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ABSTRACT 

Accurate antemortem prediction of Lewy body pathology in patients with dementia is problematic. This study gener-
ates a model that better predicts Lewy body pathology in community-based patients with clinical Alzheimer’s disease.
Lewy body pathology was detected in 80 of 152 participants (52.6%) with an initial diagnosis of probable Alzheimer’s
disease. In a stepwise logistic regression model, female gender, lower education, being married, bradykinesia, hallu-
cinations, and absence of irritability predicted the greatest likelihood of Lewy body pathology. The predictive model
correctly diagnosed Lewy body pathology with an estimated sensitivity of 75%, specificity of 68%, and accuracy of 72%;
the area under the receiver operating characteristic curve was 0.75. In a community-based autopsy sample, this pre-
dictive model confirmed parkinsonism and hallucinations as important predictors of Lewy body pathology in patients
with clinical Alzheimer’s disease. The model also identified other demographic and clinical characteristics that might
enhance the prediction of Lewy body pathology. (J Geriatr Psychiatry Neurol 2006; 19:195-201)
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Lewy body pathology (LBP), including both “classic”
brainstem Lewy bodies (LB) and α-synuclein pathologi-
cal changes, is a common neuropathological finding in

dementia patients. However, accurate antemortem diag-
nosis of LBP in dementia patients remains difficult.1 This
is particularly true for patients with coexistent Alzheimer’s
disease (AD) pathology.2 Because of differences in course
of illness and response to treatment between patients
with and without LBP, early and accurate clinical iden-
tification of LBP patients with dementia consistent with
AD is important.

Several studies suggest that patients with both AD
and LBP demonstrate more rapid disease progression
than AD patients without LBP.3,4 In addition, patients
with LBP are more likely to have severe psychiatric dis-
turbance (specifically visual hallucinations) early in their
clinical course.5 Dementia patients with LBP may also
respond more favorably to treatment with cholinesterase
inhibitors6 but are more likely to develop hypersensitiv-
ity reactions to antipsychotic medications.7 Therefore,
accurate clinical identification of those AD patients with
LBP could lead to different management strategies in
these patients.8

Despite the value of clinically distinguishing between
dementia patients with and without LBP, currently
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available clinical diagnostic criteria lack consistent valid-
ity and applicability in these participants. The most
commonly used clinical criteria are those published in
1996 to identify dementia with Lewy bodies (DLB), a
distinct clinical syndrome. The consensus criteria for the
clinical diagnosis of “probable DLB” proposed by the
Consortium on DLB9 require, in addition to the presence
of dementia, 2 of 3 “core” features including fluctuating
cognition, recurrent visual hallucinations, and sponta-
neous motor features of parkinsonism. However, these
criteria have demonstrated inconsistent validity across
studies. Sensitivity (accurately diagnosing LBP) estimates
in particular have ranged from a high of 83%10 to a low of
30.7% for probable DLB.1 Specificity (accurately not diag-
nosing LBP) is typically higher, ranging from 95% to
100%. The low sensitivity is attributable to the observa-
tion that many patients with dementia with LBP deter-
mined at autopsy never fulfill clinical criteria for DLB.
Therefore, improvement in sensitivity would be valuable.

Most diagnostic utility studies have evaluated the
sensitivity and specificity of the DLB consensus criteria
in autopsied dementia samples. These studies were not
designed to generate a set of characteristics that best
predict LBP in clinical AD. In fact, only a few studies
selected patients with clinical diagnosis of AD.1,11 In one of
the studies, Stern and colleagues11 did not use α-synuclein
immunostaining for the detection of LBP. On the other
hand, whereas Lopez and colleagues1 used α-synuclein
immunostaining, they included only cases with cortical
LBs as LBP positive. Therefore, LBP-positive cases were
likely underdiagnosed in both studies.

In the current study we hypothesized that in patients
diagnosed with clinical AD, those with pathologically
confirmed LBP would exhibit distinct demographic and
clinical characteristics compared with those without
LBP. In our study, instead of applying existing clinical
DLB criteria, we diverged by exploring the characteris-
tics that predict the presence of LBP in patients with
clinical diagnosis of probable AD. The study sample was
limited to those with initial clinical diagnosis of AD who
subsequently underwent systematic neuropathological
assessments with standard histology and α-synuclein
immunohistochemical staining for the detection of LBP.

METHODS

Sample
Participants were enrolled by the University of Washington
Alzheimer’s Disease Patient Registry (ADPR) from the
Group Health Cooperative, a well-established consumer-
owned health maintenance cooperative (HMO) in the
Puget Sound area. The purpose of this registry was to
identify and enroll new patients with dementia who

required medical attention among persons enrolled in
the central Seattle region of the HMO. The eligibility of
persons arriving at clinics with symptoms potentially
consistent with previously undiagnosed dementia was
determined through the review of specialty and primary
care clinic logs, hospital records, head computed tomog-
raphy (CT) scans, and referrals from primary care prac-
titioners and neurologists. The majority of referred
patients, 48.8%, were from the participant’s primary care
physician.12 In addition, 19.8% of the referrals were based
on a participant’s CT scan of the brain and 10% were
referred from hospital admission records. Other sources
for participants included emergency room logs and men-
tal health specialists. Persons with symptoms of mem-
ory loss suggestive of dementia were enrolled into the
ADPR, where they were given a full work-up for possible
dementia followed by differential diagnosis. Those per-
sons who previously had been diagnosed with dementia
for more than 1 year (prevalent cases) were excluded
from the study. Approximately 20% of persons initially
identified as having cognitive impairment declined to
participate in the ADPR, and an additional 14% declined
to give informed consent.13

Participants underwent detailed clinical and neu-
ropsychological assessments. Using all assessments, we
applied criteria for dementia from the Diagnostic and
Statistical Manual of Mental Disorders (3rd ed rev; DSM-
III-R)14 and the National Institute of Neurological and
Communicative Disorders and Stroke/Alzheimer’s Disease
and Related Disorders Association (NINCDS-ADRDA).15

All participants were followed annually with updates on
interval medical history and repeat neuropsychological
and behavioral assessments. This sample closely resem-
bles the demographics of the general elderly population
in the region and has been described in greater detail
elsewhere.12,16-18 Nine hundred and eighty-seven individ-
uals were initially evaluated between 1987 and 1996. Of
the 929 participants with necessary clinical information
available, 653 met initial DSM-III-R criteria for any type
of dementia at intake, whereas 276 did not meet criteria
for dementia and were excluded. Of 653 initially demented,
431 met DSM-III-R diagnosis of probable AD whereas 222
had other types of dementia. Of 431 participants with
initial diagnosis of probable AD, 338 have died, 43 are
still alive, and 50 have discontinued. Of the 338 deceased
participants initially diagnosed with AD, 152 of these
have had research neuropathological work-up completed
and are included in this analysis.

Assessment of Clinical Features
Research assessments by the ADPR research nurse and
psychometrists were conducted prospectively on an
annual basis for each participant in the ADPR. These
evaluations included physical examination, abbreviated
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neuropsychological evaluation, and assessment of cogni-
tive and behavioral symptoms. However, no structured
interviews or examinations were implemented as part of
the initial study.

For the present study, a geriatric psychiatrist (EP)
conducted a comprehensive and blinded (to pathologi-
cal findings) review of the physicians’ initial examina-
tions, cognitive and behavior scales, and annual follow-up
research evaluations. For assessment of medical and
neurological signs and symptoms, the blinded reviewer
determined whether specific cardiovascular, neurologi-
cal, and psychiatric signs and symptoms were absent,
present, possible, or unknown during the course of ill-
ness. Because the focus of this study was LBP, we tar-
geted behavioral and parkinsonian signs and symptoms
in our analyses. For behavioral symptoms, the categories
(delusions, hallucinations, agitation, depression, anxiety,
elation, apathy, disinhibition, irritability, lability, and
aberrant motor behavior) of the Neuropsychiatric Inven-
tory (NPI)19 were used as guidelines while we reviewed
the medical records. Participants with either hallucinations
or delusions were considered to be “psychotic.” Participants
who had a diagnosis of Parkinson’s disease (PD) and/or
who, based on the neurological examinations, demonstrated
motor signs and symptoms that appeared to be parkinson-
ian in nature (including tremor, rigidity, bradykinesia,
postural/gait, masked facies, postural instability, shuffling
gait, and/or falls) were considered to have parkinsonian

signs/symptoms. Targeted clinical symptom categories
were collapsed to indicate “ever present” (present or possible)
or “never present” (absent or unknown) during the course
of illness.

Neuropathological Evaluation 
All autopsy subjects received a standard neuropatholog-
ical work-up, including gross and microscopic examina-
tions. Histological evaluations include hematoxylin-eosin,
modified Bielschowsky, and thioflavine S staining. In
addition, α-synuclein immunostaining (antibody LB509,
dilution, 1:400; Zymed, San Francisco, CA) was performed
to fully characterize LBP in each case. The substantia
nigra, hippocampus, parahippocampal gyrus, amygdala,
cingulate gyrus, and frontal cortex were reviewed for the
presence of LBP.20,21 Cases were divided into 2 subgroups
based on neuropathological findings: (1) LBP negative =
no LBP in any region; (2) LBP positive = α-synuclein
immunopositive inclusions in the brainstem, limbic system,
or neocortex.

Statistical Analysis
Demographic and clinical characteristics were initially
evaluated for associations with presence of LBP using t
tests for continuous variables and chi-square tests for
categorical variables.

The model used to estimate the probability of LBP in
participants diagnosed with clinical AD included demo-
graphics (gender, education, marital status, age at intake)
and the NPI categories and specific parkinsonian signs
and symptoms shown in Table 1. Predictors of LBP were
evaluated using backward stepwise logistic regression,
with probability of entry into the model set at 0.15 and
probability of removal set at 0.20. It has been shown that
optimal rules (ie, those with highest sensitivity for any
given specificity) for classifying disease status (here LBP)
using multiple predictors are based on thresholds for
the probability of disease, given the predictors.22,23 A
priori–specified interactions between presence of halluci-
nations and the signs and symptoms shuffling, bradykine-
sia, rigidity, and pacing and between pacing and the signs
and symptoms shuffling, bradykinesia, and rigidity were
explored using the Mantel-Haenszel test of homogeneity.

The fitted model results in an estimated probability
of an individual having LBP, given his or her particular
constellation of demographics, signs, and symptoms.
Individuals whose predicted probability lay above a cer-
tain threshold were than classified as “predicted LBP
positive” and individuals below that threshold were clas-
sified as “predicted LBP negative.” To evaluate the pre-
dictive accuracy of the models, we estimated sensitivity,
specificity, and overall accuracy for a range of probability
thresholds (from 0.4 to 0.6). Because these accuracy esti-
mates were based on the same sample that was used to fit

Predicting Lewy Body Pathology / Tsuang et al 197

Table 1. Comparison of Clinical Signs and Symptoms Among
LBP-Positive and LBP-Negative Participants

LBP Positive LBP Negative
(n = 80) (n = 72)

Parkinsonism n (%) n (%) P Valuea

Tremor 9 (11.3) 7 (9.7) .76
Rigidity 9 (11.3) 5 (6.9) .36
Bradykinesia 15 (18.8) 5 (6.9) .03
Postural/gait 23 (28.8) 13 (18.1) .12
Masked facies 8 (10.0) 3 (4.2) .17
Postural instability 15 (18.8) 8 (11.1) .19
Shuffling gait 15 (18.8) 6 (8.3) .06
Multiple falls 22 (27.5) 13 (18.1) .17
Neuropsychiatric

symptoms
Delusions 49 (61.3) 44 (61.1) .99
Hallucinations 48 (60.0) 24 (33.3) .001

Agitation 56 (70.0) 50 (69.4) .94
Depression 51 (63.8) 44 (61.1) .74
Anxiety 53 (66.3) 51 (70.8) .54
Apathy 56 (70.0) 45 (62.5) .33
Disinhibition 12 (15.0) 6 (8.3) .20
Irritability 40 (50.0) 43 (59.7) .23

Lability 35 (43.8) 29 (40.3) .67
Aberrant motor 54 (67.5) 46 (63.9) .64

behavior
Hypersomnia 16 (20.0) 13 (18.1) .76

Note: Signs and symptoms that differ between the 2 groups with P < .20 are in bold.
a. Chi-square statistic with one degree of freedom.



the predictive models, we also estimated the “optimism” of
the accuracy statistics using 200 bootstrapped samples.24

We also explored models based on broad categories of
signs and symptoms, but the model including individual
behavioral and parkinsonian signs and symptoms had the
highest accuracy estimates among the models explored,
and these are the results that we report here.

RESULTS

Neuropathological findings of 152 patients with clinical
diagnosis of probable AD were available. Of these, 80
patients had LBP, whereas 72 patients did not. Sixty-five
of the 80 LBP-positive participants (81.2%) also fulfilled
pathologic criteria for AD (Braak stage IV and above and
CERAD plaque score B or C25). On the other hand, 47 of
the 72 LBP-negative participants (65.3%) fulfilled patho-
logic criteria for AD.

Table 2 displays the demographic characteristics of
the sample. LBP-positive participants were more likely
than LBP-negative participants to be married at intake
(63.8% vs 45.8%, respectively, P = .03).

Note that there are discrepancies between “years
between last Mini-Mental State Examination (MMSE)
and death” and “years between last assessment and
death” in that participants were often too impaired to
undergo MMSE testing, but caregivers were available to
provide information for other assessments (eg, functional
status and behavioral complications).

Table 1 compares clinical signs and symptoms between
LBP-positive and LBP-negative participants. Nineteen

percent of LBP-positive participants had bradykinesia
during their course of illness, compared with 7% of
LBP-negative participants (P = .03). Sixty percent of LBP
positive participants had experienced any kind of hallucin-
ations versus 33% of LBP-negative participants (P = .001).

In a stepwise logistic regression model evaluating the
demographic characteristics from Table 2 (except for race,
initial and final MMSE, years between last MMSE and
death, and duration between last assessment and death)
and the clinical signs and symptoms from Table 1, female
gender, lower education, being married at intake, bradyki-
nesia, hallucinations, and the absence of irritability pre-
dicted greater odds of the presence of LBP (Table 3). We
noted that absence of irritability was particularly associ-
ated with LBP when hallucinations were also present.
However, estimated interaction (effect modification) of
irritability and hallucination was not significant, possibly
because of small sample sizes. Because no interactions
were significant, none were included in the models.

The estimated prediction model was as follows:

Logit (Probability[LBP]) = –1.28 + 1.17 (Female)
– 0.80 (Educated beyond

high school)
+ 1.38 (Married at intake)
+ 1.23 (Hallucinations)
+ 1.54 (Bradykinesia)
– 0.82 (Irritability)

Each variable on the right-hand side of the equation
is “1” if the condition is present and “0” otherwise. For
example, for a woman with clinical diagnosis of AD, with
less than high school education, who was married at
intake, and who exhibited hallucinations but no bradyki-
nesia or irritability anytime during the course of illness,
the model would predict the likelihood of having LBP at
autopsy as follows:

Logit (Probability[LBP]) = –1.28 + 1.17 (1) – 0.8 (0) +
1.38 (1) + 1.23 (1) + 1.54 (0)

– 0.82 (0) = 2.5
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Table 2. Comparison of Demographic and Clinical
Characteristics Lewy Body Pathology (LBP)-Positive

and LBP-Negative Participants

LBP Positive LBP Negative
(n = 80) (n = 72)

Characteristic n (%) n (%) P Valuea

Female 50 (62.5) 40 (55.6) .38
Caucasian 78 (97.5) 67 (93.1) .19
Educated beyond 30 (37.5) 36 (50.0) .12

high school
Married at intake 51 (63.8) 33 (45.8) 0.03

Mean (SD) P Valueb

Age at intake 78.6 (6.0) 79.8 (7.6) .28
Age at death 84.1 (5.3) 84.7 (7.4) .58
Duration of illness 7.9 (3.0) 7.1 (3.2) .13
Duration of follow-up 5.0 (2.7) 4.4 (2.8) .15
Initial MMSE 18.3 (5.4) 20.1 (5.1) .04
Final MMSE 9.3 (6.8) 13.9 (7.4) .0001
Years between last 2.8 (2.1) 2.2 (2.2) .11

MMSE and death
Years between last 0.6 (0.3) 0.5 (0.3) .40

assessment and death

Note: MMSE, Mini-Mental State Examination.
a. Chi-square statistic with one degree of freedom.
b. t statistic.

Table 3. Stepwise Logistic Regression Estimates
for Demographic and Clinical Characteristics as

Predictors of the Presence of Lewy Body Pathology

Characteristic Odds Ratio 95% CI P Value

Female 3.2 1.2, 8.4 .02
Educated beyond 0.45 0.21, 0.94 .04

high school
Married 4.0 1.6, 10.1 .004
Bradykinesia 4.7 1.2, 17.8 .02
Hallucinations 3.4 1.6, 7.2 .001
Irritability 0.44 0.21, 0.93 .03

Note: CI, confidence interval.



Hence the estimated Probability(LBP), or probability
of having LBP, for this individual would be .92 (proba-
bility [e2.5/(1 + e2.5)] = .92) or 92%, given that the partici-
pant was clinically diagnosed with AD. Note that this
predictive model is most applicable when signs and symp-
toms were assessed throughout the course of illness
because we have evaluated presence or absence of clini-
cal symptoms over the entire duration of follow-up.

Table 4 explores model accuracy estimates at differ-
ent probability thresholds for classifying participants as
LBP positive. Note that 53% of participants in this study
had LBP. Considering all participants with an estimated
probability of LBP from the above model of 0.5 or greater
to be LBP positive, the predictive model estimated sen-
sitivity of 75% (95% confidence interval [CI] 64% to 84%),
specificity of 68% (95% CI 56% to 79%), and overall accu-
racy of 72% (95% CI 64% to 79%).

Figure 1 shows the receiver operating characteristic
(ROC) curve displaying the estimated sensitivity and speci-
ficity of predicting LBP over all possible classification
thresholds. The area under the ROC curve for this model is
0.75 (Figure 1). Estimates of expected optimism (the extent
to which same-sample estimates overestimate accuracy)
were about 9% for all accuracy measures. Using the above
model and the prevalence of LBP in our sample, positive
predictive value (PPV) was 72% and negative predictive
value (NPV) was 71% for a classification threshold of 0.5.
These estimates were, of course, somewhat lower when
adjusted for expected optimism (PPV 64% and NPV 61%).

DISCUSSION

After publication of the clinical consensus criteria for
DLB in 1996,9 multiple investigators have examined the
accuracy of these criteria for the prediction of LBP at
autopsy.1,10,11 These studies generally found that, when

patients fulfilled the criteria, the autopsy would often
confirm the presence of LBP. However, many dementia
patients with LBP determined at autopsy had never ful-
filled the clinical criteria for DLB. This is particularly
true for dementia patients with neuropathological AD.2

In the current study we took a different approach to
identify demographic and clinical characteristics that
would predict LBP at autopsy. Because probable AD is
the most common clinical misdiagnosis in patients with
LBP, we focused our analysis on these participants. Using
a stepwise logistic regression model, we evaluated char-
acteristics that best predicted LBP at autopsy. This method
allowed for a relatively unbiased approach to developing
a prediction model for LBP in patients who fulfilled clin-
ical criteria for AD.

Our findings support the validity of 2 of the current
consensus DLB criteria,9 because both hallucinations
and parkinsonism were found to be important charac-
teristics in the prediction of LBP. However, because the
majority of the participants in the study sample were
evaluated before the publication of the consensus DLB
criteria, we were not able to adequately evaluate the
third criterion (fluctuations in cognition). Furthermore,
several characteristics that were not used by the con-
sensus DLB criteria were found to be predictive of LBP.
These included female gender, lower education, being
married, and absence of irritability.

Our study is particularly significant in several ways.
First, the study sample consisted of participants from a
community-based incident dementia case registry, and
therefore findings may be more relevant to the develop-
ment of a clinical screening for patients in the general
medical setting than findings generated from specialty
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Table 4. Estimates of Accuracy Characteristics for
Stepwise Logistic Regression Model in Predicting

the Presence of Lewy Body Pathology

Optimistic Estimated
Probability Estimate, optimism
Cutoff a Accuracy % 95% CI (%)b 95% CI

.4 Sensitivity 83 72, 90 8.6 7.9, 9.3
Specificity 51 39, 63 8.2 7.4, 9.0
Overall accuracyc 68 60, 75 8.7 8.2, 9.3

.5 Sensitivity 75 64, 84 8.7 8.0, 9.5
Specificity 68 56, 79 9.4 8.6, 10.2
Overall accuracy 72 64, 79 9.4 8.8, 9.9

.6 Sensitivity 51 40, 63 8.3 7.6, 9.0
Specificity 79 68, 88 8.8 8.1, 9.6
Overall accuracy 64 56, 72 8.9 8.4, 9.5

Note: CI, confidence interval.
a. All individuals with estimated probability of LBP > cutoff, classified as LBP positive.
b. Estimate of expected optimism in same-sample accuracy estimate
c. Fraction of correct classifications overall (LBP positive and negative).

Figure 1. Receiver operating characteristic curve displaying the
estimated sensitivity and specificity for predicting LBP based on
the model in Table 3. 
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samples (eg, AD research centers or geropsychiatry con-
sultation services). Second, we did not select our study
sample on the basis of any neuropathological finding but
rather on the basis of a clinical diagnosis of AD. Third, our
neuropathological work-up included α-synuclein immuno-
histochemical staining for LBP, recognized at the second
workshop of the Consortium on DLB as “potentially the
most sensitive and specific technique for detecting and
quantifying the clinically and pathologically relevant
lesions in DLB.”26 Fourth, although others applied the
established consensus criteria for DLB in their clinical
samples, we did not apply preexisting clinical diagnostic
criteria but generated clinical and demographic profiles
that best distinguished between cases based on neu-
ropathological findings.

Because of differences in study samples and staining
methods, our results are not directly comparable to other
studies. Therefore, the following comparisons should be
considered cautiously. Although female gender predicted
LBP in our sample, previous studies have tended to report
either no association with gender5,10,27-29 or an associa-
tion between males and LBP.8,30,31 In a previous study,18

we demonstrated that gender is not a source of selection
bias in undergoing autopsy in this sample. Differences
in the frequency of concomitant AD and age of partic-
ipants in other studies could account for these apparent
disparate results.

Four previous studies found no relationship between
education and the presence of LBP.27,28,30 However, only 1
of these studies modeled education dichotomously,28 and
unlike the present study, it included participants who
had completed high school in the higher educational cat-
egory. Few studies have explored the role of marital sta-
tus in LBP, and the reasons accounting for this observed
association remain unclear. Because there is no clear
“biological” association between marital status and edu-
cation status and LBP, the primary analysis (backward
selection model) was conducted without these variables.
The resulting (“optimistic”) accuracy is clearly worse. For
example, at the probability cutoff of 0.5 for classifying
LBP, the associated estimated sensitivity and specificity
are both 65%, compared with 75% and 69% for the model
that included marital status and education.

The results of this study would suggest that patients
with clinical AD and underlying LBP have a distinct
behavioral profile. Consistent with our findings, many
studies have found an association between hallucina-
tions in dementia patients and the presence of LBP at
autopsy.5,8,27,30,32,33 However, 2 reports failed to confirm
this association.11,34 Sample sizes were modest in both
studies (51 and 39, respectively). Our study results sug-
gested a role for irritability in distinguishing between
LBP-positive and -negative patients. In this study, the

“absence of irritability” was defined as not having trou-
ble losing one’s temper. This result is consistent with 1
study which found that patients with Parkinson’s disease
dementia were much less likely to have irritability than
patients with AD.35

Analysis of the relationship between LBP and bradyki-
nesia has produced mixed results. Several studies previ-
ously found an association between bradykinesia and
LB.28,33 However, not all studies have reported this asso-
ciation.11,34 Again, differences in sample composition make
direct comparisons across studies difficult.

Despite using more accurate LBP detection methods
and a larger sample size than previous studies, the (opti-
mism adjusted) sensitivity and specificity of our predic-
tive model at a probability cutoff of 0.5 were only 66%
and 59%, respectively. However, we looked at the most
difficult to differentiate group (cases diagnosed with AD).
Distinction between clinical AD patients with and with-
out LBP is difficult.1 Thus, it is perhaps not surprising that
sensitivity and specificity were lower compared with pre-
vious studies that included all dementia patients or
patients who met clinical criteria for DLB.

There are several limitations to this study. Because
we only evaluated a select group of uniformly available
clinical characteristics, it is also possible that some other
symptoms or medical conditions not directly evaluated
(such as cognitive fluctuations, hypersomnia, or ortho-
static hypotension) would improve the accuracy of screen-
ing for DLB. In addition, in some cases, we did not have
sufficient information to characterize the specific sub-
types of psychiatric symptoms, such as visual versus audi-
tory hallucinations. Indeed several studies that have
examined visual hallucinations specifically over the course
of illness have reported an association with DLB.5,8,30

Furthermore, we were unable to evaluate the temporal
relationship between symptoms (specifically stage of
illness when parkinsonian signs and symptoms and/or
visual hallucinations developed) or specifically examine
the use of antipsychotic medications and the development
of parkinsonian signs and symptoms. All accuracy esti-
mates are subject to selection bias to the extent that
autopsied patients differ from nonautopsied patients in
characteristics that are likely related to both clinical
signs and symptoms as well as neuropathological out-
come.18 Findings from any neuropathological study need
to be interpreted in this light.

The findings from this study suggest that specific
demographic and clinical characteristics can improve pre-
diction of the presence of LBP in patients with clinical
diagnosis of AD. We were able to confirm the importance
of hallucinations and parkinsonism in predicting LBP-
positive cases, and we found that other symptoms such as
absence of irritability may also enhance diagnosis of
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LBP in clinical AD patients. However, there is clearly a
need for newer approaches to improve diagnostic accu-
racy of patients with LBP. Thus, functional brain imaging
(eg, dopamine transporter) and the identification of other
synuclein-related biomarkers (in blood or cerebrospinal
fluid), combined with clinical signs and symptoms, may
ultimately lead to a more accurate identification of this
important subgroup of patients with dementia.
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