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Objective: This investigation was under-
taken to clarify the neuropathological sub-
strates of key psychiatric symptoms in de-
mentia with Lewy bodies.

Method: The authors studied 112 au-
topsy-confirmed cases of dementia with
Lewy bodies in patients who had had an-
nual standardized clinical evaluations
until their death. The relationships of per-
sistent psychiatric symptoms (visual hal-
lucinations, delusions, depression) to
plaques (Consortium to Establish a Regis-
try for Alzheimer’s Disease protocol), tan-
gles (Braak staging), and Lewy bodies
(consensus Lewy body staging) were eval-
uated. In addition, symptom frequency
and persistent symptoms were compared
in the patients with Lewy body dementia
and 90 patients with autopsy-confirmed
Alzheimer’s disease studied prospectively
during life.

Results: The main neuropathological cor-
relate of persistent visual hallucinations
was the presence of less severe tangle pa-

thology, but there was no significant asso-
ciation between tangle pathology and per-
sistent delusions. Lewy body staging was
associated with the presence of persistent
visual hallucinations and persistent delu-
sions. All baseline psychiatric features were
significantly more frequent in dementia
with Lewy bodies than in Alzheimer’s dis-
ease, as were persistent visual hallucina-
tions, but patients who had dementia with
Lewy bodies and severe tangle pathology
had a clinical symptom profile more simi-
lar to that of Alzheimer’s disease patients
and were less likely to have neocortical
Lewy bodies.

Conclusions: The modest proportion of
patients with Lewy body dementia and
more severe tangle pathology resembled
Alzheimer’s disease patients clinically.
Unlike Alzheimer’s disease, dementia with
Lewy bodies showed a significant inverse
association between tangle burden and
psychosis.

(Am J Psychiatry 2004; 161:843-849)

Dementia with Lewy bodies accounts for 15% to 25%
of dementia cases (1-5). The condition is important be-
cause of the difficult clinical management issues pre-
sented by the high frequency of psychiatric symptoms (6-
9) and the risk of severe neuroleptic sensitivity reactions
(10). Visual hallucinations are consistently reported to be
more frequent in dementia with Lewy bodies than in Alz-
heimer’s disease, with most prospective studies indicating
a frequency greater than 50%. Visual hallucinations are
more persistent and appear earlier in the disease (11, 12)
in Lewy body dementia than in Alzheimer’s disease. Delu-
sions are more common in dementia with Lewy bodies
(frequency, 13%-75%) than in Alzheimer’s disease but are
not more persistent (12). The frequency of major depres-
sion is probably greater than 30% in dementia with Lewy
bodies (13, 14) and has been shown in some studies to be
more frequent than in Alzheimer’s disease (8, 9), but it is
not more likely to persist (12).

Patients who have dementia with Lewy bodies show a
spectrum of pathology along the interface between Parkin-
son’s disease and Alzheimer’s disease. Seventy-five percent
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of patients with Lewy body dementia have many of the
neuropathological features of Alzheimer’s disease, includ-
ing senile plaques and neurofibrillary tangles (1). Although
typically the density of neocortical plaques is similar to
that in Alzheimer’s disease (1), the burden of tangles is less
than in “pure” Alzheimer’s disease (1, 13). When Lewy bod-
ies occur in conjunction with Alzheimer pathology suffi-
cient to meet the criteria of the Consortium to Establish a
Registry for Alzheimer’s Disease (CERAD) for probable or
definite Alzheimer’s disease (15), neocortical neurofibril-
lary tangles are usually rare or absent, and tangles in the
entorhinal cortex and hippocampus are intermediate be-
tween those of elderly comparison subjects and Alzhei-
mer’s disease patients (1, 13). Fewer than 40% of patients
with Lewy body dementia meet the criteria of Braak and
Braak (16) for stage IV or higher neurofibrillary tangles and
neuropil threads. The occurrence of Lewy bodies varies
from restriction to the brainstem, or brainstem and limbic
area, to widespread neocortical distribution (14, 17).

A number of studies have compared clinical features in
Alzheimer’s disease patients with and without Lewy bod-
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TABLE 1. Neuropathological Rating Procedures Used at Four Sites to Assess Brain Plaques, Tangles, and Lewy Bodies in

Patients With Lewy Body Dementia or Alzheimer’s Disease

Brain Regions Feature Range of Adjustment

Method (Brodmann’s areas) Stains Evaluated Values for Age
Consortium to Establish a Superior temporal (area 21/22), Bielschowsky, Neuritic plaques  Sparse, moderate, Yes

Registry for Alzheimer’s prefrontal (area 8/9), inferior thioflavin S, or frequent

Disease (CERAD) protocol (15) parietal (area 40) von Braunmubhl
Braak and Braak staging (16) Transentorhinal, entorhinal, Gallyas, Neurofibrillary Stages 0-VI

hippocampus, occipital cortex Palmgren, AT8 tangles, europil
threads

Consensus protocol for Transentorhinal (area 28), Ubiquitin, Cortical Lewy Lewy body staging

dementia with Lewy bodies (5)  anterior cingulate (area 24), alpha-synuclein  bodies (thresholds:

superior temporal (area 21/22),
prefrontal (area 8/9),
inferior parietal (area 40)
Immunohistochemical staining —
by avidin-biotin peroxidase
complex (ABC) method
Ubiquitin stain —
AT8 stain —
Alpha-synuclein stain —
Alz50 monoclonal antibody —
A4 monoclonal antibody —

brainstem, 0-2;
limbic area, 3-6;
neocortex, 7-10

2 Modified according to the method of Nagy et al. (34).

ies (1, 11, 18-23), and they suggest that the presence of
Lewy bodies is associated with visual hallucinations, delu-
sions, and depression. To our knowledge, only one study
has examined the persistence of psychiatric symptoms,
suggesting an association with persistent visual hallucina-
tions (11). The majority of studies have been small case
series, and many have used retrospective evaluation of
clinical symptoms, with some potential for inaccurate
symptom ascertainment and limited statistical power. In
addition, several studies have compared patients with
“pure” cases of Lewy body dementia (variously defined
but usually including cases not meeting the CERAD crite-
ria for probable or definite Alzheimer’s disease) to patients
exhibiting significant Alzheimer’s disease pathology. One
of these investigations focused on neuropsychiatric symp-
toms assessed with standardized scales, comparing 11 pa-
tients with pure cases of Lewy body dementia to 18 pa-
tients who exhibited mixtures of Lewy body dementia and
Alzheimer’s disease pathology and 35 patients with pure
Alzheimer’s disease (13). The patients who had pure Lewy
body dementia showed more hallucinations, delusions,
and parkinsonism, whereas the patients with mixed cases
resembled those with Alzheimer’s disease. In addition, one
recent study examining the association of Lewy bodies
with visual hallucinations across a pathological spectrum
of parkinsonism, which included 29 patients with Lewy
body dementia, showed a significant association between
visual hallucinations and Lewy body density in the inferior
temporal cortex (24). These studies have mainly focused
on Alzheimer’s disease patients with or without Lewy bod-
ies, with little emphasis on the associations of psychiatric
symptoms across the full range of patients with Lewy body
dementia, including those with little Alzheimer’s disease
pathology.

From an overview of this inconclusive literature, there is
some indication that the presence of Lewy bodies in Alz-
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heimer’s disease is associated with psychosis and that
there are differences in clinical presentation between pure
cases of dementia with Lewy bodies and those with con-
current Alzheimer’s disease pathology. The present study
is based on an extensive study of prospectively studied pa-
tients who had autopsy-confirmed dementia with Lewy
bodies.

Method

In total, we studied 112 patients with autopsy-confirmed de-
mentia with Lewy bodies who had been prospectively assessed
during life in one of four centers in Newcastle upon Tyne, U.K.
(Newcastle Dementia Case Register, Institute for Ageing and
Health); Oxford, U.K. (Oxford Project to Investigate Memory and
Ageing, University of Oxford); London (Institute of Psychiatry
Case Register); and London, Ont., Canada (Dementia Study
Project, University of Western Ontario). At each center, consecu-
tively assessed dementia patients who agreed to participate were
enrolled. Diagnosis was made at autopsy according to the con-
sensus criteria for a neuropathological diagnosis of dementia
with Lewy bodies (5). All patients meeting these neuropathologi-
cal criteria were included. An additional 90 patients with neuro-
pathologically diagnosed Alzheimer’s disease from the three U.K.
centers were included as a comparison group. They comprised all
prospectively studied patients from these centers with a neuro-
pathological diagnosis of Alzheimer’s disease who had a Mini-
Mental State Examination (25) score higher than 0 at death (spec-
ification made to minimize differences between the two demen-
tia groups at death, as far more of the patients with Lewy body de-
mentia died before “end-stage” dementia). In total, autopsy tissue
was collected from 445 prospectively assessed patients, 333 (75%)
with Alzheimer’s disease and 112 (25%) with Lewy body demen-
tia. At each of the centers, written consent was obtained for clini-
cal evaluation, with written assent from each patient’s nearest rel-
ative after a full explanation of the study. Following death, written
consent for autopsy was obtained from the next of kin in all cases.
The study was approved by the human subjects research ethics
committee in each of the centers.

A standardized psychiatric history (26, 27) and a standardized
assessment of cognitive function (25, 28) were completed; differ-

Am | Psychiatry 161:5, May 2004



Use of Method by Each Research Center
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ent centers used different instruments. To estimate cognitive per-
formance across centers, each patient was given a percentage
score (the percentage of points scored by the patient out of those
available on the schedule used), with a higher percentage indicat-
ing better performance.

A full neuropsychiatric evaluation was completed at each cen-
ter with validated instruments (29-31). The diagnosis of depres-
sion was made by using DSM-III-R criteria but without the organic
exclusion clause when dementia was the only relevant organic
condition. Definitions of the presence and classification of psy-
chotic features were taken from the criteria of Burns et al. (32). At
each center a standardized physical examination included a de-
tailed evaluation of parkinsonism (33). Repeat evaluations were
undertaken at least annually until death. Symptoms were rated
as persistent if they were present for at least 6 months continu-
ously at some stage of the dementia (either present at two or
more consecutive assessments or present for 6 months accord-
ing to the patient’s history at the time of the initial evaluation).
For the individuals who died before any follow-up assessment
was completed, the determination of chronicity was made on the
basis of a history of the continuous presence of the symptom for
at least 6 months before the evaluation. This is the same defini-
tion of chronicity as applied in previous publications from the
Newcastle group.

At each center, the neuropathological diagnosis of Alzheimer’s
disease was made according to the CERAD protocol (15), and the
severity of plaques was determined by using the CERAD guide-
lines (15). The staging method of Braak and Braak (16) was used
to quantify tangle pathology. The presence or absence of Lewy
bodies was assessed in the brainstem and in limbic and neocor-
tical areas as outlined in the consensus criteria for dementia with
Lewy bodies (5). The staging of Lewy body pathology followed
the same consensus guidelines. The neuropathological diagnosis
of dementia with Lewy bodies was hence independent of the se-
verity of Alzheimer’s disease pathology, and patients with suffi-
cient Lewy bodies in the key diagnostic areas were diagnosed as
having dementia with Lewy bodies even in the presence of exten-
sive plaque or tangle pathology. Lewy bodies were not evaluated
in other areas, and so coincidental Lewy bodies in other regions,
such as the amygdala, would not lead to a diagnosis of dementia
with Lewy bodies.
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The neuropathological methods and the staining procedures
used at each center are summarized in Table 1.

An additional 90 patients with neuropathologically confirmed
Alzheimer’s disease from the three U.K. centers, who had been
assessed prospectively during life with the same standardized
procedures, were included as a comparison group. For the pa-
tients with Lewy body dementia, the Braak stages, CERAD stages,
and Lewy body dementia stages were correlated in independent
analyses with key symptoms by using the chi-square test. The
numbers of patients with Lewy body dementia and with Alzhei-
mer’s disease who experienced the symptoms of interest at pre-
sentation and the numbers who had them persistently (=6
months) during the course of the dementia were compared by
using chi-square tests. Correlations between different patholo-
gies were undertaken by means of Spearman’s rank correlation.
The Statistical Package for the Social Sciences was used for all
evaluations (35).

Results

Nearly half of the patients who had dementia with Lewy
bodies were female. Their mean age and duration of de-
mentia are presented in Table 2. The median duration be-
tween the baseline assessment and death was 2 years, and
the median number of clinical assessments for the patients
with Lewy body dementia was three per participant, al-
though 23 (21%) of the patients died before any follow-up
evaluations were completed. There were high frequencies
of visual hallucinations, delusions, and major depression
among the patients with Lewy body dementia (Table 2).

Braak staging was significantly correlated with demen-
tia duration (Table 3), but there was no association be-
tween the number of years of dementia and Lewy body
staging. As anticipated, Braak and CERAD staging were
significantly correlated (rs=0.40, N=112, p<0.0001). The
severity of Lewy body pathology was independent of
plaques (CERAD staging: r;=0.12, N=112, p=0.19), but
there was a significantly lower proportion of patients with
neocortical Lewy bodies among those with Braak stage V
or VI tangle pathology (Table 4).

Within the group who had Lewy body dementia there
was a significant association between lower Braak stage
and higher frequency of persistent visual hallucinations
(Table 5). There was no association between the CERAD
staging and any of the psychiatric symptoms. Significant
associations between higher Lewy body staging and both
persistent delusions and persistent visual hallucinations
were identified. Persistent visual hallucinations were
most frequent in patients with neocortical Lewy bodies.

The characteristics of the groups with Lewy body de-
mentia and Alzheimer’s disease are shown in Table 2.
Compared to those with Alzheimer’s disease, the patients
with Lewy body dementia had significantly higher fre-
quencies of depression, delusions, visual hallucinations,
and parkinsonism at the beginning of the study. Longitu-
dinal data were available for 77 (86%) of the Alzheimer’s
disease patients, of whom 14 (18%) had persistent visual
hallucinations, 24 (31%) had persistent delusions, and 14
(18%) had persistent depression. In comparison with the
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TABLE 2. Demographic and Clinical Characteristics of Prospectively Followed Patients With Autopsy-Confirmed Lewy Body

Dementia or Alzheimer’s Disease

Dementia With Lewy

Alzheimer’s Disease

Characteristic Bodies (N=112) (N=90) Analysis
Mean SD Mean SD t df p
Age at first assessment (years) 76.2 7.6 78.3 7.6 — — n.s.
Age at death (years) 79.5 6.8 81.9 7.0 — — n.s.
Duration of dementia from onset to death (years) 7.4 4.3 9.2 7.2 — — n.s.
Score on cognitive test battery (%)? 48 28 31 24 3.4 1 0.0001
N % N % X2 df p
Female gender 55 49 60 67 6.5 1 0.01
Psychiatric symptoms at first assessment
Depression 44 39 10 11 19.9 1 <0.0001
Delusions 62 55 25 28 16.0 1 <0.0001
Visual hallucinations 66 59 18 20 34.4 1 <0.0001
Parkinsonism 49 44 24 27 6.0 1 0.01

@ Either the Mini-Mental State Examination (25) or the Extended Scale for Dementia (28).

TABLE 3. Relation of Demographic and Clinical Characteristics to Brain Plaques, Tangles, and Lewy Bodies in 112 Prospec-

tively Followed Patients With Lewy Body Dementia

Age at First Total Duration Duration
Assessment Age at Death Female of Dementia of Parkinsonism
(years) (years) Gender (years)? (years)P

Neuropathological Rating Mean SD Mean SD N % Mean SD Mean SD
Staging of neurofibrillary tangles and

neuropil threads by method of Braak

and Braak (16)

Stage 0 (N=7) 76.1 6.9 78.7 5.1 1 14 5.5 2.8 6.4 6.5

Stage | or 1l (N=36) 75.8 5.1 80.8 6.1 17 47 6.1 3.3 39 6.3

Stage Il or IV (N=40) 79.4 5.9 821 6.4 18 45 4.2 2.0 22 2.3

Stage V or VI (N=29) 72.2 9.3 77.3 8.7 19 66 10.6 4.0 0.1 0.4
Staging of neuritic plaques by protocol

of Consortium to Establish a Registry

for Alzheimer’s Disease (CERAD) (15)

No plaques (N=16) 741 5.2 78.5 5.9 8 50 8.2 3.5 39 5.7

Scarce plaques (N=17) 74.9 9.6 78.7 7.4 4 24 5.9 4.0 33 9.2

Moderate plaques (N=31) 771 6.7 79.5 7.0 14 45 5.8 3.6 2.9 3.4

Abundant plaques (N=48) 76.7 8.1 80.2 7.0 29 60 8.4 4.8 1.6 3.1
Staging (present/absent) of Lewy bodies

by consensus protocol (5)

Brainstem (N=19) 78.6 7.0 81.6 6.2 7 37 6.3 4.6 2.1 3.8

Limbic area (N=28) 74.0 9.1 78.5 7.9 15 54 8.6 6.0 3.6 7.3

Neocortex (N=65) 76.4 7.0 79.3 6.5 33 51 7.0 31 2.2 3.7

aSignificant correlation with Braak staging (rs=0.47, N=112, p<0.0001).
b Significant correlations with Braak staging (rs=—0.34, N=112, p=0.005) and CERAD staging (rs=—0.37, N=112, p=0.002).

patients who had Lewy body dementia, the Alzheimer’s
disease patients were significantly less likely to have per-
sistent visual hallucinations (y?=19.4, df=1, p<0.0001) but
not delusions (3?=0.48, df=1, p=0.49) or depression (x°=
0.73, df=1, p=0.39). Patients with Lewy body dementia
who had a higher Braak stage (V or VI) had a frequency of
persistent visual hallucinations (21%) that was more sim-
ilar to that of the patients with Alzheimer’s disease (20%)
than the frequency for patients with Lewy body dementia
who had a Braak stage of 0-II (Table 2, Table 5).

Discussion

This study of patients with autopsy-confirmed Lewy
body dementia elucidates the relationship of pathology to
clinical features in dementia with Lewy bodies. There were
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two main findings. First, a low tangle count is the main
correlate of persistent visual hallucinations in dementia
with Lewy bodies, but the presence of neocortical Lewy
bodies also increases the frequency of both visual halluci-
nations and delusions. Second, patients who have Lewy
body dementia with Braak stage V or VI tangle pathology
have a symptom profile more similar to that of Alzheimer’s
disease patients than do other patients with Lewy body
dementia, and they also have significantly fewer neocorti-
cal Lewy bodies. This indicates that patients with Lewy
body dementia with higher tangle counts and fewer neo-
cortical Lewy bodies are a discrete subgroup with different
clinical and neuropathological characteristics. This series
confirms that patients with Lewy body dementia have
high frequencies of visual hallucinations (59%), delusions
(55%), and depression (39%), each of which was present
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TABLE 4. Relation of Brain Tangles to Lewy Bodies in 112 Patients With Autopsy-Confirmed Lewy Body Dementia?

Staging of Neurofibrillary Tangles and Neuropil Threads by Method of Braak and Braak (16)

Staging of Lewy Bodies Stage 0 (N=7) Stage | or Il (N=36) Stage Il or IV (N=40) Stage V or VI (N=29)
by Consensus Protocol (5) N % N % N % N %
Present in brainstem 3 43 3 8 9 23 4 14
Present in limbic area 1 14 9 25 5 13 13 45
Present in neocortex? 3 43 24 67 26 65 12 41

2 Nonsignificant correlation between Lewy body and Braak staging (rs=—0.10, N=112, p=0.29).

b significant difference among Braak stages (y2=4.6, df=3, p=0.04)

TABLE 5. Relation of Brain Plaques, Tangles, and Lewy Bodies to Persistent Psychiatric Symptoms in 112 Prospectively
Followed Patients With Autopsy-Confirmed Lewy Body Dementia?

Persistent Depression

Persistent Visual

b Hallucinations¢

Persistent Delusions

Neuropathological Rating N % N % N %
Staging of neurofibrillary tangles and neuropil threads
by method of Braak and Braak (16)
Stage 0 (N=7) 2 29 2 29 4 57
Stage | or Il (N=36) 10 28 8 22 23 64
Stage Il or IV (N=40) 12 30 14 35 23 58
Stage V or VI (N=29) 4 14 6 21 6 21
Staging of neuritic plaques by protocol of Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD) (15)
No plaques (N=16) 5 31 4 25 8 50
Scarce plaques (N=17) 7 41 1 6 7 41
Moderate plaques (N=31) 9 29 13 42 18 58
Abundant plaques (N=48) 7 15 12 25 23 48
Staging (present/absent) of Lewy bodies by consensus
protocol (5)
Brainstem (N=19) 6 32 2 11 6 32
Limbic (N=28) 9 32 9 32 11 39
Neocortical (N=65) 13 20 24 37 39 60

2 Symptoms were rated as persistent if they were present for at least 6 months continuously at some stage of the dementia (either present at
two or more consecutive assessments or present for 6 months according to the patient’s history at the time of the initial evaluation).

b significant differences among Lewy body stages (x2=8.8, df=2, p=0.01).

¢ significant differences among Braak stages (x?=13.8, df=3, p=0.003) and among Lewy body stages (x?=6.5, df=2, p=0.04).

significantly more frequently than in Alzheimer’s disease
patients, and also that visual hallucinations (present for 6
months or more in 50% of the patients with Lewy body de-
mentia), but not other psychiatric features, are signifi-
cantly more persistent.

Patients with Lewy body dementia who had Braak stage
V or VI tangle pathology had a frequency of persistent vi-
sual hallucinations more similar to that of the Alzheimer’s
disease patients than to that of the patients with Lewy
body dementia who had Braak stage 0-IV pathology. This
is important for diagnosis, as a lower proportion of these
patients meet operationalized clinical criteria for demen-
tia with Lewy bodies. Taken together with the lower pro-
portion of patients with neocortical Lewy bodies, this
finding hence provides some justification for considering
this group as having a “Lewy body variant of Alzheimer’s
disease.” This concept has been described previously in
relation to plaque pathology (1) but, on the basis of the
present data, should be focused on patients with Lewy
body dementia who have severe tangle pathology. It will
be important to determine whether “Lewy body variant”
patients experience severe neuroleptic sensitivity reac-
tions and how responsive their neuropsychiatric symp-
toms are to cholinesterase inhibitors.

Am | Psychiatry 161:5, May 2004

Visual hallucinations and delusions in patients with
Lewy body dementia have different pathological sub-
strates, a finding that is consistent with results from previ-
ous neurochemical studies (14), and the neuropathologi-
cal associations of psychosis are different in dementia
with Lewy bodies and Alzheimer’s disease. In Alzheimer’s
disease patients there is a significant positive association
between the presence of neurofibrillary tangles in the
neocortex and the occurrence of psychotic symptoms, de-
fined as either visual hallucinations or delusions (36); this
relationship is the opposite of the inverse association be-
tween visual hallucinations and neurofibrillary tangle
staging in the current study. This difference may be due to
the fact that the patients with Lewy body dementia had
more pronounced cholinergic deficits in the medial tem-
poral lobe than did the patients with Alzheimer’s disease,
despite a lower tangle burden (14, 37). The different un-
derlying bases of visual hallucinations and delusions and
the different neuropathological substrates of psychotic
symptoms in dementia with Lewy bodies and Alzheimer’s
disease are crucial for developing a meaningful classifica-
tion of psychiatric syndromes in dementia patients, for
designing clinical trials, and for developing rational treat-
ment approaches. The results of treatment studies focus-
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ing on psychiatric symptoms in dementia with Lewy bod-
ies hence do not enable us to predict the responsiveness of
these symptoms to the same treatments in Alzheimer’s
disease patients.

The presence of persistent visual hallucinations was sig-
nificantly inversely associated with Braak stage. More
widespread Lewy bodies were also associated with the
persistence of visual hallucinations. Previous work indi-
cates that visual hallucinations in dementia with Lewy
bodies (and also Parkinson’s disease) are related to the se-
verity of cholinergic deficits (14) and probably also to the
extent of cortical Lewy body pathology (11), particularly in
the temporal cortex (24). The present findings are consis-
tent with those of previous studies but also emphasize the
importance of less severe tangles. Delusions were not as-
sociated with plaque or tangle staging in our study, al-
though persistent delusions were associated with Lewy
body distribution. While these findings have important
implications for the classification of cases of dementia
with Lewy bodies and for understanding differences in the
neuropathological basis of psychiatric symptoms in Lewy
body dementia and Alzheimer’s disease, this is only the
first step. Further work needs to evaluate in detail the pat-
tern of associations between plaque, tangle, and Lewy
body pathology in specific regions of interest. Important
smaller studies have been reported; for example, Harding
et al. (24) reported an association between visual halluci-
nations and the density of Lewy bodies in key temporal
lobe regions in 29 patients with Lewy body dementia.
Building on this work in large systematic studies will be
important to develop a more comprehensive understand-
ing of the neuropathological substrates of key symptoms
in dementia with Lewy bodies.

Although frequent, depression in patients with Lewy
body dementia was not associated with plaque, tangle, or
Lewy body pathology. Consistent with this finding was the
association with serotonergic measures in a previous neu-
rochemical study (38).

Lewy bodies were less prevalent in patients with high
Braak staging, consistent with earlier evidence that there
may be a degree of mutual exclusion between Lewy body
and tau pathology. According to Arima et al. (39), the
presence of neurofibrillary tangles or tau-epitopes within
neurons containing Lewy bodies is rare, although in a
more recent study (40) using tau and alpha-synuclein im-
munohistochemistry the coexistence of neurofibrillary
tangles and Lewy bodies in the same neurons in the subic-
ulum was identified. Both of these pathological studies
suggested that alpha-synuclein stimulates the accumula-
tion of phosphorylated tau in terminal axons.

To our knowledge, this is the largest comparison of de-
mentia with Lewy bodies and Alzheimer’s disease. At each
center the patients were diagnosed at autopsy but had
been prospectively assessed during life with standardized
clinical evaluations. We determined the correlations of
initial symptoms and persistent symptoms (of 6 months’
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duration) over the course of the illness to neuropathologi-
cal features at death. The first patients to come to autopsy
in longitudinal series usually die of concurrent causes in
the mild to moderate stages of the disease. As a result, the
median duration between first assessment and death was
only 2 years. The longitudinal design has particular advan-
tages for the evaluation of associations with persistent
psychosis.

Assessments were completed with validated staging sys-
tems, although the detailed methodological procedures
differed between the individual centers. The biggest po-
tential disadvantage is the different staining procedures
used for the identification of Lewy bodies. While this may
have been a problem for the detailed quantification of
Lewy body density, it is unlikely to have made a substan-
tial difference to the standard staging procedure. For ex-
ample, in a comparative study, alpha-synuclein staining
improved the identification of Lewy bodies by only 5%
over other methods (18).

In conclusion, in patients with Lewy body dementia, the
major neuropathological characteristic associated with
persistent visual hallucinations is the absence of severe
tangle pathology, indicating a different neuropathological
basis from that previously described for psychotic symp-
toms in patients with Alzheimer’s disease. An important
implication is that treatment response is also likely to be
different, and results of clinical trials cannot easily be gen-
eralized from one patient group to the other.
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