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Objective: Several studies have demonstrated that specific neuropathologic features may be associated

with the presence of visual hallucinations in dementia patients, but the clinical usefulness of these studies

has been limited because their subjects were selected on the basis of neuropathologic findings rather than

clinical presentations. This study seeks to investigate the demographic, clinical, and neuropathologic

features of community-based dementia subjects with and without visual hallucations. Design: A prospec-

tive examination of the clinical and neuropathologic correlates of visual hallucinations in community-

based dementia subjects. Participants: One hundred forty-eight subjects with sufficient clinical and

neuropathologic data from a community-based incident dementia autopsy case series. Results: Subjects

were classified according to the presence or absence of visual hallucinations and subjects with visual

hallucinations (N � 27) were younger at intake and more likely to exhibit agitation, delusions, and apathy

than subjects without visual hallucinations (N � 121). Subjects with visual hallucinations were also more

likely than subjects without visual hallucinations to have Lewy-related pathology (LRP) (78% versus 45%).

In addition, a higher frequency of visual hallucinations was observed in subjects with neocortical LRP than

subjects with limbic-, amygdala-, or brainstem-predominant LRP. Although Alzheimer disease with con-

comitant LRP was the most common neuropathologic subtype in the visual hallucinations-positive group

(59%), the frequency of subjects with Alzheimer disease pathology did not differ significantly between those

with and without visual hallucinations (74% versus 62%). Conclusions: Subjects with visual hallucina-

tions were more likely to have concomitant postural and gait disturbance, additional neuropsychiatric

symptoms, and neocortical LRP than subjects without visual hallucinations. Visual hallucinations accom-

panying dementia have distinct clinical and neuropathologic characteristics that are important for

prognosis and clinical management. (Am J Geriatr Psychiatry 2009; 17:317–323)
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Visual hallucinations (VHs) are a common and
problematic behavior in dementia.1,2 In the short

term, VHs pose treatment challenges for clinicians be-
cause of the risks of prescribing neuroleptics to demen-
tia patients,3 but more globally, these symptoms are
also associated with rapid cognitive decline, early in-
stitutionalization, and high mortality.1,4–6

Several clinicopathological studies have addressed
the neuropathologic (NP) features underlying VHs in
dementia. These studies have consistently reported a
higher frequency and earlier onset of VHs in dementia
subjects with Lewy-related pathology (LRP)7–9 (i.e.,
subjects with dementia with Lewy bodies �DLB� or
Parkinson’s disease dementia) than in dementia sub-
jects with Alzheimer disease (AD). In fact, most pro-
spective studies have reported VH frequencies greater
than 50% in subjects with confirmed LRP (i.e., Lewy
bodies and Lewy neurites).10,11 Some studies have sug-
gested that concomitant AD pathology obscures the
clinical presentation of VHs in subjects with LRP,12–16

whereas others suggest that VH frequencies vary ac-
cording to the location and severity of LRP17 and that
VH frequencies are especially associated with the den-
sity of LRP in the medial temporal lobe.

Unfortunately, most clinicopathological studies have
enrolled autopsied subjects according to their clinical di-
agnoses (e.g., probable or possible DLB) or, alternatively,
their NP findings (e.g., neocortical LRP). Although these
studies are critical to our understanding of the underlying
neurobiology of VHs in dementia, they are limited by
their bias toward specific clinical or NP diagnoses. To
address this limitation, our study selected subjects with a
clinical history of dementia as determined by a compre-
hensive assessment of both clinical and NP information
rather than a narrow focus on specific clinical or NP
diagnostic categories. Using this more general approach
to case selection, we examined the demographic, clinical,
and NP differences between subjects with and without
VHs who underwent autopsy from this community-
based sample of individuals with dementia.

METHODS

Participants

The University of Washington Alzheimer’s Dis-
ease Patient Registry (ADPR) enrolled patients from

the Group Health Cooperative, a well-established
consumer-owned HMO in the Puget Sound area. The
purpose of the ADPR was to identify and enroll
incident cases with dementia who came to medical
attention in the central Seattle, WA, region of the
Group Health Cooperative HMO. We determined
the eligibility of HMO patients with symptoms that
were potentially consistent with previously undiag-
nosed dementia by reviewing specialty and primary
care clinic logs, hospital records, head CT scan re-
quests, and referrals from primary care practitioners
and neurologists. The majority of referred cases,
48.8%, were from primary care physicians.18 In ad-
dition, 19.8% of the referrals were based on CT scan
requisitions that suggested dementia, and 10% of the
referrals were derived from hospital admission
records. Other sources for subjects included emer-
gency room logs and referrals from mental health
specialists. Persons with symptoms of memory loss
that were suggestive of dementia were enrolled in
the ADPR, where they were given a full dementia
workup and a differential diagnosis. Persons who
had been previously diagnosed with dementia for
more than 1 year (prevalent cases) were excluded
from the study. Approximately 34% of the persons
who were initially identified as having cognitive im-
pairment declined to participate in the ADPR.19 The
ADPR sample closely resembles the demographics of
the general elderly population in the Puget Sound
region.18,20–22 In this study, we constructed a sample
that consisted of all of the ADPR subjects with ade-
quate clinical and NP information.

Assessment of Clinical Features

At the time of enrollment, subjects participated in
detailed clinical and neurological examinations by
physicians and cognitive assessments by neuropsy-
chologists. The systematic neurological examinations
included assessments for asymmetrical resting
tremor, rigidity, bradykinesia, and gait disturbances.
We applied the Diagnostic and Statistical Manual of Mental
Disorders, Third Edition, Revised (DSM–III–R)23 and the Na-
tional Institute of Neurological and Communicative
Disorders and Stroke-Alzheimer’s Disease and Related
Disorders Association (NINCDS-ADRDA) criteria for de-
mentia.24 Subjects were followed-up annually with either
an in-person examination or a telephone interview,
using abbreviated neuropsychological evaluations (Mini-
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Mental State Examination and Mattis-Coblentz) and as-
sessments of behavioral symptoms (BEHAVE-AD25).
Clinical and neuropsychological examinations were re-
peated if new signs and symptoms emerged, and diag-
noses were changed only by consensus.

Using these prospectively collected clinical data,
we evaluated all records for the presence of behav-
ioral and parkinsonian signs and symptoms. Our
evaluation of behavioral symptoms included an as-
sessment of the presence of paranoid and delusional
ideation, auditory and visual hallucinations, activity
disturbances, aggressiveness, diurnal rhythm distur-
bances, affective disturbances, and anxiety and pho-
bias. Our evaluation of parkinsonian signs and symp-
toms included an assessment of tremor, bradykinesia,
stooped posture, cogwheeling, and rigidity.

NP Evaluation

We performed a standard NP workup, including
gross and microscopic examinations, on all autopsied
subjects. Histological evaluations included hematoxy-
lin-eosin, modified Bielschowsky, and thioflavine S
staining. In addition, we performed alpha-synuclein
immunostaining (antibody LB509, dilution, 1:400;
generous gift from John Q. Trojanowski)26 to fully
characterize LRP in each subject.27 We also reviewed
the medulla, substantia nigra, hippocampus, entorhi-
nal cortex/parahippocampal gyrus, amygdala, cin-
gulate gyrus, and frontal cortex for the presence of
LRP.27–29 LRP includes both classic Lewy bodies (as
seen with hematoxylin-eosin histological stain) and
abnormal alpha-synuclein (SNCA) deposition in
Lewy inclusions and neurites. Subjects were divided
into two subgroups based on NP findings: 1) LRP-
negative � no LRP in any region; 2) LRP-positive �

alpha-synuclein immuno-positive inclusions and/or
neurites in any sampled region. Furthermore, using a
modification of the consensus neuropathological criteria
for DLB,9,27 each LRP-positive subject was assigned a
region of LRP predominance (i.e., brainstem-, amygda-
la-, limbic-, or neocortical-predominance). Braak stage
for neurofibrillary tangle pathology30 and CERAD
plaque scores were determined for each case.31 Cases
with a Braak stage greater than IV and a CERAD
plaque score of B or C were considered to have met
neuropathological criteria for AD.32

Statistical Analysis

We evaluated demographic and clinical character-
istics for associations with the presence of VHs by
using t tests for continuous variables assuming un-
equal variances and using Satterthwaite’s approxi-
mate df33 and Fisher’s exact test (based on hypergeo-
metric probabilities) for categorical variables. We
defined statistical significance as p �0.01. We did not
perform formal adjustments for multiple compari-
sons. The statistical package STATA Version 8.2 was
used for all analyses.34

RESULTS

Nine hundred eighty-seven individuals were ini-
tially enrolled in the ADPR between 1987 and 1996.
Seven hundred twenty-eight individuals are now de-
ceased. Of the 285 subjects who subsequently under-
went autopsy, 260 were diagnosed with dementia
during the study, but 72 were excluded due to insuf-
ficient clinical information, and 31 were excluded
due to insufficient tissue for a complete NP evalua-
tion. Seven additional subjects were excluded due to
a previous diagnosis of dementia secondary to Par-
kinson disease, as were two subjects whose parkin-
sonian signs and symptoms were thought to be re-
lated to antipsychotic medication use. One hundred
forty-eight ADPR subjects with sufficient clinical in-
formation available and a complete NP workup were
included in this analysis. Only subjects with a clearly
documented presence of VHs unrelated to dopamin-
ergic-agent use were classified as VH-positive in the
study.

Table 1 summarizes the demographic characteris-
tics of the sample, and it is stratified by the presence
and absence of VHs. Subjects who experienced VHs
were younger at intake (t�41� � 2.13, p � 0.04), but in
other respects, the two groups were similar. There
was little difference in APOE*4 allele frequencies
between VH-positive and VH-negative groups (36%
versus 31%, data not shown).

Table 2 summarizes the clinical signs and symp-
toms of the sample, and it is stratified by the pres-
ence or absence of VHs. VH-positive subjects were
generally more likely to exhibit clinical parkinsonism
than VH-negative subjects, but at the 1% level there
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were no significant differences between the two
groups. Behaviorally, VH-positive subjects were
more likely than VH-negative subjects to have exhib-
ited delusions (p � 0.005; Fisher’s exact test), agita-
tion and aggression (p � 0.02; Fisher’s exact test),
and apathy (p � 0.008; Fisher’s exact test).

The frequency of AD and LRP in the sample dif-
fered according to VH status (Table 3), although
these differences were not significant at the 1% level

(p � 0.02, Fisher’s exact test). For instance, 78% (21 of
27) of VH-positive subjects had LRP, whereas only
45% of VH-negative subjects had LRP. The frequency
of neuropathologic AD was similar in VH-positive
(74%) and VH-negative subjects (62%, p � 0.27; Fish-
er’s exact test). The frequency of VHs in LRP-positive
subjects with and without concomitant AD was sim-
ilar (30% and 24%, respectively, p � 0.78; Fisher’s
exact test).

TABLE 1. Comparison of Clinical Characteristics in Subjects With and Without Visual Hallucinationsa

Clinical Characteristics

Mean (SD)

p Approx dfVH-Negative (N � 121) VH-Positive (N � 27)

Continuous
Age at onset 76.9 (7.2) 74.2 (6.4) 0.06 42.0
Age at intake 79.8 (7.1) 76.8 (6.5) 0.04 41.1
Age at death 84.4 (6.7) 82.1 (5.5) 0.07 45.0
MMSE score at baseline 20.7 (4.7) 20.3 (5.4) 0.72 35.3
MMSE score at final visitb 13.5 (7.6) 11.3 (7.5) 0.18 39.4
Average change in MMSE per yearc �3.9 (3.4) �3.6 (2.2) 0.58 59.0
ADL score at final visit 10.9 (4.6) 12.2 (3.8) 0.13 44.7

Categorical n (%)

Female 67 (55.4) 14 (51.9) 0.83
Final DSM-III-R diagnosis of AD 83 (68.6) 21 (77.8) 0.49

Notes: VH: visual hallucination; df: degrees of freedom; MMSE: Mini-Mental State Examination; ADL: activities of daily living; DSM-III-R:
Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised; AD: Alzheimer’s disease.
at tests for continuous variables assuming unequal variances and using Satterthwaite’s approximate degrees of freedom.
bMMSE data available for n � 116 VH-negative, n � 27 VH-positive.
cMMSE change data available for n � 103 VH-negative, n � 26 VH-positive.

TABLE 2. Comparison of Clinical Signs and Symptoms in Subjects With and Without Visual Hallucinations

Individual Symptoms

N (%)

pVH-Negative (N � 121) VH-Positive (N � 27)

Parkinsonism
Asymmetrical tremor 11 (9.1) 6 (22.0) 0.09
Rigidity 11 (9.1) 6 (22.0) 0.09
Bradykinesia 16 (13.2) 4 (14.8) 0.76
Postural or gait disturbance 24 (19.8) 11 (40.7) 0.04
Masked facies 8 (6.6) 4 (14.8) 0.23
Shuffling gait 13 (10.7) 6 (22.2) 0.12
Multiple falls 25 (20.7) 10 (37.0) 0.08

Neuropsychiatric
Delusions 48 (39.7) 19 (70.4) 0.005
Agitation or aggression 68 (56.2) 22 (81.5) 0.02
Depression or dysphoria 73 (60.3) 19 (70.4) 0.39
Anxiety 71 (58.7) 19 (70.4) 0.29
Elation or euphoria 0 (0.0) 0 (0.0) —
Apathy or indifference 70 (57.9) 23 (85.2) 0.008
Disinhibition 14 (11.6) 6 (22.2) 0.21
Irritability 61 (50.4) 12 (44.4) 0.67
Lability 43 (35.5) 10 (37.0) 1.000
Aberrant motor behavior 65 (53.7) 18 (66.7) 0.29
Pacing 31 (25.6) 12 (44.4) 0.06

Notes: All p �0.01 are in bold, tests based on Fisher’s exact method for 2 � 2 tables.
VH: visual hallucination.
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The distribution of LRP for the 75 subjects with
any LRP is shown by VH status in Table 4. The
majority of VH-positive subjects had neocortical LRP
(13 of 21, 62%), whereas neocortical LRP was less
common in the VH-negative subjects (18 of 56, 32%,
p � 0.02; Fisher’s exact test). For subjects with neo-
cortical LRP, individuals with coexistent AD had a
similar frequency of VHs (9 of 23, 39%) to individu-
als without coexistent AD (4 of 8, 50%, p � 0.69;
Fisher’s exact test).

CONCLUSIONS

Although previous studies of VHs in dementia
have focused on specific clinical or NP diagnostic

groups,10,17 our study examined a community-based
sample of incident dementia subjects without impos-
ing such a selection, albeit the study focused only on
subjects who underwent autopsy. An important dif-
ference between our study, which considers the clin-
ical symptoms of all autopsied subjects, and studies
that have selected subjects based on autopsy find-
ings is that although the latter studies may illumi-
nate correlates within NP diagnosis categories,
they have less value from a clinician’s perspective.
Findings based on NP exclusion criteria are more
difficult to generalize to clinical settings, where
autopsy findings are unknown. Our decision to
include all autopsied subjects therefore resulted in
an investigation of the pathologic correlates of
VHs in dementia from a clinical vantage point.

In our study, 18% of dementia subjects were
VH-positive. Previous studies of VHs in dementia
have reported widely variant VH frequencies,
ranging from 25% to 83%.2,10,17 Some of these dif-
ferences are likely due to subject selection, includ-
ing factors such as referral bias and the age of
subjects enrolled.20,35 Studies that include subjects
from geriatric psychiatry inpatient services are
likely to have a higher frequency of VHs than
studies that include subjects from outpatient med-
ical clinics. Furthermore, studies differ in the
instruments that they use to assess psychiatric
symptoms and in whether the data are collected
retrospectively or prospectively.

After prospectively collecting clinical data from a
community-based sample with an average age at
death in the early 1980s, we found that VH-positive
subjects were younger at intake than VH-negative
subjects, but there were no other demographic dif-
ferences between the two groups. We speculate that
VHs are associated with a more aggressive clinical
course and an earlier age of onset.36 However, some
studies have reported no differences in age at onset
between DLB subjects with and without VHs.6,37

Thus, because of the highly selective nature of the
previous studies, the association between age and
VH status in neurodegenerative dementia remains
inconclusive and requires further investigation by
studies that directly address the effect of selection
bias on age.

The clustering of neuropsychiatric and parkinso-
nian signs and symptoms in DLB subjects has been
reported previously.38,39 We extended these findings

TABLE 3. Comparisona of Neuropathologic Changes in
Subjects With and Without Visual Hallucinationsb

NP Diagnosis

N (%)

VH-Negative
(N � 121)

VH-Positive
(N � 27)

AD without LRP 37 (30.6) 4 (14.8)
AD with LRP 38 (31.4) 16 (59.3)
LRP without AD 16 (13.2) 5 (18.5)
No AD or LRP 30 (24.8) 2 (7.4)

Notes: VH: visual hallucination; NP: neuropathologic; AD: Alzhei-
mer disease (Braak Stage � IV and CERAD plaque score B or C); LRP:
Lewy-related pathology (classic Lewy bodies or abnormal Lewy in-
clusions or neurites).
aFisher’s exact test for r � c tables, p � 0.02.
bPercentage of VH-positive subjects by neuropathologic category:

AD without LRP (10% VH-positive), AD with LRP (30%), LRP without
AD (24%), no AD or LRP (6%).

TABLE 4. Distribution of Lewy-Related Pathologya in
Subjects With and Without Visual Hallucinationsb

LRP Distribution

N (%)

VH-Negative
(N � 54)

VH-Positive
(N � 21)

Amygdala 11 (20.4) 1 (4.8)
Brainstem 12 (22.2) 4 (19.0)
Limbic 11 (20.4) 2 (9.5)
Neocorticalc 18 (33.3) 13 (61.9)
Mixed 2 (3.7) 1 (4.8)

Notes: VH: visual hallucination; LRP: Lewy-related pathology.
aAccording to the modified International Consensus Diagnostic

criteria for dementia with Lewy bodies27; 44 148 cases (29.8%) met
the 2005 neuropathological criteria for dementia with Lewy bodies.9
bFisher’s exact test for r � c tables, p � 0.16.
cComparison of neocortical frequency with and without VHs:

Fisher’s exact test, p � 0.02.
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in that we found that VH-positive subjects were
more likely to exhibit delusions and apathy com-
pared with VH-negative subjects. Galvin et al.40

also reported an association between personality
change, including apathy, and VHs in individuals
with autopsy-confirmed DLB. In contrast, Borroni
et al.37 reported that VH-negative DLB subjects
had higher delusion, agitation, and anxiety scores
than VH-positive DLB subjects, but the subjects
were recruited from specialty clinics (movement
disorder and neurodegenerative disorder clinics)
and lacked clinical diagnoses confirmed by neuro-
pathology.

Consistent with previous studies of VHs and de-
mentia, we found an association between VHs and
LRP, especially neocortical predominant LRP. Hard-
ing et al.17 have reported that the high density of
amygdala and parahippocampal cortex LRP is asso-
ciated with VHs, that the high density of temporal-
lobe LRP is associated with an earlier onset of these
symptoms, and that the density of frontal cortical
LRP has no relationship with VHs. Because our LRP
assessments in specific brain regions were semiquan-
titative, we cannot directly compare our findings
with their work; moreover, there are also important
sample differences between our studies, such as age
and sample selection (their sample included some
subjects with parkinsonism and no dementia). None-
theless, both our study and that of Harding et al.’s
support a relationship between the presence of LRP
and VHs. Further quantitative study of limbic and
neocortical subjects with and without VHs would be
helpful to determine whether density of LRP in the
limbic region or density of LRP in the neocortical
region underlies VHs.

Some investigators have reported that the clinical
presentation of DLB is less clear in subjects with LRP
and coexistent AD than in subjects with LRP alone41

and that severe AD neuropathologic changes sup-
press the manifestation of VHs.38 We observed no
significant differences in VH frequency between
cortical LRP subjects with or without AD. How-
ever, given our small sample size in these catego-
ries, this result should be interpreted with caution.

Unfortunately, because the majority of our subjects
were evaluated before the publication of the consen-

sus diagnostic criteria for DLB, a clinical diagnosis of
DLB was generally not considered. The clinical cri-
teria of cognitive fluctuation and rapid eye move-
ment sleep behavior disorder were also not system-
atically assessed. Other limitations of this study
include our small sample size and the possibility of
selection bias because not all of our deceased subjects
underwent autopsy. However, this sample closely
resembles the demographic characteristics of the
general elderly population in the region,20 and only
moderate differences exist between the autopsied
and nonautopsied subjects.22 Because we conducted
multiple statistical comparisons in this study, we
regard our findings as primarily descriptive and
hypothesis-generating. Finally, although autopsy
studies are not representative of the entire study
sample, our earlier report demonstrated that the
effect of selection bias is modest for the NP diag-
nosis of LRP in the ADPR sample.20

Multiple other studies with a variety of study
designs have found associations between VHs and
LRP, and the presence of VHs is thought to be
highly predictive for the presence of LRP at au-
topsy in subjects with dementia or parkinson-
ism.36,38 In fact, this clinicopathological association
is sufficiently strong that some researchers have
advocated the inclusion of VHs as a supportive
criterion for the clinical diagnosis of Parkinson’s
disease.36 This study confirms the association be-
tween VHs and LRP, and although the absence of
VHs in dementia patients were not predictive of
LRP at autopsy, the association was particularly
strong in subjects with neocortical LRP, regardless
of the presence of coexistent AD pathology.36,38

Further studies are needed to improve the clini-
cian’s ability to predict which dementia patients
will have LRP, especially in patients without VH.

The authors thank all of the participants and sup-
port staff who made this study possible. The authors are
especially grateful to Andrew C. David for his editorial
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Illness Research, Education, and Clinical Center, Vet-
eran Affairs, grants NIH/NINDS RO1 NS48595, NIH/
NIA P50 AG05136-22, and NIH/NIA U01AG006781.
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