
Serum Anticholinergic Activity
in a Community-Based Sample of Older Adults

Relationship With Cognitive Performance

Benoit H. Mulsant, MD; Bruce G. Pollock, MD, PhD; Margaret Kirshner, BA;
Changyu Shen, BS; Hiroko Dodge, PhD; Mary Ganguli, MD

Background: Serum anticholinergic activity (SAA), as
measured by a radioreceptor assay, quantifies a person’s
overall anticholinergic burden caused by all drugs and
their metabolites. In several small geriatric patient groups,
SAA has been associated with cognitive impairment or
frank delirium. To our knowledge, there has not yet been
any systematic study of the prevalence of SAA and its effect
on cognition in a community-based population.

Methods: Serum anticholinergic activity was mea-
sured in 201 subjects who were randomly selected
among the participants in an epidemiological commu-
nity study, based on their age and sex. Cognitive perfor-
mance was assessed with use of the Mini-Mental State
Examination. The association between SAA and cogni-
tive performance was examined using a univariate
analysis and a multiple logistic regression model,
adjusting for age, sex, educational level, and number of
medications.

Results: Serum anticholinergic activity was detectable
in 180 (89.6%) participants (range, 0.50-5.70 pmol/mL).
Univariate testing showed a significant association be-
tween SAA and Mini-Mental State Examination scores.
Logistic regression analysis indicated that subjects with
SAA at or above the sample’s 90th percentile (ie, SAA
�2.80 pmol/mL) were 13 times (odds ratio, 1.08-
152.39) more likely than subjects with undetectable SAA
to have a Mini-Mental State Examination score of 24 (the
sample’s 10th percentile) or below.

Conclusions: To our knowledge, this is the largest analy-
sis of SAA and the first to examine its extent and rela-
tionship with cognitive performance in a community
sample. Its results suggest that SAA can be detected in
most older persons in the community and confirm that
even low SAA is associated with cognitive impairment.
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F OR MORE THAN 100 years, cli-
nicians have recognized that
drugs with anticholinergic
properties are associated
with an acute and revers-

ible confusional state, eg, what we now call
delirium, particularly in older patients.1-3

The centrally acting cholinomimetic agent
physostigmine salicylate has been used to
treat anticholinergic delirium since the mid
1800s,1 and conversely, scopolamine hy-
drobromide, a powerful anticholinergic
drug, has been used to induce and study
these confusional states experimen-
tally.4-7 Drugs that have high central an-
ticholinergic effects, ie, those that have a
high propensity to antagonize musca-
rinic receptors, are particularly likely to
be implicated in these confusional states.8-11

Since the early 1980s, a radiorecep-
tor assay has been available to quantify a
person’s overall anticholinergic burden
caused by all drugs and their metabo-
lites, referred to as serum anticholinergic
activity (SAA).11-14 This measure of SAA has

been shown to correlate with the measur-
able anticholinergic effects of specific
drugs.14-16 Conversely, its availability has
also led to the realization that patients can
present with detectable SAA even when the
drugs they are taking are not identified as
typically having a substantial anticholin-
ergic effect.11,17 In younger patients, the re-
lationship between SAA and cognition has
been inconsistent.18-25 By contrast, with one
exception,26 SAA has consistently been
shown to be associated with cognitive
impairment or frank delirium in at least
11 studies4,10,15,17,27-33 involving older pa-
tients. This association between SAA and
cognitive impairment is independent of the
burden of physical illness in patients who
are medically stable, ie, SAA does not
merely reflect a worse physical status re-
sulting in the prescription of a higher num-
ber of anticholinergic drugs.31 To date, all
the published studies of SAA have been
performed in small groups, typically 10 to
40, of younger patients with schizophre-
nia or older patients with preexisting cog-
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nitive impairment or “at risk” for cognitive impairment
or delirium (eg, inpatients in a surgery unit, an inten-
sive care unit, or a geropsychiatry program). To our
knowledge, there has not yet been any systematic study
of the prevalence of detectable SAA and its effect on cog-
nition in a community-based geriatric population. There-
fore, we assessed the prevalence and extent of SAA in a
subsample of the Monongahela Valley Independent El-
ders Survey (MoVIES) cohort, a community-based epi-
demiological study, and examined its relationship with
cognitive performance.

METHODS

SUBJECTS AND MATERIALS

The MoVIES project was a prospective epidemiological com-
munity study conducted from April 1, 1987, to April 30, 2002,
in the mid Monongahela Valley, a rural, formerly industrial,
region of southwestern Pennsylvania. Details of its overall ob-
jectives, sampling, recruitment, and data collection methods
have been described previously.34-36 The study cohort de-
scribed herein represents survivors of an age-stratified ran-
dom sample of 1422 individuals and 259 volunteers, recruited
from the community between April 1, 1987, and October 20,
1989.37 Inclusion criteria included age 65 years or older, flu-
ency in English, having at least a sixth-grade education, and
not being in an institution at the time of study entry. The
MoVIES cohort has been followed up prospectively since that
time in a series of biennial data collection waves. At each wave,
subjects were assessed with various instruments, including the
Mini-Mental State Examination (MMSE).38 Information about
regular medication use was obtained by self-report and by ex-
amining medication bottle labels for prescription drugs39 and
over-the-counter products.40 At certain waves, venous blood
specimens were drawn for different laboratory studies. All study
procedures were carried out with written informed consent ob-
tained according to protocols approved by the Institutional Re-
view Board at University of Pittsburgh.

For the present analyses, serum specimens had been col-
lected between March 8, 1995, and September 9, 1997, and stored
at –20°C. From 703 available specimens, we randomly selected
201 specimens, based on the age and sex (at the time of blood
draw) of the participants, so as to be representative of the age and
sex distribution of the US population in 1996 according to the
US Census estimates. The age and sex distribution of the sample
is shown in Table 1. Serum anticholinergic activity was mea-
sured as previously described,31,41 using a radioreceptor assay de-
veloped by Tune and Coyle.11-13 Briefly, tritiated quinuclidinyl ben-
zilate has a high and specific affinity for the 5 subtypes of
muscarinic receptors.12 Anticholinergic drugs competitively in-
hibit tritiated quinuclidinyl benzilate binding to these musca-
rinic receptors. Therefore, displacement of tritiated quinuclidi-
nyl benzilate bound to a homogenate of rat forebrain can be used
to quantify SAA. Serum anticholinergic activity is reported in pi-
comoles of atropine equivalents per milliliter (ie, picomoles per
milliliter or nanomolar), based on the amount of tritiated quinu-
clidinyl benzilate displacement that would have been caused by
a standard amount of atropine in a 200-µL sample. Serum anti-
cholinergic activity is thought to reflect the cumulative anticho-
linergic effect of all exogenous substances taken by the subject
(ie, medications and supplements) and their metabolites. In our
laboratory, the limit of detection for this assay is 0.25 pmol/mL,
with a standard linear curve (r=0.99) from 0.50 to 25.00 pmol/mL
and good interassay and intra-assay reproducibility for these con-
centrations (ie, coefficient of variations �12%).

STATISTICAL ANALYSES

Descriptive statistics were calculated for age, sex, educational
level, number of medications, MMSE scores, and SAA. To test
the association between SAA and cognitive performance, first
we examined the univariate association between SAA and MMSE
scores, using Pearson �2 tests. Because the SAA and MMSE scores
have skewed distributions in this nonclinical community-
based sample, we treated them as categorical rather than con-
tinuous variables, using 3 categories for SAA: undetectable SAA
(ie, SAA �0.25 pmol/mL), detectable SAA of less than 2.80 pmol/
mL, and SAA of 2.80 pmol/mL or higher, with 2.80 being the
90th percentile value and 0 being the 10th percentile value for
SAA. We dichotomized MMSE scores by using the score at the
10th percentile of the study sample as a cutpoint: lower MMSE
(ie, �24) vs higher MMSE (ie, �24) scores. To further adjust
for other factors that might be potential confounders, we mod-
eled lower MMSE score (ie, �24) as an outcome, using logis-
tic regression analysis with SAA as a covariate, adjusting for
age, sex, educational level, and number of prescription and non-
prescription medications (categorized as 0-3, 4-6, or �6). Pre-
vious studies42,43 have shown that the number of medications
taken by older people is correlated with global burden of physi-
cal illness, assessed by the number of active medical problems
or with a validated scale. In the logistic regression analysis, we
treated SAA in 2 ways: as a categorical variable (using the 3 cat-
egories for SAA already mentioned) and as a continuous vari-
able. Goodness of fit was examined by using Hosmer and Lem-
eshow goodness-of-fit statistics. For descriptive purposes, a
report was also generated of the prescription and over-the-

Table 1. Baseline Characteristics of 201 Participants*

Variable

Female
(n = 122
[60.7%])

Male
(n = 79

[39.3%])

All
(N = 201
[100%])

Age, y
Mean (SD) 78.5 (5.3) 77.6 (5.0) 78.2 (5.2)
Median (range) 77.0 (71-94) 76.0 (72-95) 77.0 (71-95)

Educational level
�High school 36.9 40.5 38.3
�High school 63.1 59.5 61.7

No. of medications
Mean (SD) 5.6 (3.5) 4.5 (3.2) 5.2 (3.4)
0-3 28.7 45.6 35.3
4-6 39.3 30.4 35.8
�6 32.0 24.1 28.9

No. of anticholinergic
medications

Mean (SD) 0.88 (1.00) 0.96 (1.53) 0.91 (1.23)
0 44.3 55.7 48.8
�0 55.7 44.3 51.2

MMSE score
Mean (SD) 26.9 (4.0) 26.6 (2.4) 26.8 (3.5)
Median (range) 28.0 (2-30) 27.0 (17-30) 28.0 (2-30)
�24 10.7 7.6 9.5
�24 89.3 92.4 90.6

SAA, pmol/mL
Mean (SD) 1.50 (1.25) 1.30 (1.25) 1.45 (1.10)
Median (range) 1.35 (0-4.80) 1.05 (0-5.70) 1.25 (0-5.70)
Undetectable 8.2 13.9 10.5
0.25-2.79 79.5 78.5 79.1
�2.80 12.3 7.6 10.5

Abbreviations: MMSE, Mini-Mental State Examination; and SAA, serum
anticholinergic activity.

*Data are given as percentages unless otherwise indicated. Some
percentages do not sum to 100 because of rounding.
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counter drugs being taken by the subjects in each SAA group.
The number of drugs that have possible or definite central an-
ticholinergic effects was determined in each of the 3 groups,
following a published method.27

RESULTS

The distribution of age, sex, educational level, number
of medications, number of medications with possible or
definite central anticholinergic effects, MMSE scores,
and SAA for the study sample (n=201) is summarized in
Table 1. The mean (SD) age was 78.2 (5.2) years; 60.7%
of the subjects were women. The median educational
level was high school graduate. The mean (SD) number
of medications was 5.2 (3.4) (median, 5; range, 0-16),
with a mean (SD) number of anticholinergic medica-
tions of 0.91 (1.23) (median, 1; range, 0-8). The mean
(SD) MMSE score was 26.8 (3.5) (median, 28; range,
2-30) and a 10th percentile score of 24. Serum anticho-
linergic activity was detectable in 180 (89.6%) partici-
pants; the mean (SD) SAA value was 1.45 (1.10)
pmol/mL (median, 1.25; range, 0.50-5.70 pmol/mL) and
a 90th percentile value of 2.80 pmol/mL.

The Figure presents the distribution of MMSE
scores in subjects with undetectable SAA, detectable
SAA of less than 2.80 pmol/mL, and SAA of 2.80
pmol/mL or higher. Univariate testing showed a signifi-
cant association between SAA and MMSE scores (Pear-
son �2

2=10.18, P=.006). The MMSE scores were low
(ie, �24) in 4.8% of the subjects with undetectable
SAA, 7.6% of those with detectable SAA below 2.80 pmol/
mL, and 28.6% of those with SAA of 2.80 pmol/mL or
higher, suggesting that subjects with higher SAA have
lower MMSE scores. Treating SAA as a categorical vari-
able, the result of a logistic regression analysis indicated
that subjects with SAA of 2.80 pmol/mL or higher had a
significantly higher probability of having an MMSE score
of 24 or below compared with subjects with undetect-
able SAA (odds ratio [OR], 12.81; 95% confidence in-
terval [CI], 1.08-152.39; P=.04). Similarly, when SAA was
treated as a continuous variable, the association be-
tween SAA and low MMSE score was also significant (OR,
16.71; 95% CI, 2.02-138.29; P=.009) (Table 2). Tests
of goodness of fit indicated that there was no significant
lack of fit for the 2 models.

One or more subjects were taking 1 of the follow-
ing medications with definite central anticholinergic ef-

fects: amitriptyline hydrochloride (n=1 subject in the
group with SAA of �2.80 pmol/mL, 0 subjects in the
group with detectable SAA of �2.80 pmol/mL, and 0 sub-
jects in the group with undetectable SAA); chlorpheni-
ramine polistirex (n=2, 2, and 0, respectively); diphen-
hydramine (n=1, 8, and 0); hydroxyzine (n=0, 1, and
0); hyoscyamine (n=2, 0, and 0); ipratropium bromide
inhaler (n=1, 3, and 0); or meclizine hydrochloride (n=1,
2, and 0). Among the same 3 SAA groups already de-
fined, 1 or more subjects were taking one of the follow-
ing medications with possible central anticholinergic
effects: alprazolam (n=0, 1, and 0, respectively); brom-
pheniramine maleate (n=0, 1, and 0); bupropion hydro-
chloride (n=0, 1, and 0); captopril (n=1, 4, and 2);
chlorthalidone (n=0, 2, and 1); cimetidine hydrochlo-
ride (n=1, 3, and 1); clorazepate (n=0, 3, and 0); col-
chicine (n=1, 2, and 0); diazepam (n=0, 3, and 0); di-
goxin (n=6, 23, and 2); dipyridamole (n=0, 5, and 0);
disopyramide phosphate (n=0, 1, and 0); furosemide
(n=3, 13, and 2); hydralazine (n=0, 2, and 0); hydro-
cortisone (n=0, 2, and 0); isosorbide (n=0, 20, and 2);
nifedipine (n=1, 5, and 1); prednisone (n=0, 4, and 0);
quinidine (n=1, 2, and 1); ranitidine (n=2, 10, and 0);
theophylline sodium glycinate (n=1, 8, and 0); triam-
terene (n=1, 5, and 0); or warfarin sodium (n=2, 7, and
3). Among subjects with SAA of 2.80 pmol/mL or higher,
the mean (SD) number of medications with possible or
definite central anticholinergic effects was 1.3 (1.9) (range,
0-8), with 11 (52%) of 21 taking at least 1 such drug.
Among the subjects with detectable SAA less than 2.80
pmol/mL, the mean (SD) number of anticholinergic medi-
cations was 0.9 (1.1) (range, 0-5), with 84 (53%) of 159
taking at least 1 such drug. Finally, among the subjects
with undetectable SAA, the mean (SD) number of anti-
cholinergic medications was 0.7 (1.2) (range, 0-4), with
8 (38%) of 21 taking at least 1 such drug. These means
and proportions did not differ significantly (P�.20). How-
ever, there was a trend for the proportion of subjects who
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Table 2. Logistic Regression Analyses With
Lower MMSE Score (�24) as the Dependent Variable*

Variable
SAA as Categorical

Variable
SAA as Continuous

Variable

Age, y 1.19 (1.08-1.31) 1.20 (1.09-1.32)
Sex

Male 1.00 (Reference) 1.00 (Reference)
Female 1.05 (0.33-3.32) 1.15 (0.37-3.57)

Educational level
�High school 1.00 (Reference) 1.00 (Reference)
�High school 0.41 (0.13-1.26) 0.39 (0.13-1.21)

No. of medications
0-3 1.00 (Reference) 1.00 (Reference)
4-6 1.30 (0.33-5.04) 1.46 (0.39-5.44)
�6 1.18 (0.28-4.96) 1.21 (0.29-5.05)

SAA, pmol/mL
Undetectable 1.00 (Reference)

16.71 (2.02-138.29)0.25-2.79 2.01 (0.22-18.53)
�2.80 12.81 (1.08-152.39)

Abbreviations: MMSE, Mini-Mental State Examination; SAA, serum
anticholinergic activity.

*Data are given as odds ratio (95% confidence interval).
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were taking a drug with definite central anticholinergic
effects to differ among the 3 groups: 4 (19%) of 21 sub-
jects with SAA of 2.80 pmol/mL or higher, 13 (8%) of
159 subjects with detectable SAA of less than 2.80 pmol/
mL, and 0 of 21 subjects with undetectable SAA (Cochran-
Armitage trend test, P=.05). Therefore, to determine
whether the observed association between SAA and cog-
nition was solely because of the higher proportion of sub-
jects with SAA of 2.80 pmol/mL or higher taking drugs
with definite central anticholinergic effects, we added to
our 2 logistic regression models (treating SAA as a cat-
egorical or as a continuous variable) a dichotomous vari-
able to control for the intake of drugs with definite cen-
tral anticholinergic effects. In both models, the association
between SAA and low MMSE score remained significant
and similar to the association observed without control-
ling for the intake of definite anticholinergic drugs (SAA
as a categorical variable: OR, 13.40; 95% CI, 1.13-
159.49; P=.04; and SAA as a continuous variable: OR,
19.12; 95% CI, 2.15-169.85; P=.008).

COMMENT

An analysis of SAA in a representative community sample
of 201 older subjects revealed that SAA could be de-
tected in most subjects. Although SAA was modest in this
community sample (median, 1.25 pmol/mL; range, 0.50-
5.70 pmol/mL), it was strongly and significantly associ-
ated with cognitive impairment. Participants with SAA
higher than the sample’s 90th percentile were 13 times
(OR, 1.08-152.39) more likely to have an MMSE score
below the sample’s 10th percentile than participants with
undetectable SAA.

To our knowledge, this is the largest analysis of SAA
and the first to examine the prevalence of detectable SAA
and its relationship with cognitive performance in a com-
munity sample. It confirms and extends results ob-
tained in several small clinical groups and supports that
even low SAA (ie, �5 pmol of atropine equivalents per
milliliter) is associated with cognitive impairment in older
persons.31 Several limitations of our study should be con-
sidered when interpreting its results. First, although our
sample size was 3 times larger than the sample size of
the largest study27 of SAA published so far, it remains small
in epidemiological terms; thus, our CIs are wide. Also,
our subjects were selected so that their age and sex
would be representative of the US older populations,
but all subjects were from a rural blue-collar commu-
nity. In a previous analysis, social variables (eg, educa-
tional level and income) were strongly associated with
the use of prescription and over-the-counter medica-
tions.39,40 For instance, more educated older persons
were more likely to use over-the-counter drugs in gen-
eral40 and diphenhydramine in particular.44 Therefore,
our results need to be replicated in other community
samples drawn from various geographic and social
groups. Finally, in this study, cognitive performance
was assessed globally with use of the MMSE. It is pos-
sible that we would have found a different association
by assessing specific cognitive domains.45 However, it is
likely that an association between SAA and cognition
could also have been demonstrated using instruments

that assess specific cognitive functions, as has been
done in other studies.4,10,15,22,24,31

Notwithstanding these possible limitations, our re-
sults strongly support that even low SAA is associated
with cognitive impairment in older persons. Although
this association can be considered well established, it does
not necessarily imply causality, and the mechanism un-
derlying it is not clear. It is assumed that SAA is the re-
sult of medications and their metabolites, although po-
tentially endogenous sources of SAA may exist.26,27,46

Nevertheless, SAA correlates with directly measured se-
rum concentrations of typical anticholinergic drugs.15,41

Furthermore, although SAA is measured in serum and
it is not known to what degree it correlates with actual
central antimuscarinic blockade,10 in one small study4 SAA
and CSF anticholinergic activity were significantly cor-
related (r=0.69) and both were associated with cogni-
tive impairment.

The absence in our study and others of an associa-
tion between SAA and number of medications or even
number of possible anticholinergic drugs is similar to the
absence in large epidemiological studies47,48 of an asso-
ciation between use of anticholinergic drugs and a clini-
cal diagnosis of delirium. This apparent puzzling lack of
association between SAA (or delirium) and anticholin-
ergic drugs can be attributed to several factors. First, only
a few medications (eg, tertiary tricyclic antidepressants,
diphenhydramine, and low potency neuroleptics) have
been clearly identified as having central anticholinergic
effects and as putting older patients at risk for confu-
sion or frank delirium.49 Their use has been discour-
aged in older patients,50,51 and they were used only by a
few of our subjects. As expected, these subjects were
among those with the highest SAA. More important, a
growing number of medications frequently prescribed to
older patients but not typically thought of as being an-
ticholinergic (eg, warfarin, digoxin, isosorbide, and pred-
nisone) have been shown to have measurable anticho-
linergic effects.11,14 We considered these medications as
having possible anticholinergic effects. However, it has
been estimated that more than 600 other medications may
have unrecognized anticholinergic effects.1,2 Older per-
sons are disproportionately liable to take several of these
medications (as well as different herbal and other
supplements).40 Although one of these medications taken
alone may not result in significant central or peripheral
anticholinergic effects in most individuals, the concur-
rent use of several of these medications may result in sig-
nificant “cumulative” SAA and associated cognitive im-
pairment. Also, it is likely that pharmacologically active
metabolites of many drugs have unrecognized anticho-
linergic effects. Finally, there are considerable indi-
vidual differences in absorption, distribution, rate of me-
tabolism, formation, and excretion of pharmacologically
active metabolites.52 For instance, serum levels of benz-
tropine mesylate have been reported to vary nearly 100-
fold among young individuals receiving the same dos-
age.12 Assessing anticholinergic activity based on
administered drugs does not account for this intersub-
ject variability and gives a poor estimate of true expo-
sure in a particular individual.10,47 Therefore, because of
the incomplete elucidation of which medications have
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anticholinergic effects and because of individual vari-
ability, measurement of SAA appears the most promis-
ing way to detect, and potentially prevent or correct,
pharmacological cognitive toxicity from subclinical im-
pairment to frank delirium. However, additional stud-
ies to simplify and standardize the measurement of SAA
and to establish its accuracy in other community
samples are needed before it becomes practical in the
clinical setting. In the meantime, the results of this and
previous studies provide the clinician with yet another
reason to scrutinize the medications taken by their
older patients and to judiciously eliminate or replace
selected medications.53

For the researchers who are studying cognitive per-
formance in late life and the determinants of its variabil-
ity, our results suggest that systematic measurement of
SAA should be considered in all such studies, because
SAA may be a covariate as important as age or sex. Our
understanding of the nature and severity of the cognitive
decrements associated with normal aging may be dis-
torted by the effects of prescribed and over-the-counter
medications with anticholinergic effects. The presence of
varying SAA levels in older individuals could help to
account for some of the remarkable heterogeneity that
exists in the cognitive performance of older persons.
After age 65, there is a marked increase in the mean
magnitude of these cognitive impairments and in indi-
vidual variability, with some older persons showing a
substantially greater cognitive decline than others. The
number of older persons with medical conditions
requiring medications also rises sharply in this age
group. Studies of cognitive toxicity carried out in the
drug approval process rarely look beyond whether a
medication produces severe cognitive deficits such as
confusion or frank delirium. Therefore, current proce-
dures for drug approval may fail to recognize milder
adverse cognitive effects that are specific to older per-
sons,54 especially when one considers the potential for a
cumulative effect from multiple medications. If anticho-
linergic medications produce a substantial portion of the
cognitive impairment typically attributed to the normal
aging process, this has major implications for the risk-
benefit equation of many medications commonly taken
by older persons.
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Correction

Error in Text. In the Special Article titled “The Interplay of Nature, Nurture, and Devel-
opmental Influences: The Challenge Ahead for Mental Health,” published in the November
issue of the ARCHIVES (2002;59:996-1000), the sentence at the end of the right-hand col-
umn on page 996 should have read as follows: “It is necessary to take into account stochas-
tic effects10 and developmental influences (possibly including endocrine influences on ge-
netic effects). In addition, gene-environment correlations and interactions mean that some
variance is accounted for by the joint coaction of genetic and environmental effects.”
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