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Abstract: We used data from a cohort of 456 patients with probable AlzheimerÕs
Disease (AD), who were followed semi-annually in 5 centers in the US and EU for
up to 14 years (Predictors study) in order to examine whether the presence of
delusions and hallucinations have predictive value for important outcomes in AD.
Delusions were noted for  34% of pat ients at  basel ine and for  70% at  any
evaluation. Their presence was associated with increased risk for cognitive (RR,
1.50; 95% CI, 1.07-2.08) and functional decline (1.41 [1.02-1.94]). Hallucinations
were present in 7% of patients at initial visit and in 33% at any visit. Their
presence was associated with increased risk for cognitive decline (1.62 [1.06-2.47]),
functional decline (2.25 [1.54-2.27]), institutionalization (1.60 [1.13-2.28]), and
death (1.49 [1.03-2.14]).  We conclude that delusions and hallucinations are very
common in AD and predict  cogni t ive and funct ional  decl ine.  Presence of
hallucinations is also associated with increased risk for institutionalization and
mortality.       

Key words: Hallucination, delusion, psychosis, Alzheimer, death, function,
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INTRODUCTION

Delusions and hallucinations are generally observed in about 1 / 4 to 1 /
3 of patients with AlzheimerÕs disease (AD) [1], with reported frequencies
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of delusions as high as 94% [1]  and of  hal lucinat ions 69.5% [2] .  The
presence of such features in AD (which may relate to underlying biological
di fferences [3]), is not only a source of caregiver distress and financial
burden (due to the need of  t reatment w i th medicat ions and of ten of
hospitalization) but is also potential ly associated w ith important disease
outcomes. Some studies have reported an association between delusions or
hal lucinations and faster rates of cognitive decl ine or increased risk for
functional decline and institutionalization. However, many reports failed to
detect  si gni f i cant  associ at i ons for  ei ther  cogni t i on or  f unct i on-
institutionalization. A ll previous studies have failed to find an association
between delusions or hallucinations and mortality. 

Many factors contribute to the conflicting results in reported associations
including variabi l i ty in the defini tions of delusions and hal lucinations,
consideration of delusions and hallucinations as fixed parameters only at a
single point during the course of AD (typically at the baseline visit or less
f r equent l y  at  any  poi nt  dur i ng the d i sease course), i nconsi stent
consideration of treatments w ith neuroleptics, use of standardized scales
versus clinical evaluation, inclusion of subjects at varying stages of disease
and variable levels of participation at and duration of follow-up. 

METHODS-DESIGN

The present ar t icle summarizes previous analyses [4] that included
subjects from tw o Predictors Study cohorts, w hich w ere recrui ted and
fol low ed at 3 si tes in the US (Columbia Universi ty, N ew  York; Johns
Hopkins University, Baltimore; and Harvard University, Boston) and 2 in
EU (Hospital de la Salpetriere, Paris, France and University of Thessaly,
Larissa, Greece). Patients met N INDS-ADRDA criteria for probable AD.
From 96 patients who have come to autopsy examination, 96% had AD-type
pathological changes, while dementia with Lewy bodies was diagnosed in
22% (coexisting with AD-type changes in all but 1 patient). 

All assessments were conducted at study entry and at 6-month intervals
thereafter. Delusions and hallucinations were assessed using the Columbia
University Scale for Psychopathology in AlzheimerÕs disease, an instrument
w i th good rel iabi l i ty  character ist ics in dementia populat ions [5] . For
delusions, the categories were general delusions (strange ideas or unusual
beliefs), paranoid (people are stealing things, or unfaithful w ife/ husband,
or unfounded suspicions), abandonment (accusing caregiver of plotting to
leave him/ her), somatic (the patient has cancer or other physical i l lness),
misidentification (people are in the house when nobody is there, or that
someone else is in the mirror, or that spouse/ caregiver is an imposter or
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that the patientÕs house is not his/ her home, or that the characters on
television are real) and a miscellaneous category. A patient was considered
to have delusions if he had at least one of the above types of delusions. Four
categories of hal lucinations were recorded: auditory, visual, tacti le and
ol factory. Patients w ere considered to have hal lucinations i f  they had
hallucinations in any of the above four sensory modalities. 

A t the ini t ial  v isi t , demographic character ist ics (age, ethnici ty, sex,
education, etc), medical comorbidities were recorded, and disease severity
features were assessed. We used a Columbia Mini-Mental State examination
(CMMS) score of #20/57 (equivalent to ~ MMSE #10/30) as the cognitive
outcome endpoint. Functional capacity was assessed using the Blessed
Dementia Rating Scale (BDRS) parts I and II: we chose a BDRS score of
>10/ 17 as the functional endpoint. We used the Òequivalent institutional
careÓ (section of a dependency scale) rating of health related facility as an
endpoint for institutionalization prediction. 

RESULTS

Overal l , 456 subjects w i th A D, fol low ed for  up to ~14 years, w ere
included. There were 3266 visit-assessments (up to 25 / patient, average 7.1
/ patient), with extremely rare missing visits and very few losses to follow-
up (~ 5%).  Patients were 74 years old and 41% were males. They were
recruited at the early stages of AD (MMSE ~ 21), were well-educated (13
years of  school ), i n good general  heal th and w ere almost  al l  Whi te
Caucasians. 

A t the baseline evaluation, delusions were present for 34%, while 70%
developed delusions at some point during follow-up. Overall, 32 patients
(7%) had hallucinations at baseline: 12 (2.4%) auditory, 11 (2%) visual, 9
(2%) olfactory, 2 (0.4%) tactile and 3 (0.7%) other. Among 130 patients (33%)
who had hallucinations at any time during the follow-up, 85 (18.7%) had
auditory, 108 (23.8%) visual, 20 (4.4%) olfactory, 15 (3.3%) tacti le and 12
(2.6%) other. Therefore, 1 /  4  - 1 /  3 of the noted hallucinations were of
visual type. 

Presence of both delusions and hal lucinations w ere associated w i th
increased risk of reaching both the cognitive and the functional outcomes in
both unadjusted and adjusted models (Table 1). M ore than hal f of the
patients (54%) reached the equivalent institutional care endpoint. Although
both delusions and hallucinations were associated w ith risk for reaching
this endpoint at the unadjusted models, delusions were not a significant
predictor in the adjusted models (Table 1). On the contrary, presence of
hallucinations was associated w ith 1.6 times higher risk of reaching the
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institutionalization endpoint in the adjusted models. Overall 38% patients
were actually placed in either nursing home or retirement home or assisted
living facil i ty. Use of actual placement as the outcome produced similar
results. 

A lmost hal f  the patients died dur ing the fol low -up per iod. M edian
survival from recruitment into the study was 6.6 years (6.0 Ð 7.2). Delusions
were not a significant predictor of mortality in any of the models (Table 1).
There was a significant association between hallucinations and mortality
risk in both the adjusted and unadjusted models: presence of hallucinations
was associated with a ~1.5 time higher risk of death.

Table 1
Cox models predicting occurrence of the 4 outcomes by delusions and hallucinations

as time-dependent covariates (reference is absence of delusions or hallucinations).
Adjusted models simultaneously controlled for cohort, recruitment center, age, sex,

education, baseline CMMS, baseline BDRS, comorbidity index, informant status, and
behavioral symptoms, cholinesterase inhibitors and neuroleptics use (as time-

dependent covariates). Significant Risk ratios (RR) (95% CI not including 1) ones in
bold.

DISCUSSION

In this study both delusions and hal lucinations were associated w ith
higher risk for cognitive and functional decline in AD patients. For both of
these outcomes, the risk associated w ith hallucinations was stronger than
that for delusions. Presence of hal lucinations w as also associated w ith
higher risk of insti tutionalization and death. A ll  these associations were
significant even after adjusting for multiple potential confounders. 

We confirmed the associations of the assessed neuropsychiatric symptoms
w ith functional decl ine and insti tutional ization that have been noted in
prev ious studies. H ow ever , to our  know ledge, this i s the f i rst  study
report ing that hal lucinations carry a signi f icant r isk for  death in A D.
Hallucinations may reflect higher burden or more biologically detrimental
localization of neuropathology. They may also be associated with more risk-

Predictors Cognitive Functional Institutionalization Death
RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Unadjusted Models
Delusions 1.91 (1.41 - 2.60) 1.90 (1.41 - 2.54) 1.63 (1.26 - 2.12) 0.86 (0.65 - 1.13)
Hallucinations 2.08 (1.41 - 3.07) 2.55 (1.80 - 3.62) 1.94 (1.40 - 2.70) 1.52 (1.08 - 2.15)

Adjusted Models
Delusions 1.50 (1.07 - 2.08) 1.41 (1.02 - 1.94) 1.05 (0.79 - 1.40) 0.83 (0.61 - 1.12)
Hallucinations 1.62 (1.06 - 2.47) 2.25 (1.54 - 3.27) 1.60 (1.13 - 2.28) 1.49 (1.03 - 2.14)
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tak ing behav ior  or  l ow er  at tent i on to medical  problems that  could
eventually lead to mortal i ty.  Antipsychotic medications, may affect the
natural course of AD, since they have been associated with poor outcomes
and more recently with increased risk for stroke and death. However, the
noted association between hallucinations and increased risk for death was
not confounded by medication effects. 

Regarding, possible underlying pathological substrates, studies on the
relation between psychotic symptoms and presence of Lewy bodies have
produced mixed results w ith some reporting significant associations and
some no associations. We detected no signi f icant associations betw een
either delusions or hallucinations and presence of Lewy bodies in this study
[4] (results not presented here). The physiological changes underlying the
emergence of neuropsychiatric symptoms in AD is far from clear. We have
prev i ousl y  r epor ted  that  d i f f erent i al  r i sk  for  dev el opment  of
neuropsychiatric symptoms for AD patients with different APOE genotypes
[3]. Delusions or hallucinations in AD have been associated with increased
neocortical and prosubiculum neurofibri l lary tangles and seni le plaque
densities and lower neuronal counts in the CA1 area of the hippocampus.
Associations between these neuropsychiatric symptoms in AD and lower
cell counts in the dorsal raphe nucleus, reduced levels of serotonin and 5-
hydroxyindoleacetic acid and polymorphic variations in 5-HT2A and 5-
H T2C have suggested a possible role of  the serotoninergi c system.
Delusions and hallucinations have been associated with either no changes
in the locus coeruleus neunonal counts or preservation of norepinephrine in
the substantia nigra leaving the l ink w i th the adrenergic system sti l l
unclear. Finally, associations between psychotic behavior and dopaminergic
receptor DRD1, DRD2 and DRD3 polymorphisms have also been reported. 

The noted frequencies of both delusions and hallucinations were within
previously reported ranges [1, 2]. Of importance is the notable discrepancy
between the frequency of delusions and hallucinations between the first and
all subsequent evaluations. For example, only about half of patients who
had delusions at some point during the follow-up had them at first visit.
Among patients who had hallucinations, only less than a quarter had them
at basel ine evaluation. These results l ikely relate to both an increasing
prevalence of these symptoms during the course of disease and to the well
described phenomenon of fluctuations of these symptoms from visit to visit.
Therefore, the usual  approach of  consider ing the presence of  these
symptoms only at basel ine could be one of the major explanations for
discrepant predictive ability results in the previous literature. Confidence in
our findings is also strengthened by the following: large size of the study;
careful  diagnosis (confi rmed post-mortem in a high proportion [4]; al l
evaluations took place in University hospitals w ith specific expertise in
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dementia and were based on uniform application of widely accepted criteria
via consensus diagnostic conference procedures); prospective, frequent
(every 6 months) and almost complete (very few missing data) follow-up
that started from early stages (so that the full range of progression over time
is captured); and consideration of medication administration.  

These data provide a basis for expanding of knowledge regarding natural
history and predictors in the course of AD.  Such informa tion is importa nt
for practitioners and individual patients-families as well as for public health
p l anni ng. We conf i rm prev i ous repor ts that  both del usi ons and
hallucinations predict faster cognitive and functional decline in AD. We add
to the previous literature by reporting an association between hallucinations
and mor tal i ty . The under l y i ng pathophysiol ogi cal  subst rate of  the
associations between such neuropsychiatric features and clinical outcomes
remains to be explored. 
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