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ABSTRACT: The relative importance of antimuscarinic anticholinergic medications for Parkinson’s disease
(PD) declined after the introduction of levodopa, such that anticholinergic medications are now much more
likely to be prescribed for clinical indications other than parkinsonism. Recent studies have found an
association between anticholinergic medication exposure and future risk of dementia in older individuals and
those with PD. These findings provide a further reason to avoid the use of anticholinergic medications to treat
motor symptoms of PD. More importantly, they raise the question of whether one of the goals of PD treatment
should be to deprescribe all medications with anticholinergic properties, regardless of their indication, to
reduce dementia risk. In this review, we discuss the use of anticholinergic medications in PD, the evidence
supporting the association between anticholinergic medications and future dementia risk, and the potential
implications of these findings for clinical care in PD.

Antimuscarinic anticholinergic compounds, such as
trihexyphenidyl hydrochloride, procyclidine hydrochloride,
diphenhydramine hydrochloride, and benztropine mesylate, were
the first widely used medications to treat the motor symptoms of
Parkinson’s disease (PD). Levodopa and other dopaminergic
drugs subsequently became first-line therapy because of superior
efficacy and fewer side effects1,2; however, anticholinergic medi-
cations continue to be used today for PD, albeit in a limited
capacity. Separately, drugs with anticholinergic properties have
become popular treatment choices for common cardiovascular,
gastrointestinal, genitourinary, and psychiatric conditions. As a
result, anticholinergic medications are prescribed to over half of
PD patients, most often for clinical indications other than parkin-
sonism.3–5

The potential negative effects of anticholinergic medications
on cognition include both immediate and long-term effects.
Acute delirium associated with anticholinergic drug exposure has
been described.6 In recent studies, chronic anticholinergic medi-
cation use has been associated with an increased risk of dementia
in the general older adult population.7–13 Given that PD itself is
associated with a high risk of dementia, these data require a
reassessment of the use of anticholinergic anti-PD medications
and whether there should be efforts to deprescribe all medica-
tions with anticholinergic properties in persons with PD. Here,
we review the use of anticholinergic medications in PD and the
evidence supporting the association between anticholinergic
medications and future dementia risk. Last, we discuss the poten-
tial implications of these findings for clinical care in PD.
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Antimuscarinic
Anticholinergics for Motor
Symptoms in PD
Until the introduction of levodopa in the late 1960s,
antimuscarinic anticholinergic compounds were the principal
pharmacological treatment for PD. The use of anticholinergic
drugs for PD is often traced to Charcot’s reported use of hyoscy-
amine, atropine, and scopolamine in 1868,14 but herbs con-
taining anticholinergic compounds were prescribed for
conditions resembling PD far earlier in China in the 12th Cen-
tury A.D.15 From the late 19th Century until the development
of synthetic antimuscarinic anticholinergic agents, antimuscarinic
alkaloids were promoted as the primary treatment for PD by
European neurologists.16 By 1945, several synthetic anti-
muscarinics were made available for PD, including
trihexyphenidyl hydrochloride, benztropine mesylate, eth-
opropazine, cycrimine, and biperiden, some of which are still
used today.16

Anticholinergic medications for the treatment of motor symp-
toms were eclipsed by levodopa in the late 1960s. A series of stud-
ies from 1997 to 2012 report that 5% to 8% of PD patients are
prescribed anticholinergic PD drugs (Table 1). More recently, the
use of antiparkinsonian anticholinergics was observed to decline
from 4.8% in 2010 to 3.6% in 2017 in the United States (US).17

Nevertheless, they have continued to be used for PD symptoms
and even advocated for patients with motor fluctuations or as a
levodopa-sparing strategy when that was a more common goal of
early symptomatic therapy.18–20 Anticholinergics are generally
thought to exert a preferential benefit on tremor in PD over
bradykinesia and rigidity,21,22 and this observation (although
inconsistent) has informed their use for PD symptoms in the post-
levodopa era.23,24 Considering the available evidence, the 2018
International Parkinson and Movement Disorder Society review
of treatments for PD motor symptoms concluded that anticholin-
ergic medications are likely efficacious and clinically useful.25 The
mechanism by which anticholinergic medications exert their bene-
ficial effect in PD is incompletely understood. It is presumed that
anticholinergics exert their beneficial effect on PD tremor and
dystonia via blockade of muscarinic M4 receptors on aspiny cho-
linergic neurons in the striatum.26,27

Amantadine, the most commonly used PD medication with
anticholinergic effects, is thought to reduce classic motor

symptoms through its antimuscarinic effect, enhancement of
dopaminergic transmission, and non-selective NMDA receptor
antagonism.28 The most common indication for amantadine in
PD today is to treat levodopa-induced dyskinesias likely via
NMDA receptor antagonism.25

Adverse Effects of
Anticholinergic
Medications in PD Patients
Anticholinergic drugs are believed to exert their antiparkinsonian
effects by unclear mechanisms, perhaps by antagonizing the
increase in striatal acetylcholine that results from reduced
nigrostriatal dopaminergic stimulation (eg, trihexyphenidyl,
benztropine),29 and in some cases blocking uptake of dopamine
by dopaminergic neurons (ie, benztropine).30 The mechanisms
by which antimuscarinic anticholinergic medications cause
adverse effects, however, are better understood. Anticholinergic-
mediated inhibition of smooth muscle results in blurred vision
and urinary retention (from impaired ocular accommodation and
bladder contraction). Slowing of gastrointestinal tract motility by
antimuscarinic drugs produces constipation, may delay the
absorption of levodopa in the small intestine and may change the
gut microbiome in PD patients.31,32 Anticholinergic medications
also inhibit exocrine gland secretion, which results in reduced
sweating and salivation. In fact, it was by trialing anticholinergics
in parkinsonian patients to reduce salivation that Charcot discov-
ered their antiparkinsonian properties.33

In addition to peripheral side effects, anticholinergic medica-
tions have multiple central nervous system effects in persons with
PD, most notably cognitive dysfunction and hallucinations.
These adverse effects are mediated through reduced cholinergic
transmission from the basal forebrain. Cholinergic basal forebrain
degeneration increases with age and having PD causes further
basal forebrain degeneration and cortical cholinergic deficiency.34

Therefore, treatment approaches for PD motor symptoms have
recommended avoiding use of anticholinergic medications for
the treatment of older (ages 70+) PD patients19 or those with
frank cognitive impairment.35 Differences in anticholinergic drug
metabolism may also predispose those with PD to the negative
consequences of anticholinergic medications. In PD, there is

TABLE 1 Percentage of PD patients prescribed anticholinergic medications for motor symptoms

Population No. Years Prevalence, % Study

Italian 130 1997–1998 8.5 Leoni et al81

US Medicare 924 2000–2003 6.5 Wei et al82

US Inpatients 16,785 2001–2012 5.2–7.4 Crispo et al4

US Veterans, initial therapy 530 2006 7 Swarztrauber et al83

US Medicare 9482–9626 2007–2010 5–6 Dahodwala et al84
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evidence of impaired cytochrome P450 2D6 (CYP2D6) func-
tion, which has a role in the transformation of precursors into
serotonin and dopamine and is central to drug metabolism. Spe-
cifically, CYP2D6 is responsible for the metabolism of more
anticholinergic drugs than any other drug-metabolizing enzyme
that is widely expressed in the brain (See Fig. 1). Mann et al36

found that PD individuals had 40% lower CYP2D6 levels in the
frontal cortex, cerebellum, and hippocampus than controls.
Lower levels of CYP2D6 may reduce the ability of PD individ-
uals to metabolize anticholinergic drugs in the liver and brain,
thereby contributing to increased adverse drug events and long-
term neurotoxicity.

Current data suggest that not all cognitive domains are
affected equally by anticholinergics; in PD they induce impair-
ment in executive function,37,38 memory,34,39–41 and attention.42

One study demonstrated that at least some of the memory
deficits could be reversible as withdrawal of long-term anticho-
linergic medications were associated with improvement in
short-term memory.43 In early PD, perhaps at a time when the
cholinergic basal forebrain system is relatively intact, use of anti-
cholinergic medications has not always been associated with
changes in cognition.44 Increasing evidence from population
health and experimental studies suggests that drugs with anticho-
linergic properties can cause physical frailty.45,46 Mach et al46

conducted the first preclinical study showing anticholinergic drug
withdrawal reversed physical impairment and determined that
type and dose of the anticholinergic drug caused more adverse
effects than chronic polypharmacy. The effects of anticholinergic
drugs on physical frailty remain unexplored in PD.

Anticholinergic drug exposure is associated with negative
health events and excess health care use in PD patients. Reduced

baseline central cholinergic function related to age and choliner-
gic basal forebrain degeneration predisposes PD patients to
develop anticholinergic delirium.6 Anticholinergic medications
can exacerbate psychotic symptoms in PD, therefore, treatment
approaches for PD psychosis recommend discontinuing these
medications first.47,48 Loss of cholinergic function also plays a
role in gait dysfunction in PD.49,50 It is not surprising that a
study of US inpatients with PD found those taking anticholiner-
gic medications were more likely to have fractures or delirium
and visits to the emergency department or readmissions within
30 days of discharge.51

Anticholinergics and Risk
of Dementia
Recent studies suggest that medications with anticholinergic
properties not only carry a risk of immediate side effects, but
may also have long-term consequences. Over the last decade, an
increasing number of studies have found that medications with
anticholinergic properties are associated with cognitive
decline7,52,53 and increased risk of future cognitive impairment
or dementia in older adults.7–13 This relationship has been found
to be dose-dependent, because greater cumulative anticholinergic
use and use of agents with greater anticholinergic activity were
associated with greater risk of dementia.8–10,12

Because cholinergic basal forebrain degeneration is already
more common in PD,54–57 the negative effects of medications
with anticholinergic properties may compound already present
cholinergic deficits in PD, generating worse immediate negative
effects on cognition and psychotic symptoms, but also potentially
producing long-term negative effects on cognition. Although
not nearly as robust as the number and quality of studies showing
increased risk of future cognitive impairment in individuals tak-
ing anticholinergic drugs, a few studies have reported increased
risk of cognitive impairment in PD patients taking medications
with anticholinergic properties.58–61

In a 1996 study of 70 PD patients, the duration of anticholin-
ergic medication usage was associated with an increased risk of
dementia.58 A community-based cohort of 235 PD patients
found that 40% used anticholinergics at baseline, and use of anti-
cholinergics was associated with a lower Mini-Mental State
Examination (MMSE) score. After 8 years, use of medications
with anticholinergic properties, greater anticholinergic drug bur-
den, and longer duration of use were all associated with a greater
decline in MMSE score.59 Because depression is a recognized risk
factor for dementia, these findings may have been confounded
by the fact that anticholinergic use was associated with a greater
likelihood of depression at baseline. Two recent studies using
administrative data found that PD patients prescribed anti-
parkinsonian anticholinergics or other medications with anticho-
linergic properties had an increased risk of future dementia
compared to those not prescribed anticholinergics or those who
had a low cumulative dose of anticholinergic medications.60,61

Specifically, a high cumulative dose of anticholinergic drugs

FIG. 1. The role of broadly brain expressed CYP450 enzymes on
anticholinergic drug metabolism. This figure displays the
number of anticholinergic medications included in the
Anticholinergic Cognitive Burden scale that are metabolized by
each cytochrome P450 enzyme.
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increased the risk of being diagnosed with dementia by 3-fold
compared to having a low cumulative dose.61

Two prior studies failed to show an association between anti-
cholinergic medication use and dementia, but in neither study
was this a primary objective. In an analysis of the DATATOP
cohort, use of anticholinergics was not associated with increased
risk of cognitive impairment at a median of 6.5 years after enroll-
ment, although the cumulative incidence of cognitive impair-
ment was low as only 5.8% of 740 participants met criteria for
cognitive impairment after 5 years.62 Similarly, anticholinergic
medication usage was not associated with cognitive decline in
the Parkinson’s Progression Markers Initiative (PPMI) study, but
like DATATOP, this is an early PD cohort with only 3.6% of
PD participants determined to have dementia at 5 years.63

After finding that duration of anticholinergic medication usage
was associated with dementia, Pondal et al58 concluded in 1996
that anticholinergic medications should be “avoided in PD
patients with some cognitive decline.” This idea is also expressed
in the 2018 International Parkinson and Movement Disorder
Society review of treatments for motor symptoms, but the
authors went further: the “use (of anticholinergics for motor
symptom management) should generally be limited to young
and cognitively intact patients because of their unfavorable neu-
ropsychiatric adverse effect profile and the long-term risk of
memory impairment.”25

Use of Anticholinergic
Medications for Symptoms
Other than
Parkinsonism in PD
Anticholinergic exposure in PD patients has shifted from motor
symptom management to non-motor and comorbid disease
management (Table 2). A review of inpatient records from 2011
to 2012 in the Basque region of Spain found that 53.6% of PD
patients were prescribed at least 1 anticholinergic drug.3 The
drugs were most often antidepressants, antipsychotics, urological
drugs, opiates, or antihistamines. A similarly high anticholinergic
burden in PD was found in 2 subsequent studies. A study of US
inpatients found that 57.8% were prescribed at least 1 anticholin-
ergic medication not used to treat parkinsonism,51 and in a
French prescription database, 58.2% of PD patients were taking

at least 1 anticholinergic medication.5 This latter study empha-
sized that most of the anticholinergic medications (93.8%) were
not prescribed for their anticholinergic properties.5 Interestingly,
in 1 study of elderly patients, PD was associated with reduced
risk of taking anticholinergic medications.64 A recent analysis of a
study cohort receiving specialty care found that 33.6% of early
PD patients were taking medications with anticholinergic prop-
erties at baseline, and 51.4% of PD patients were taking medica-
tions with anticholinergic properties after 5 years.63 This suggests
that the total anticholinergic burden in PD increases over time,
even in specialty care centers, under current practice parameters.
A population-based study uncovered high rates of persistent con-
current prescribing of a cholinesterase inhibitor and medications
with anticholinergic properties, a particularly troubling finding,
because these drug classes have opposing mechanisms of action.65

Although anticholinergic medication use for motor PD treat-
ment is declining, there are no guidelines for neurologists
addressing whether and how to consider and manage the total
anticholinergic burden in PD as a part of PD management. Con-
sidering the potential negative immediate and long-term effects
of anticholinergic medications for PD patients, the question arises
whether neurologists should attempt to deprescribe medications
with anticholinergic properties for indications other than
parkinsonism.

Areas for Future
Anticholinergic Medication
Research in PD
In PD care, there are several barriers that limit clinicians’ enthusi-
asm for taking neuroprotective action when it comes to total
anticholinergic medication exposures. These barriers primarily
relate to (1) historical importance and continued use of anticho-
linergic medications to treat PD motor symptoms; (2) uncertainty
about determining anticholinergic medication burden; (3) histori-
cal discovery-implementation gaps in PD research and care; and
(4) underdeveloped clinical structure and processes to support
deprescribing. Additional cohort studies with appropriate follow-
up periods and clinical trials of deprescribing are required to help
guide the neurologist in considering the relative risks and benefits
of medications with anticholinergic activity and their impact on
PD patients’ long-term outcomes.

TABLE 2 Percentage of PD patients prescribed anticholinergic medications for any indication

Population No. Years Prevalence, % Study

Spanish inpatients 1628 2011–2012 53.6 Lertxundi et al3

US inpatients 16,302 2000–2011 57.8 Crispo et al51

French prescription database 471 2000–2014 58.2 De Germay et al5

PPMI, 5 y 315 2015–2019 51.4 Weintraub et al63
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Determination of Anticholinergic
Medication Burden
The first step to reducing anticholinergic burden in PD patients
with cognitive impairment or psychosis is to properly identify
medications with anticholinergic properties. However, there is no
gold standard measure that characterizes anticholinergic exposure
and subsequent neurological harm. Studies showing a relationship
between anticholinergic medication use and risk of developing
dementia have relied on compiled lists or scales that grade the
severity of the anticholinergic effect, such as the American Geriat-
rics Society Beers Criteria and the Anticholinergic Cognitive Bur-
den Scale.66–68 The Anticholinergic Cognitive Burden (ACB)
scale is the most used measure in pharmacoepidemiology and drug
safety assessments and includes medications frequently prescribed
by neurologists (eg, quetiapine, paroxetine, carbamazepine, trazo-
done, amitriptyline, and bupropion), but the majority of the med-
ications are for non-neurological indications.67 The ACB scale
applies scores based on the strength of evidence for an anticholin-
ergic effect. Medications are scored 1 for possible anticholinergic
effects (eg, trazodone and bupropion), and 2 (eg, carbamazepine)
and 3 (eg, quetiapine, paroxetine, and diphenhydramine) for
clinically-relevant anticholinergic effects. Other commonly used
scales are the Anticholinergic Drug Scale (ADS) and the Anticho-
linergic Risk Scale (ARS), and all the aforementioned scales have
measurable differences in categorizations.69,70 Beyond the scoring
scheme in these scales, there is little to no data currently about the
differences between specific agents or neurochemical classes as it
pertains to long-term negative effects on cognition.

Mechanisms of Neurotoxicity of
Anticholinergic Medications
in PD
At this time, the mechanism of anticholinergic medication neu-
rotoxicity is not understood. One potential mechanism of anti-
cholinergic medication neurotoxicity in PD is via initiation or
acceleration of Alzheimer’s disease (AD) pathology.71 A retro-
spective pathological study found that PD patients with long-
term treatment with anticholinergic medications had significantly
greater senile plaques and neurofibrillary tangles compared with
PD patients who had only short-term or no exposure to anticho-
linergic medications.72 Because AD pathology is a contributor to
dementia in a significant number of PD patients,73 it is important
to understand whether anticholinergic medications increase
dementia risk via facilitation of AD pathology.

Implementation and
Determination of the Efficacy of
Deprescribing Interventions
Anticholinergic Medications
Although there are substantial data in the general geriatric popu-
lation, there is no clear evidence that deprescribing

anticholinergics is protective against neurocognitive decline in
PD. Such data will be collected as part of a deprescribing trial for
neuroprotection in PD study (A.W.W.). In addition to demon-
strating an overall benefit of lowering anticholinergic medication
exposure after PD diagnosis, if one exists, the critical time win-
dow for exposure reduction needs to be identified and whether
the negative effects of anticholinergic exposure may sometimes
be irreversible needs to be determined. Further, there may be
class and dose effects of anticholinergic medications that need to
be explored. Producing data on the efficacy of reducing anticho-
linergic medication burden for cognitive decline may not be suf-
ficient, however. PD historically has a large discovery-
implementation gap. For example, significant data support the
use of physiotherapy, deep brain stimulation, and dopaminergic
medications in PD, but population-level studies suggest the use
of these treatments ranges from very low to modest.74,75

Medication discontinuation involves collaboration between
patients and providers. PD individuals often have multiple pro-
viders (ie, primary care physicians, internists, neurologists, psychi-
atrists, urologists, and other specialists), which requires an
interprofessional approach to deprescribing. Although providers
and patients often recognize the importance of reducing harmful
medications, there are numerous provider-patient-level barriers
to actualizing this process.76,77 Some of the most common bar-
riers for providers include lack of awareness of neuropharmacol-
ogy and drug-disease interactions for PD, lack of knowledge and
self-efficacy to implement de-prescribing, and prescribing inertia
related to the fear of unknown consequences of medication
changes or lack of belief in the efficacy of deprescribing.77,78

Provider level barriers can be addressed through training and
subsequent real-world experience.78 Research is needed to
understand how training programs and implementation of medi-
cation risk tools such as the ADS, ACB, and ARS in the clinical
setting will change prescribing of anticholinergic medications to
PD patients.

There is a great unmet need for more treatment options for
non-motor symptoms and dyskinesias in PD. For many, treat-
ment with amantadine or quetiapine is a highly effective means
of controlling dyskinesias or psychosis, resulting in improved
patient function and quality of life, and is more appropriate and
accessible than deep brain stimulation or other psychosis treat-
ments. Even when an anticholinergic medication is necessary,
efforts should be made to use anticholinergic medications that
are less likely to cross the blood–brain barrier and to minimize
the total anticholinergic drug burden.

Conclusion
The difficult question is whether movement disorders neurolo-
gists should strive to deprescribe medications with anticholinergic
properties that they did not prescribe in all PD patients, even
those who are younger and without cognitive impairment. This
would be the most drastic conclusion to draw from recent studies
demonstrating a relationship between medications with
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anticholinergic properties and future dementia risk, both in PD
and non-PD populations. Assuming these findings are accurate,
the impact of deprescribing anticholinergics in PD is perhaps
more significant for 3 specific reasons. First, PD patients have a
significant anticholinergic burden: baseline anticholinergic preva-
lence is 7%–57% in non-PD populations, whereas more than half
of PD patients are prescribed medications with anticholinergic
properties. Second, cholinergic degeneration is common in PD,
on par with Alzheimer’s disease, which may make PD patients
more vulnerable to the negative effects of anticholinergics, both
short-term and long-term. Third, 80% of PD patients will
develop dementia,79 thus it is critical to identify and mitigate
modifiable risk factors of dementia. Many of the recognized con-
tributors to dementia in PD are currently not thought to be
modifiable.80 Robust randomized studies are needed to provide
evidence for deprescribing anticholinergic medications or limit-
ing anticholinergic exposures in PD patients. The risk of using
anticholinergic medications for symptomatic management of PD,
however, will always need to be balanced against their potential
benefit in a range of clinical contexts.
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