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Abstract
Objective—To determine whether the temporal onset of visual phenomena distinguishes Lewy
body disease (LBD) from Alzheimer’s disease (AD), and to characterize the extent Lewy bodies
and neurofibrillary tangles are associated with these clinical features.

Methods—Consecutive cases of autopsy-confirmed LBD (n=41), AD (n=70), and AD with
amygdala-predominant Lewy bodies (AD-ALB) (n=14) with a documented clinical history of
dementia were included. We mailed questionnaires to next-of-kin asking about symptoms during
life. Lewy pathology and neurofibrillary tangle pathology were assessed.

Results—The occurrence of visual hallucinations, misperceptions and family misidentification
did not distinguish LBD from AD or AD-ALB, but the onset was earlier in LBD compared to AD
and AD-ALB. When visual hallucinations developed within the first 5 years of dementia, the odds
were 4 to 5 times greater for autopsy-confirmed LBD (or intermediate/high likelihood DLB) and
not AD or AD-ALB. In LBD, limbic but not cortical Lewy body pathology was related to an
earlier onset of visual hallucinations, while limbic and cortical Lewy body pathology were
associated with visual misperceptions and misidentification. Cortical neurofibrillary tangle burden
was associated with an earlier onset of misidentification and misperceptions in LBD and AD, but
only with earlier visual hallucinations in AD/AD-ALB.

Conclusion—When visual hallucinations occur within the first 5 years of the dementia, a
diagnosis of DLB was more likely than AD. Visual hallucinations in LBD were associated with
limbic Lewy body pathology. Visual misperceptions and misidentification delusions were related
to cortical Lewy body and neurofibrillary tangle burden in LBD and AD/AD-ALB.
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INTRODUCTION
Visual hallucinations, misperceptions and family misidentification in the context of
dementia represent a major treatment challenge for patients, families and care providers.
Although visual hallucinations are a core feature in dementia with Lewy bodies (DLB), and
occur in 32% to 85% of autopsy-confirmed cases [1-5], this feature also occurs in 11% to
38% of those with Alzheimer’s disease (AD) without concomitant α-synucleinopathy [1-4].
Distinguishing DLB from AD may be difficult due to the overlap of psychiatric features, and
deciding on treatment options can be challenging since some pharmacologic interventions
for psychosis are poorly tolerated in DLB. When visual hallucinations occur in AD, they
tend to be associated with greater cognitive impairment and a more advanced stage of the
dementia [6-10]. The purpose of this study was to determine if an early vs. late temporal
onset of visual hallucinations distinguishes DLB from AD, and whether a similar distinction
is evident with misperceptions and family misidentification phenomena.

Psychosis in AD has been associated with greater neocortical neurofibrillary tangle (NFT)
density [11, 12], while the opposite relationship has been shown in DLB [13]. Visual
hallucinations in DLB have been associated with greater Lewy body burden in the temporal
lobe, amygdala, transentorhinal region and frontal lobe [5, 14]. This suggests that Lewy
pathology, and not neurofibrillary tangle pathology may be a vital contributor to psychosis
in DLB. A secondary goal of the study was to characterize the contribution of neurofibrillary
tangle and Lewy body pathology association with the presentation of visual hallucinations,
misperceptions and family visual misidentification in DLB and AD.

METHODS
The sample included consecutive cases from the State of Florida Alzheimer’s Disease
Initiative (ADI) Brain Bank [15]. The patients were evaluated during life at Florida ADI
memory disorder clinics in Melbourne, Miami Beach, Orlando and Jacksonville, and all had
a documented history of dementia using DSM-III-R criteria. The protocols were given
ethical approval by the institutional review boards for each institution, and proxies for the
subjects provided written informed consent. There was no overlap in patient representation
from prior clinicopathologic studies reported from our center [6, 16] .

Since the samples were initially derived from pathology data, the pathologic designation
Lewy body disease (LBD) is used. Autopsy groups included LBD (n=41), AD (n=70), and
Alzheimer’s disease with amygdala-predominant Lewy bodies (AD-ALB; n=14). The AD
group had no concomitant α-synuclein pathology, and the AD-ALB group had Lewy bodies
limited to the amygdala [17]. In those with LBD, 16 patients had transitional LBD (TLBD)
with Lewy bodies in the brainstem and limbic regions and 25 patients had diffuse LBD
(DLBD) with brainstem, limbic and neocortical LB pathology. We compared groups
separately, but also did comparisons between the LBD group (n=41) and the AD/AD-ALB
combined group (n=84). We also applied the DLB Consortium pathology criteria of no, low,
intermediate and high likelihood DLB [18, 19]. Specifically, this pathology criteria allocates
those with TLBD and a Braak neurofibrillary tangle stage ≥ 5 into the low likelihood DLB
group. With this designation, group membership changed slightly (no/low likelihood DLB
group n=93; intermediate/high likelihood DLB n=32).

Ferman et al. Page 2

Parkinsonism Relat Disord. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



We mailed questionnaires to the next-of-kin of those who died up to three years earlier. If
there was no response after two months of the second mailing, then telephone contact was
attempted and if possible, the survey was completed by telephone interview. There was a
71% return rate for the questionnaires. The clinicopathologic analysis is based only on the
71% who responded. Data regarding clinical presentation and onset dates used in the
analyses were derived from next-of-kin report.

On the survey, the family member was asked to estimate the age of onset when problems
with thinking or forgetfulness began, thereby reflecting the earliest features of the dementia.
Estimated dementia duration was calculated by subtracting the death date from the estimated
onset of cognitive difficulties. We inquired about visual hallucinations, visual
misperceptions and misidentification phenomena (see figure 1). Only images of adults,
children, tiny people, objects, insects or animals were considered to be a fully formed visual
hallucination. Based on next-of-kin report of their recollection of features during the entire
disease course, 73% of the LBD had at least 2 of the 4 DLB clinical features (visual
hallucinations, parkinsonism, fluctuations, REM sleep behavior disorder), as did 24% of the
AD group and 21% of the AD-ALB group.

Neuropathologic Methods
Lewy body density was assessed in limbic (amygdala, cingulate gyrus, parahippocampal
gyrus) and cortical (frontal, temporal, parietal, occipital) regions. Given the extent of
pathology in the LBD brainstems, a rating scale of Lewy body pathology/neuronal loss in
the brainstem regions of substantia nigra, locus ceruleus and medulla was applied using a
range from 0 (normal) to 3 (severely impaired). NFT density was determined from the
limbic regions (subiculum, CA1, CA2/3, endplate) and cortical (frontal, temporal, parietal,
occipital) regions. A Braak NFT stage was assigned to each case using distribution of NFT
from thioflavin S fluorescent microscopy, as previsously described [20].

RESULTS
Demographics and clinical history

Estimated dementia duration was shortest for the LBD group compared to AD and AD-ALB
(see table 1). Estimated age of cognitive onset did not differ between groups. A clinical
diagnosis of parkinsonism that was known to the next-of-kin was made during life for 24%
LBD, 7% AD, and 7% AD-ALB. Nonetheless, 85% of the LBD patients had either moderate
or severe LB pathology and nigral loss in the substantia nigra. None of the patients had a
known history of dopamine agonist or amantadine use. Exposure to levodopa-carbidopa was
present in 17% of the LBD group, 3% of the AD and 0% of the AD-ALB group. Of the 7
LBD treated with levodopa-carbidopa, four had visual hallucinations during their disease
course. The use of anti-parkinsonian medication is not considered a confound for subsequent
analyses, since so few patients in this sample used these agents.

Pathology density and distribution
Nucleus basalis of Meynert, locus coeruleus, medulla and substantia nigra severity ratings of
Lewy body burden/neuronal loss were moderate to severe in the LBD group, and did not
differentiate DLBD from TLBD. Lewy body density in limbic regions was greater in DLBD
than TLBD (t=−4.2, p<0.01). NFT density (cortical or limbic) and Braak NFT stage did not
distinguish DLBD from TLBD.

The LBD group had less overall NFT burden and a lower Braak NFT stage compared to AD
and AD-ALB. Specifically, a Braak NFT stage > IV was represented in 56% of the LBD
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group, 95.7% of the AD group, and 100% of the AD-ALB group (LBD versus AD/AD-ALB
groups, X2 = 32.1, p<0.01).

In LBD, estimated duration of dementia was not related to NFT (r=0.21, p=0.20) or Lewy
body density (r = −0.07, p=0.69). In the AD and AD-ALB groups, longer estimated duration
of dementia was related to greater combined limbic and cortical NFT burden (r=0.26,
p=0.02).

Visual hallucinations and group differentiation
There was no difference in gender, parkinsonism, age of cognitive onset or estimated
duration of dementia between hallucinators and non-hallucinators. The hallucinations
included images of fully formed adults or children in 84%, animals or insects in 37%, and
objects in 39% of the entire sample. The type of image, frequency, and patient’s state of
consciousness at the time of occurrence did not differentiate groups. Unformed images, such
as fire, smoke, water and designs occurred in less than 12% of the sample, did not
distinguish groups, and were never the sole type of hallucinated image.

There was no difference in the presence/absence of visual hallucinations between the LBD,
AD and AD-ALB groups (see table 1), or between LBD subtypes of TLBD and DLBD.
Nonetheless, visual hallucinations occurred earlier in the dementia course of LBD than in
either AD or AD-ALB (see table 1). This distinction was upheld when groups were
classified according to the DLB Consortium pathology criteria (intermediate/high likelihood
DLB 2.8 ± 1.9 years vs. no/low likelihood DLB 6.7 ± 3.2 years, t=5.1, p<0.001).

In LBD, visual hallucinations tended to occur within the first 5 years of estimated dementia
onset (see figure 2). There was no correlation with age, (LBD r = −0.17, p = 0.22, AD/AD-
ALB r = −0.19, p =.17), indicating that hallucinations were not more likely to occur in the
older patients.

Logistic regression modeling was carried out to determine whether the onset of visual
hallucinations within the first 5 years of estimated cognitive onset improved the likelihood
of autopsy-confirmed LBD compared to AD and AD-ALB. This was also done when groups
were classified according to the DLB Consortium pathology criteria. Results were consistent
across both models and revealed a 1.5 to 2 time greater likelihood of autopsy-confirmed
LBD or DLB when visual hallucinations develop at any time during the dementia. In
contrast, when visual hallucinations develop within the first 5 years of estimated cognitive
onset, the odds are 4 to 5 times greater that the patient has autopsy-confirmed LBD or DLB
and not AD or AD-ALB (see table 2).

Visual hallucinations and pathology
Greater limbic Lewy body density was associated with an earlier onset of visual
hallucinations (r = − 0.37, p=0.04), with the anterior cingulate harboring the strongest
association (r = − 0.42, p=0.03). The DLBD and TLBD group did not differ in the temporal
onset of the visual hallucinations.

In LBD, Braak NFT stage did not distinguish hallucinators from non-hallucinators. The
onset of visual hallucinations was also not associated with Braak NFT stage (r=0.05,
p=0.42), or total NFT density (r=0.07, p=0.38).

In the AD/AD-ALB group, Braak NFT stage did not differentiate hallucinators from non-
hallucinators. An earlier onset of visual hallucinations in AD and AD-ALB was associated
with greater combined limbic and cortical NFT density (r =−0.35, p= 0.04). This suggests
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that visual hallucinations in AD and AD-ALB, may depend on the overall extent of the
tangle burden.

Visual misperceptions and Family misidentification
Visual misperceptions occurred across all 3 diagnostic groups. Family misidentification was
disproportionately more common in the AD-ALB group (see table 1).

In LBD, there was a significantly earlier onset of misperceptions and family
misidentification compared to AD and AD-ALB (see table 1). The DLB Consortium
pathology criteria showed the same distinction for misperceptions (intermediate/high
likelihood DLB 3.0 ± 2 years vs. no/low likelihood DLB: 6.6 ± 3 years, t=4.1,p<0.001), and
misidentification (intermediate/high likelihood DLB 4.5 ± 5 years vs. no/low likelihood
DLB 7.4 ± 4 years, t=2.6, p=0.01).

In the LBD group, visual misperceptions and family misidentification were more common in
DLBD than in TLBD (misperceptions: 76% DLBD vs. 25% TLBD, χ2= 6.8, p<0.01,
misidentification: 77% DLBD vs. 47% TLBD, χ2=3.9, p<0.05). Given this relationship, it is
not surprising that greater cortical Lewy body burden was associated with an earlier onset of
misperceptions and family misidentification (misperceptions r=−0.40, p<0.03,
misidentification r=−0.37, p<0.04). When cortical regions were examined separately, earlier
object misperceptions were associated with greater temporal lobe Lewy body burden (r=
−0.41, p<0.03), and earlier family misidentification was associated with greater frontal
Lewy body burden (r = −0.35, p<0.05).

In LBD, neurofibrillary tangle burden and Braak NFT stage was not related to the presence
of visual misperceptions but those with family misidentification did have greater overall
NFT density (t=2.86, p=0.01).

In AD and AD-ALB, an earlier temporal onset of visual misperceptions was associated with
greater parietal (r=0.33, p=0.04) and temporal (r=−0.34, p=0.04) NFT density. An earlier
onset of family misidentification was related to parietal NFT density (r=−0.39, p<0.01).

DISCUSSION
When the entire disease course was considered, visual hallucinations were just as likely to
occur in LBD, AD or AD-ALB. There was also no difference in the phenomenology of the
visual hallucinations, with people and animals as the most common hallucinated images.
When onset is considered, those with LBD developed visual hallucinations significantly
earlier than their AD or AD-ALB counterparts. Specifically, when visual hallucinations
developed within the first 5 years after estimated dementia/cognitive onset, patients were 4
to 5 times more likely to have autopsy-confirmed LBD and not AD or AD-ALB. This
relationship was found when patients were classified by the presence/absence of Lewy body
pathology, and by the DLB Consortium pathology criteria that takes NFT distribution into
account. This is consistent with studies showing that DLB patients are more likely to have
visual hallucinations in the earlier stages of the disease [11, 21], but suggests a possible cut-
off that may eventually help improve diagnostic accuracy.

These data are consistent with studies of AD, showing that visual hallucinations tend to
occur at a more advanced stage [7]. We extended this further, by revealing that this pattern
of a later onset of hallucinations is also true for those with AD with amygdala-predominant
Lewy bodies.
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We found no relationship between distribution of Lewy body pathology and presence or
onset of visual hallucinations. That is, those with Lewy bodies confined to the brainstem and
limbic regions (transitional LBD: TLBD) were just as likely to have visual hallucinations
and dementia as those with cortical Lewy bodies (diffuse LBD: DLBD). A heavier limbic
Lewy body burden was related to the earlier development of visual hallucinations, with the
strongest association in the anterior cingulate. This adds to existing evidence that limbic
Lewy body deposition may begin earlier in those with visual hallucinations [5, 14, 22].
Harding and colleagues [5] also found increased Lewy body deposition in the inferior
temporal cortex. We did not find a temporal lobe relationship, but this may be because our
sample was obtained from the superior temporal gyrus. In Braak’s Lewy body staging
methodology, the first neocortical area vulnerable to Lewy bodies is the inferior temporal
region [23], a region known to subserve visual object discrimination [24]. It is possible that
disruption of the limbic and the inferior-posterior temporal regions important for extra-
striate visual processing may be a key factor in the development of visual hallucinations in
DLB. Other evidence for this includes hypometabolism in the ventral association stream in
DLB hallucinators [25], and decreased fractional anisotropy in the inferior longitudinal
fasciculus, which projects from the occipital visual association cortex to the temporal lobe
[26].

In LBD, visual hallucination history or onset was not associated with Braak NFT stage or
NFT density. This is consistent with Tsuang and colleagues who found no difference in tau
pathology between hallucinators and non-hallucinators [27]. Other studies with larger
samples, go further and reveal that those LBD patients with visual hallucinations have less
severe tangle pathology [13, 28]. Our data contributes to the growing evidence that it is the
Lewy-related pathology, and not NFT pathology, responsible for the development of visual
hallucinations in LBD.

In AD and AD-ALB, there was no difference in Braak NFT stage between hallucinators and
non-hallucinators, but earlier visual hallucination onset was associated with greater overall
NFT density. This is consistent with findings from Farber and colleagues who found AD
patients with psychosis (hallucinations and delusions) had a 2.3 fold greater density of
tangle pathology than those without psychosis [11]. Our results are consistent with this and
suggest that visual hallucinations in AD and AD-ALB are associated with the widespread
and severe NFT pathology of an advanced disease stage.

In LBD, visual misperceptions and family misidentification developed earlier when
compared to the onset of these phenomena in AD and AD-ALB. In LBD, the onset of visual
misperceptions was related to greater temporal lobe pathology while in AD, it was
associated with greater temporal and parietal NFT density. This is consistent with known
involvement of the parietal and temporal regions in higher order visual processing [24], and
the earlier involvement of the inferior temporal regions in LBD [25].

Family misidentification was common in the AD-ALB group with all 13 of 14 patients
experiencing it in the advanced stage of the disease. Moreover, the AD-ALB group had a
longer estimated disease duration and a higher limbic NFT count. Thus, it is unclear if the
amygdala Lewy bodies have a specific role in this phenomena or if the high occurrence in
this subgroup of AD is a reflection of overall advanced pathology. Interestingly, only a
small percentage of the AD-ALB group had fully formed visual hallucinations and very few
had visual misperceptions. It is not clear how the Lewy bodies in the amygdala contribute to
disease presentation in AD.

Family misidentification in LBD was more common in those with cortical Lewy bodies, and
those greater frontal Lewy body pathology developed this feature earlier. This is consistent
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with other studies that demonstrate a relationship between delusional misidentification and
frontal dysfunction [29, 30]. In contrast, our analysis of AD and AD-ALB revealed greater
parietal NFT density in those with earlier family misidentification. This discrepancy may be
because neurochemical alterations (and not just markers of neuronal loss) need to be taken
into account. It also possible that subtype of misidentification makes a difference.
Specifically, in DLB, when delusions occur, the delusional subtype of Capgras or
reduplicative paramnesia (i.e., the belief that a relative is a duplicate impostor) is common,
while the family substitution phenomena (i.e., belief that one relative is a different relative,
such as an adult child mistaken for a parent) appears to be more frequent in AD. Our survey
did not distinguish between delusional subtypes. We do not know if subtypes of delusional
misidentification have a different neurologic basis, and further investigation is needed.

There are several limitations to this study, the most important of which involves the
utilization of a survey that queries next-of-kin requiring a reliance on their recollection of
events that took place from months to years earlier. In addition, despite our reasonably good
return rate of the survey, some bias may exist in the subset of those who chose to respond.
Since this is an autopsy-only sample, it is not known if there is an inherent bias amongst
those who undergo autopsy compared to those who do not. Another major limitation is
sample size which may affect results by virtue of restricted range or reduced power. These
patients were selected on the basis of pathology and were seen clinically by Memory
Disorders Centers, and hence, a recruitment bias is also possible. Clearly, replication of
these findings with a larger sample and a prospective design is needed.
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Figure 1.
Visual hallucination, Misperception and Misidentification questions
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Figure 2.
When did the visual hallucinations start relative to the estimated onset of dementia?
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Table 2

Logistic regression models for presence of visual hallucinations and the temporal onset of visual
hallucinations

Variable β Coefficient Wald Odds Ratio P Value

Autopsy-confirmed LBD versus AD/AD-ALB groups

Visual hallucinations 0.71 2.56 2.03 0.11

Constant −1.55 4.53 0.21 0.03

Visual hallucinations within the first 5
years of cognitive onset 1.44 13.6 4.24 0.000

Constant −1.74 7.67 0.18 0.006

Autopsy-confirmed Intermediate/high likelihood DLB versus no/low likelihood DLB

Visual hallucinations 0.43 0.89 1.54 0.347

Constant −1.64 4.79 0.19 0.03

Visual hallucinations within the first 5
years of cognitive onset 1.70 9.62 5.48 0.002

Constant −3.09 9.14 0.05 0.003
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