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Abstract

Psychosis is a common and distressing symptom in people with Alzheimer disease, and few 

safe and effective treatments are available. However, new approaches to symptom assessment 

and treatment are beginning to drive the field forward. New nosological perspectives have been 

provided by incorporating the emergence of psychotic symptoms in older adults — even in 

advance of dementia — into epidemiological and neurobiological frameworks as well as into 

diagnostic and research criteria such as the International Psychogeriatric Association criteria 

for psychosis in neurocognitive disorders, the Alzheimer’s Association International Society to 

Advance Alzheimer’s Research and Treatment (ISTAART) research criteria for psychosis in 

neurodegenerative disease, and the ISTAART criteria for mild behavioural impairment. Here, 

we highlight the latest findings in genomics, neuroimaging and neurobiology that are informing 

approaches to drug discovery and repurposing. Current pharmacological and non-pharmacological 

treatment options are discussed, with a focus on safety and precision medicine. We also explore 

trial data for pimavanserin, a novel agent that shows promise for the treatment of psychosis in 

people with dementia, and discuss existing agents that might be useful but need further exploration 

such as escitalopram, lithium, cholinesterase inhibitors and vitamin D. Although the assessment 

✉ c.ballard@exeter.ac.uk .
7These authors contributed equally: Zahinoor Ismail, Byron Creese.
Author contributions
The authors contributed equally to all aspects of the article.

HHS Public Access
Author manuscript
Nat Rev Neurol. Author manuscript; available in PMC 2023 March 01.

Published in final edited form as:
Nat Rev Neurol. 2022 March ; 18(3): 131–144. doi:10.1038/s41582-021-00597-3.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and management of psychosis in people with dementia remain challenging, new opportunities are 

providing direction and hope to the field.

Neuropsychiatric symptoms (NPS) are almost ubiquitous in people with dementia, with 

prevalence estimates as high as 97%1. These non-cognitive symptoms are distressing 

not only for people with Alzheimer disease (AD) or other dementias but also for 

their caregivers, and are associated with poor outcomes in terms of function, quality 

of life, disease course, mortality and economic cost2,3. Also known as behavioural 

and psychological symptoms of dementia (BPSD), these NPS include impairments in 

motivation, interest, social behaviour and awareness, mood disorders, anxiety, agitation, 

impulsivity, and hallucinations and delusions, all of which often require clinical intervention. 

However, reliable and safe treatments for NPS have remained elusive4–6.

Psychotic symptoms, which consist of hallucinations and delusions, are among the most 

clinically relevant NPS, and are associated with hospitalization or institutionalization, 

cognitive and functional impairment, accelerated cognitive decline and mortality, as well 

as caregiver distress7–12. A systematic review reported psychosis in 41% of people with 

AD13. In this sample, 23% of participants had delusions only, 5% had hallucinations only, 

and 13% had both delusions and hallucinations.

In this Review, we describe the main features of psychosis in AD and other dementias and 

their associations with disease stage and severity. We also consider how recent insights into 

the mechanisms underlying AD-related psychosis are informing new treatment approaches.

Psychosis and cognitive decline

Links to disease stage and severity

Delusions and hallucinations in AD are associated with different patient characteristics: 

in a memory clinic sample of people with probable AD, delusions were associated with 

older age, depression and aggression, whereas hallucinations were associated with more 

severe dementia and longer duration of illness14. An analysis of National Alzheimer’s 

Coordinating Center (NACC) data found that delusions and hallucinations also showed 

differential associations with cognition and function, with hallucinations conferring greater 

cognitive and functional deficits than delusions15. Individuals with delusions might represent 

a heterogenous group: persecutory delusions, such as delusions of theft, are the most 

common late-life delusions16 and occur earlier in the AD course than do misidentification 

delusions, such as TV sign and phantom boarder (see below), which are associated with 

advanced dementia and greater cognitive impairment17.

The relative prevalence of psychotic symptoms varies according to the underlying dementia 

diagnosis. Among non-AD dementias, psychosis occurs most frequently in dementia with 

Lewy bodies (DLB; 75% prevalence), followed by Parkinson disease (PD) dementia (50%), 

vascular dementia (15%) and frontotemporal dementia (10%)18. Longitudinal data indicate 

that, in both AD and DLB, NPS are often present at the time of diagnosis19 but psychosis 

is more prevalent, persistent and intense in DLB and PD20. The presence of psychosis, 

combined with clinicians’ preconceived notions about psychosis and dementia, can influence 
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a dementia diagnosis. In a study of 961 neuropathologically confirmed cases of AD in the 

NACC database, the presence of psychosis in individuals with AD was associated with a 

fivefold increased likelihood of misdiagnosis of the condition as DLB21, suggesting that 

clinicians tend to favour a DLB diagnosis in the presence of psychosis. In a related study 

in neuropathologically confirmed AD cases, psychosis was associated with Lewy bodies 

rather than AD pathology22, suggesting a degree of overlap between amyloidopathies and 

synucleinopathies that could contribute to diagnostic confusion.

Diagnosis

Psychotic symptoms are challenging to diagnose in the context of cognitive impairment. 

In addition to delusions of theft, delusions of infidelity or abandonment, beliefs that 

deceased individuals are alive, general suspiciousness not related to theft (for example, 

being plotted against, sent to jail or evicted), and elaborate systematized delusions, including 

erotomania or religiosity, have been observed in people with AD23. Distinguishing between 

delusions and forgetfulness or confabulation requires an appreciation of whether information 

was encoded into memory24: persistence of the belief suggests a delusion, whereas 

inconsistent statements are more suggestive of confabulations. Even more challenging are 

misidentification syndromes, which broach both cognitive capacity and perceptual abilities. 

Beliefs that strangers are residing in one’s home (phantom boarder syndrome), loved 

ones have been replaced by impostors, images on television are real (TV sign) and, in 

particular, the belief that the person in the mirror is someone else might suggest advanced 

cognitive impairment25, prosopagnosia26, impaired self-monitoring27, or disruptions in 

signal processing and/or sensory integration circuitry28.

Compared with delusions, hallucinations can be fleeting or more fragmented23. 

Hallucinations can manifest in any sensory modality; however, visual and auditory 

hallucinations are the most common. Auditory hallucinations can range from noises to 

full conversations. Visual hallucinations most commonly involve people or animals but 

can also include faces or deceased individuals, colours, inanimate objects or unformed 

images29. Again, given the overlap between hallucinations and misidentification syndromes, 

distinguishing between them is not always possible.

In advance of diagnosing psychosis in an older adult, irrespective of cognitive status, 

reversible and contributing causes must be addressed (see treatment section below). The 

best-known criteria for psychosis in AD were published in 2000 by Jeste and Finkel, 

who described delusions and hallucinations (auditory or visual) in the context of clinically 

diagnosed AD30. Most measurement instruments for psychosis in AD have taken a 

symptomatic — as opposed to syndromic — approach. Studies have generally demonstrated 

reasonable agreement between different instruments, with some subtle differences in the 

ability to detect symptoms31 and change in response to treatment32.

Substantial evidence suggests that psychosis can emerge during the prodromal or mild 

cognitive impairment (MCI) phase of the neurodegenerative disease continuum33, and 

these psychotic symptoms would not be included as part of the disease according to 

the original Jeste and Finkel criteria. To address this issue, revised criteria have been 

formulated. The new International Psychogeriatric Association (IPA) criteria for psychosis 
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in major and mild neurocognitive disorders now include MCI as well as other dementia 

aetiologies, representing a move towards a syndromic understanding of psychosis in 

dementia34. However, other important diagnostic issues, including comorbidity with other 

NPS syndromes, the risk of dementia if NPS emerge in advance of cognitive impairment, 

and the role of biomarkers in assessment, diagnosis and work-up, require further attention.

Comorbidities

Psychosis can co-present with agitation35, and the relationship between these two symptoms 

is sometimes difficult to disentangle, although the treatment approaches are similar. 

Importantly, agitation was redefined with the publication, in 2015, of the IPA criteria for 

agitation in cognitive disorders36. The importance of these syndromic IPA criteria lies in 

the description of three domains of agitation (verbal aggression, physical aggression and 

excessive motor activity), which might be used to improve case definitions and to define 

different treatment targets. To our knowledge, little evidence is available on the association 

between psychotic symptoms and the new agitation domains, although preliminary work has 

explored IPA agitation-specific measurement in AD37.

Affective symptoms can also co-occur with psychotic symptoms, although factor analyses 

in dementia and MCI have consistently demonstrated that psychotic and affective symptoms 

load onto separate factors, that is, they associate with different latent variables potentially 

representing different subsyndromes38,39. Nonetheless, when they co-occur, psychotic and 

affective symptoms in MCI are associated with a higher risk of incident dementia than either 

factor alone40. Importantly, in the new IPA psychosis criteria34, agitation and depression 

can be coded as associated features of syndromic psychosis in neurocognitive disorders, 

enabling further exploration of NPS comorbidity using these criteria.

Emergence of psychosis in later life

An important and ongoing issue is the relationship between the emergence of psychotic 

symptoms in later life and the risk of incident cognitive decline and dementia. As reflected 

in the Jeste and Finkel criteria for psychosis in AD30, psychotic symptoms were included 

only when they emerged after a dementia diagnosis. However, psychotic symptoms have 

been observed in people with MCI. Specifically, hallucinations are present in 1.3–2.6% and 

delusions in 3.1–10.5% of patients with MCI41. Most40,42–44 but not all45,46 longitudinal 

studies have found an increased risk of dementia associated with psychosis. For the 

negative studies, low baseline psychosis frequency in the study sample46 and short median 

duration of follow-up (1.58 years)45 might have been confounding factors. Although more 

research is required, the evidence to date suggests that psychosis in MCI is part of the 

neurodegenerative disease process, supporting the inclusion of MCI or mild neurocognitive 

disorders in the new IPA criteria.

Psychotic symptoms that emerge in older adults with ostensibly normal cognition are 

even more challenging from a nosological perspective. The field currently captures these 

symptoms under the umbrella terms of delusional disorder, late-onset schizophrenia or 

very-late-onset schizophrenia-like psychosis (VLOSLP)47, and they are usually diagnosed 

when these older adults present to clinical care. Indeed, a recent descriptive study of late-life 
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delusional disorder highlighted this clinical nomenclature48. In a review of 55 cases of 

delusional disorder in adults aged ≥65 years who presented to a clinical service over a 

12-year period, sustained recovery occurred in 20% of the individuals and an additional 30% 

showed improvement over a mean follow-up period of 38 months49. Atypical antipsychotics 

were prescribed in almost 60% of cases and, of those who showed improvement, 96% 

received these drugs. However, owing to study heterogeneity and/or insufficient follow-up 

time to meaningfully determine risk, whether these constructs of late-life psychosis are 

associated with an increased risk of incident cognitive decline and dementia remains 

unsettled33.

Studies that used longer follow-up durations50,51, assessed incident psychosis specifically52, 

framed psychosis as an NPS in cognitively normal older adults53 or used health 

databases54–57 found associations between late-life psychosis and incident dementia. 

Interestingly, in a prospective population-based cohort of 23,999 men aged 65–85 years, 

psychosis was associated with a substantial risk of dementia, most notably in individuals 

with a shorter duration of psychosis56. This finding was replicated in a Swedish population-

based cohort study of 15,409 older adults with VLOSLP and 154,090 age-matched 

controls57. The risk of dementia was increased in the individuals with VLOSLP and was 

highest in the first year after VLOSLP diagnosis.

Neurobiological data are also emerging to link late-life psychosis to neurodegeneration. For 

example, a post-mortem study has shown an association between argyrophilic grain disease 

— a four-repeat tauopathy — and psychosis in individuals aged ≥65 years58. In this age 

group, people with psychosis had sixfold increased odds of having this neurodegenerative 

condition compared with non-psychiatric controls.

As the evidence base evolves, the findings increasingly indicate that late-life psychosis 

(captured in the clinic as delusions, late-onset schizophrenia, VLOSLP, or NPS) can 

represent non-cognitive symptoms of neurodegenerative disease and might manifest in 

advance of cognitive impairment in some individuals. The improved detection of individuals 

who present with psychosis as the index manifestation of neurodegeneration could 

potentially offer a window for the prevention of dementia.

Nosology

To guide and standardize nosology, support phenotypic classification of psychotic 

symptoms, foster research into psychosis in AD and related dementias, and pave the way 

for the systematic implementation of biomarkers for psychosis in AD, the Alzheimer’s 

Association International Society to Advance Alzheimer’s Research and Treatment 

(ISTAART) recently developed research criteria entitled Towards Better Phenotypic 

Classification and Biomarker Research in AD and Related Dementias59. These criteria, 

which were co-developed with the IPA psychosis clinical criteria34, aim to improve 

epidemiological, biomarker and genetics research in the field. Research utilizing these 

criteria is expected to provide new insights into the relationship between late-life emergent 

psychotic symptoms across the cognitive continuum and incident cognitive decline and 

dementia, focusing on neurobiology and disease mechanisms59. This research could inform 
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drug development to reduce psychotic symptom burden in older adults with cognitive 

impairment and to prevent or delay the incident dementia associated with late-life psychosis.

Mechanistic insights

Genomics

In recent years, we have seen important advances in identifying the genomic correlates 

of psychosis in AD (TABLE 1). Early familial studies estimated the heritability of AD 

psychosis at 61%60. A major international genome-wide association study (GWAS) in 

>12,000 individuals with AD, which was published in 2021, was the first to use single 

nucleotide polymorphisms (SNPs) to calculate the heritability of psychosis in AD61. The 

heritability estimates from this study ranged from 18% to 31% depending on the method 

used, which is broadly similar to major depressive disorder and schizophrenia. This study 

also reported the first genome-wide significant risk loci for psychosis in AD, which were 

located in ENPP6 and SUMF1. ENPP6 is expressed in oligodendrocytes, and the transcript 

containing the SUMF1 SNPs is found in the cerebral cortex. However, further investigation 

is required to establish whether these genes are mechanistically linked to psychosis. This 

latest GWAS has also brought greater clarity to the relationship between genetic risk for 

AD and psychotic symptoms. A modest but statistically significant association between AD 

psychosis and the apolipoprotein E ε4 (APOE ε4) allele was reported (OR 1.21). This 

small effect size could explain why previous, often underpowered, studies have produced 

inconsistent findings62. Also of note, some studies suggest that the relationship between 

APOE ε4 and psychosis is modified by sex, which could be another reason for the previous 

inconsistencies62,63.

As well-characterized patient cohorts with genome-wide profiling have grown, opportunities 

have arisen to leverage open-access GWAS data from other conditions to gain insight 

into common mechanisms of psychosis across diagnostic boundaries. According to genetic 

correlation analyses, depressive symptoms correlate positively, bipolar disorder correlates 

negatively and schizophrenia shows no correlation with AD psychosis61. Previous studies 

that used polygenic risk scores (PRS) — a score for an individual that is calculated by 

summing risk alleles carried weighted by their effect size — to evaluate shared genetic 

liability with schizophrenia (albeit with overlapping samples) produced variable findings, 

and differences in the associations for delusions and hallucinations have been suggested64,65. 

Psychosis in Huntington disease and psychotic-like experiences in the general population 

are associated with a higher PRS for schizophrenia66–68, consistent with a transdiagnostic 

explanation for psychosis69. Overall, however, the current evidence in AD is mixed and 

more work is needed in cohorts with consistent phenotyping.

Psychosis in AD is a complex trait, and its genetics mirrors that of other psychiatric 

traits in that common SNPs alone are likely to only explain a small proportion of the 

variance70. Study of the epigenome has led to major advances in the understanding of the 

molecular mechanisms underlying a variety of psychiatric and neurological conditions71–73. 

Hypomethylation in the TBX15 and WT1 genes, which have been implicated in the 

pathophysiology of AD, was found in the dorsolateral prefrontal cortex, superior temporal 

gyrus and entorhinal cortex in individuals with AD psychosis74. Interestingly, and 
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reflecting some of the emerging data from genomic studies, the top-ranked differentially 

methylated regions also showed enrichment for known schizophrenia-associated genetic and 

epigenetic variants. Genomic research in non-AD dementias remains scarce. Mutations in 

the glucocerebrosidase (GBA) gene have been associated with psychotic symptoms and 

progression to dementia in PD75. However, to our knowledge, only one study of GBA in 

DLB has been published, which described an increased frequency of hallucinations among 

GBA mutation carriers76.

Neuroimaging

Neuroimaging studies have implicated several regions of the brain in AD psychosis, 

as summarized in FIG. 1. Early structural and functional imaging studies, most of 

which examined delusions rather than a combined delusion–hallucination construct, 

pointed towards increased frontotemporal atrophy and neocortical hypometabolism in 

people with AD psychosis24,77. Later studies supported these associations. An analysis 

of the NACC cohort revealed accelerated atrophy in frontal and temporal lobes in 

individuals with delusions78, and other studies in independent cohorts have reported links 

with hippocampal79 and parahippocampal80 atrophy. The parahippocampal atrophy was 

implicated in delusional misidentifications, consistent with findings from neuropathological 

studies81. Another study of Alzheimer’s Disease Neuroimaging Initiative (ADNI) data found 

that cortical thinning in the supramarginal area of the parietal lobe was a risk factor 

for hallucinations82. However, the fact that only a small minority of people experience 

hallucinations without delusions might have been a confounding factor in this study.

In a longitudinal study, again using the ADNI cohort, Fischer et al.83 reported an increased 

rate of grey matter atrophy in the cerebellum and parietal lobe prior to the onset of 

delusions. The lack of involvement of frontal areas may be surprising but the authors 

highlight possible links between posterior cortical atrophy and frontal circuits and the 

default mode network (DMN). The DMN has been the focus of a number of functional 

imaging studies in recent years because of the wider literature showing that it is disrupted 

in AD and other disorders characterized by psychosis. However, two further studies 

examined a composite construct of psychosis consisting of delusions, hallucinations and 

nighttime behaviours as rated on the Neuropsychiatric Inventory (NPI) and found no DMN 

association84,85. A third study found that delusions in people with AD were associated with 

decreased connectivity within the DMN86. White matter changes have been the focus of 

relatively few studies in AD and the results have been inconsistent24,87.

Most studies of regional perfusion and metabolic changes in AD psychosis, as measured 

by single-photon emission CT (SPECT) and 18F-FDG PET, were conducted between the 

1990s and the early 2010s, with delusions again being the primary focus in the vast 

majority of cases. From these studies, the most consistent evidence is for right-sided frontal 

hypometabolism and hypoperfusion in right frontal and temporal cortices. However, whether 

this pattern of right-sided deficit is due to a relative increase in perfusion and/or metabolism 

in the left hemisphere or a reduction in the right is unclear. There is minimal evidence of 

perfusion change in the posterior regions or hippocampus24,77.
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To our knowledge, only one SPECT study and two 18F-FDG PET studies of AD psychosis 

have been conducted since the early 2010s. The two 18F-FDG PET studies comprised 

one examination of delusions and one of hallucinations88,89. Both studies reported right 

orbitofrontal hypometabolism, although this finding does not necessarily indicate that 

common mechanisms underlie both psychotic symptoms. As with the aforementioned 

atrophy study, a substantial proportion of participants in the 18F-FDG PET hallucination 

study would be expected to have concomitant delusions, so the similar findings could reflect 

the presence of delusions among individuals with hallucinations.

In the newer SPECT study, regional hypoperfusion was largely confined to the right 

hemisphere (inferior temporal gyrus, parahippocampal cortex, posterior insula and 

amygdala) but was observed bilaterally in the temporal poles90. Interestingly, different 

subtypes of delusions were associated with different patterns of hypoperfusion. Although the 

sample size was small, this analysis serves to highlight the complexities around symptom 

classifications and underscores the need for a new framework in which to assess symptoms 

(see nosology section above), which could also help to explain the inconsistencies observed 

in previous studies.

We are only aware of two studies that used nuclear imaging to examine receptor changes 

associated with psychosis. One was a study of only nine patients with AD, which found 

no correlation between 5-hydroxytryptamine 2A receptor (5-HT2A) binding and psychosis 

scores on the NPI91. However, in view of the small sample size, no reliable conclusions can 

be drawn. The other study, which examined dopamine receptors in 23 patients with AD, 

reported an increased number of striatal D2/3 receptors in individuals with psychosis92.

Neurobiology

Consistent with the evidence from neuroimaging studies, which implicated frontal 

dysfunction in AD psychosis, numerous post-mortem studies have found that psychotic 

symptoms in AD are associated with an increased burden of neurofibrillary tangle 

pathology and hyperphosphorylated tau24,93–96. Several other studies indicated that tau 

hyperphosphorylation was associated with psychosis in women but not in men, aligning 

with previous findings from cerebrospinal fluid analysis and neuroimaging as well as 

with clinical reports of greater psychosis risk in women than in men13,97,98. The question 

of whether tau pathology represents a cause of psychosis or is associated with another 

process remains unclear, and longitudinal analysis of tau using PET might provide a better 

understanding of the sequence of events. Such a study has yet to be undertaken in AD 

psychosis, although a study using the tau PET tracer 11C-PBB3 in patients with traumatic 

brain injury linked higher levels of binding in white matter to more severe late-onset 

psychosis99. This finding, considered alongside those from post-mortem studies, would 

suggest that further in vivo studies of the links between tau and AD psychosis are warranted.

Besides tau, another key correlate of cognitive decline in AD is neocortical synaptic 

disruption, with inhibition of long-term potentiation and consequent dendritic spine loss 

being a candidate mechanism. Soluble amyloid-β (Aβ) is one possible cause of synaptic 

disruption, with one study implicating an increased Aβ42:Aβ40 ratio in AD psychosis100. 

In addition, this study found that levels of the guanine nucleotide exchange factor kalirin, 
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which mediates long-term potentiation, were reduced in post-mortem dorsolateral prefrontal 

cortex tissue from people with AD psychosis. More broadly, increased levels of synaptic 

proteins involved in vesicular function have been shown to confer resilience to psychosis96. 

Loss of zinc transporter 3, another protein that is involved in synaptic function, is also 

associated with psychosis, tau pathology in the anterior cingulate, and greater cognitive 

impairment in AD and DLB101,102.

The higher prevalence of psychotic symptoms in the early stages of DLB compared with 

AD raises the question of whether Lewy body disease contributes to psychosis risk in 

AD. Although comorbid Lewy body pathology does seem to confer a risk of psychosis in 

AD, it does not account for all cases. Some of the key studies outlined above controlled 

appropriately for α-synuclein pathology96,100, and psychosis in AD has been shown to 

present in the absence of any comorbid Lewy body pathology103. Comorbid vascular 

pathology also seems to be associated with psychotic symptoms in AD. Two studies that 

examined a range of vascular pathologies, both using the NACC data set, reported that 

subcortical arteriosclerotic leukoencephalopathy and severe arteriosclerosis were risk factors 

for psychosis22,104. The association between leukoencephalopathy and psychosis in AD was 

replicated in a 12-year longitudinal study, which also implicated small vessel disease and 

cerebral amyloid angiopathy105. The clinical observational literature also provides a degree 

of support for these findings, with some22,106 but not all107–109 studies indicating that a 

clinical history of vascular risk factors influences the risk of psychosis.

With regard to neurotransmitter disruption, post-mortem studies have shown increased D3 

receptor density in the nucleus accumbens and reduced dopaminergic neurotransmission in 

the amygdala in individuals with AD psychosis — findings that have been supported by 

PET imaging92,110. This work has prompted efforts to optimize D2/D3 receptor occupancy 

for amisulpride — a D2/D3 receptor antagonist that is commonly used to treat psychosis 

— with a view to minimizing extrapyramidal side effects while optimizing the therapeutic 

effects111. This research could pave the way for further exploration of this drug in AD 

psychosis, as discussed below. Interestingly, computational network analysis has identified 

dopaminergic mechanisms that could underlie the putative beneficial effects of vitamin D on 

psychosis in AD112.

A number of other post-mortem studies (reviewed extensively elsewhere24) consistently 

implicated the disruption of serotonergic neurotransmission in psychotic symptoms in AD 

and DLB, with findings that included reduced 5-HT levels in the ventral temporal cortex and 

prosubiculum and reduced neuron counts in the dorsal raphe nucleus and area CA1 of the 

hippocampus. This work informed the development of the highly selective 5-HT2A inverse 

agonist pimavanserin for the treatment of psychosis in AD113.

The cholinergic system could also represent an important treatment target for psychotic 

symptoms in AD and other dementias. Early studies implicated frontotemporal muscarinic 

receptor density in AD psychosis24, and acetylcholinesterase activity — a marker of 

cholinergic innervation — has been explored more recently. Among individuals with AD, 

reduced acetylcholinesterase activity was found in those with hallucinations. These findings 
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suggest that cholinergic denervation is an additional mechanism that contributes to psychosis 

in AD114.

A conceptual model for psychosis in AD, based on the mechanistic insights described above, 

is presented in FIG. 2.

Treatment and management

General non-pharmacological approaches

Despite a robust evidence base for non-pharmacological management of BPSD, especially 

agitation115, scant evidence is available for psychosis-specific intervention. In general, non-

pharmacological approaches are preferred as an initial approach before medication or at 

least concurrent with medication, provided that they are not precluded by acute safety 

issues116. In a broader sense, the well-known DICE method (describe, investigate, create and 

evaluate) demonstrates the first principles of managing behavioural changes in dementia117. 

The first step includes measurement-based care to describe in detail the NPS or behaviour. 

A medical and environmental work-up is essential to investigate the causes, so as to ensure 

that medical issues (for example, hearing loss, pain or infection), adverse effects of drugs 

(such as anticholinergics or opiates) and environmental factors (for example, noise, light 

or disorientation) are addressed as potential contributors to NPS. In the absence of these 

investigations, a diagnosis of syndromal psychosis as part of a neurodegenerative disorder 

cannot be made with confidence. Subsequently, a management plan is created to prevent 

and respond to behavioural issues. The management plan is then evaluated and modified as 

needed117,118. Some formal intervention approaches, such as integrated care pathways119 or 

the WHELD120 (Improving Wellbeing and Health for People with Dementia) programme, 

also incorporate the principles of medication clean-up or review, exploration of reversible 

causes of behavioural changes, and implementation of non-pharmacological interventions.

To our knowledge, only one published study has specifically tested non-pharmacological 

interventions for the treatment of psychosis in individuals with dementia121. This study, in a 

Taiwanese sample of men with dementia living in veterans’ homes, used a broad approach 

involving music therapy, orientation training, art–cognitive activities and physical activities, 

which was shown to reduce psychotic symptoms. In this sample, the intervention improved 

NPI scores of delusions, hallucinations and agitation relative to other NPS. These data 

support, at least in principle, the potential for non-pharmacological interventions to treat 

psychosis in AD; however, additional studies are required.

In clinical practice, non-pharmacological approaches for the treatment of psychosis in 

AD are a best-practice adjunct to the use of medications when psychotic symptoms 

are determined to be the primary NPS122. These approaches include not confronting or 

arguing with a person about their delusions or attempting to ‘give them reality’, as such 

confrontation can often exacerbate a sense of fear or paranoia123. Clinically, looking at the 

affect behind the delusions can often be helpful. For example, if the person with dementia-

related psychosis is fearful, reassuring the person that they are safe and that the caregiver 

is there to help them can assist in assuaging that anxiety. In addition, before prescribing 

medications, it is important to ascertain whether a psychotic symptom is truly distressing124. 
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For example, some hallucinations are experienced as transient and benign (for example, 

seeing a small child playing) and, if no disruption to function is evident, a risk–benefit 

assessment might conclude that treatment is not required.

Pharmacological interventions

Antipsychotics.—Historically, the mainstays for the treatment of psychosis in AD and 

related dementias have been antipsychotic medications, carried over from their use to treat 

psychosis and agitation in patients with other psychiatric disorders. These medications 

have been discussed extensively and, although modest efficacy has been established125, this 

efficacy comes at the cost of a substantial adverse effect burden4,118,126,127 and mortality 

risk128. Overall, meta-analytical evidence best supports aripiprazole and risperidone, with 

substantially less evidence for quetiapine and olanzapine125,129,130. Consistent with these 

observations, a network meta-analysis, which addressed the treatment of BPSD and not of 

psychosis specifically, suggested that aripiprazole was the most effective and safe atypical 

antipsychotic, with olanzapine providing the least benefit overall131. However, the treatment 

indication could also be relevant to the choice of drug. Risperidone is known to carry a risk 

of stroke but a post hoc analysis of clinical trial data indicated that, among patients with 

dementia, this risk was lower in individuals with delusions than in those with other NPS 

such as agitation, suggesting that a more nuanced and personalized approach could mitigate 

the risks associated with antipsychotic drug use132.

More recent pharmacokinetic–pharmacodynamic studies have explored nuanced dosing 

approaches to better optimize the balance between efficacy and safety — an essential 

strategy in the absence of other licensed classes of drugs. These studies suggest that dose 

adjustments based on age and Mini-Mental State Examination scores, which are putatively 

required owing to the loss of blood–brain barrier integrity133, could enable safer and 

more personalized use of these medications. Similarly, as described above, a series of 

studies has explored the approach of defining and targeting a therapeutic window of striatal 

D2/D3 occupancy for amisulpride in late-life psychosis. In individuals with AD psychosis, 

appropriate but higher than expected occupancy was described at very low doses, again 

implicating blood–brain barrier disruption111. This approach was successfully implemented 

in a treatment trial in people with VLOSLP134.

Other research leveraging transcriptomic data directly linked cardiovascular disease and 

immune system pathways to the mechanisms of action of atypical antipsychotics, suggesting 

that enhanced screening of cardiovascular history could inform prescribing strategies135. 

Awareness of adverse drug reactions and safety issues with antipsychotics is also essential. 

In the USA, no medications are licensed for psychosis and agitation in dementia 

and, in the European Union and Canada, only risperidone is indicated. Risks include 

cerebrovascular accidents, extrapyramidal symptoms, falls and mortality. The risks seem 

to be greater with older antipsychotics than with second-generation (also known as atypical) 

antipsychotics118,128. Despite their relatively favourable safety profile, however, a meta-

analysis found that atypical antipsychotics still carried a 3.5% risk of mortality, representing 

a 54% relative increase in risk compared with the 2.3% risk for placebo136.
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Novel treatments.—Following FDA approval of pimavanserin for the treatment of 

PD psychosis137, this drug is now being explored in individuals with AD psychosis. 

Pimavanserin is a highly selective 5-HT2A inverse agonist with no dopaminergic, 

histaminergic or muscarinic binding138. A phase II trial, which recruited nursing home 

residents with AD, demonstrated moderate efficacy in terms of a reduction in psychosis 

scores on the nursing home version of the NPI (Cohen’s d effect size 0.32 for pimavanserin 

over placebo at the 6-week a priori end point)113. A post hoc analysis in participants with 

more severe psychosis demonstrated a substantially larger treatment effect of drug over 

placebo, with an effect size of 0.73, and a reduction in psychosis score of ≥30% in 88.9% 

of the pimavanserin-treated group compared with 43.3% of the placebo group139. A phase 

III relapse prevention study enroled participants with all-cause dementia. Responders to 

pimavanserin (62% of open-label-treated participants) were enrolled in a 6-month double-

blind withdrawal phase. Relapse of psychosis was 2.8-fold lower in the drug-treated group 

than in the placebo group (P = 0.0023), and the study was halted at the pre-planned interim 

analysis140.

From a safety perspective, pimavanserin has no negative impact on parkinsonism, psychosis 

or stroke risk but is associated with modest QTc prolongation (~9 ms) as well as confusion, 

oedema, falls and unstable gait. Similar to other antipsychotic drugs, pimavanserin received 

a black box warning for mortality risk when it was approved by the FDA for PD psychosis, 

with a requirement for post-marketing monitoring. No significant excess deaths were 

reported in the pimavanserin-treated arms (five deaths versus four in the placebo arms across 

the two trials)113,140. Mortality rates are consistent with those expected for people with 

PD141, and the FDA has concluded that there are no new safety concerns142. However, a 

long-term open-label safety study in people with PD indicates that concurrent prescription 

with an atypical antipsychotic could have safety implications143. In 66 participants who 

had other antipsychotics added to their regimen, a fourfold increase in deaths and a 

threefold increase in serious treatment-emergent adverse events was found, suggesting that 

considerable caution is required if polypharmacy is being considered.

Other agents have demonstrated efficacy for psychosis in AD consistent with the 

mechanisms described above. In the CitAD study, citalopram demonstrated efficacy for 

reduction of the primary outcome measure of agitation, and a secondary analysis revealed 

a reduction in the frequency or severity of hallucinations and delusions144. However, QTc 

prolongation, conferred primarily by the R-citalopram enantiomer, was also a concern with 

this drug, and the ongoing S-CitAD145 study is implementing escitalopram — the safer 

S-enatiomer of the racemic mix that constitutes citalopram — for the treatment of AD 

agitation, with psychosis as a secondary outcome measure. Interestingly, data published in 

2020 demonstrated a reduction in cerebrospinal fluid Aβ42 levels in cognitively healthy 

older adults treated with escitalopram versus placebo146, opening up potential opportunities 

to use this agent in dementia studies.

In the 12-week Lit-AD147 randomized trial, low-dose lithium was assessed for efficacy in 

treating agitation in AD. Although the trial was unsuccessful in meeting the primary end 

point of reduction in agitation and aggression scores on the NPI, the secondary outcome 

of improvement in clinical global impression was met. Importantly, lithium treatment was 
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not associated with cognitive decline. Exploratory analyses determined that, compared 

with placebo, lithium was associated with a significant reduction in delusions (P = 0.04, 

Cohen’s d 0.76) but not in hallucinations (P = 0.56, Cohen’s d −0.21). Despite limitations 

in sample size and study power, the separation of delusions and hallucinations, especially 

with respect to the substantially different effect sizes, is of interest. These findings suggest 

that hallucinations and delusions have different substrates and might need to be considered 

as separate entities. No consensus has yet been reached on how lithium works to achieve 

neuroprotection and clinical effects. However, glycogen synthase kinase 3B (modulating 

apoptosis and neuroplasticity), neurotrophic factors (for example, brain-derived neurotrophic 

factor), neurotransmitter modulation (glutamate, dopamine, GABA, acetylcholine and 

glycine), and antioxidant effects have all been implicated (reviewed elsewhere148). Some 

of these mechanisms, especially the neurotransmitter effects, are consistent with what is 

known about psychosis in AD. In view of the robust findings to date, particularly with regard 

to delusions, lithium warrants further investigation in a trial with AD psychotic symptoms as 

a primary outcome measure. Such a study could also be hypothesis generating for the further 

exploration of novel mechanisms as treatment targets.

Cholinesterase inhibitors are well established for the treatment of cognitive symptoms 

in AD, but the therapeutic role — if any — of these medications in people with AD 

psychosis is unclear and no randomized controlled trials have been conducted. However, 

in an analysis from the Swedish Dementia Registry, use of cholinesterase inhibitors was 

associated with a reduced risk of antipsychotic initiation in the AD subgroup149. Although 

this observation does not confirm a treatment effect, these data are consistent with the 

cholinergic mechanisms that have been described in AD psychosis and possibly suggest 

an alternative to burdensome psychiatric medications in the management of NPS. Again, 

prospective trials are required.

Researchers are beginning to leverage the association between vitamin D deficiency 

and neurodegenerative disease to explore a possible role for vitamin D deficiency in 

AD psychosis. Among individuals with MCI or AD, vitamin D use was found to be 

more frequent in those without psychosis and was also associated with delayed time to 

psychosis150. As a safe and low-cost intervention, vitamin D merits further exploration in 

this population.

Mild behavioural impairment

Since the time of Alois Alzheimer and publication of the case of August D., NPS 

have been known to emerge in advance of AD151; however, owing to the prevailing 

cognocentric paradigm of AD, this notion has been underappreciated. Nevertheless, growing 

epidemiological evidence is leading to an increased appreciation that all-cause dementia, 

including AD, can have a behavioural prodrome152. Emerging evidence also indicates that 

AD neurodegenerative pathology can result in NPS in advance of cognitive decline153–156. 

One study identified delusions at baseline as a predictor of amyloid positivity in a 

pooled diagnostic sample, and new-onset delusions and hallucinations were associated with 

amyloid burden in people with MCI157. Similarly, a study in a small but epidemiologically 

representative Finnish cohort aged ≥60 years found a cross-sectional association between 
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first-episode psychosis and cortical atrophy158. These data further support a biological link 

between AD proteinopathies and NPS, highlighting the need to revisit nosological constructs 

around late-life psychiatric symptomatology.

To attempt to reconcile the literature on the association between late-onset NPS and 

dementia and to standardize the approach to nomenclature and neuroscience, ISTAART 

have developed research diagnostic criteria for mild behavioural impairment (MBI)159. MBI 

is a validated syndrome characterized by late onset of persistent NPS, representing a change 

from longstanding patterns of behaviour, as an at-risk state for incident cognitive decline and 

dementia. The key to dementia prognostication lies in the stipulation that MBI symptoms 

present de novo in later life as emergent symptoms carry a greater risk of cognitive decline 

and show a different trajectory compared with psychiatric disorders that recur in later 

life160. ISTAART have also developed a rating scale for MBI case ascertainment, known 

as the MBI checklist (MBI-C)161, which was designed to capture emergent and persistent 

symptoms in functionally independent community-dwelling populations. The MBI-C has 

been validated in community and clinical settings and across preclinical and prodromal 

disease populations162–167.

The behavioural and personality changes that characterize MBI can emerge at any point 

along the pre-dementia cognitive spectrum from normal cognition through subjective 

cognitive decline (SCD) to MCI. Psychotic symptoms represent one of five MBI domains. 

Epidemiologically, MBI is frequent, with prevalence estimates varying depending on the 

nature of the population and the case ascertainment approach (TABLE 2). The MBI-C has 

generated the most conservative prevalence estimates, ranging from 6–11% in individuals 

with normal cognition or SCD162,164,166,168 to 14–26% in individuals with MCI164,165. 

Consistent with the previous literature169, cases are over-represented in clinical versus 

community samples. Longitudinal cohorts have demonstrated associations between MBI 

and cognitive decline, incident MCI, and incident dementia160,162,167,170,171 and MBI has 

also been linked to known dementia markers, including Aβ172,173, tau174,175, white matter 

atrophy176, grey matter atrophy177, plasma neurofilament light178 and AD risk loci179,180.

Data on MBI psychosis are still emerging. Using the MBI-C, the prevalence of MBI 

psychosis in a large community sample was calculated at 3–6%163, whereas in a cognitive 

neurology clinic sample the prevalence was 5.4% in people with SCD and 17.2% in 

people with MCI164. Longitudinal data for psychosis are scant at this stage. In one 

study of 234 individuals with MCI43, psychotic symptoms (measured with the NPI-Q — 

a brief informant-reported form of the NPI) were present in 3% of the cohort and the 

prevalence was disproportionately high in those who progressed to dementia within 3 

years (6.3% versus 0.8% for non-progressors, P = 0.045). Psychosis was the only MBI 

domain that showed a significant association with dementia, with a hazard ratio of 2.9. In 

a subsequent longitudinal analysis of 8,181 otherwise cognitively healthy participants in the 

PROTECT study (currently in preprint181), the prevalence of MBI-C-measured psychosis 

was comparable between men and women (5.7% and 6.8%, respectively, P = 0.09). Over 

a median follow-up period of 3.07 years, global MBI burden and all MBI domains were 

associated with cognitive decline. Of all the domains, the association with psychosis 

had the largest effect size for cognitive decline but only in men. This intriguing finding 
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warrants further exploration, not only for emergent psychosis in older adults but also for sex 

differences in risk, which might further inform research on sex-specific interventions.

The emerging data indicate that individuals with MBI represent a group at considerable risk 

of cognitive decline and dementia and that, of the MBI domains, psychosis seems to be one 

of the least frequent but carries the highest risk of cognitive decline. More research with 

larger samples to ensure adequate power is required to link AD biomarkers to psychosis. 

Such studies, harmonized with the new ISTAART psychosis criteria, could also offer an 

approach to precision medicine. With earlier identification of older adults at risk, in advance 

of overt symptoms or risks to personal safety, this approach could provide an opportunity to 

explore current and novel medications for the management of late-life emergent psychiatric 

symptoms and potentially delay or prevent incident dementia182.

Conclusions and future challenges

Over the past decade, several important milestones have been reached in the clinical 

assessment and management of psychosis and other NPS in dementia. These milestones 

include recognition of the substantial risk associated with antipsychotic drugs, with a 

resultant reduction in prescriptions183; a greater focus on non-pharmacological interventions 

(for example, DICE or WHELD); exploration of strategies to optimize existing drugs, 

such as aripiprazole, risperidone, amisulpride and escitalopram, for safer precision-based 

treatment; development of a clinical trial programme for pimavanserin; and publication 

of new consensus definitions and criteria that better reflect the emergence of psychosis 

in advance of dementia at preclinical and prodromal stages (for example, IPA Psychosis, 

ISTAART-AA Psychosis, and ISTAART-AA MBI criteria). However, the impact of these 

milestones is limited by the lack of a licensed pharmacological therapy, the relatively sparse 

drug development pipeline, the continued use of antipsychotics despite the risks, and the 

dearth of any specific non-pharmacological intervention for psychosis.

In the absence of approved medications, the development of precise risk and implementation 

profiles for existing antipsychotics is an essential and immediate goal. Clinical studies, 

along with statistical and computational modelling, have identified aripiprazole as the 

antipsychotic medication that best balances efficacy and safety. This work has also explored 

precision approaches to implement risperidone and amisulpride for psychosis in AD, which 

could improve the safety profile of these agents. These approaches can be extended to 

different settings to assist in the development of evidence-based algorithms, involving both 

pharmacological and non-pharmacological interventions, that are tailored to specific patient 

profiles. Non-pharmacological modalities need to be developed and assessed specifically for 

psychosis and, as highlighted by the COVID-19 pandemic, they should ideally be suitable 

for both in-person and virtual use.

Concurrent exploration of the neurobiology of psychosis could inform the development of 

novel agents or repurposing of existing agents. Research into the underlying neurobiology 

has identified the first genome-wide significant loci and the first evidence of DNA 

methylation changes in AD psychosis, although further replication and functional validation 

are required. Meanwhile, the evidence from neuropathology and imaging studies has 
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cemented frontal dysfunction and tau pathology as key neurobiological correlates of 

psychosis. Synaptic dysfunction and the protein kalirin are potential novel treatment targets 

that are worthy of further characterization. Of note, most agents in development for 

AD psychosis have mechanisms of action that are related to older antipsychotics first 

developed for schizophrenia, possibly indicating common underlying disease mechanisms. 

Evidence implicating the DMN, genomic and epigenomic risk factors for schizophrenia 

and depression, and kalirin and vitamin D in AD psychosis suggest some mechanistic 

overlap with schizophrenia. One option for future studies would be the more systematic 

examination of the symptoms of psychosis in AD and their mechanistic overlap with those 

of schizophrenia. This approach could facilitate the more targeted use of antipsychotics, as 

one might hypothesize that the existence of a schizophrenia-like phenotype would confer a 

better response to antipsychotics, and alternative treatment approaches could be considered 

for symptom profiles less consistent with schizophrenia.

To facilitate symptom profile-based approaches, better phenomenology and nosology need 

to be implemented during case ascertainment of AD psychosis. The evolution of the IPA 

psychosis criteria and the development of the ISTAART psychosis and MBI criteria should 

aid this effort. In fact, the ISTAART psychosis criteria were developed explicitly with these 

goals in mind. These criteria place late-life emergent psychosis on a spectrum, incorporating 

the natural history of symptoms, symptom modality, cognitive stages and AD biomarkers 

in order to frame psychotic symptoms. The ISTAART criteria were also intended to foster 

genetics research, offering classification approaches that can be tailored to the analyses 

implemented (for example, splitting delusions and hallucinations and ensuring more non-

psychosis ‘controls’ by incorporating past history). Cross-sectional and longitudinal studies 

could incorporate this framework to help us better understand the clinical, cognitive and 

neurobiological correlates of AD psychosis and to aid drug development and repurposing as 

well as the development and implementation of non-pharmacological interventions.

AD psychosis remains an important public health issue, affecting individuals with dementia 

and their caregivers at a personal level. However, as this Review highlights, progress is being 

made and the next waves of research should provide more refined and targeted approaches to 

managing this syndrome.
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Key points

• Psychosis is surprisingly common in Alzheimer disease (AD) and can emerge 

as part of the neurodegenerative disease process in advance of dementia 

during the mild cognitive impairment stage or even earlier.

• Subtypes of psychotic symptoms — that is, persecutory versus 

misidentification delusions or delusions versus hallucinations — have 

different trajectories and neurobiological correlates.

• Both schizophrenia and AD risk genes might be involved in AD psychosis.

• Tau tangle burden and kalirin-mediated synaptic dysfunction seem to be 

neurobiological components of psychosis in AD.

• Of the currently available antipsychotic drugs, aripiprazole seems to provide 

the best balance between efficacy and safety in people with AD psychosis; 

pimavanserin has shown promise in Parkinson disease-related psychosis and 

data from AD trials are compelling.

• A better understanding of the natural history and neurobiological 

underpinnings of psychosis in neurodegenerative disease will drive drug 

development and repurposing of existing drugs.
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Fig. 1 |. Neuroimaging findings in Alzheimer disease psychosis.
Neuroimaging findings are diverse, although some relationships with specific psychotic 

domains have been observed. Delusions have been associated with left frontal atrophy and 

misidentification delusions have been associated with hippocampal atrophy. Delusions have 

been associated with default mode network disruption, including parietal and cerebellar 

atrophy, but no default mode network signal was associated with a composite psychosis 

score. Hallucinations have been associated with supramarginal atrophy within the parietal 

lobe.
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Fig. 2 |. Psychosis in AD: a conceptual model.
Psychosis can emerge across the cognitive continuum in older adults. Before syndromic 

psychosis can be diagnosed, medical and environmental issues need to be addressed, as do 

comorbid agitation or affective syndromes, which might be primary and require different 

assessment and treatment approaches. Delusions and hallucinations often coexist but can 

have different features and natural histories. Furthermore, persecutory and misidentification 

delusions probably have different aetiologies, with the latter being associated with 

greater hippocampal atrophy. Genetic markers include genes associated with Alzheimer 

disease (AD), psychosis and other neuropsychiatric disorders. Imaging and biomarker 

correlates include default mode network (DMN) dysfunction, cortical atrophy, cholinergic 

mechanisms, hyperphosphorylated tau and white matter disease.
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