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Psychosis in Alzheimer’s disease is common and troublesome. The impact on 
the quality of life of both patients and caregivers is high and drug treatments 
raise concern in terms of both efficacy and safety. Therefore, identifying the 
risk factors that play an important role in the onset of psychosis is mandatory 
for the prevention of this clinical condition. From a biological point of view, 
drugs with anticholinergic properties are a reasonable cause of psychosis. 
Demented patients have been found to use a disproportionate amount of 
drugs with anticholinergic properties. On the other hand, new evidence 
suggests that the cholinergic system may be implicated not only with the 
onset of cognitive impairment, but even in the genesis of psychosis symptoms. 
This review focuses on biological and clinical data which suggest that anti-
cholinergic drugs should be regarded as a potential risk factor for psychosis in 
Alzheimer’s disease.
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Psychosis is common and troublesome in Alzheimer’s disease (AD), as it has a 
major impact on the quality of life of patients and caregivers [1].

Up to 41% of patients affected by AD will experience, during the course of the 
disease, delusions, hallucinations or both [2]. The onset of psychosis exacerbates 
the patient’s suffering and the caregivers’ burden [3,4]. Furthermore, it predicts a 
greater functional decline and an increase of the institutionalisation rate [5-7]. On 
the other hand, drug therapy does not seem to be adequate in the management 
of psychosis. Therapy is based on typical and atypical antipsychotic drugs whose 
efficacy is questionable and whose side effects raise serious concern, particularly in 
relation to cardiovascular safety [8]. Therefore, identifying the risk factors that 
induce psychosis, and in particular the avoidable ones, is a key point in preventing 
this clinical state.

Several reasons exist to support the supposition that drugs with anticholinergic 
properties may be a potentially modifiable risk factor for psychosis in AD. 
Demented patients are known to be very sensitive to anticholinergic side effects [9] 
and > 600 drugs have anticholinergic properties (see Table 1) [10]. The amount of 
anticholinergic drug intake is very high in elderly people and even higher in those 
who are affected by AD [11]. It should be noted that 14 of the 25 drugs most 
commonly prescribed for the elderly have a detectable anticholinergic effect [12]. 
In the US, Blazer et al. [13] found that 60% of nursing home residents and 23% of 
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elderly ambulatory patients received at least one anticholinergic 
drug. In an Italian study, it emerged that almost 20% of a 
community-dwelling sample of subject aged 65 or older 
were taking one or more anticholinergic drugs and the 
intake increased with age, ranging from 13 to 27% among 
different age groups [14].

In AD patients, the cholinergic deficit has been mainly 
associated with cognitive impairment [15] and the studies on 
the anticholinergic drugs side effects were performed mostly 
on cognition [14,16-19], delirium [20,21] and functional sta-
tus [19,22]. However, there is some evidence that, in AD, the 
cholinergic deficit may be linked to psychotic symptoms as 
well [23,24] and recent studies suggest that anticholinergic 
drugs may be linked to the onset of psychosis in demented 
patients [25].

Therefore, this review discusses the biological basis and the 
clinical evidence that puts forward anticholinergic drugs as 
being a potential risk factor for psychosis in AD patients.

The cholinergic system is one of the most important neuro-
modulatory neurotransmitter systems in the brain [26-28]. All 
the areas of the human cortex and the thalamus receive 
dense cholinergic input. The origin of this projection is 
mainly located in the basal forebrain nuclei and in the 
peduncolopontine nucleus [26]. Two types of acetylcholine 
(ACh) receptors exist: nicotinic ACh receptors that are 
non-selective cation channels [29] and muscarinic receptors 
that are metabotropic and use G protein for signal transduc-
tion and include five subtypes termed M1 – M5 [30]. 
Muscarinic and nicotinic receptors are widely distributed in 
the CNS within which the cholinergic system influences 
nearly all aspects of cognitive function, especially the 
domains of attention, information processing, memory and 
learning [26].

AD is a complex neurodegenerative disease with a variety 
of neurotransmitter deficits that involve the serotoninergic, 
noradrenergic and cholinergic systems [31]. The cholinergic 
deficit is well documented in AD and a reduction in choline 
acetyltransferase in the hippocampus and the temporal cortex 
and a degeneration of the cholinergic neurons in the basal 
nucleus have been demonstrated in several studies [31,32]. The 
cholinergic modifications found in AD also involve cholin-
ergic receptors. M1 muscarinic receptors have been found to 
have an impaired coupling to G proteins [33] and presinaptic 
M2 muscarinc receptors have been found to be decreased [31]. 
Nicotinic receptors are also decreased in AD [31].

Owing to cholinergic impairment, AD patients are par-
ticularly sensitive to anticholinergic drugs. Sunderland et al. 
reported that CNS functions such as cognition and behav-
iour are more sensitive to cholinergic blockade in patients 
affected by AD than in normal age-matched controls [9]. To 
note, the cholinergic deficit in AD has been mainly linked to 

cognitive impairment [15]. However, new evidence suggests 
that cholinergic deficit may play a role in the onset of behav-
ioural and psychological symptoms. Therefore, cholinergic 
deficit may be implicated in making AD patients more vul-
nerable than normal aged-matched subjects both to 
anticholinergic induced cognitive impairment and psychosis.

In 1996, Cummings and Kaufer [34] revisited the cholin-
ergic hypothesis suggesting that cholinergic deficit may be 
involved in the genesis of behavioural and psychological 
symptoms in AD. The authors highlighted that several pharmaco-
logical, biochemical and structural observations may implicate 
cholinergic deficiency in the onset of psychosis.

In AD patients, metabolic and perfusion imaging studies 
by positron emission tomography and single photon emis-
sion computed tomography suggest that psychosis correlates 
with metabolic and perfusion abnormalities in the frontal 
and temporal cortex, where cholinergic deficit is more 
marked [34] and with an increased muscarinic M2 receptor 
binding in the same cortical areas [35]. In dementia with 
Lewy body, a degenerative dementia with Parkinsonism, the 
onset of visual hallucination has been related to the severity 
of the cholinergic deficit which is especially pronounced in 
the parietal and temporal cortices [26]. In another study, the 
changes in dementia with Lewy body associated with 
psychosis consisted of lowered choline acetyl transferase 
activity and increased M2 and M4 muscarinic receptor 
binding [36].

Delusions occur in the anticholinergic delirium induced by 
drugs, and thought disorders have been reported to increase 
with scopolamine, a cholinergic antagonist [34]. The ingestion 
of muscarinic receptor antagonists, such as scopolamine or 
atropine, may produce visual hallucination of people and ani-
mals [26]. Similarly, visual hallucination may be referred to the 
intake of antidepressant drugs with anticholinergic proper-
ties [24]. On the other hand, drugs with cholinergic properties 
such as cholinesterase inhibitors decrease the occurrence of 
hallucinations and delusions in AD patients [37-39].

Cholinergic deficit may play a role in inducing psychosis 
in disorders other than AD. It has been suggested that an 
impaired cholinergic transmission could be associated with 
the onset of psychotic symptoms in traumatic brain injury 
and in schizophrenia [40,41]. In schizophrenia, the cholinergic 
impairment produces a fading in the sensory gating – the 
brain’s ability to inhibit repetitive and irrelevant incoming 
sensory stimuli – that may lead to the genesis of psychosis [41]. 
From this point of view, even for AD patients, delusions and 
hallucinations may be considered in the frame of a central 
cholinergic deficiency syndrome, the core feature of which 
consists of an impairment of the fundamental cognitive func-
tions devoted to detect, select, discriminate and process sen-
sory inputs [27]. A sensory gating deficit was recently shown in 
AD patients, but no correlation was found between the sen-
sory gating deficit and the cholinergic transmission, or between 
the sensory gating deficit and the occurrence of psychosis [42]. 
The involvement of the sensory gating is still an open issue, 
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but the cholinergic deficit, especially in the frontal and tem-
poral cortices, strongly seems to have a role in predisposing 
demented patients to develop psychosis [26,34,35].

Muscarinic rather than nicotinic receptors seem to be 
involved in the onset of psychosis particularly in AD. As we 
stated above, muscarinic-receptor antagonist, such as scopol-
amine or atropine, are known to induce visual hallucina-
tions [26]. In AD patients with psychotic symptoms, an M2 
muscarinic receptor’s upregulation and a non-M2 muscar-
inic receptor’s loss in the orbito-frontal cortex have been 
found [35,43]. On the other hand, xanomeline, a muscarinic 
M1/M4 receptor agonist, has been shown to reduce 
psychosis-like symptoms in rodents and primates [44,45] as 
well as psychosis in AD and schizophrenia affected 
patients [46,47]. These data strongly suggest that muscarinic 
receptors may be involved in the onset of psychosis and that 
anticholinergic drugs may induce psychosis in AD patients 
acting as muscarinic antagonists.

To our knowledge, very few systematic clinical studies 
assessed the relationship between the intake of anticholinergic 
drugs and psychosis.

A few cases have been described concerning oxybutynin 
induced psychosis in both aged [48] and young [49] patients, 
but no formal clinical study has been performed to assess 
this issue. In 2004, Cancelli et al. [24] reviewed literature to 
ascertain the incidence of visual hallucination in patients 
who were being treated with antidepressant drugs. The 
authors suggested that the visual hallucination were facili-
tated by a decreased cholinergic:serotoninergic ratio. Accord-
ing to this hypothesis, the pathogenesis underlying 
antidepressant induced visual hallucination is related to cho-
linergic hypoactivity and serotoninergic hyperactivity. How-
ever, this conclusion was based only on a retrospective 
analysis of single case reports and a few case series [24].

More convincing evidence comes from a study that was 
performed in AD patients to evaluate the relationship 
between anticholinergic intake and psychosis [25]. It was a 
systematic study with a cross-sectional design. The study 
sample included 230 ambulatory out-patients with probable 
AD according to the NINCDS-ADRDA diagnostic criteria. 
The patients were sorted out into anticholinergic drugs users 
and non-anticholinergic drugs users. Occurrence of behav-
ioural symptoms was measured by the Neuropsychiatric 
Inventory (NPI) [50] and diagnosis of psychosis was made 
according to the criteria proposed by Jeste and Finkel [51]. 
The use of anticholinergic drugs significantly predicted the 
occurrence of psychosis and the percentage of patients expe-
riencing psychosis increased along with the number of anti-
cholinergic drugs taken, which suggests a dose-related effect. 
The result remained statistically significant even after it was 
adjusted for the following confounding variables: age, sex, 
educational level, MMSE score, disease period of dementia, 
number of non anticholinergic drugs and use of ACh-i.

Further evidence came from a study which assessed the 
correlates of anticholinergic activity in patients with demen-
tia and psychosis who were treated with either olanzapine or 
risperidone [52]. This was a 6 week double-blind clinical trial 
in which 86 patients with probable AD, vascular dementia 
or mixed aetiology dementia were randomly assigned to 
olanzapine or risperidone therapy. At the end of the 
follow-up period, olanzapine was associated with a signifi-
cant increase in serum anticholinergic activity as measured 
by radioimmunossay, while risperidone was not. Instead, 
there was no between-treatment difference in psychosis, as 
measured by NPI. However, the patients with a higher serum 
anticholinergic activity had higher scores in NPI items 
concerning delusion, regardless of the drug they were randomised 
to. The authors suggested that this discrepancy might be 
explained by the fact that, at low doses of olanzapine (the study 
dosage of olanzapine was between 2.5 and 10 mg/day), the 
increase in serum anticholinergic activity is not enough to 
contrast the antipsychotic effect. Instead, higher doses of 
olanzapine (i.e., 15 mg/day) may produce a dose-dependent 
increase of serum anticholinergic activity that lessens the 
antipsychotic effect.

AD patients are frequently treated with anticholinergic drugs 
whose intake should be regarded as a potential risk factor 
not only for cognitive deterioration but for psychosis onset 
as well. However, further studies are required to confirm 
such hypothesis.

Anticholinergic drugs are likely to be a potential risk factor 
for the onset of psychosis in AD patients [26] and recent 
studies seem to strengthen such an hypothesis [25,52]. 
However, no definitive conclusions can be drawn at this 
point. Prospective studies are lacking, and so are randomised 
clinical trials. Upcoming randomised trials concerning anti-
cholinergic drugs in elderly/demented patients should take 
into account not only the detrimental effects on cognition, 
but also psychotic symptoms. Moreover, to our knowledge 
no complete and updated list of anticholinergic drugs is 
available. It has to be mentioned that the list we report  
in Table 1 is for the most part a combination of previously 
published lists with a certain degree of disagreement among 
them. Obtaining a consensus on a complete and updated 
list of anticholinergic drugs would be the first step to be 
made for clinical and research purposes.

Nevertheless, physicians should be aware of the anticholin-
ergic properties of many drugs frequently prescribed in 
demented patients. Anticholinergic drugs should be avoided or, 
at least, should be replaced with drugs which have a reduced 
amount of anticholinergic properties. The use of several drugs 
increases the probability of psychosis. A combination of drugs 
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may cause anticholinergic side effects even in a setting in which 
a single anticholinergic drug may not.

We recall that several antipsychotic drugs have strong 
anticholinergic properties (Table 1). Such drugs may have 
detrimental effects not only on cognition but also on the 
psychosis they were prescribed for. Failure to identify psy-
chosis as an anticholinergic side effect may lead physicians 
to increase the dosage or to use other drugs to treat symp-
toms, rather than stop or change the anticholinergic drugs. 
Vice versa, there is a growing interest in drugs that act as 
cholinergic muscarinic receptor agonists. These drugs are 
considered to be novel therapeutic agents for the treatment 
of psychosis in AD. Further studies are needed, but emerg-
ing evidence suggests that cholinergic muscarinic receptors 
may be considered as a drug target that may provide a novel 
approach to the treatment of psychosis in AD, schizophrenia 
and other neurodegenerative disorders [47]. Indeed, an excit-
ing theory suggests that a specific neurotransmitter imbal-
ance rather than isolate dopamine excess may be at the base 
of psychosis. According to this hypothesis, an impairment of 
the muscarinic cholinergic system induces an abnormal 
facilitation of monoaminergic subsystems such as dopamine 
and consequently may provoke psychosis [53].

It is well known that anticholinergic drugs may induce 
central atropinic side effects such as delirium and that hal-
lucinations and delusions may occur during delirium [54]. 
However, in this paper, we consider psychosis of AD as a 
distinct syndrome: this syndrome has been characterised by 
Jeste and Finkel [51], and is probably related to the cholin-
ergic deficit known to be present in AD patients [34]. It is in 
this perspective that we suggest that anticholinergic drugs 
intake may facilitate AD related psychosis by further impairing 
the cholinergic system. We are aware that AD patients may 

develop psychosis regardless of anticholinergic drugs intake 
and that it may be problematic to discriminate whether a 
psychosis has been precipitated by an anticholinergic drug 
or not. Still, we believe that avoiding anticholinergic drugs 
should be the first therapeutic option, before considering 
the possibility of adding an antipsychotic drug.

A last consideration should be made. The potential link 
between anticholinergic drugs and psychosis in AD should 
be considered in the frame of the more wide and complex 
issue of polypharmacy in elderly subjects. The prevention of 
drug-related problems is a key issue in the elderly as aging is 
characterised by an increased likelihood of illness and by a 
disproportionate amount of self-administered or prescribed 
medications [55]. Physicians should be conscious that psy-
chosis is just one of the several side effects that polyphar-
macy and inappropriate medication use may induce in frail 
elderly subjects [55]. Indeed, many of the anticholinergic 
drugs we reported in Table 1 are included in the Beer’s list 
for potentially inappropriate medication in older adults, 
even if psychosis is not specifically pointed out as a potential 
concern related to the intake of anticholinergic drugs [55].

Toxic effect of medication may have profound medical 
and safety consequences for older adults. It has been recently 
shown that demented patients frequently take Revised Beer’s 
Criteria medications and that a reduction of inappropriate 
drugs intake may result in a functional improvement [56].

A careful and systematic review of all the prescribed drugs 
is mandatory when demented patients are approached.

The authors state no conflicts of interest and have received 
no payment in preparation of this manuscript.
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