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Introduction
Acetylcholine was famously the first discovered 
neurotransmitter.1 It was followed soon after by 
histamine. From the 1920s through to the 1950s, 
drug development was dominated by these two 
transmitters, in part because of demonstrable 
effects on these systems of anticholinergic and 
antihistamine drugs already in use. The discovery 
of the sympathetic hormones, adrenaline and 
noradrenaline, led to medicines active on cat-
echolamine receptors. Enteramine, later called 
serotonin, was discovered in the 1930s, but it 
offered few therapeutic options before the 1970s.

The late 19th-Century discovery that what are 
now known to be anticholinergic drugs were 
effective in Parkinson’s disease supported the 
development of other anticholinergic drugs. This 
led to discoveries that the cholinergic system had 
nicotinic and muscarinic arms, and that in the 
body, the sympathetic system was balanced, in an 
autonomic nervous system, by a parasympathetic 
system in which acetylcholine was the main 

neurotransmitter. Acetylcholine is also the main 
neurotransmitter of the Vagus nerve, a predomi-
nantly sensory component of the autonomic sys-
tem, which regulates heart, gut and most visceral 
systems.

It is now clear that many anticholinergic and anti-
histamine drugs available in the 1950s also had 
actions on the serotonin and noradrenaline sys-
tems, with the antihistamines giving rise to most 
modern antipsychotic and antidepressant drugs 
including the selective serotonin reuptake inhibi-
tors (SSRIs).2

A number of antinicotinic drugs – doxacurium, 
hexamethonium and mecamylamine – are used 
regularly as ganglion-blocking agents to relax or 
paralyse muscles for anaesthesia.3 These medi-
cines are used acutely, are reversible and their use 
has not come under a cloud.

This is not the case with the antimuscarinic effects 
of both primarily anticholinergic and other drugs. 
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Some of these agents, such as pirenzepine, 
remained a mainstay of treatments for gastric 
ulcers through to the 1980s, with others in con-
tinuing use for chronic obstructive pulmonary 
disease, Parkinson’s disease, overactive bladder, 
spasmodic gut disorders, hyperhidrosis and 
hypersalivation.

More generally, however, in the last decade, 
efforts to reduce medication burdens (deprescrib-
ing) have focused on an antimuscarinic burden as 
a target for action.4–9 Reducing medication bur-
dens is one of the most pressing needs of the 
modern era. There are few safe paths through the 
deprescribing maze. Antimuscarinic burden 
appears to many as a safe option, but this approach 
risks running into problems if the anticholinergic 
effects of medicines are not the problem we have 
been led to believe.

This article reviews the origins of the anticholin-
ergic problem, challenges the reputation these 
drugs currently have and points towards future 
therapies. It is necessarily more an opinion piece 
than a systematic review, as while there are many 
articles on this issue, there is little good data 
underpinning many of claims about the problems 
anticholinergic effects pose.

The origins of an anticholinergic problem
The discovery of noradrenaline in the central 
nervous system in 195410 opened up the possibil-
ity of linking catecholamines to behaviour. 
Interest grew rapidly when reserpine, an antihy-
pertensive drug and tranquilizer, was demon-
strated in 1955 to deplete noradrenaline, 
serotonin and later dopamine.11,12

These findings and the demonstration in 1961 of 
a noradrenaline reuptake mechanism on which 
tricyclic antidepressants (TCAs) worked, allied to 
which was evidence that monoamine oxidase 
inhibitors prevented the breakdown of catechola-
mines, laid the basis in 1965 for the catechola-
mine hypothesis of depression, according to 
which mood disorders stemmed from a depletion 
of noradrenaline and treatment involved a resto-
ration of appropriate noradrenaline levels.13 The 
catecholamine hypothesis remained the dominant 
hypothesis for two decades, and only lost ground 
in both the academic and public imagination with 
the emergence of the SSRIs.

This catecholamine hypothesis followed on the 
heels of a demonstration that dopamine was 
depleted in Parkinson’s disease. Combined these 
findings suggested that neurological and psychi-
atric disorders might be inborn errors of metabo-
lism or at least single neurotransmitter disorders.14 
This view was superseded around 1970 as the 
focus shifted to adrenergic receptors.2

The main group of antidepressants in the 1960s 
were the TCAs. It is now known that these inhibit 
noradrenaline and serotonin reuptake, in addition 
to being anticholinergic, and having various other 
actions on histamine, catecholamine and seroto-
nin systems. The catecholamine hypothesis called 
for pure catecholamine reuptake inhibitors, freed 
from any ancillary actions such as their anticho-
linergic or serotonergic effects. Pure drugs, it was 
implied, would be more effective and free of side 
effects.

Against this backdrop, the anticholinergic actions 
of the TCAs were painted as causing urinary 
retention, constipation, blurred vision, a dry 
mouth, tachycardia, falls, confusion and other 
problems. There was little appreciation at the time 
that an anticholinergic effect might be a therapeu-
tic principle in its own right, offering benefits in 
mood disorders and other conditions.2

By the 1990s, the idea that anticholinergic drugs 
are good for nothing becomes clear in proposals 
that SSRIs only appear to work in clinical trials 
because they cause side effects, which alert 
patients to the fact they are on an active drug pro-
ducing a placebo effect. The way suggested to 
eliminate this methodological issue was to com-
pare SSRIs with active placebos. The anticholin-
ergic group of drugs were proffered as the ideal 
active placebo – a set of drugs that only cause side 
effects without any known benefit.15

Another factor was that the catecholamine 
hypothesis of depression and dopamine hypothe-
sis of schizophrenia put a premium on viewing the 
major psychiatric syndromes as single neurotrans-
mitter disorders. Mood disorders were linked to 
catecholamines, psychosis to dopamine and anxi-
ety to serotonin. This left dementia to acetylcho-
line. There was a plausible basis to link 
acetylcholine and dementia given evidence that 
atropine and scopolamine (hyoscine) can cause 
memory problems.16
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The proposed link between cholinergic systems 
and cognitive function is also reflected in the 
Beers criteria, from 1991, which defined anticho-
linergic burden as the single biggest iatrogenic 
problem in the treatment of the elderly.17 Most 
subsequent efforts to promote deprescribing have 
adopted the Beers criteria and aimed at reducing 
a patient’s anticholinergic burden.

In addition, companies bringing new drugs on the 
market, such as the SSRIs, have pointed to their 
freedom of anticholinergic effects as a benefit. 
This attribution is not limited to antidepressants. 
For example, a recent review of anticholinergic 
drugs, such oxybutynin, used for overactive blad-
der disorders states that in some older patients, 
these can lead in short order to dementia, and 
therefore new drugs, such as mirabegron, should 
be used.18 Other reviews have taken a similar 
position without providing clear evidence that the 
anticholinergic effects are more problematic than 
dopaminergic, serotonergic or gaba-ergic effects.19

In the 1980s, tardive dyskinesia (TD) was one of 
the most serious problems that psychotropic drugs 
caused. This was linked to the antipsychotic drugs, 
which have a primary action on dopamine sys-
tems. Rather than attribute TD to actions on the 
dopamine system, there was a move to blame 
anticholinergic drugs and limit their use.20

As a result, there are comparatively few primar-
ily antimuscarinic drugs in use today. The 
anticholinergic burden people supposedly suf-
fer from now stems from a combination of 
drugs that have some antimuscarinic effects, 
such as antidepressants and antipsychotics, 
rather than exposure to medicines optimized 
for anticholinergic effects. As many drugs have 
some anticholinergic effects, an anticholinergic 
burden may equate to a medication burden, 
with other actions of these drugs in fact causing 
the problems attributed to anticholinergic 
actions.

Problems with the anticholinergic problem
There are a number of problems with blaming the 
anticholinergic actions of current medications for 
all the problems it is claimed they cause.

Even before the catecholamine hypothesis, imi-
pramine, the first tricyclic antidepressant, was 
being used to manage nocturnal enuresis in chil-
dren. With the formulation of the catecholamine 

hypothesis, this benefit was attributed to imipra-
mine’s antimuscarinic action.

Had an antimuscarinic effect been the primary 
mechanism of action underpinning a benefit for 
enuresis, it would have made more sense to use a 
primarily anticholinergic drug, but these are not 
as effective as imipramine. It later became clear 
that catecholamine reuptake inhibitors with mini-
mal or no actions on the cholinergic system, such 
as reboxetine, and duloxetine, more potently trig-
ger urinary retention than primarily antimus-
carinic drugs. Drugs active on the catecholamine 
system, without any cholinergic effects, are now 
among the most commonly used medicines in the 
management of urinary flow issues.

Duloxetine, a noradrenaline and serotonin reup-
take inhibitor is licensed for bladder stabilization 
in Europe. The conditions it treats are more often 
called interstitial cystitis than neurogenic bladder, 
for which anticholinergic agents were supposedly 
indicated. Interstitial cystitis and related painful 
conditions can be both caused by serotonin reup-
take inhibitors and eased by these same drugs in a 
manner similar to the effects of these drugs on 
pain syndromes linked to peripheral neuropathy. 
There is growing evidence that some antimus-
carinic drugs may promote peripheral nerve 
regeneration, as outlined below. This holds out 
the prospect that an antimuscarinic drug may yet 
be one of the better treatments for some of these 
urogenital states.

The overactive bladder treatment review cited 
above,18 cautioning against the use of drugs with 
anticholinergic effects, has all the hallmarks of 
marketing efforts to replace an older successful 
drug with a new drug, mirabegron in this case.21 
The Australian regulator has stated that mirabe-
gron, a beta-3 agonist, has little to recommend 
it.22 But more to the point, the suggestion in the 
review that mirabegron should be used because a 
drug with anticholinergic effects might lead to 
dementia after a relatively brief exposure makes 
little sense. Almost any drug can lead to confu-
sion in older individuals, as can urinary tract 
infections. The evidence an anticholinergic drug 
is more likely to do this than an SSRI, an antibi-
otic, or a steroid, is weak.

As regards constipation, many antidepressants 
and antipsychotics with distinct catecholamine 
effects and minimal antimuscarinic effects such as 
mirtazapine cause constipation in a way that pure 
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anticholinergic drugs do not.23 The American 
duloxetine product label states: the most com-
monly observed adverse reactions in Cymbalta-
treated patients were nausea, dry mouth, 
somnolence, fatigue, constipation, decreased 
appetite and hyperhidrosis.24

The anticholinergic effects of many drugs have 
been blamed for falls, which again seems counter-
intuitive in that these drugs are more likely to 
increase heart rates and raise blood pressure than 
to drop it. The catecholamine effects of many 
drugs that cause falls are more likely to cause 
these falls through sedative effects and an action 
on adrenergic receptors to cause orthostatic hypo-
tension, than any anticholinergic properties are to 
cause falls.

Implicating anticholinergic drugs in TD20 also 
runs into problems in that the antipsychotics least 
likely to cause tardive dyskinesia, clozapine, thior-
idazine, quetiapine and olanzapine have the clear-
est antimuscarinic effects. There is no evidence 
primary anticholinergic agents, such as benztro-
pine or procyclidine, cause TD, other than in the 
past perhaps by making megadoses of antipsy-
chotics more tolerable.

As regards, any cognitive effects of current drugs 
with minimal or no anticholinergic actions being 
attributed, nevertheless, to their anticholinergic 
effects, one of the better examples of this comes 
from a Food and Drug Administration (FDA) 
review of an application to license brexpiprazole 
for agitation linked to Alzheimer’s dementia,25 in 
which the review states:

Safety findings from studies evaluating . . . 
citalopram, escitalopram, sertraline for BPSD 
symptoms have reported adverse events (AEs) 
consistent with their use in elderly patients including 
worsening cognitive function and anticholinergic 
effects and an increased incidence of gastrointestinal 
symptoms and QT prolongation.26,27

Consulting the references cited, the only side 
effects listed are cognitive, gastric, QT prolonga-
tion and falls. The cognitive effects in these trials 
did not stem from an anticholinergic action. It is 
unlikely that the falls did. And citalopram and esci-
talopram in particular come with warnings for QT 
prolongation where antimuscarinic agents do not.

In addition, although largely marketing copy, 
when the atypical antipsychotics were being 

promoted, these treatments that have marked 
antimuscarinic properties were sold as better for 
patients’ cognitive state than other antipsychot-
ics.28 Beyond the marketing copy, as antimus-
carinic agents are effective antiparkinsonian 
treatments, they can be expected to improve cog-
nitive function in many patients with this condi-
tion or drug-induced states, if only by reversing 
cognitive slowing.

The idea that the cholinergic system underpins 
dementia has also not worked out.29 While a gen-
eration of cholinomimetic drugs from tacrine to 
donepezil have demonstrable benefits on activi-
ties of daily living scales in dementia, these are 
minor effects, differing little from the effects of 
nicotine, and not linked to any change in the 
course of any dementia.

Marked anticholinergic overload, as in henbane 
consumption, is linked to confusion, but delirium 
differs from dementia and relatively minor doses 
of steroids can equally cause delirium.30

It is also easier to demonstrate substantial epi-
sodic memory and other cognitive problems on 
benzodiazepines than on anticholinergic drugs, 
and these drugs are also recognized as causing 
delirium in the elderly in clinical doses.31

Significant delirium also arises with dopaminergic 
drugs, in the form of neuroleptic malignant syn-
drome,32 and with the serotonin syndrome linked 
to SSRIs and related drugs.33

As regards vision, antimuscarinics do dilate pupils 
and impair accommodation. These effects are 
immediate, useful and reversible. In contrast, 
SSRIs, devoid of anticholinergic effects, cause 
marked visual effects such as visual snow and 
night blindness, which often get worse on with-
drawal and do not remit when treatment stops.34

On other domains such as sexual function, the 
significant problems that antidepressants trigger 
stem primarily from their serotonergic and cat-
echolaminergic effects rather than any cholinergic 
effect.35 Drugs active on the cholinergic system 
have for the most part beneficial effects on sexual 
function.

In terms of these problems at least, the conven-
tional story about the anticholinergic drugs 
appears overplayed. There are adverse effects, but 
little evidence that these effects are more serious 
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than effects mediated through the serotonin, cat-
echolamine or other systems. But in addition, we 
have lost sight of some beneficial effects of an 
anticholinergic action on mood, for instance.36,37

Older anticholinergic benefits
Trials of atropine in melancholia (severe depres-
sion) and other anticholinergic drugs in depres-
sion38 have pointed to a benefit where SSRIs are 
close to completely ineffective in melancholia.39,40 
This is consistent with the experience of patients. 
When anticholinergic drugs were more regularly 
used, patients would often prefer to continue with 
these drugs, which they found more tranquilizing 
than the antipsychotics or other medication they 
may be on. This is true also of patients using these 
drugs for Parkinson’s disease and hyperhidrosis.41

Similarly, clinical trials have repeatedly demon-
strated that the TCAs are more effective antide-
pressants than the SSRIs.42,43 Rather than being 
pure drugs, the TCAs combine therapeutic prin-
ciples, one of which is an anticholinergic action, 
which in line with the point about euphoria above 
has at least as clear a potential to help patients as 
any vigilance-enhancing action mediated through 
the catecholamine system or serenic effect medi-
ated through the serotonin system.37

Finally, while there can be a rebound syndrome 
linked to stopping anticholinergic drugs, this is 
thought to last ordinarily a matter of 48 h or so, 
similar to the rebound linked to stopping beta-
blockers.44 This rebound syndrome is less prob-
lematic clinically than the dependence linked to 
antidepressants, which is a greater hurdle to 
efforts to reduce medication burdens.

These older studies reveal that before the cat-
echolamine hypothesis, the idea that an antimus-
carinic agent might have an antidepressant effect 
did not appear unreasonable. More recent studies 
indicate that the antidepressant bupropion has an 
antinicotinic effect.45 In addition, an older drug, 
dextromethorphan, has recently attracted interest 
as a possible antidepressant,46 and it has both 
antinicotinic and antimuscarinic effects.47

Newer anticholinergic benefits
Recent research points to possible benefits of 
antimuscarinic agents in the treatment of multi-
ple sclerosis (MS). In 2012, a Scripps Institute 
study indicated benztropine could stimulate 

remyelination of nerve fibres.48,49 The view at that 
time appeared to be that there might be some 
other underlying effect, which if discovered might 
permit the company to bring this new therapeutic 
principle on the market at a profitable price, but 
its antimuscarinic effect now looks key.

Since then, the antimuscarinic agent, clemastine, 
has been identified as a remyelinating drug in 
MS.50,51 Clemastine is currently being tested in 
several phase II clinical trials in persons with 
relapsing-remitting MS.52 Convincing evidence 
has also emerged that pirenzepine, a quaternary 
amine anticholinergic agent, that does not cross 
the blood–brain barrier can stimulate regrowth of 
peripheral small nerve fibres in animals.53–55

Phase II clinical studies using a topical formula-
tion of pirenzepine are under way in mild-to-
moderate neuropathy and type 2 diabetes.56 
Studies have also begun in patients suffering from 
chemotherapy-induced peripheral neuropathy.57

It is not yet clear how these benefits arise. It might 
be through an enhancement of angiogenesis and 
blood flow to deprived areas with nerve fibres fol-
lowing blood vessels. Another angle is that anti-
muscarinic agents can reverse mitochondrial 
problems in nerve fibres, which caused them to 
atrophy in the first instance.

To date, most other psychotropic drugs appear to 
cause nerve fibre damage. The antipsychotic 
group of drugs is linked to a loss of brain cells on 
brain scans58 and linked to tardive dyskinesia and 
other tardive neurological syndromes arising dur-
ing ongoing treatment or attempted withdrawal 
from treatment59 and more generally linked to a 
loss of two decades of life expectancy when used 
chronically.60

The antidepressant, anticonvulsant and benzodi-
azepine group of drugs are used in the manage-
ment of pain syndromes linked to peripheral 
neuropathies, but some evidence suggests the 
benefit they confer may stem from further dam-
age to peripheral nerve endings61 rather than a 
conventional analgesic effect.

The regenerative effects of antimuscarinic agents 
on peripheral nerves, especially on small fibres, 
may also be of benefit for the protracted with-
drawal syndromes linked to antidepressants and 
antipsychotics that happen for some people, pos-
sibly with a pre-existent vulnerability. Post-SSRI 
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sexual dysfunction (PSSD) offers one example of 
this,35 and there are also enduring visual effects 
after withdrawal.34

Discussion
The idea of a Magic Bullet that corrects a known 
chemical abnormality, without collateral damage, 
is the dominant therapeutic metaphor of our era. 
This is the case perhaps most obviously, and sur-
prisingly, for the effects of drugs on behaviour. At 
present, antimuscarinic agents or the antimus-
carinic effects of other drugs come close to being 
a polar opposite, a Maleficent Bullet, something 
that can only harm.

There are, however, few Magic Bullets, especially 
when it comes to behaviour. Most remedies offer a 
therapeutic principle that has been optimized, such 
as the anxiolytic effect of SSRIs, vigilance-enhanc-
ing effect of noradrenaline reuptake inhibitors, or 
tranquilizing effect of antipsychotics. This thera-
peutic principle can be helpful across a number of 
different syndromes. It will also suit some but not all 
patients. SSRIs are, for instance, the first-line treat-
ment for obsessive-compulsive disorder (OCD). 
But their anxiolytic effect does not work for or suit 
all patients. Nicotine works for some patients intol-
erant of this effect.62,63 The idea of a therapeutic 
principle led Arvid Carlsson to create the first SSRI, 
for its anxiolytic effect. It also led him to note the 
benefits of nicotine for some people with OCD.62

Patients, clinicians or others consulting Wikipedia 
to find out more about diphenhydramine, a com-
monly used antihistamine, from which more 
selective monoamine reuptake inhibitors have 
come than from any other stem molecule, will 
find that it also has anticholinergic properties. 
These supposedly make it a deliriant.64 This is 
stated without any qualification in terms of dose.

If they check the University of North Carolina 
Eshelman School of Pharmacy guides for pre-
venting falls in the elderly, they will find guidance 
to avoid antispasmodics because of their high 
degree of anticholinergic effects.65 The gut anti-
spasmodics listed do not cross the blood–brain 
barrier. Other drugs listed as skeletal muscle 
relaxants, contain a mixed bag of older drugs that 
undoubtedly cause problems but not because 
they are anticholinergic.

A sedative-hypnotic group is listed as causing falls 
because of their highly anticholinergic properties, 

but six of the eight drugs in the group are barbitu-
rates and the other two are antihistamines.

Even FDA echoes these claims.25 There may not 
be a single deprescribing guideline that does not 
stress that the single most important task is to 
reduce an anticholinergic burden.

Citing an anticholinergic effect apparently takes 
care of all harms with no requirement for those 
making the claim to point to any dose at which 
problems might appear, and no evidence that it is 
the anticholinergic rather than another effect of 
the drug that is causing the problem. Even the 
falls, dizziness and sedation lithium causes are 
linked to an anticholinergic effect without any 
evidence it acts on the cholinergic system.

One input to this state of affairs has likely come 
from marketing copy. Recently Ang, Horowitz 
and Moncrieff noted that although there was little 
evidence of lowered serotonin or a chemical 
imbalance in depression, the most cited articles in 
major journals on this topic mentioned the known 
lowering of serotonin in depression.66 In review-
ing this article, I pointed out that a likely explana-
tion was that the most cited articles were written 
by medical writers. Medical writers are adept at 
including tropes like a known chemical imbal-
ance, and citing other articles that appear to be by 
other authors, but in fact the same writer or a col-
league has written.

Regular citation by medical writers may have 
reinforced the idea of deleterious anticholinergic 
effects in a similar way. In the case of anticholin-
ergic effects, these company articles are now sup-
plemented by a growing literature on 
deprescribing, which although anything but 
ghostwritten cannot easily gainsay a literature 
that appears in some of the very best journals.

We can now recognize at least five muscarinic 
receptors.67 It seems unlikely that actions on all of 
these receptors will be problematic. Muscarinic 
system pharmacology is developing rapidly with 
an emphasis on both allosteric and orthosteric 
modulation, with efforts to find the appropriate 
balance between them.68,69 There is growing hope 
that these actions, that are very different to those 
of paroxetine and other potent and selective 
agents, will ground beneficial effects particularly 
on neural systems. If these drugs reverse neurode-
generative linked mitochondrial pathology, they 
may open a door to even more benefits.70
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Extending the early research on the use of anti-
muscarinic drugs in peripheral neuropathy to 
SSRI withdrawal syndromes more generally, if 
shown to be of benefit, may revolutionize the 
way we see both anticholinergic drugs and other 
drugs in common use. If an anticholinergic drug, 
like pirenzepine, that does not cross the blood–
brain barrier makes a difference to PSSD, which 
is viewed as a brain disorder, primarily because 
of its link to a drug labelled an ‘antidepressant’, 
this could transform the way we understand 
ourselves.
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