychological factors by principal components analysis.

b pearson correlations with two-tailed significance levels.
#¥p<0.05.  **p<0.01.

Learning Test performance resulting from a hypothetical
benztropine mesylate dose change from 0.5 to 4 mg/day.
This resulted in a decrement of 1.73 standard deviations in
California Verbal Learning Test performance.

Discussion

Summary of Findings

In this study, we assessed the performance on a brief
neuropsychological battery of 106 clinically stable outpa-
tients with schizophrenia treated with a range of psycho-
tropic medications. We compared two methods of cal-
culating anticholinergic load in order to 1) assess each
method’s utility in estimating the contribution of anti-
cholinergic activity to neuropsychological impairment,
2) identify the pattern of neuropsychological impairment
associated with anticholinergic effects, and 3) determine
the magnitude of these effects. We found that the clinical
index, derived from expert clinicians’ ratings, had high re-
liability (agreement among raters) and validity (correla-
tion with the pharmacological index). Furthermore, the
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clinical anticholinergic index and the pharmacological in-
dex show similar patterns of associations with neuropsy-
chological impairment. Anticholinergic load accounted
for approximately 10% of the variance in measures of de-
clarative memory function and divided attention. In addi-
tion, our data suggest that raising the anticholinergic load
from 0.5 to 4 mg/day of pharmacological benztropine
mesylate equivalents results in a decrement of 1.7 stan-
dard deviations in memory performance. No effect of an-
ticholinergic load was evident on measures of intelligence,
simple attention, working memory, executive function,
verbal and visual conceptual fluency, or motor speed.

Anticholinergic Effects on Cognition
in Schizophrenia

These results are consistent with the small literature ad-
dressing anticholinergic effects on cognition in the phar-
macological treatment of schizophrenia. Patients with
schizophrenia exhibit deficits in verbal recall associated
with anticholinergic loads conferred by their psychotropic
medication (4, 6, 7, 10, 11). Withdrawal from anticholin-
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ergics has been shown to improve overall scores on the
WMS-R in subjects with schizophrenia (5), and switching
to amantadine has been shown to improve scores on the
Rey Auditory-Verbal Learning Test (9) and Buschke’s Selec-
tive Reminding Test (8). In addition, Tracy et al. (11) found
serum anticholinergic loads to correlate with Stroop Color
and Word Test interference effects. Another study (43)
found no association between serum anticholinergic load
and Mini-Mental Status Examination total scores among
subjects with schizophrenia who were treated with either
clozapine or risperidone. This is consistent with our find-
ing that anticholinergic load is not associated with general
cognitive impairment.

To our knowledge, there are no previous reports assess-
ing the effects of anticholinergic medications in subjects
with schizophrenia on a complex task such as Trails B.
This task involves several domains of cognitive function,
including simple visual processing and visuospatial atten-
tion, as well as executive functions such as working mem-
ory, divided attention, visuomotor sequencing, and imple-
mentation of behavioral strategies. We cannot determine
on the basis of these data which of these cognitive func-
tions may be associated with anticholinergic load. Never-
theless, visuospatial attention and divided attention ap-
pear to be mediated, at least in part, by the cholinergic
projections from the medial septum to the hippocampus
and from the basal nucleus of Meynert to widespread cor-
tical targets, respectively (12). The reported effects of dif-
fuse cortical cholinergic depletion on visual or divided
attention in rodents are consistent with our finding of im-
pairment on Trails B performance in association with sys-
temic anticholinergic loads. The Trail Making Test, there-
fore, appears to be sensitive to cholinergic antagonism in
one or two of the three ascending forebrain cholinergic
subsystems.

Limitations of the Study

It is important to note that this study was not designed
in a prospective, randomized, or controlled manner. The
use of correlational analyses in the post hoc analysis con-
fers the power to indicate associations but cannot identify
causal relationships between psychotropic medication
use and cognitive function. One possible explanation for
the hypothesized associations is that higher anticholin-
ergic loads in this group of patients reflect a more severe
degree of psychopathology, which would require higher
doses of both neuroleptic and anticholinergic medication,
and that the degree of pathology per se mediates this asso-
ciation. However, anticholinergic loads in these patients
were not associated with other cognitive deficits that are
typically observed in association with more severe pathol-
ogy, such as those measured by the Wisconsin Card Sort-
ing Test or other measures of executive function (44). In
addition, controlling for standard measures of either
symptom severity (by using an extended version of the
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Positive and Negative Symptom Scale), or global function
(GAF scores) had no impact on the associations observed.

Furthermore, a secondary correlation analysis indicated
that the association of anticholinergic load with neu-
rocognitive impairment was strongest when the perfor-
mance of the patients with schizophrenia was closest to
normal. We conclude, therefore, that the association of
anticholinergic load with neurocognitive impairment is
not merely a reflection of illness severity or underlying
cognitive impairment in this group of subjects.

It should also be noted that our patients were exposed to
a relatively high anticholinergic load, on average. This
load generally exceeds the dose of antiparkinsonian med-
ication clinically indicated for the prophylaxis/treatment
of extrapyramidal symptoms associated with neuroleptic
treatment. However, in routine clinical practice, the in-
trinsic anticholinergic activity of psychiatric medications
(such as tricyclic antidepressants, paroxetine, and olanza-
pine) is often not considered when adding an antiparkin-
sonian medication to the regimen. Therefore, the effective
anticholinergic load that many patients are exposed to
probably exceeds the level recognized by many clinicians,
as Tune et al. (45) found for medication regimens in geriat-
ric medicine.

It is possible that our 10 psychiatrists were significantly
biased by a previous knowledge of relative in vitro receptor
binding affinities of the different medications. However,
there was some variation in the clinical potencies assigned
to each medication by the different clinician raters. It also
seems likely that the degree of in vitro cholinergic receptor
antagonism exhibited by medications such as olanzapine
is not well recognized by clinicians. Therefore, we believe
that the consistency seen between the two methods of cal-
culating anticholinergic load is physiologically and clini-
cally significant.

In addition, we asked our panel to rate the medications’
clinical anticholinergic activity on the basis of three mea-
sures of peripheral anticholinergic effects. There is no ac-
cepted measure of central cholinergic function as a basis
for assessing clinical anticholinergic effects. Nevertheless,
all of these medications achieve significant penetration of
the brain, which is a sine qua non of psychotropic activity.
Although there are some differences in muscarinic recep-
tor subtype distribution between the brain and the pe-
riphery (46, 47), it appears unlikely that a significant frac-
tion of the present medications would show dissociation
between peripheral and central anticholinergic effects.

Conclusions

Indexes of anticholinergic activity derived from either in
vitro pharmacological or clinical measures show utility for
estimating the cognitive effects of prescribed medications
on patients with schizophrenia. These indexes represent a
relatively easy, reliable, and inexpensive alternative to lab-
oratory determinations of serum anticholinergic activity
when the latter are unavailable. In patients with schizo-
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phrenia, central cholinergic antagonism is associated with
selective impairments of memory and recall as well as cer-
tain complex attentional functions. This is quite consis-
tent with animal research demonstrating roles of fore-
brain ascending cholinergic subsystems in memory and
divided attention. Routine increases in anticholinergic
medication may impair verbal memory by as much as 1.7
standard deviations. This effect cannot account fully for
the memory impairments seen in schizophrenia, which
often exceeds two to three standard deviations. Nonethe-
less, the anticholinergic load of common medication regi-
mens may have a significant clinical impact—sufficient to
shift memory performance, for example, from the normal
to the impaired range (50th to fifth percentile). Likewise,
this study demonstrates that future research on the cogni-
tive functioning of psychiatric patients must account for
the anticholinergic effects of medications on subjects’
performance.
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