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Objective: Use of anticholinergic drugs in older people is associated with increased risk of cognitive
decline and of dementia and death.

Method: We identified drugs widely used in older people and attempted to classify their anticholinergic

effect on cognition (AEC) according to our three-point scale which scored AEC according to in vitro
anticholinergic potency, capacity to cross the blood-brain barrier and statements made in standard texts.

Results: In total, 165 drugs were examined. We identified 21 drugs with an AEC score of 3, 18 with a
score of 2, 21 with a score of 1 and 62 with a score of 0. Owing to insufficient information, we were
unable to classify 43 drugs.

Conclusions: A large number of drugs commonly used in older people are likely to be associated with

cognitive impairment. Copyright © 2016 John Wiley & Sons, Ltd.
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Introduction

‘Anticholinergic’ drugs block muscarinic receptors
and impair cholinergic function. This action causes
not only well-known peripheral effects but also cen-
tral adverse effects including confusion, disorienta-
tion, memory impairment, hallucinations and
delirium (Feinberg, 1993). Long-term use of anticho-
linergic drugs in older people is associated with an in-
creased risk of cognitive decline, dementia and early
death (Carriere et al., 2009; Jessen et al., 2010; Fox
et al., 2011; Gray et al., 2015). Anticholinergic drugs
also directly oppose the action of acetylcholinesterase
inhibitors used in dementia. Despite this, up to half of
the patients with Alzheimer’s disease who are prescribed
cholinesterase inhibitors are also taking drugs with anti-
cholinergic activity (Carnahan et al., 2004; Modi et al.,
2009). The concurrent use of the two drug classes pre-
dictably and demonstrably reduces the clinical efficacy
of the cholinesterase inhibitor (Lu and Tune, 2003; Sink
et al, 2008). Anticholinergic agents may also be

Copyright © 2016 John Wiley & Sons, Ltd.

implicated in the time to onset of psychotic symptoms
in patients with Alzheimer’s disease (Cancelli et al.,
2009).

Five muscarinic receptor subtypes have been identi-
fied (M;—M5). The M, receptor is the most abundant
subtype in the central nervous system (CNS) and is
thought to have a primary role in mediating cholinergic
effects on cognitive function. M, receptors are located
throughout the brain and are involved in memory pro-
cesses. M, receptors are abundant in the neostriatum
and are thought to be involved in the regulation of ace-
tylcholine levels (Volpicelli and Levey, 2004; Kay et al.,
2005). Thus, cognitive impairment, particularly mem-
ory dysfunction, can result from antagonism of M;,
and to some extent, M, or M, receptors in the CNS
(Kay et al., 2005). For an anticholinergic drug to cause
cognitive impairment, it must also be able to penetrate
the blood-brain barrier (BBB) and so act centrally.

Whilst some anticholinergic drugs are used specifi-
cally for the therapeutic effects of their anticholinergic
action, other drugs have anticholinergic effects that are
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secondary to their primary mode of action. To assist cli-
nicians in minimising the use of drugs with anticholiner-
gic action in people with cognitive impairment, various
anticholinergic risk scales have been produced. These
usually comprise a list of drugs with a classification of an-
ticholinergic potency listed for each (Duran et al., 2013).
Scales have also been developed to calculate the total an-
ticholinergic burden for an individual (Boustani et al.,
2008). There is considerable variation amongst these
scales because of differences in scale development, selec-
tion of drugs and methods of evaluation of anticholiner-
gic potency. In addition, factors such as the selectivity of
drugs to specific muscarinic receptor subtypes and its
ability to enter the brain have not always been considered.

The aim of this review was to produce a scale illus-
trating the negative anticholinergic effect of drugs on
cognition using a clear, concise and systematic ap-
proach which takes into consideration the muscarinic
binding affinity of drugs, their selectivity, their pene-
tration into the brain and whether or not reports of
cognitive impairment exist.

Method

Two authors (DH and DB) reviewed all British National
Formulary categories in January 2014 and again in
January 2015 to identify and agree upon the main drug
classes and medicines commonly used in older people
in the UK. We included the majority of categories of
drugs, for example, those acting on the gastrointestinal,
cardiovascular, genitourinary and central nervous sys-
tems, but excluded specialist drugs such as cytotoxics
and hormone treatments (except those acting on insu-
lin). Electronic searches using Pubmed, Medline and
Embase were performed to identify which of these
drugs had the potential to affect cognitive function
using the search terms ‘dementia’, ‘delirium’ and ‘cog-
nition’ or ‘cognitive function’ or ‘cognitive impair-
ment’ and ‘drugs’ or ‘medication’, followed by the
same searches using the same terms combined with
the specific drug classes and individual drug names.
In October 2014, searches using Pubmed and Embase
were undertaken to identify drugs with known anti-
cholinergic activity. From these searches, a list was
made of the drugs which we deemed to merit further
investigation. This list included those drugs noted in
the literature as potentially affecting cognition and
drugs listed in the literature as having anticholinergic
activity. We also investigated any drug not in these
two categories but which the authors agreed were
commonly used by older people. We examined each
individual drug to determine whether or not they had
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any reported anticholinergic properties and if so, the
antimuscarinic potency and specificity to receptor
subtypes, whether or not the drug penetrated the
BBB and whether or not there were any reports of asso-
ciated cognitive impairment.

All drugs generated by these reviews were individually:

(1) Entered into the National Institute of Mental Health
Psychoactive Drug Screening Program (PDSP) Ki
database (PDSP Ki Database, 2014) of published
binding affinities (Ki) of drugs for muscarinic
receptors and more specifically for M;, M, and M,
receptors. Data for muscarinic M; (linked to cogni-
tive impaired) binding affinities were used in prefer-
ence to other muscarinic receptor binding affinities
where available. If drug specificity to the receptor
subtypes was not available, general muscarinic bind-
ing affinity data were used. Anticholinergic activity is
measured using competitive radioreceptor binding.
The compound [3H]quinuclidinyl benzilate ([3H]
QNB) is a specific muscarinic receptor antagonist
often used as the radioligand. Anticholinergic activ-
ity of a drug is based on the amount of [3H]QNB
displaced by the drug under investigation. Where
available, Ki values from competitive radioligand
binding studies using [3H]QNB in human brain
(or cloned human brain) were used.

(2) Inputted into Martindale (Pharmaceutical Press,
2014), American Hospital Formulary Service
(American Hospital Formulary Service, 2015) and
the Summary of Product Characteristics
(DataPharm, 2015) to determine whether or not
the drug was described as having had any anticholin-
ergic properties, and/or penetrated the BBB and/or
had been reported to cause cognitive impairment.

(3) Searched via Pubmed, Embase and Google scholar
to identify muscarinic binding affinity, penetration
across BBB and any medical literature on anticholin-
ergic cognitive adverse effects (where information
was not identified from previous steps).

Two authors (DB and DH) reviewed the information
retrieved. For each drug, they independently assigned a
score of 0, 1, 2 or 3 (or ‘unable to score’) based on the
antimuscarinic potency, selectivity of drug to muscarinic
receptors, penetration through BBB and reports of
cognitive adverse effects. Because other mechanisms
may be involved in the causation of cognitive impair-
ment besides antimuscarinic effects, reports of cognitive
impairment were used as confirmation and to validate
our scoring system, rather than to aid assignment of
scores. If a drug was known to cross the BBB and had re-
ports of cognitive impairment, the assigned score would
depend on the Ki values for muscarinic receptors. If a
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Table 1 Assignment of scores for individual drugs

Ki 100-1000 nM or
published in vitro data
showing moderate
antimuscarinic effects

Ki <100 nM or
published in vitro
data showing

Ki>10000nM Ki 1001-10 000 nM
or published or published in vitro
in vitro data data showing
showing no minimal or equivocal

antimuscarinic antimuscarinic action

activity or or comment in
comment in Martindale or SPC,

or comment in strong antimuscarinic

Martindale or stating minimal,

Martindale or SPC, effects or comment

SPC, stating no weak or mild stating some or in Martindale or SPC,
Description antimuscarinic antimuscarinic moderate antimuscarinic stating strong None of these
of criteria effects effects effects antimuscarinic effects  data available
Anti-muscarinic score 0 1 2 3 Not known

This table must be used in conjunction with the methods described.

drug had high antimuscarinic potency but penetrated
the brain poorly, then its AEC score was reduced accord-
ingly (refer to Table 1). Where no initial agreed decision
could be reached between the two authors, this was re-
solved by asking the third and fourth authors (JS and
DT) to independently score the drug, and then the mode
of the scores was used.

There were two steps in assigning the antimuscarinic
score. First, the antimuscarinic activity was assessed
using the Table 1 above, and then the score was refined
according to the degree of penetration into the BBB by
the drug. Refer to Table 2 for level of evidence available
for antimuscarinic activity.

If there were no Ki data available and no published
reports of clinical or in vitro antimuscarinic activity, a
score could not be assigned.

Refining the score according to degree of penetration
across the blood-brain barrier

If there was evidence that the drug or its active metab-
olites readily penetrated the BBB from either published
data on cerebrospinal fluid drug levels or published
evidence of clinical effects indicating well-described
central actions (e.g. frequent sedation or neuropsychi-
atric symptoms), the score assigned remained unchanged.

Table 2 Level of evidence available

Level of evidence Information available

Level 1 Ki value for M receptor binding
available in human (or cloned human)
brain

Ki value for muscarinic receptor binding
(non-specific) or Ki value for muscarinic
binding in rodent brain

Comment in Martindale or SPC or other
publication, stating whether drug has
anticholinergic properties or not

Level 2

Level 3

Copyright © 2016 John Wiley & Sons, Ltd.

If there was published evidence that for a drug or
its metabolites, penetration across the BBB is known
to be limited in some way, or there was published
evidence of weak or limited central effects (e.g. infre-
quent reports of only mild neuropsychiatric symp-
toms), the score was downgraded by one point.

If there was published evidence that a drug or its
metabolites had little or no penetration across the
BBB, or there was published research demonstrating
the absence of central effects, no reports of neuropsy-
chiatric symptoms in clinical studies of the drug and
no research suggesting of any central anticholinergic
effects, a score of 0 was assigned.

Results

Our searches identified several publications quantifying
the antimuscarinic effects of drugs which were not
included in the PDSP Ki database. These included some
antihistamines (Kubo et al., 1987; Liu and Farley, 2005),
antipsychotics (Hals et al., 1988; Chew et al., 2006), anti-
depressants (El-Fakahany and Richelson, 1983; Nomura
et al., 1987; Rudd et al., 2005), bladder anticholinergics
(Ohtake et al., 2007), certain opioids (Hustveit, 1994)
and some other medicines commonly used by older
adults (Chew et al., 2008). These drugs were included
in our evaluations, giving a total of 165 drugs assessed.
For many of the drugs on the list, information regard-
ing penetration into the brain was determined from
Martindale (Pharmaceutical Press, 2014), the Summary
of Product Characteristics (DataPharm, 2015) or Amer-
ican Hospital Formulary Service (American Hospital
Formulary Service, 2015). For the others, we used infor-
mation retrieved from primary or secondary references
uncovered by electronic searches (Basak et al., 1996;
Crivori et al., 2000; Di et al., 2003).

Table 3 displays the anti-muscarinic score calcu-
lated by the method described in the preceding texts
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for the list of drugs chosen for evaluation. Of the 165
drugs reviewed, there was a disagreement between
the first two authors on nine drugs (5%), for which
the opinions of the third and fourth authors were then
sought independently. In all, 21 drugs received a score
of 3, 18 a score of 2, 21 a score of 1, and 62 drugs were
given a score of zero. There were insufficient data to
score a further 43 drugs.

There was no clear information available on whether
or not benzodiazepines were anticholinergic. It appears
that although benzodiazepines do not bind to muscarinic
receptors, chronic treatment changes both the number
and affinity for the muscarinic receptors in the brain.
Benzodiazepines might therefore directly or indirectly in-
fluence muscarinic receptors (Nordberg and Wahlstrom,
1992). In general, benzodiazepines are best avoided in pa-
tients with dementia. Lorazepam is short acting and be-
cause it is less lipid soluble than other benzodiazepines,
it penetrates the brain more slowly (Tedeschi et al.,
1983), causing fewer cognitive adverse effects.

Discussion

We assessed over 165 drugs commonly used in older
people and found 60 of them to have a clear capacity
to impair cognitive function to varying degrees. Our
assessment method is perhaps more transparent than
previously described methods, and we have evaluated
a larger number of drugs. Before, the only readily
available means for discovering the antimuscarinic ac-
tivity of drugs has been to consult one of the existing
lists of drugs with anticholinergic properties (Han
et al., 2001; Boustani et al., 2008; American Geriatrics
Society 2012 and Beers Criteria Update Expert Panel,
2012). These lists were mostly developed using subjec-
tive ratings of anticholinergic activity based on clinical
experience of the drugs and observed cognitive im-
pairment. These lists were effectively consensus state-
ments (Rudd et al., 2005) and did not list drugs not
considered to have anticholinergic activity, leaving
some ambiguity as to whether drugs not mentioned
had no anticholinergic activity or were simply not
evaluated. Furthermore, whilst many of the lists rated
drugs on the basis of their anticholinergic potency,
they did not always take into account whether or
not the drug was selective for the target tissue or or-
gan or to what extent it penetrated the BBB and was
therefore likely to cause CNS effects. Our transparent
and systematic approach to developing an explicit
systematic AEC scale took these limitations into
consideration. It also minimised subjective rating by
clinicians (which may vary based on knowledge and
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experience) by independently rating drugs using strict
criteria and evidence-based data.

A limitation of this paper is the incomplete availability
of dissociation constant (Ki) values, and therefore, our
inability to accurately score many drugs. Similarly, where
there were conflicting data on whether or not a drug was
actually anticholinergic, we were unable to assign a score.
For some classes of drugs, there was sufficient data to
rate some drugs, but not others in the same class. Other
limitations relate to the fact that the level of evidence for
antimuscarinic activity data available to us was some-
what variable (refer to Table 2). Many of our assessments
were at least partly based on in vitro antimuscarinic
activity. In vitro use of radio-receptor assay does not ac-
count for varying drug dosages (measured in mass units
rather than moles), pharmacokinetics or differences as a
result of individual patient physiology. Similarly, BBB
penetration is variable and can be affected by age, gender
and other factors, including dementia (Chancellor et al.,
2012; van Assema et al., 2012). In addition, recent work
in human-derived neurons and astrocytes suggests that
there is not a linear relationship between anticholinergic
polypharmacy and in vivo effects, suggesting that current
scales may underestimate the effect of polypharmacy
(Woehrling et al., 2015). Also, because other neurotrans-
mitter systems are also involved in cognitive function,
there may be drugs with an AEC score of 0 on this scale,
which still affects cognition through other modes of
action. Finally, our method, whilst transparent and sys-
tematic, remains effectively a consensus view, albeit
based on published data.

We aimed to evaluate drugs commonly used in
older people so that our results would be of use to
clinicians in community or hospital settings.
However, it is not a comprehensive list of drugs,
and absence of a drug from the list does not imply
the drug has no anticholinergic activity. We have
not included drugs which are only used in very
specialist situations (such as cytotoxic drugs) or
where use is generally confined to hospital settings
(such as anaesthetic agents).

Because the risk of cognitive impairment, incident
dementia and early death have been linked to the cu-
mulative use of anticholinergic drugs (Fox et al.,
2011; Gray et al., 2015); it is obviously good practice
to use drugs with AEC scores of zero and to avoid
those scored 1, 2 or 3. All individual drugs with an
AEC score of 2 or 3 in older people presenting with
symptoms of cognitive impairment, dementia or
delirium should be withdrawn, as these drugs have un-
equivocal anticholinergic action and central adverse
effects. The clinician should discuss with the patient
and carer the benefits and potential risks of continued
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use of these drugs with the aim of either stopping
them or switching to an alternative drug with a lower
AEC score (preferably zero). In patients who are not
receiving any medication with an AEC score of 2 or
3 but who have a total AEC score of 3 or above 3, a
similar patient—clinician review should take place. If
withdrawal of a drug is deemed appropriate, this
should follow a gradual schedule to avoid rebound
anticholinergic effects (Boustani et al., 2008).

Conclusion

We have been able to evaluate and rate 122 drugs for
anticholinergic effect on cognition using a systematic
method of assessment. Half of the drugs evaluated
are likely to induce cognitive impairment to some
degree and should normally be avoided in older peo-
ple. The long-term aim for researchers in this area
should be to produce an internationally recognised
single unified scale of clinically relevant anticholiner-
gic activity covering all licensed medications which
has been validated in clinical settings. We are some
way off this, but we hope that this paper, even
though it has significant limitations, by covering a
larger number of drugs, and by incorporating all
available evidence for anticholinergic burden of
drugs, is a step in the right direction. We hope re-
searchers will take up the challenge and now assess
the utility of the scale in clinical settings.
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Key points

e Drugs with anticholinergic action have clear
negative effects on cognitive function.

e The number of drugs with important central
anticholinergic activity is underestimated.

e We list 60 drugs commonly used in older patients
which have central anticholinergic effects.
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