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Abstract

Introduction: Clinical differentiation between Alzheimer’s disease (AD) and AD with
Lewy body disease (LBD) is relatively imprecise. The current study examined patholog-
ically confirmed group differences in neuropsychological functioning, and the classifi-
cation ability of specific tests.

Methods: Fifty-one participants with postmortem diagnoses of AD (n = 34) and AD
plus LBD (n = 17) were drawn from the Predictors Study. One-way analyses of vari-
ance (ANOVAs) and 2 analyses examined group differences in neuropsychological per-
formance. Binary logistic regressions examined predictive utility of specific tests for
pathological diagnosis.

Results: Individuals with AD had better visuoconstruction (P =.006), phonemic fluency
(P=.08), and processing speed than AD plus LBD (P =.013). No differences were found
in memory, naming, semantic fluency, or set-switching. Processing speed and visuocon-
struction predicted pathologic group (P = .03).

Discussion: Processing speed and visuoconstruction predicted postmortem diagnosis
of AD versus AD plus LBD. Current results offer guidance in the selection and inter-
pretation of neuropsychological tests to be used in the differential diagnosis of early

dementia.
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bodies to spread to limbic areas.? Although AD and LBD have unique

pathological profiles, patients commonly present with pathologies

Alzheimer’s disease (AD) is a progressive, dementing disease patholog-
ically characterized by plaques and neurofibrillary tangles beginning
in the temporal lobes, which eventually spread to the networks con-
necting the frontal, anterior, and parietal lobes.2 Lewy body disease
(LBD), another cause of dementia, is pathologically characterized by
abnormal accumulation of alpha synuclein in the brainstem as well
as diffusely throughout the cortex, with depleted neurotransmitters

such as dopamine and acetylcholine. In addition, it is common for Lewy

characteristic of both diseases..*> In fact, ~50% of individuals with
LBD have enough AD pathology to be characterized as having a
secondary diagnosis of AD, and vice versa.®”’

However, the clinical differentiation between AD and AD plus LBD
is relatively imprecise, as there is considerable overlap of cognitive
symptoms and neuroanatomic substrates.? In fact, although there are
current criteria for clinical diagnosis of pure LBD, these criteria do not

map well to AD plus LBD, the latter for which new diagnostic criteria
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remain to be determined.” Further characterization of differences,
such as specific cognitive profiles, between AD versus AD plus LBD
may help specify what aspects of the clinical presentation are key for
the differentiation of these overlapping disorders.

The study of various cognitive abilities across patients with AD and
those diagnosed with LBD has revealed that visual-spatial, attentional,
information processing, and executive deficits are often more severe
in LBD cases, whereas memory deficits (particularly recognition
memory) are more severe in AD, at least in the beginning stages of
disease.”!! Individuals with LBD may thus be expected to show a
profile of relatively preserved memory storage and differentially
impaired visuospatial abilities, phonemic fluency, processing speed,
and executive abilities tasks relative to individuals with AD.1%12 The
majority of the studies that have examined these cognitive differences
though, have been based on clinical diagnoses.'>22 Using clinical
diagnosis as the independent grouping variable can be inherently
circular, however, because the same data used to predict group clas-
sification were utilized for classifying diagnostic group at the outset.
Furthermore, the frequencies of pure LBD cases versus mixed AD with
Lewy bodies cannot be specified in clinical studies, thus it is not clear if
results are driven by pure LBD pathology or by mixed pathology.

In contrast to clinically based diagnoses, studies based on patho-
logically confirmed diagnoses provide an objective marker against
which to examine cognitive symptoms in each group. These studies
are scarce, however, likely due to challenges associated with recruiting
individuals for autopsy, and the significant length of time required
to obtain pathologic specimens.'%1123 Within pathological studies
examining cognitive functioning across AD versus AD plus LBD, results
suggest that the mixed group is more likely to have better performance
in memory (recall and/or recognition),242> worse visuospatial abilities

(pentagons or clock drawing),?428 worse verbal fluency,?’2?

worse
processing speed,?’28 and worse attention.?® These results though
are not consistent across all studies, with several studies observing
no cognitive differences across groups.139 Additional studies based
on pathological data are thus needed to further examine if cognitive
symptoms differ as a function of underlying pathology, to ultimately aid
in the clinical differentiation of AD versus AD plus LBD. It is important
to note that identifying the earliest cognitive and clinical predictors
of diagnosis is critical because targeted cholinergic therapies might
be more effective when delivered earlier* as well as identification of
targeted treatment and functionally meaningful outcomes based on
cognitive functioning that are tailored to each patient.

The current study examined group differences in performance
across a range of neuropsychological tests including measures of
visuoconstruction, processing speed, memory, language, attention, and
executive functioning. Based on neuroanatomical and clinical evidence
to date, it was hypothesized that the AD group would have higher
visuoconstruction, phonemic fluency, executive functioning, and pro-
cessing speed scores than the AD plus LBD group. The AD group was
also expected to perform worse on memory (eg, recall, recognition)
and semantic processing tasks (ie, naming, semantic fluency ratio)
than those with mixed pathology. Finally, we examined the ability of

neuropsychological tests that differed at the group level to classify

RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the literature
using traditional (ie, PubMed) sources, including abstracts
and presentations.

2. Interpretation: Our findings extend previous research on
neuropsychological differences between pure
Alzheimer’s disease (AD) and mixed AD plus LBD
(Lewy body disease), noting that the pure AD and AD
plus LBD group differed in executive, processing speed,
and visuoconstructional abilities but not in memory or
semantic processing. However, only processing speed
and visuoconstruction were adequate discriminants
between pathologic groups.

3. Future Directions: The article highlights that processing
speed and visuoconstruction may assist in the clinical dif-
ferentiation of AD versus AD plus LBD, above and beyond
the presence of visual hallucinations and extrapyrami-
dal signs. In an effort to improve clinical decision-making
and intervention earlier in the disease course, future
work should examine whether qualitatively characteriz-
ing visuoconstructional dysfunction further improves its
predictive utility and enhances that of classical LBD fea-
tures.

individuals into pathologic group, while accounting for noncognitive
symptoms (ie, behavioral, and extrapyramidal signs) that are often

present in individuals with LBD.

2 | METHODS

2.1 | Participants

The current sample was drawn from the Predictors 2 cohort’s base-
line visit, and comprised individuals whose autopsy data revealed the
presence of AD (n = 34), or mixed AD plus LBD (n = 17) with a Clinical
Dementia Rating Scale score of 1 or 2. Participants were included in the
current study if neuropsychological variables of interest and patholog-
ical diagnoses were available. The Predictors 2 cohort was initiated in
1997 following the same methods as the Predictors 1 cohort described
previously.3? This cohort consisted primarily of individuals clinically
diagnosed with AD, but also included an additional subset of patients
with clinically diagnosed dementia with Lewy bodies (DLB) diagnosed
according to the 1996 Consensus Guidelines for DLB. In the current
sample, 32 individuals carried clinical diagnoses of AD, and 9 of DLB.
Specific details of the general inclusion/exclusion criteria have been
described previously.? Only individuals from Predictors 2 cohort were
included in the current study due to more specific neuropsychological

and pathological data collected and thus available for the current study.
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Inall, 211 subjects with probable AD, and 28 with probable LBD, were
recruited into the cohort at three sites: Columbia University, Johns
Hopkins University, and Massachusetts General Hospital. These indi-
viduals were diagnosed in the clinic and referred by their physicians to
this study.

2.2 | Measures and procedure

Neuropsychological measures included memory recall and recognition
total (Hopkins Verbal Learning Test), naming (ie, Boston Naming
Test), verbal fluency (Category fluency, CFL), processing speed (Trail
Making Part A, TMT-A), executive functioning (Trail Making Part B,
TMT-B), and pentagon copy from the (modified Mini-Mental State
Exam, mMMSE32). In addition to examining performance on each
test, we also examined the ratio of semantic to phonemic fluency
(semantic/(semantic + phonemic), as it has been shown to be particu-
larly specific to AD.3? It reflects the relative contribution of semantic
impairment to fluency deficits independent of defective retrieval that
may occur secondary to frontal or subcortical compromise. Lower val-
ues represent fewer words generated for semantic versus phonemic
fluency. Global cognitive (MMMSE) and functional impairment (Clinical
Dementia Rating Scale, CDR3*) were measured for the study and
used to determine whether groups were at a similar level of disease
severity, but these were not primary outcomes of interest. Given the
high relevance of non-cognitive symptoms in clinical classification
of disease, specifically in LBD, visual hallucinations (coded dichoto-
mously, 1 representing endorsement and O representing absence
of symptoms), and parkinsonism scores were included in analyses.
Parkinsonism was rated on a 5-point scale for each of the following:
tremor at rest, rigidity in neck, limbs, and posture, and bradykinesia for
a total possible sum score of O to 25. Informants answered questions
regarding medications and psychiatric and neurological history. The
project was approved by the institutional review board at each of the
three respective sites. All patients and their proxy decision-makers

provided written informed consent.?

2.3 | Procedure of pathological diagnoses

Cases were classified as having AD neuropathology if Braak Stage for
neurofibrillary tangles was IV, V, or VI and CERAD neuritic plaque score
was “moderate" or “frequent.” Coexistent LBD was classified based on
the presence of a-synuclein immunohistochemistry positive inclusions

consistent with “limbic” or “neocortical” Lewy body pathology.3°-3¢

2.4 | Data analysis

All analyses were conducted using SPSS 22. 2 analyses and one-way
analysis of variance (ANOVA) examined demographic and cognitive dif-
ferences between the two autopsy-confirmed groups. Binary logistic

regressions were used to determine the predictive value of individ-
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ual neuropsychological performance measures on pathological diagno-
sis post-mortem, and a single binary regression included multiple neu-
ropsychological predictors established to be significant in the previous
models; all models was also conducted while accounting for presence
of non-cognitive symptoms (ie, visual hallucinations and parkinsonism).
Pathological groups were coded (AD = 0, mixed AD plus LBD = 1). One
individual with CDR = 0 was removed from the analyses to ensure sim-
ilar functional levels across participants. Individuals classified as hav-
ing only LBD comprised a small sample (n = 12), hindering adequate
group comparisons (ie, requiring greater power to detect differences

across the three groups) and thus warranting lack of its inclusion in the

study.
3 | RESULTS
3.1 | Demographics

The average global cognitive performance, as measured by the mMMS,
was 35.95 (SD = 7.55). The average age ranged from 56 to 90 (mean
= 74.71, SD = 8.38) and education ranged from 8 to 20 years (mean
= 14.59, SD = 3.22). 49.2% were male, and 98.3% were white. One-
way ANOVAs and y2analyses revealed no differences in disease sever-
ity (CDR, mMMMSE) or demographic variables across pathological diag-
nosis (Table 1). Clinical diagnoses of AD were accurate in 94.1% of the
cases (32 out of 34). 5.9% of the cases (2 out of 34) with AD pathol-
ogy were misclassified as DLB. Clinical diagnoses of DLB were accurate
in 41.2% of cases (7 out of 17). 58.8% of the cases (10 out of 17) with
mixed AD and LBD were misclassified as AD.

3.2 | Cognitive comparisons

The AD group demonstrated higher phonemic fluency F (1,41) = 5.16,
P =.029 and faster processing speed F (1,38) = 5.72, P =.022 than the
AD plus LBD group. Pentagon copy was also less frequently impaired
in AD (24%; 8 of 33) than AD plus LDB (73%; 11 of 15), ¥ (1) = 10.49,
P =.003. All other cognitive measures were comparable across groups.
For comparison of performance on the full neuropsychological battery
(Table 2).

3.3 | Prediction of group membership

Three binary logistic regression models examined the ability of each
of the significant neuropsychological tests (CFL, Trails A, pentagons)
to predict group membership. For model comparison purposes, partic-
ipants were selected only if they had available data for all three mea-
sures, resulting in a sample of 39 patients (28 AD and 11 AD plus LBD).
In addition, to enable more direct comparison of the predictors, CFL
and TMT-A raw scores were converted to standardized scores adjusted
for age and education using the same normative data set.®”-38 Norma-

tive data were not available for pentagon copy.
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TABLE 1 Demographics and clinical characteristics of sample
Pure AD (n = 34) Mixed AD plus LBD (n = 17) F P
Gender (% female) 52.9 64.7 x> =0.65 31
Ethnicity (% Caucasian) 100 94.1 x> =220 .34
Age 74.18(7.97) 72.65(7.97) 0.42 52
Education 14.62 (3.04) 15.53(2.76) 1.08 .30
mMMSE total score 21.15(3.58) 19.07 (5.04) 2.70 11
CDR 1.74(0.37) 1.21(0.47) 1.20 .08
Time from assessment to death 1888.33(861.41) 1906.00(1219.67) 0.01 96

AD, Alzheimer’s disease; CDR, Clinical Dementia Rating; LBD, Lewy body disease; mMMMSE, modified Mini-Mental State Exam.

TABLE 2 Cognitive scores (mean and SD)

AD only (n=34)

Total recall (of 36) 10.93(3.99)
% retained 17.43(29.75)
Recognition (no. of hits of 12) 9.56(2.38)
Recognition discriminability 5.21(3.32)
Naming (of 30) 23.10(6.15)
CFL (mean) 8.79 (3.66)
Animal fluency 9.13(3.10)
Trails A Time (seconds) 78.28 (47.4)
Trails B Time (seconds) 240.58 (132.67)
Fluency ratio 0.51(0.16)
Pentagon copy (frequency impaired) 8(24%)

Note: Significant values are bolded and defined by P <.05.
AD, Alzheimer’s disease; CFL, category fluency; LBD, Lewy body disease.

Standardized CFL score was marginally predictive of group (b =
—0.18, standard error [SE] = 0.11, odds ratio = 0.86, P = .09, 95%
C1[0.69, 1.03]), ¥2(1) = 3.10, P = .08. The Hosmer-Lemeshow test of
homogeneity was not significant y2(7) = 7.92, P = .34. CFL correctly
classified 76.9% of participants (96.4% of the AD group, 27.3% of
mixed AD plus LBD), explaining a relatively small proportion of the
variance in diagnosis classification, Cox and Snell R2 = 0.08, Nagelk-
erke R2 = 0.11. Figure 1 shows the area under the receiver-operating
characteristic (ROC) curve = 0.67 (95% Cl 0.48 to 0.86), reflecting

TABLE 3 Non-cognitive scores (sum of symptoms; mean and SD)

AD only (n=34)
2.50 (4.05)
0.09(0.38)

Parkinsonism

Visual hallucinations

AD, Alzheimer’s disease; LBD, Lewy body disease.

P-value (difference

Mixed AD plus between AD only vs
LBD (n=17) mixed)

9.50 (4.60) .30
22.36(29.94) 61
9.14(2.03) .58
4.29(2.97) .38
19.67 (8.24) 13
6.45 (3.67) .03
8.54(5.25) .64
125.64(74.77) .02
263.13(136.48) .68
0.56(0.14) .56
11 (73%) <.01

poor discrimination according to Hosmer et al.3? Once the same model
was run with inclusion of behavioral and extrapyramidal factors (ie,
visual hallucinations and parkinsonism), the results continued to hold,
with CFL score predicting group classification (b = —0.21, SE = 0.10,
odds ratio = 0.82, P = .03, 95% CI 0.67 to 1.00, ¥2(3) = 7.99, P = .05).
CFL correctly classified 78.9% of participants (92.3% of the AD group,
45.5% of the mixed AD plus LBD group), explaining a relatively small
proportion of the variance in diagnosis classification, Cox and Snell
R2=0.19.

P-value (difference

Mixed AD plus between AD only vs
LBD (n=17) mixed)

8.53(8.63) .001

0.71(1.05) .004
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FIGURE 1 ROC curve of phonemic fluency
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FIGURE 2 ROC curve of processing speed measure

Standardized TMT-A score was significantly predictive of group
classification with the odds of being classified as mixed pathology
increasing as time to complete TMT-A increases (b = —0.30, SE = 0.14,
odds ratio = 0.74, P = .03, 95% CI 0.57 t0 0.98), ¥2(1) = 6.13, P = .013.
The Hosmer-Lemeshow test of homogeneity was not significant y2(8)
=7.95,P =.44. This second model correctly classified 76.9% of partici-
pants (92.9% of AD and 36.4% of AD plus LBD). Figure 2 shows the area
under the ROC curve as 0.75 (95% Cl,0.57 to 0.92), having acceptable

FIGURE 3 ROC curve of visuoconstruction

discrimination according to Hosmer et al.3? Once again, this model was
conducted with inclusion of non-cognitive factors (ie, visual hallucina-
tions and parkinsonism). The findings reflected that TMT-A was signif-
icantly predictive of group classification, above and beyond presence
of visual hallucinations and extrapyramidal signs (b = 0.02, SE = 0.01,
odds ratio = 1.02, P = .05, 95% Cl 1.00 to 1.03, 2(3) = 6.87, P = .07).

Pentagon copy significantly contributed to group classification (b
= 2.08, SE = 0.81, P = .01, odds ratio = 8.00, 95% CI| 1.65 to 38.79),
x2(1) = 7.59, P = .006, and explained ~ 20% of the variance (Cox and
Snell RZ = 0.18, Nagelkerke R2 = 0.25). The model classified 74.4% of
cases correctly (75% pure AD and 72.7% AD plus LBD). Figure 3 shows
the area under the curve (AUC) = 0.74 (95% CIl 0.56 to 0.092), hav-
ing acceptable discrimination.3? Once this model was conducted taking
into consideration visual hallucinations and parkinsonism symptoms,
visuoconstruction (per the pentagon copy score) remained a signifi-
cant predictor over pathological group classification (b = —2.60, SE =
0.97, odds ratio = 0.08, P = .01, 95% CI 0.01 to 0.49, ¥2(3) = 11.20,
P=.01).

A final model included TMT-A and pentagon copy; both deemed to
have acceptable discrimination. Although this model significantly pre-
dicted diagnosis, ¥2(3) = 8.95, P = .03, neither predictor remained an
independently significant group classifier (TMTA, b = —-0.16,SE =0.18,
P =.39,95% Cl 0.60 to 1.22; pentagons, b = —1.47,SE = 0.93, P = .23,
95% Cl 0.04 to 1.44). Furthermore, combining these predictors over-
all predicted 76.9% of cases (85.7% correctly classified AD and 54.5%
correctly classified AD plus LBD) and not improve overall classification
above that of TMT-A alone (76.9%) or pentagon copy (74.4%). Figure 4
depicts the AUC as 0.78 (95% CI1 0.61 to 0.95), reflecting an acceptable
discrimination.3?
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FIGURE 4 ROC curve of processing speed and visuoconstruction
measures

4 | DISCUSSION

The current study sought to further the understanding of neuropsy-
chological differences across pathologically confirmed cases of AD
versus AD plus LBD, and to identify cognitive tests that may aid
the clinical differentiation of these overlapping diseases. Previous
research has indicated that certain cognitive functions may help
discriminate these groups, such that memory storage may be relatively
spared in LBD in contrast to greater impairments in visuospatial
function, executive function, processing speed, and attention, although
findings have not been consistent.112430 Results from the current
study indicated that the AD and AD plus LBD groups differed on
assessments of phonemic fluency (CFL), processing speed (Trails A),
and visuoconstruction (pentagon copy). As will be discussed below,
each of these tests had different utility for classifying participants into
the correct pathological group.

Findings from the current study are generally in line with those pre-
vious pathological studies comparing AD versus AD plus LBD, particu-
larly those showing that the latter group is more likely to be impaired
in phonemic fluency and other measures of executive functioning than
pure AD.272? These results are not consistent across all studies, how-
ever Yoshizawa et al.'1, potentially reflecting sampling differences. For
example, Yoshizawa et al.*? included patients in a somewhat earlier
stage of dementia than the current study (eg, CDR ranging from O to 1).
It is possible that differences in executive functioning had not emerged
yet across groups in that study. However, the ROC curve for fluency in
the current study indicated that it was a poor discriminator of diagno-
sis; it correctly classified over 70% of the sample, but this was driven

mainly by correct classification of AD (>90%) and generally poor clas-

sification of AD plus LBD (<30%). Phonemic fluency alone, therefore,
may not represent a very reliable determinant of the presence of LBD.

Our results also showed that participants with AD plus LBD had
slower processing speed than those with AD. This result, to our knowl-
edge, has been reflected only in two other studies.?’-28 In the current
study, the processing speed measure (TMT-A) correctly classified the
same percentage of overall patients as the phonemic fluency measure
(77%), and its classification of AD plus LBD was only slightly more accu-
rate (36%). It is interesting that Trail Making Part B (TMT-B), a measure
that relies on both speed and executive function, did not differ across
groups. It may be that the slowing associated with DLB differentially
impairs performance on TMT-A, a relatively simple measure of atten-
tion and speed on which patients with mild AD can perform well. How-
ever, on TMT-B, the executive set-shifting component may lower per-
formance in both groups to a similar enough degree that statistically
meaningful differences do not emerge across groups. We also consid-
ered the possibility that a floor effect on TMT-B could have reduced
a potential difference across groups; however, inspection of data (not
shown) is not consistent with this idea.

Like phonemic fluency and processing speed, visuoconstruction
(pentagon copy) was more likely to be impaired in AD plus LBD than
in AD alone, and this measure was deemed to have acceptable dis-
crimination ability,3? correctly classifying a total of 74% of patients,
above and beyond the contribution of behavioral and extrapyramidal
factors often presenting with LBD symptomatology. This finding is in
line with those of other studies that have reported worse visuospa-
tial functioning (eg, pentagons, clock drawing) in AD plus LBD than
in AD alone. 262841 Of interest, of the three neuropsychological mea-
sures that differed across groups, pentagon copy seemed to be most
sensitive to the presence of comorbid LBD pathology, correctly clas-
sifying 73% of this specific group (vs 27% and 36% for the other two
measures). In turn, however, the pentagon copy misclassified more AD
cases (25%) than the other measures (4% to 7%). A caveat of this model
is the dichotomous nature of the pentagon task, which limits its abil-
ity capture a broad range of visuoconstruction and visuospatial ability,
and hence likely limits its predictive ability. A more fine-grained or qual-
itative evaluation of such abilities may detect more subtle differences
between groups and improve group classification. Indeed, future stud-
ies with more comprehensive neuropsychological assessments, a more
nuanced visuospatial measure, and attention to the qualitative exami-
nation of errors are needed to further elucidate how specific or com-
bined cognitive abilities can contribute to the correct classification of
disease.

Current results demonstrate the trade-off between the sensitivity
and specificity of each measure for the identification of different
pathologies, raising the question of whether combining the measures
may yield the highest predictive accuracy. A final regression was thus
conducted to determine whether combining the two best predictors of
diagnosis (eg, processing speed and visuoconstruction, both of which
were deemed to have acceptable discrimination) improved overall
group classification. Of interest, the final model did not improve clas-
sification or AUC over that of processing speed or visuoconstruction
alone.
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Despite the expectation that the pure AD group would show greater
depletion in memory and retention given previous work demonstrat-
ing that recognition discriminability, is more impaired in AD than in AD
plus DLB,* and that hippocampal volume is relatively better preserved
in LBD than AD,*? no significant differences were observed in memory
(ie, retention and recognition) or in semantic processing abilities gen-
erally associated with temporal lobe functioning (ie, naming, semantic
fluency, or the fluency ratio calculated to reflect semantic degradation
specifically). The reason for similar levels of memory and semantic abili-
tiesinthe current study, versus studies that compare AD to pure LBD in
particular, may well be that both groups have AD pathology and are at
similar levels of global cognitive impairment. It is also possible that het-
erogeneity in the regional distribution of both AD and DLB pathologies
contributes to differences seen across studies. Specifically, it is possible
that in the current sample, there could have been a relatively low bur-
den of temporal pathology in the AD group, or a relatively high burden
of temporal pathology in the AD plus DLB group, with either scenario
leading to comparable rather than dissimilar memory and language
abilities. Indeed, AD can present with greater frontal involvement?* or,
conversely, with disproportionate posterior burden as is seen in poste-
rior cortical atrophy (PCA). In such cases, memory can be less affected
than in the classic amnestic presentation of AD. In order to produce
more reliable findings across studies, it will be important not only to
compare pathological diagnosis in a dichotomous manner, but with con-
sideration for the degree and distribution of each pathology.

This study supports the idea that cognitive testing can aid in the clin-
ical differentiation between autopsy-confirmed AD and AD plus DLB,
a common and important differential diagnosis that is not well differ-
entiated when individuals come into the clinic for testing. In particular,
processing speed and to a lesser extent visuoconstruction predicted
pathological diagnosis with acceptable discrimination, and may assist
inthe clinical differentiation of these groups, above and beyond consid-
eration of behavioral and extrapyramidal symptoms. It is worth noting,
however, that although models had acceptable statistical AUC dis-
crimination values, higher AUC (closer to one) represents the highest
degree of both sensitivity and specificity. Results in this study inform
the manner in which neuropsychological testing aids diagnostic classi-
fication, but should be considered in a broader context when applying
to patient care, and in light of risks and benefits associated with the
diagnostic process. Examination of classical LBD features such as
extrapyramidal and psychiatric features other than parkinsonism and
visual hallucinations (see ref 7 for current diagnostic criteria) should be
examined in conjunction with these cognitive abilities to further under-
stand the profile of symptoms, which taken together best discriminate
between AD versus AD plus LBD. Certainly, amyloid imaging studies,
DaTScan and single-photon emission computed tomography (SPECT)
scans (123I-FP-CIT SPECT“3*4°) can aid in detecting specific patholo-
gies. For example, one previous study showed that cortical pittsburgh
compound B (PiB) represents retention differentiated patients with
pathologically confirmed AD (LBD+AD and AD) from those with pure
LBD with 93% accuracy, and the regional pattern of AS spared the
occipital lobes when LBD was present, regardless of whether AD was

also present.*¢ However, identifying the mixed presentation of AD
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plus LBD would likely require multiple costly and invasive scans, and
may not always be feasible. As such, determining the extent to which
non-invasive, routine, and inexpensive neuropsychological measures
inform differential diagnosis is an important endeavor.

Regarding the clinical implications of the current findings, it is worth
noting that clinicians would benefit from accurate differentiation
between diagnosis to provide adequately tailored recommendations
and refer patients to specific services that educate and target symp-
toms common in either diagnosis (ie, AD, LBD, mixed AD plus LBD).
Accurate diagnosis is crucial to help in prognosis, medical decision-
making, education on treatment options, and treatments to alleviate
symptoms. Specifically, this distinction can allow individuals to receive
appropriate services and obtain cognitive enhancing medications for
the specific diagnosis (ie, cholinergic therapy), and better educate
patients and their families on the expected timeline of progression
of and extent of symptoms. Furthermore, tailored clinical recommen-
dations can be directed toward comorbid symptoms that are more
commonly present in specific or combined diagnoses (ie, depression
in AD, or hallucinations, sleep difficulty, and extrapyramidal features
in LBD) and improvement of quality of life (ie, community resources,
support groups). As services recommended on a neuropsychological
evaluation often depend on the extent, type, and etiology of deficit,
clinical differentiation is essential. As such, clinical differentiation
is key for addressing tailored functionally meaningful outcomes for
each patient. Visuospatial and processing speed difficulties often
observed in LBD may directly influence driving ability and thus would
warrant a driving evaluation once these deficits are clinically estab-
lished. Executive deficits, including attention, working memory, and
set-switching may influence decision-making and adherence to recom-
mendations provided by respective medical providers (ie, medication
management). Thus, recommendations to attain specific services and
educate caregivers and patients can only occur once these deficits
are identified, preferably early in the disease process. Not only do the
current findings point to aspects of the neuropsychological profile that
can inform differential diagnosis if subtle or questionable signs of LBD
are present along with cognitive impairment, but when comprehensive
neuropsychological assessment is not available, brief assessments of
processing speed and pentagon copy may inform the presence of LBD.

There are several limitations of the current study. Regarding the
clinical characterization of participants, it is possible that individuals
developed motor symptoms after the current study visit. Although we
cannot account for this in the current study, it lends for future longi-
tudinal research to establish a timeline of cognitive and non-cognitive
(ie, extrapyramidal, behavioral) symptoms that account for changes in
clinical profile throughout the respective disease process. Another lim-
itation of the current study included disparate and relatively small sam-
ple sizes. Due to this limitation, we were unable to include a pure LBD
group in the current study; this group could have informed the extent
to which differences in test performance were due solely to the pres-
ence of LBD pathology or represented an interaction between mixed
pathologies. Nonetheless, the current study sought to focus on those
individuals that are often difficult to diagnose (ie, AD with LBD) from
those relatively easier to classify (ie, pure AD) and thus fill a greater
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gap in the literature. This limitation reflects the challenges associated
with recruiting individuals for autopsy, as previously mentioned, and
should be improved in future research. Regarding analyses, this study
did not conduct a Bonferroni correction of the initial between group
analyses examining neuropsychological measures, which allowed CFL
and Trail Making Test A to remain significant and thus be included in
subsequent classification models. However, given that the sample con-
sisted of cases with CDR 1 and 2, subtle cognitive differences were
expected between the groups and providing such a stringent correc-
tion might have led to increased likelihood of type 2 error. In addition,
it is possible that more complex analytical methods such as machine
learning (ie, Random forest model) may have allowed for interesting
and more nuanced observations of interactions of multivariate data
presented in the current study. This represents an interesting area of

future research.
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