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A Prospective Clinical and Neuropathological
Comparative Study With Alzheimer’s Disease

Clive Ballard, M.R.C.Psych., M.D., Clive Holmes, M.R.C.Psych., 
Ian McKeith, F.R.C.Psych., M.D., David Neill, M.R.C.Psych., Ph.D., 

John O’Brien, M.R.C.Psych., D.M., Nigel Cairns, Ph.D., Peter Lantos, M.D., F.R.C.Path., 
Elaine Perry, Ph.D., Paul Ince, M.D., and Robert Perry, M.D.

Objective: The literature reports considerable variation in the rates of psychiatric mor-
bidity for patients with dementia with Lewy bodies. The authors intended to clarify the fre-
quency of psychiatric morbidity in dementia with Lewy bodies and how it differs from prob-
able Alzheimer’s disease. Method: The study incorporated two groups—a clinical case
register cohort (98 with dementia with Lewy bodies; 92 with Alzheimer’s disease) and 80
(40 with dementia with Lewy bodies; 40 with Alzheimer’s disease) prospectively studied,
neuropathologically confirmed cases. Diagnoses were made by using the McKeith et al.
consensus criteria for dementia with Lewy bodies and the National Institute of Neurological
and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disor-
ders Association criteria for Alzheimer’s disease. Neuropathological diagnoses were made
by using the consensus criteria for dementia with Lewy bodies and the Mirra et al. protocol
for Alzheimer’s disease. Results: The occurrence of psychiatric symptoms was reported
over 1 month. Hallucinations, depression, delusions, and delusional misidentification were
all significantly higher for patients with dementia with Lewy bodies. The differences in fre-
quency between dementia with Lewy bodies and Alzheimer’s disease for auditory and vi-
sual hallucinations were especially pronounced for patients with mild cognitive impairment.
The presence of psychiatric symptoms at presentation was a better discriminator between
dementia with Lewy bodies and Alzheimer’s disease than occurrence over the course of
dementia. Conclusions: Delusional misidentification and hallucinations in the early stages
of dementia may improve differentiation between patients with dementia with Lewy bodies
and those with Alzheimer’s disease and have important treatment implications. 

(Am J Psychiatry 1999; 156:1039–1045)

Lewy bodies are intraneuronal eosinophilic inclu-
sion bodies that are seen in the brainstem and cortex of
patients with Parkinson’s disease and some patients
with dementia. Studies (1–6) have suggested that de-
mentia with Lewy bodies accounts for 10% to 25% of
dementia cases in clinical populations. An interna-

tional meeting developed operationalized clinical diag-
nostic criteria 7). Key features include persistent or re-
current visual hallucinations, parkinsonism, and
fluctuating confusion associated with disturbances of
consciousness.

All studies have found visual hallucinations to occur
significantly more frequently in dementia with Lewy
bodies than in Alzheimer’s disease, although rates have
varied greatly, from 25% to 83%, even when smaller
studies are excluded from consideration (table 1) (4–6,
8–15). Delusions are common in patients with demen-
tia with Lewy bodies, with rates varying from 13% to
75%. Some groups have found delusions to have a sig-
nificantly higher frequency in dementia with Lewy
bodies than in Alzheimer’s disease (table 1) (4–6, 8–
15). Auditory hallucinations have received less atten-
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tion, although they were described as more common
in dementia with Lewy bodies than in Alzheimer’s
disease by McKeith et al. (9–12). Rates have varied
from 11% to 45% (table 1) (4–6, 8–15). Delusional
misidentification has not been studied in postmortem
series, although two clinical studies found these
symptoms to be common in patients with dementia
with Lewy bodies (6, 16).

The rate reported for depression has varied from
14% to 50% in patients with dementia with Lewy
bodies. Using a broad clinical definition, Klakta et al.
(11) reported depression in 50% of patients with de-
mentia with Lewy bodies. McKeith et al. (9) reported
depressive symptoms in 33% of patients with demen-
tia with Lewy bodies, although only 14% met the cri-
teria for major depression, whereas Ballard et al. in a
clinical study (6) found that 33% of patients with de-
mentia with Lewy bodies had DSM-III-R major de-
pression. Depressive symptoms are common in pa-
tients with dementia with Lewy bodies, although the
proportion of patients with major depression requires
clarification (table 1) (4–6, 8–15).

The rates of many important psychiatric symptoms
have not been accurately determined for patients with
dementia with Lewy bodies. Equally important, it is
unclear whether some of these symptoms are more
common in patients with dementia with Lewy bodies
than in Alzheimer’s disease patients and whether they
change with increasing severity. The variability of pre-
vious reports is probably accounted for by the small
study group sizes, the retrospective design of many
studies, the different assessment methods for psychiat-
ric symptoms, the variable time courses of symptom
ascertainment, and the biases introduced by clinical se-
lection criteria.

The current study focused on the two largest demen-
tia with Lewy bodies cohorts reported so far. Our aims
were to examine the frequency of psychiatric symp-
toms among patients with dementia with Lewy bodies
and to evaluate the differences in symptom profile be-
tween patients with dementia with Lewy bodies and
those with Alzheimer’s disease.

METHOD

Clinical Cohort

The first cohort was based on patients from the Newcastle demen-
tia case register (337 clinically assessed dementia patients, including
98 with dementia with Lewy bodies and 92 with probable Alzhe-
imer’s disease), incorporating consecutively referred patients with
mild or moderate dementia seen by psychiatric services with defined
geographical catchment areas who have an informant in regular con-
tact. After a full explanation, written consent was obtained from the
patients, with written assent from their nearest relatives. Following
death, the next of kin was approached and given a full explanation
regarding the aims of the related postmortem study, and written con-
sent was obtained. The study was approved by human subjects ethi-
cal committees in both Newcastle and London. Patients from the
register who met operationalized clinical criteria for a consensus di-
agnosis of dementia with Lewy bodies (7) (applied by three experi-
enced clinicians in consensus [C.B., I.M., J.O.]) were compared with
patients from the same cohort who met the criteria of the National
Institute of Neurological and Communicative Disorders and Stroke
and the Alzheimer’s Disease and Related Disorders Association (17)
for probable Alzheimer’s disease. Data from the first 50 patients
from within this series for whom there was a postmortem examina-
tion showed a positive predictive value of 0.92 for a diagnosis of de-
mentia with Lewy bodies against postmortem diagnosis (18). The
corresponding figure for the positive predictive value of a clinical di-
agnosis of probable Alzheimer’s disease against neuropathological
diagnosis was 0.80.

The assessment included a standardized psychiatric history (his-
tory and etiology schedule [19]) and an assessment of cognitive func-

TABLE 1. Literature Review of Psychiatric Morbidity in Studies of Dementia With Lewy Bodies Symptoms

Study Year

Number of
Patients

Type of Clinical
Diagnosis

Neuro-
pathological
Diagnosis

Subjects With Hallucinations (%)

Visual Auditory Combined

Lewy 
Bodies

Alz-
heimer

Lewy 
Bodies

Alz-
heimer

Lewy 
Bodies

Alz-
heimer

Lewy 
Bodies

Alz-
heimer

Byrne et al. (8) 1989 15 0 — Yes — — — — — —
McKeith et al. (9) 1992 21 37 — Yes

Point frequency 33 8 14 3 — —
Course of illness 48 16 19 3 — —

Ballard et al. (4) 1993 16 44 Operational-
ized

No 25 0 — — — —

Shergill et al. (5) 1994 30 80 Operational-
ized criteria 
applied to 
case notes

No — — — — 67 25

Ballard et al. (6) 1995 12 88 Operational-
ized

No 83 25 — — — —

Weiner et al. (10) 1996 24 58 — Yes — — — — 64 21
Klakta et al. (11) 1996 28 58 — Yes — — — — 61 35

McKeith et al. (12) 1994 20 21 Retrospective Yes 80 19 45 0 — —
Galasko et al. (13) 1996 26 26 — Yes 32 11 — — — —
Ala et al. (14) 1997 39 60 — Yes — — — — 23 3

Ballard et al. (15)a 1996 56 0 — Yes 16 0 11 0 — —
a Small pathological series.
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tion using the cognitive section of the Cambridge Assessment for
Mental Disorders of the Elderly (20), a widely used and validated
cognitive assessment instrument, scored out of a possible 107 points.
A standardized physical examination incorporated the Unified Par-
kinson’s Disease Rating Scale (21). An assessment of psychosis used
the Columbia University Scale for Psychopathology in Alzheimer’s
Disease (22), and an evaluation of depression was undertaken by us-
ing the Cornell Scale for Depression in Dementia (23). All scales to
assess psychiatric morbidity measured the occurrence over 1 month.
A computerized tomography scan or magnetic resonance imaging
scan and full dementia blood screen were also performed.

The diagnosis of depression was made by using DSM-III-R crite-
ria, ignoring the caveat regarding exclusion if there is evidence of or-
ganic causation. Definitions regarding the presence and classifica-
tion of psychotic features were taken from the criteria of Burns et al.
(24). Delusional misidentification included the Capgras delusion and
delusional misidentification of television images and mirror images.

Neuropathological Cohort

This cohort’s patients were recruited from two centers (80 pro-
spectively assessed patients with dementia: 40 patients with demen-
tia with Lewy bodies, 40 patients with Alzheimer’s disease)—the In-
stitute for the Health of the Elderly in Newcastle (28 patients with
dementia with Lewy bodies, 12 patients with Alzheimer’s disease)
and the Institute of Psychiatry in London (12 patients with dementia
with Lewy bodies, 28 patients with Alzheimer’s disease). Both cen-
ters have a case register of dementia sufferers from defined geo-
graphical areas. The Newcastle case register has been described pre-
viously. In London, the case register included subjects with dementia
known to hospital and social services. All cases of patients with neu-
ropathologically confirmed dementia with Lewy bodies from both
centers were included in the current report, together with an equal
number of age- or gender-matched patients with neuropathologi-
cally confirmed cases of Alzheimer’s disease. At the point of entry
into the study, written consent was obtained from the patients, with
assent from the next of kin, after a full explanation was given. A sep-
arate written consent was obtained from the next of kin after death
to permit postmorten examination.

The assessment measures at the Newcastle center are described in
the previous section. In London, a standardized psychiatric history
was taken by using the Cambridge Assessment for Mental Disorders
of the Elderly (20). Both the history and etiology schedule and the

Cambridge Assessment for Mental Disorders of the Elderly sched-
ules contain detailed information regarding patient history, medica-
tion use, mental state, history of psychiatric symptoms, and fluctua-
tion and disturbances of consciousness. The Mini-Mental State
examination (25) (derived from the cognitive section of the Cam-
bridge Assessment for Mental Disorders of the Elderly in Newcastle)
was used for cognitive assessment, and the Cornell Scale for Depres-
sion in Dementia (23) was used for assessing depression. The Cornell
scale was augmented by additional DSM-III-R items pertaining to
the duration of the mood disturbance and its effect on social func-
tioning. Psychotic symptoms were evaluated in London by using the
Manchester and Oxford Universities Scale for the Psychopathologi-
cal Assessment of Dementia (26) (all of the Columbia University
Scale for Psychopathology in Alzheimer’s Disease items are con-
tained within the Manchester and Oxford Universities Scale for the
Psychopathological Assessment of Dementia). All standardized as-
sessments reported the occurrence of psychiatric symptoms over 1
month. A physical examination was performed that included assess-
ment of parkinsonism with the Webster scale (27) and staging
through use of the Hoehn and Yahr system (28), with a rating of 1
or more taken as evidence of significant parkinsonism. This detailed
operationalized assessment was repeated at annual intervals until the
patient’s death.

Psychiatric symptoms were diagnosed by using the same proce-
dures outlined in the clinical section. The symptoms at presentation
were recorded from the baseline assessment. Information regarding
symptoms over the course of the illness was obtained by combining
information from the psychiatric history, the baseline assessment,
and subsequent annual assessments.

The neuropathological diagnosis of Alzheimer’s disease was made
by using quantitative techniques to determine plaque and tangle den-
sities (6) and according to the criteria of the Consortium to Establish
a Registry for Alzheimer’s Disease (29). The quantitative assessment
of Lewy body density followed the consensus protocol (7), using
ubiquitin and Tau2, Alz50, and AT8 antibodies to detect and distin-
guish cortical Lewy bodies. The neuropathological diagnosis of de-
mentia with Lewy bodies was made according to the international
consensus criteria (7).

The number of patients with dementia with Lewy bodies and
those with Alzheimer’s disease experiencing symptoms of interest at
presentation were compared by using the chi-square test. The same
method was used to compare the rates of symptoms over the course
of the illness. The rates of symptoms were described for patients

Subjects With
Delusions (%)

Subjects With
Delusional Mis-
identification (%)

Subjects With 
Overall

Psychosis
Subjects With

Depression (%)
Subjects With 
Anxiety (%)

Psychiatric Diagnosis
Lewy 

Bodies
Alz-

heimer
Lewy 

Bodies
Alz-

heimer
Lewy 

Bodies
Alz-

heimer
Lewy 

Bodies
Alz-

heimer
Lewy 

Bodies
Alz-

heimer

— — — — 33 0 20 0 — — Case note review

48 8 — — — — 14 0 — — Case note review
57 11 — — — — 14 5 — — Case note review
44 38 — — — — 44 16 — — Operationalized 1-month rates

67 25 — — — — — — — — Case note review; time frame not 
specified

75 47 50 27 — — 33 17 — — Operationalized 1-month rates

43 10 — — — — 46 16 — — Clinical rating point frequency
57 53 — — — — 50 14 — — Standardized, retrospectively, over 

illness course
80 19 — — — — — — — — Case note review over illness course
43 29 — — — — 16 16 — — Operationalized over illness course
— — — — — — 18 7 — — Case note review; presenting 

symptoms
13 0 — — — — 14 0 — — Case note review over illness course



1042 Am J Psychiatry 156:7, July 1999

PSYCHIATRIC MORBIDITY IN DEMENTIA

with mild (Mini-Mental State examination score of 20 or more),
moderate (Mini-Mental State examination score=10–20), and severe
(Mini-Mental State examination score less than 10) cognitive im-
pairment. Overall scores on the Mini-Mental State examination and
scores on the cognitive section of the Cambridge Assessment of
Mental Disorders of the Elderly were compared between patients
with dementia with Lewy bodies and Alzheimer’s disease patients by
using the Mann-Whitney U test. All statistics were obtained by using
the Statistical Package for the Social Sciences (30).

RESULTS

The clinical case register cohort included 337 patients
with dementia, 329 of whom met the criteria for demen-
tia with Lewy bodies (N=98), Alzheimer’s disease (92
probable, 74 possible), or vascular dementia (N=65).
Only the patients with probable dementia with Lewy
bodies or probable Alzheimer’s disease were considered
in the present study. The neuropathological series in-
cluded 40 patients with dementia with Lewy bodies
who were compared with 40 Alzheimer’s disease pa-
tients matched by age and gender. Their demographic
characteristics are described in table 2. The patients
with dementia with Lewy bodies in the clinical cohort
were more likely to be male and were significantly
younger. The patients in the neuropathological cohort
were matched for these variables, but the Alzheimer’s
disease patients were significantly more cognitively im-
paired and had a longer illness duration (table 2).

At presentation, visual and auditory hallucinations,
delusions, delusional misidentification, and depression
were significantly more common in patients with de-
mentia with Lewy bodies, in both the clinical and neu-
ropathological cohorts. The rates of individual symp-
toms are shown in table 3 and are similar in the two

study groups, apart from the lower frequency of de-
pression in the clinically diagnosed patients. Most psy-
chiatric symptoms had rates exceeding 30% in patients
with dementia with Lewy bodies from the clinical co-
hort, with visual hallucinations occurring in more than
70% of the patients. The two dementias showed the
biggest differences regarding visual and auditory hallu-
cinations and delusional misidentification.

The differences in the frequency of psychiatric symp-
toms between patients with dementia with Lewy bod-
ies and those with Alzheimer’s disease were less dra-
matic when observed over the course of the dementia,
especially for delusions. That was also true for visual
hallucinations, which occurred in more than 30% of
Alzheimer’s disease patients over the course of the ill-
ness (table 4).

Table 5 shows the rates of key psychiatric symptoms
in clinically diagnosed patients with mild, moderate,
and severe dementia defined by Mini-Mental State ex-
amination cutoff scores. Most important, both audi-
tory (0%) and visual (5%) hallucinations were ex-
tremely uncommon among Alzheimer’s disease
patients scoring over 20 on the Mini-Mental State ex-
amination. Among patients with Mini-Mental State
examination scores over 20, all patients with auditory
hallucinations and 93% of patients with visual halluci-
nations had a diagnosis of probable dementia with
Lewy bodies.

DISCUSSION

The strength of the current study is the combination
of prospective clinical assessment with neuropatho-
logical confirmation of diagnoses in two independent

TABLE 2. Demographic Characteristics of Patients With Dementia With Lewy Bodies and Patients With Alzheimer’s Disease

Characteristic

Clinical Cohort (N=190) Neuropathological Cohort (N=80)

Patients With 
Dementia 
With Lewy 

Bodies
(N=98)

Patients With 
Alzheimer’s 

Disease 
(N=92) Analysis

Patients With 
Dementia 
With Lewy 

Bodies
(N=40)

Patients With
Alzheimer’s 

Disease
(N=40) Analysis

N % N %
χ2

(df=1) p N % N %
χ2

(df=1) p

Female gender 49 50 65 71 7.7 <0.006a 20 50 20 50 —b —

Mean SD Mean SD zc p Mean SD Mean SD zc p

Age (years) 78.6 7.8 82.1 6.3 4.9 <0.001a 79.5 5.4 80.2 4.1 —b —
Score on cognitive section 

of the Cambridge Exami-
nation for Mental Disor-
ders of the Elderly 
(out of 107) 46.2 26.2 49.1 24.4 0.9 0.39 — — — — — —

Score on Mini-Mental State 
examination (out of 30) — — — — — — 13.2 17.9 9.2 7.3 1.6 0.16

Duration of illness at pre-
sentation (years) 2.6 1.9 3.1 2.3 1.4 0.17 3.6 2.4 4.2 1.5 2.4 0.02a

Duration of illness to death 
(years) 4.3 2.3 5.6 1.8 2.7 0.008a

a Statistically significant. b Matched. c Mann-Whitney U test.
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but compatible cohorts with dementia with Lewy
bodies.

The study confirms the high frequency of visual hal-
lucinations (clinical cohort, 72%; neuropathological
cohort, 65%), auditory hallucinations (clinical cohort,
38%; neuropathological cohort, 35%), delusions (clin-
ical cohort, 57%; neuropathological cohort, 60%),
and depression (clinical cohort, 19%; neuropathologi-
cal cohort, 32.5%) at presentation to clinical services
in patients with dementia with Lewy bodies. The rates
are similar between the clinical and neuropathological
cohorts for most symptoms except depression. The last
discrepancy is not surprising given the higher mortality
rates of depressed dementia patients (31).

Visual and auditory hallucinations, delusions, and
depression all occurred at significantly higher rates in
patients with dementia with Lewy bodies than in
Alzheimer’s disease patients. The presence of visual or
auditory hallucinations in patients with Mini-Mental
State examination scores greater than 20 was even
more suggestive of dementia with Lewy bodies, which
may have important implications for early diagnosis.
Patients with hallucinations early in the course of their
dementia are also a key group for intervention studies
aiming to reduce the severity, persistence, and distress
of these symptoms as well as preventing the expedited
institutionalization that often ensues.

When symptom rates across the course of the de-
mentia were calculated, the magnitude of difference
between dementia with Lewy bodies and Alzheimer’s
disease patients diminished. This is supported by previ-
ous work, where the differences in frequency of psychi-
atric symptoms for dementia with Lewy bodies and
Alzheimer’s disease patients are more substantial in
studies evaluating point or 1-month rates (table 1). Al-
though a good psychiatric history is important and will
more accurately identify a particular symptom over the
course of an illness, it is suggested that the differential
diagnosis of dementia with Lewy bodies can be made
more accurately by focusing on symptoms over the
month before presentation. This is particularly true for

delusions, reflecting the tendency of Alzheimer’s disease
patients to experience brief delusional episodes (32).

Alzheimer’s disease patients in the clinical cohort
were older and more likely to be female, whereas
Alzheimer’s disease patients in the neuropathological
cohort had more severe cognitive impairment and a
longer duration of illness. Each of these factors may
have elevated the relative frequency of some psychiat-
ric symptoms, although the confounding effects would
operate in the opposite direction from the current find-
ings. Because patients from the clinical cohort met the
clinical diagnostic criteria for dementia with Lewy
bodies, it is possible that the reported rates of visual
hallucinations may have been elevated by selection bi-
ases. However, the magnitude of difference was similar
in the neuropathologically diagnosed patients.

Both cohorts reported in the current study showed
significantly higher rates of depression with dementia
with Lewy bodies than with Alzheimer’s disease. Five
out of six previous studies have reported higher rates
of depression in patients with dementia with Lewy
bodies (table 1), although many of the study groups
have not been large enough to demonstrate statistically
significant differences. This is consistent with the cur-

TABLE 3. Psychiatric Symptoms at Presentation in Patients With Dementia With Lewy Bodies and Patients With Alzheimer’s Disease

Symptom

Clinical Cohort (N=190) Neuropathological Cohort (N=80)

Patients 
With

Dementia 
With 
Lewy 

Bodies
(N=98)

Patients 
With

Alzheimer’s 
Disease
(N=92) Analysis

Patients 
With

Dementia 
With Lewy 

Bodies
(N=40)

Patients
With

Alzheimer’s 
Disease
(N=40) Analysis

N % N % χ2 (df=1) p N % N % χ2 (df=1) p

Hallucinations
Visual 71 72 15 16 60.4 <0.001a 26 65 10 25 12.9 <0.001a

Auditory 37 38 5 5 28.8 <0.001a 14 35 4 10 7.2 0.007a

Delusions 56 57 28 30 14.5 <0.001a 24 60 12 30 7.3 0.007a

Delusional misidentification 49 50 18 20 19.3 <0.001a 15 38 2 5 14.1 <0.001a

Major depression 19 19 7 8 5.6 0.02a 13 32.5 5 12.5 4.6 0.03a

Anxiety 40 41 30 33 1.4 0.24 15 38 10 25 1.5 0.23
a Statistically significant.

TABLE 4. Psychiatric Symptoms at Any Stage of Dementia in a
Neuropathological Cohort of Patients With Dementia With
Lewy Bodies and Patients With Alzheimer’s Disease

Symptom

Patients 
With

Dementia 
With Lewy 

Bodies
(N=40)

Patients 
With

Alzheimer’s
Disease 
(N=40) Analysis (df=1)

N % N % χ2 p

Hallucinations
Visual 29 73 15 37.5 9.9 0.002a

Auditory 18 45 5 12.5 10.3 0.001a

Depression 19 47.5 7 17.5 8.2 0.004a

Delusions 28 70 27 67.5 0.1 0.81
Delusional mis-

identification 16 40 4 10 9.6 0.002a

a Statistically significant.
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rent study, where the effect size was less substantial
than for psychotic features.

Delusional misidentification and anxiety have re-
ceived little previous attention. Anxiety was common
in both patients with dementia with Lewy bodies and
those with Alzheimer’s disease. However, delusional
misidentification was substantially more common in
patients with dementia with Lewy bodies and may also
be of diagnostic importance.

Given the high frequency of psychiatric symptoms in
patients with dementia with Lewy bodies, developing
safe and effective treatments is a priority but depends
on understanding treatment mechanisms. Perry et al.
(33) identified a strong association between visual hal-
lucinations in patients with dementia with Lewy bod-
ies and the severity of cholinergic depletion in the tem-
poral cortex, a finding supported by parallel work
with Alzheimer’s disease, suggesting that anticholinest-
erase inhibitors may improve psychosis (34).

The mechanisms underlying other psychiatric symp-
toms have received less attention. A pilot study (35)
suggested a link between the severity of parkinsonism
and depression in dementia with Lewy bodies. Given
the established link between depression and Parkin-
son’s disease, the possibility that similar mechanisms
are important merits further study.

For Alzheimer’s disease, Förstl et al. (36) suggested
that relative preservation of the parahippocampal gy-
rus is associated with delusions. The relative sparing of
medial temporal lobe structures in patients with de-
mentia with Lewy bodies (37) may hence predispose
them to delusional phenomena. Further work needs to
focus on the neurochemical correlates of preserved
temporal lobe structures to inform the development of
therapeutic strategies. Förstl et al. (36) suggested that
delusional misidentification may be associated with
more severe neuronal loss in the hippocampus.

While there is already sufficient evidence to merit tri-
als of treatment intervention with cholinesterase inhib-
itors for visual hallucinations, further work is required
to understand the basis of other psychiatric symptoms.

This report confirms a significantly higher frequency
of psychiatric symptoms, especially psychotic features,
in patients with dementia with Lewy bodies. The find-
ing that these differences were especially pronounced
in patients with mild dementia has implications for
early diagnosis and treatment.
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