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Abstract
Background and Objectives
Evaluating and understanding the heterogeneity in dementia course has important implications
for clinical practice, health care decision-making, and research. However, inconsistent findings
have been reported with regard to the disease courses of the 2 most common dementias:
Alzheimer disease (AD) and dementia with Lewy bodies (DLB). Using autopsy-confirmed
diagnoses, we aimed to examine the disease trajectories in the years before death among
patients with dementia with pure AD, pure DLB, or mixed (AD and DLB) pathologies.

Methods
The current retrospective longitudinal study included 62 participants with autopsy-confirmed
diagnoses of pure AD (n = 34), mixed AD and DLB (AD +DLB; n = 17), or pure DLB (n = 11)
from the Predictors 2 Cohort Study, a prospective, clinic-based, cohort of patients with de-
mentia. Generalized estimating equation models, with time zero at death, were used to examine
the trajectory of cognition (Folstein Mini-Mental State Examination [MMSE]), function
(activities of daily living [ADL]), and Dependence Scale among patients with different autopsy-
confirmed diagnosis (pure AD, AD + DLB, and pure DLB). The models were adjusted for age,
sex, education, and baseline features including extrapyramidal signs, MMSE, ADL, and De-
pendence Scale.

Results
The participants on average received 9.4 ± 4.6 assessments at 6-month intervals during a mean
5.4 ± 2.9 years of follow-up. The 3 groups were similar in both cognition and function status at
baseline. Cognition and function were highly correlated among patients with AD + DLB but
not in pure AD or pure DLB at baseline. Patients of the 3 groups all declined in both cognition
and function but had different trajectories of decline. More specifically, the patients with pure
DLB experienced approximately double the rate of both cognitive decline and functional
decline than the patients with pure AD, and the mixed pathology group showed double the rate
of functional decline as compared to pure AD.

Discussion
In this longitudinal study, we found that among patients with dementia, those with Lewy body
pathology experienced faster cognitive and functional decline than those with pure AD
pathology.
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Alzheimer disease (AD), the leading cause of dementia, is
clinically characterized by progressive memory and functional
decline and pathologically characterized by neurofibrillary tau
tangles beginning in the medial temporal lobes and amyloid
plaques starting in the neocortex.1 Dementia with Lewy
bodies (DLB), the second most common type of dementia,
has core clinical features including cognitive fluctuations, ex-
trapyramidal motor features, REM sleep behavior disorder,
and visual hallucinations and is pathologically characterized
by the accumulation of aggregated α-synuclein into Lewy
bodies and Lewy neurites in neurons and neuronal processes.2

Understanding differences in how these diseases progress has
important implications for clinical management, health care
utilization, and decision-making.

The current literature regarding the trajectory of clinical
symptoms in AD compared with DLB shows inconsis-
tent results. Some studies suggest that DLB has a faster
decline relative to AD,3-8 but not others.9-11 Part of this
inconsistency may be due to changes over time in clinical
diagnosis guidelines.12 Moreover, past studies have relied
mainly on clinical diagnoses, which likely represent a
mixture of underlying pathologies.13-17 For example, ap-
proximately half of patients with AD also have α-synuclein
pathology of the Lewy body type,2,13,18,19 and similarly, up
to half of patients with LBD have pathology characteristic
of AD.16,20

In contrast to clinical diagnoses, studies based on pathologi-
cally confirmed diagnoses provide an objective gold standard
of disease and thus are needed to fully understand disease
trajectories across these illnesses. Whereas cross-sectional
neuropathologic studies provide a snapshot of clinical symp-
toms at specific disease stages and inform the pathologic
substrates of specific clinical symptoms,19,21-24 longitudinal
studies with pathologic dementia diagnosis are necessary to
understand the overall trajectory of disease course. Such
studies are scarce and often have few repeated antemortem
clinical measurements, have short follow-up periods, begin at
later disease stages, or do not follow patients to the end of
life.5,11,14,15,24-31

In addition to cognitive impairment, loss of function, espe-
cially the ability to perform self-care tasks,32 is a defining
feature of these degenerative diseases33 and is inevitably
linked to dependence on family members or formal care-
givers. However, few studies have examined the trajectories of
noncognitive features, such as functioning and dependence.

In the current study, we aimed to compare the trajectories of
key clinical features, including cognition, function, and de-
pendence, in 3 autopsy-confirmed groups—AD, AD + DLB,
and DLB—based on the Predictors 2 study,34 a longitudinal,
multicenter, clinic-based study with detailed biannual clinical
assessments designed to predict major disease outcomes in
AD and DLB.

Methods
Participants
The participants of the current study were from the Predictors
2 study, a cohort of patients with dementia clinically diagnosed
with predominantly AD but also DLB.34 Recruitment of this
cohort was initiated in 1997 following the samemethods as the
Predictors 1 cohort.34 Patients who were diagnosed with mild
to moderate probable dementia in the clinic were referred by
their physicians to be recruited into this study. Participants
were then followed up every 6 months with repeated clinical
measurements including medical, neuropsychological, func-
tional, and dependence measures. AD was clinically diagnosed
according to National Institute of Neurological and Commu-
nicative Disorders and Stroke–Alzheimer’s Disease and Re-
lated Disorders Association criteria33 and DLB was diagnosed
according to the 1996 Consensus Guidelines36 for probable
DLB. A total of 211 participants with probable AD and 28 with
DLB were recruited into the cohort at 3 sites: Columbia Uni-
versity, Johns Hopkins University, and Massachusetts General
Hospital. We limited our analyses to participants who had
pathologic data available and had longitudinal measures of
clinical symptoms. Among 78 participants who donated brains,
we excluded 8 participants who did not have α-synuclein im-
munohistochemistry staining to confirm the presence of Lewy
body disease/synucleinopathy, 7 participants who did not have
pathologic features required for AD or DLB diagnosis, and 1
participant who had no follow-up visits to assess clinical tra-
jectory. Thus, the current study included 62 participants who
had autopsy-confirmed diagnosis of AD (n = 34), mixed AD
and DLB (n = 17), or DLB (n = 11), and had longitudinal
measure of clinical symptoms. The 16 excluded participants
were not significantly different from the included participants
in age, sex, education, or baseline clinical symptoms.

Standard Protocol Approvals, Registrations,
and Patient Consents
The project was approved by the institutional review board at
each of the 3 study sites. All patients and their proxy decision
makers provided written informed consent.

Glossary
AD = Alzheimer disease; ADL = activities of daily living; cAD = clinical diagnosis of Alzheimer disease; cDLB = clinical
diagnosis of dementia with Lewy bodies; CDR = Clinical Dementia Rating; DLB = dementia with Lewy bodies; DS =
Dependence Scale; EPS = extrapyramidal signs; GEE = generalized estimating equation; MMSE = Mini-Mental State
Examination.
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Cognitive Measures
Participants underwent detailed cognitive and clinical as-
sessment at baseline and follow-up visits. Global cognitive
status was assessed with the Folstein Mini-Mental State Ex-
amination (MMSE) (0–30, with higher score indicating bet-
ter cognitive performance).

Functional Assessment
Functional capacity of the patients was reported by the pa-
tient’s reliable informant using the Blessed Dementia Rating
Scale activities of daily living (ADL) subscore,32 including 7
instrumental ADL items (difficulty performing chores around
the house [e.g., cleaning], handling money, remembering
short lists [e.g., shopping], walking across a room, walking
several blocks, recognizing one’s whereabouts, and re-
membering things that happened recently) and 3 basic ADL
items (eating, dressing, and bladder and bowel control). The
response options for instrumental ADL items were none (0),
some (0.5), and a lot of difficulty (1), and for basic ADL items,
ranged from 0 to 3, with higher score indicating more diffi-
culty. The total ADL score was the sum of scores on all 10
items (range 0–16), with higher scores indicating worse
functional capacity. The ADL scale has good reliability and
validity, with reliability coefficients reported to be between
0.60 and 0.80.32

Dependence Scale
The Dependence Scale (DS) was developed to measure the
amount of assistance patients with AD require to fulfill daily
functions.35 The DS was administered to the patient’s reliable
informant who lived with the patient or one who was well
informed about the patient’s daily activities and needs. The
DS consists of 13 items representing different levels of care
required by a patient, from mild (e.g., “Does the patient need
frequent help finding misplaced objects?”) to severe (e.g.,
“Does the patient need to be tube fed?”). Two items (“Needs
reminders to manage chores”; “Needs help to remember
important things such as appointments”) are coded as 0 (no),
1 (occasionally, at least once a month), or 2 (frequently, at
least once a week), while responses to the rest of the items are
coded dichotomously, indicating whether the patient requires
assistance in a particular item (0 = no, 1 = yes). The total DS
score ranges from 0 to 15, with higher score indicating greater
dependence on others. The DS has strong psychometric
properties and is reliable and valid, with reliability coefficients
ranging between 0.66 and 0.93.35,36 It is related to, but distinct
from, existing cognitive, functional, and behavioral measures
of disease severity, and predicts disease progression in-
dependent of other measures of functional and cognitive
status.35,36

Other Demographic and
Clinical Measurements
Patient age at baseline, sex, and highest level of education
were recorded. Sex was used as a dichotomous variable with
male as the reference group. Age and years of education were
used as continuous variables. The Columbia University Scale

for Psychopathology in Alzheimer’s Disease was used to
measure patients’ psychotic, behavioral, and depressive
symptoms.37 The Unified Parkinson’s Disease Rating Scale38

was used to measure extrapyramidal signs (EPS) and treated
as a binary variable, with 1 indicating severity rating of mild to
moderate or greater on any item.

Pathologic Diagnoses
The pathologic categorization for each case into AD, DLB, or
AD + DLB was based on review of neuropathologic reports,
and slides if necessary, by a coauthor (J.B.L.), and staging of
AD and Lewy body pathology as outlined in the National
Institute on Aging–Alzheimer’s Association pathologic as-
sessment of AD and Lewy body disease.39 For this study, an
AD pathologic diagnosis required both a staging of moderate
or frequent neuritic plaques (Consortium to Establish a
Registry for Alzheimer’s Disease criteria)40 and Braak stage
IV, V, or VI neurofibrillary tangle stage.41 Braak stages IV, V,
and VI have been consistently associated with clinical
dementia.42,43 For a pathologic DLB classification, Lewy body
pathology required a staging of either limbic or neocorti-
cal Lewy body disease.44 Participants were diagnosed with
pure AD if they had above-mentioned AD neuropathologic
changes but no Lewy body neuropathologic changes or with
insufficient Lewy body pathology density or spread to meet
criteria for DLB, pure DLB if they had limbic or neocortical
Lewy body neuropathologic changes but insufficient neuro-
pathologic changes for AD, AD + DLB if they met the above-
defined neuropathologic changes for both DLB and AD, or
negative pathology if they did not meet the pathologic criteria
for either AD or DLB as defined above.

Statistical Analysis
The demographic and clinical characteristics were summa-
rized by mean and SD for continuous measures and by fre-
quency and proportions for categorical measures. The
measures were compared among the 3 autopsy-confirmed
groups using χ2 test for categorical variables and one-way
analysis of variance for continuous variables. Pearson cor-
relation coefficient was used to examine the relationship
among baseline MMSE, ADL, and DS.

We used generalized estimating equation (GEE) models,
with linear identity link function and independent working
correlation matrix structure, to examine the trajectory of the
outcomes. The time variable was the main predictor in the
model, which was calculated as years before death, with time
zeroed on confirmed death date and a visit occurring 1 year
before death coded as −1, 2 years before death coded as −2,
et cetera.3 The model was adjusted for age, sex, education,
the autopsy-confirmed diagnosis group (pure AD, AD +
DLB, pure DLB), and baseline features including EPS,
MMSE, ADL, and DS.

To compare the trajectories among the diagnosis groups (as
the predictor, treated as a categorical variable with pure AD
being the reference group) separately for the 3 outcomes
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(i.e., MMSE, ADL, DS), an interaction term between di-
agnosis group × time was added to the GEE model, with a
significant interaction indicating different trajectory rate
between AD + DLB and pure AD and between pure DLB
and pure AD. The models were adjusted for age, sex, ed-
ucation, and EPS at baseline (model 1), and in addition

adjusted for the outcome status at baseline, individually
(model 2) and simultaneously (model 3). Nonlinear tra-
jectories of decline including quadratic and piecewise re-
gression were assessed for suitability but did not improve
model fit over the linear alternative, consistent with the
literature.15

Table 1 Demographics and Clinical Characteristics of the Study Participants

Characteristics All participants Pure AD AD + DLB Pure DLB p Value

Participants, n 62 34 17 11

Age, y 73.47 ± 7.87 74.18 ± 7.97 72.65 ± 7.97 72.55 ± 7.90 0.743

Female 31 (50) 18 (52.9%)b 11 (64.7%)c 2 (18.2%)b,c 0.049

Education, y 15.05 ± 2.94 14.62 ± 3.04 15.53 ± 2.76 15.64 ± 2.94 0.451

Follow-up duration, y 5.42 ± 2.94; 4.3 (2.5–7.1) 5.91 ± 2.71; 5.6 (2.8–7.7) 5.06 ± 3.24; 4.4 (1.6–7.8) 4.45 ± 3.12; 2.5 (2.2–4.0) 0.306

Duration from last visit
to death, y

1.28 ± 1.64 1.75 ± 1.87b 0.51 ± 0.69b 1.03 ± 1.52 0.030

Duration from first visit
to death, y

6.04 ± 3.51; 5.2 (3.1–8.3) 6.96 ± 3.7b; 7.0 (4.4–9.3) 5.27 ± 3.14; 4.8 (2.4–8.3) 4.35 ± 2.69b; 3.2 (2.6–6.1) 0.055

Five-year survival from baseline 34 (54.8) 23 (67.6)b 8 (47.1) 3 (27.3)b 0.049

Number of visits 9.4 ± 4.6 10.1 ± 4.3 9.2 ± 5.4 7.5 ± 3.5 0.233

APOE ɛ4 carrierd 29 (61.7) 19 (65.5) 6 (60) 4 (50) 0.72

Clinical diagnosis <0.0001

AD 46 (74.2) 32 (94.1) 10 (58.8) 4 (36.4)

DLB 16 (25.8) 2 (5.9) 7 (41.2) 7 (63.6)

Cholinesterase inhibitor used 48 (94.1) 30 (100) 7 (87.5) 11 (84.6) 0.10

At baseline

Moderate stage (CDR ≥2) 8 (12.9) 4 (11.8) 4 (23.5) 0 (0) 0.212

Extrapyramidal symptoms 22 (35.5) 5 (14.7)a,b 9 (52.9)a 8 (72.7)b <0.0001

Any psychiatric symptoms 26 (41.9) 13 (39.4) 8 (47.1) 5 (55.6) 0.658

MMSE, y 20.77 ± 4.33 21.15 ± 3.58 19.44 ± 5.09 21.55 ± 5.20 0.353

BDRS-ADL 4.68 ± 3.03 4.05 ± 2.59 6.03 ± 3.71 4.50 ± 2.69 0.087

Dependence Scale 4.48 ± 2.59 4.24 ± 2.46 5.13 ± 2.96 4.22 ± 2.44 0.515

At the last visit 20.77 ± 4.33 21.15 ± 3.58 19.44 ± 5.09 21.55 ± 5.20 0.353

MMSE, y 11.73 ± 7.33 12.45 ± 7.76 10.00 ± 5.47 12.09 ± 9.03 0.555

BDRS-ADL 11.91 ± 4.27 11.78 ± 4.04 13.65 ± 3.79c 9.64 ± 4.82c 0.048

Dependence Scale 9.26 ± 2.92 9.12 ± 2.98 10.35 ± 2.29c 8.00 ± 3.26c 0.104

At death

Age at death, y 80.05 ± 8.49 81.73 ± 8.44 78.53 ± 8.37 77.24 ± 8.40 0.218

Vascular burden 21 (34.4) 13 (39.4) 4 (23.5) 4 (36.4) 0.529

Abbreviations: AD = Alzheimer disease; ADL = activities of daily living; BDRS = Blessed Dementia Rating Scale; CDR = Clinical Dementia Rating; DLB = dementia
with Lewy bodies; MMSE = Mini-Mental State Examination.
Values aremean ± SD, n (%), or mean ± SD; median (interquartile range). p Values were from analysis of variance test for continuous variables and χ2 test for
categorical variables. Post hoc least significant difference analyses were used to examine pairwise differences among the 3 diagnosis groups and results are
noted as ap < 0.05 between AD and AD + DLB; bp < 0.05 between AD and DLB; cp < 0.05 between AD + DLB and DLB; or d15 individuals did not have APOE
information and 11 individuals did not report cholinesterase inhibitor use.
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Because of the unbalanced duration from baseline to death
among diagnostic groups, we performed sensitivity analyses
by limiting the analysis to the last 5 years of life and repeated
the analyses. Because APOE was missing in a quarter of the
participants (n = 15) and cholinesterase inhibitor use was
missing in 11 participants, we did not include these 2 variables
in the main analyses but performed sensitivity analyses
adjusting for APOE and cholinesterase inhibitor use in addi-
tion to model 3 covariates.

All analyses were conducted using SPSS 26. Due to the
exploratory nature of this analysis, the significance level was
defined as p < 0.05 without corrections for multiple
comparisons.

Data Availability
Deidentified participant data will be made available to quali-
fied investigators with appropriate data transfer agreements
and institutional board approval.

Results
Characteristics of the Patients With Dementia
With Postmortem Diagnoses of Pure AD, AD +
DLB, and Pure DLB
At time of recruitment, the participants were 73.5 ± 7.9 (mean
± SD) years old, had 15 ± 2.9 years of education, and scored
20.8 ± 4.3 on MMSE, 4.68 ± 3.0 on ADL, and 4.48 ± 2.6 on

DS (Table 1). The majority (87%) of the participants had
mild dementia, with the other 13% having moderate dementia
(Clinical Dementia Rating [CDR] ≥2). Half of the partici-
pants were female, 36% had EPS, and 42% had psychotic
symptoms (Table 1). At baseline, MMSE was nega-
tively correlated with ADL (r = −0.51; p < 0.0001) and DS
(r = −0.43; p < 0.0001), whereas the latter 2 were positively
correlated (r = 0.79; p < 0.0001). The participants on average
received 9.4 ± 4.6 assessments at 6-month intervals during a
mean 5.4 ± 2.9 years of follow-up time, and survived 6.0 ± 3.5
years, with 54.8% surviving at least 5 years (Table 1).

About two-thirds of the study participants entered the study
with a clinical diagnosis of AD (cAD), 91% (42 of 46) of
whom were confirmed to have AD pathology; among patients
with a clinical diagnosis of DLB (cDLB), 88% (14 of 16) were
found to have Lewy body neuropathologic changes on au-
topsy. However, 30% (14/46) of the patients with cAD also
had Lewy body neuropathologic changes, and 56% (9/16) of
the patients with cDLB had AD pathology.

Patients with pure DLB were more likely to be men compared
with the pure AD (p = 0.044) or AD +DLB (p = 0.016) groups,
whereas the latter 2 groups did not differ (p = 0.424). Patients
with pure ADwere less likely to have EPS comparedwith theAD
+ DLB (p = 0.004) or pure DLB (p < 0.0001) groups, whereas
the latter 2 did not differ (p = 0.295). The patients with pure AD
on average survived longer than patients with pure DLB from

Table 2 Rate of Change in Cognition and Function in Patients With Autopsy-Confirmed Dementia With Different
Postmortem Diagnoses

Model 1 Model 2 Model 3

B SE p Value B SE p Value B SE p Value

MMSE

Time −0.635 0.210 0.003a −0.563 0.215 0.009a −0.608 0.193 0.002a

DLB × time −1.097 0.413 0.008a −0.931 0.392 0.018a −1.020 0.394 0.010a

Mixed × time −0.550 0.363 0.130 −0.398 0.407 0.328 −0.339 0.420 0.420

ADL

Time 0.565 0.153 <0.0001a 0.531 0.163 0.001a 0.552 0.153 <0.0001a

DLB × time 0.568 0.325 0.080 0.402 0.268 0.133 0.446 0.254 0.079

Mixed × time 0.727 0.188 <0.0001a 0.514 0.218 0.018a 0.478 0.215 0.026a

DS

Time 0.383 0.100 <0.0001a 0.390 0.092 <0.0001a 0.400 0.094 <0.0001a

DLB × time 0.469 0.257 0.068 0.386 0.166 0.020a 0.408 0.167 0.015a

Mixed × time 0.470 0.145 0.001a 0.257 0.161 0.111 0.259 0.161 0.109

Abbreviations: ADL = activities of daily living; DLB = dementia with Lewy bodies; DS = Dependence Scale; MMSE = Mini-Mental State Examination.
The Alzheimer disease group was treated as the reference group in all models, DLB indicated the patients with DLB diagnosis, and mixed indicated the patients
with Alzheimerdiseasewith concomitant Lewybodydiseasediagnosis. Time is the number of years beforedeath time, coded as−1 for 1 year beforedeath, −2 for
2 years before death, et cetera. Model 1 was adjusted for age, sex, education, and baseline extrapyramidal signs. Model 2 was in addition adjusted for the
corresponding baseline outcome. Model 3 was adjusted for all model 1 variables as well as all the 3 outcomes (MMSE, ADL, and DS) at baseline.
a Significant.
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baseline (7.0 ± 3.7 vs 4.4 ± 2.7 years; p = 0.031). Five-year
survival rate was higher (p= 0.018) among the patients with pure
AD (68%) than in patients with pure DLB (27%).

At the last visit, patients with AD + DLB had worse ADL
(p = 0.015) and DS (p = 0.038) scores than the patients with
pure DLB. The patients with AD + DLB were followed up to a
later stage of life comparedwith patients with pure AD(p= 0.01).

The pairwise correlations amongMMSE, ADL, andDSwere all
statistically significant in patients with AD + DLB (r = −0.85
for MMSE–ADL, r = −0.83 for MMSE–DS, and r = 0.93
ADL–DS correlations; p < 0.0001 for all). ADL was highly
correlated with DS in both pure AD (r = 0.76; p < 0.0001) and
pure DLB (r = 0.71; p = 0.014). However, MMSE was not
correlated with ADL in pure AD (r = −0.25; p = 0.152) or pure
DLB (r = −0.39; p= 0.237), nor withDS in pure AD (r= −0.20;
p = 0.277) or pure DLB (r = −0.55; p = 0.077).

Change of Cognition and Function in Patients
With Dementia at the End of Life
Among all participants, there was a significant change over time
for all outcomes. Specifically, MMSE declined 0.74 (SE 0.17;
p < 0.0001), ADL increased 0.66 (SE 0.14; p < 0.0001), andDS
increased 0.47 (SE 0.09; p < 0.0001) points per year.

Differential Trajectory of Cognition and
Function Among Patients With Dementia With
Postmortem Diagnoses of Pure AD, AD + DLB,
or Pure DLB
For patients with pure AD,MMSE declined 0.61 (SE 0.19; p =
0.002), ADL increased 0.55 (SE 0.15; p < 0.0001), and DS
increased 0.40 (SE 0.09; p < 0.0001) points per year (Table 2,
model 3; Figure). Compared with the pure AD group,
the pure DLB group experienced a faster decline in MMSE
(b = −1.02 [SE 0.39]; p = 0.010) and faster deterioration in
DS (b = 0.41 [SE 0.17]; p = 0.015) in the fully adjusted model
(Table 2, model 3; Figure). That is, compared with a patient
with pure AD who experienced a 0.61-point decline inMMSE
in 1 year, a patient with pure DLB of similar characteristics
would decline an additional 1.02 points, or a total of 1.63
points per year (approximately 2.7 times of the rate in patients
with pure AD). In other words, the changes a patient with
pure DLB experienced in 1 year were similar to the changes
typically seen in a patient with pure AD of similar character-
istics in approximately 2.7, 1.8, and 2.0 years for MMSE, ADL,
and DS, respectively.

Compared with the pure AD group, the AD + DLB group
experienced a faster deterioration in ADL (b = 0.48 [SE 0.21];
p = 0.026) (Table 2, model 3; Figure). The annual change in

Figure Cognition and Functional Change in the Years Preceding Death in Patients With Autopsy-Confirmed Dementia

Cognition (Mini-Mental State Examination [MMSE]) and functional (activities of daily living [ADL] and Dependence Scale [DS]) changes in the years preceding
death in patients with autopsy-confirmed dementia for patients with dementia with pure AD (purple), AD + DLB (green), or pure DLB (blue). Each colored
dashed line shows the observed MMSE (first column), ADL (second column), and DS (third column) scores for each individual.
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ADL a patient with AD + DLB experienced was similar to the
change typically seen in a patient with pure AD of similar
characteristics in approximately 1.9 years.

There was no difference in the trajectory of MMSE, ADL, or
DS between AD + DLB and pure DLB groups (data not
shown).

Supplementary Analyses
Limiting the analyses to the assessments within 5 years pre-
ceding death, the results in the fully adjusted model were
similar to the main results, even with larger effect sizes, al-
though the results were no longer significant. Specifically,
compared with the AD group, the DLB group experienced a
nonsignificant faster deterioration in MMSE (b = −1.50 [SE
0.96]; p = 0.120), DS (b = 0.53 [SE 0.32]; p = 0.096), and
ADL (b = 0.81 [SE 0.50]; p = 0.106). There was no difference
between the pure AD and AD + DLB groups. Compared with
the AD + DLB group, the pure DLB group experienced a
significantly faster deterioration in DS (b = 0.77 [SE 0.31]; p =
0.01) and in ADL (b = 0.94 [SE 0.48]; p = 0.053), but not in
MMSE (b = −1.10 [SE 0.93]; p = 0.24).

When we included APOE status (ɛ4 carriers, noncarriers, and
unknown) into model 3, we found the results were attenuated
but remained similar to the main findings. The results
remained similar tomain results when cholinesterase inhibitor
use was further adjusted in the models (data not shown).

Discussion
In this clinic-based, longitudinal study of an autopsy-
confirmed cohort of patients with dementia, we described
and compared the trajectories among pure AD, pure DLB,
and AD + DLB. We found the 3 groups were similar in both
cognitive and functional status at baseline but had different
trajectories of decline. In comparison with the pure AD group,
the patients with pure DLB experienced approximately dou-
bled rates of cognitive and functional decline, and the AD +
DLB group experienced approximately doubled rates of
functional decline only.

The clinical diagnoses of the study participants were con-
firmed in most patients by presence of the corresponding
pathologic features in autopsy. However, consistent with the
literature, a large proportion of the patients also had other
neuropathologic changes.2,13,16,18,20 The current study
showed that patients with pure AD were less likely to have
EPS19,22 at study enrollment than those with Lewy body
neuropathology.

We found that baseline cognition and function were highly
correlated in AD + DLB but not in pure AD or pure DLB,
probably due to the mixed pathologies affecting a wider range
of brain areas responsible for the phenotypes. The correlation
between cognition and function has rarely been evaluated in
the literature and the only autopsy-based study evaluated both

cognition and function and found that cognition predicted
ADL in both autopsy-confirmed AD and DLB.45 In clinically
diagnosed AD and DLB, the additional functional impair-
ments in DLB compared with AD were found to be mainly
attributable to extrapyramidal motor symptoms.46 Thus, the
stronger cognition–function correlation in AD + DLB than in
pure AD in the current study might at least partially be due to
the higher prevalence of extrapyramidal symptoms in AD +
DLB. Meanwhile, cognition fluctuation is one of the core
clinical features in DLB,2 whereas the patients with AD +DLB
might have progressive cognitive deterioration and more
consistent cognitive impairment due to the underlying AD
pathology, thus overriding the cognitive fluctuation feature
and leading to a stronger cognition–function correlation
compared with patients with pure DLB.2,11 More studies are
needed to confirm our findings and explore the reasons for
differences in cognition–function correlation in patients with
AD + DLB than in patients with pure AD or pure DLB. Such
studies may also help confirm whether EPS and a parallel
impairment in cognition and function seen in a patient with
clinically diagnosed AD indicates underlying mixed AD and
DLB pathologies.

We found that individual key cognitive and functional features
were similar across the 3 groups at enrollment and at the last
visit, except that the patients with AD + DLB were func-
tionally worse compared with the pure DLB group at the last
visit, which does not seem to be explained by the starting level,
assessments’ proximity to the death time, or duration of
follow-up. In addition, although there was no significant dif-
ference in symptoms at the last assessment between pure AD
and pure DLB groups, it is unclear whether patients with pure
AD would have been worse than those with pure DLB at the
last visit if the patients with pure AD continued to be assessed
until a later date. Cross-sectional neuropathologic studies
have suggested that concomitant Lewy body pathology makes
little difference on the clinical phenotype of AD.19,21-24 With
the potential limitations of such snapshot analyses mentioned
above, however, it may be important to examine the longi-
tudinal trajectory to capture the full disease course.

Many longitudinal studies have focused on comparing the
duration of disease or survival. Consistent with the reported
1.6 years shorter survival in cDLB than in cAD in 11 previous
studies,3,4 we found that patients with pure AD had longer
disease duration than patients with pure DLB, suggesting that
patients with pure AD have better survival than patients with
pure DLB. In one study9 using CSF biomarkers to assess
pathology, it was found that patients with AD + DLB had a
higher risk of nursing home admittance and death, whereas no
differences in the rate of cognitive decline were found be-
tween groups. The study had a mean 1.65 years of follow-up
and neuropsychological scores were derived from multiple
imputation due to missing data. Another study found different
survival rates but similar cognitive trajectories between
autopsy-diagnosed AD and DLB, but the study was limited by
having few repeated cognitive measures.26 In contrast, some
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studies did not find a significant difference in disease duration
or survival between patients with different pathologies.21 In
another study, disease duration was not different across the 3
groups, but the AD + DLB and DLB groups had a faster
cognitive decline than the AD group.25 One potential limi-
tation of studies examining survival, however, is that the dis-
ease duration or survival can be influenced by many factors,
such as comorbidities, especially cardiovascular diseases and
pneumonia, hospice use, and end-of-life treatment intensity.
Thus, disease course is best described not by the survival time
itself, but rather by direct, repeated measurements of the key
clinical features of the disease, ideally through a reasonably
long follow-up time with multiple measures.

With an average of 9 repeated measurements over 5 years, we
found the 3 groups had different rates of decline, with the
patients with pure DLB or AD + DLB experiencing approx-
imately doubled rates of decline as compared with the patients
with pure AD. Only a few longitudinal autopsy studies have
examined cognitive trajectories or overall disease stage tra-
jectories. Some studies have suggested that patients with AD
+ DLB exhibit faster cognitive decline or disease progression
compared with pure AD.11,15,25 However, other studies report
no difference in rate of cognitive decline.14,24,26,27 In a large
national autopsy sample from the National Alzheimer’s Co-
ordinating Center, patients with AD + DLB were found to
have faster decline on the CDR–sum of boxes than did pa-
tients with pure AD.15 In the Arizona Study of Aging and
Neurodegenerative Disorders study, the AD with Lewy
bodies group (those with Lewy body pathology restricted to a
limbic-predominant stage but not yet in the neocortical re-
gions), but not the pure DLB group, had a significantly greater
MMSE decline compared with the pure AD group.5 There are
few autopsy-based studies comparing disease progression of
pure DLB with pure AD, or pure DLB with AD + DLB.28 We
found faster cognitive decline in pure DLB than in pure AD in
our study, consistent with previous findings that showed a
faster MMSE decline25,31 or shorter survival26,31 in pure DLB
than in pure AD. However, in several pathologic studies, pa-
tients with pure DLB did not seem to decline significantly
faster than patients with pure AD.5,15,24,26,29,30 Several pre-
vious studies have found that there was no difference in sur-
vival between pure DLB and AD + DLB groups,14,26

consistent with our findings.

Therefore, existing evidence has been inconsistent, but rarely
have studies found patients with pure AD to decline faster
than those with pure DLB or AD + DLB. Given the emerging
evidence suggesting that patients with AD +DLB and patients
with pure DLBmay have faster decline than patients with pure
AD, it is possible that Lewy body pathology might play a key
role in aggressive disease progression. The faster decline in
AD + DLB than in pure AD can be due to increased neuro-
degeneration as a result of the multiple pathologies.47 More
research is needed to fully understand the potential synergistic
interactions of AD and DLB pathology at molecular levels. In
addition, as the neocortical type (diffuse) and limbic type

(transitional) of Lewy body pathology may have different
patterns of cognitive decline for certain cognitive domains14

and survival rates,48,49 future studies may investigate the dif-
ferent types of Lewy body pathology and use more specific
cognitive measures.

Functional trajectory has rarely been compared among
autopsy-confirmed patients with dementia. We previously
reported that compared with patients with AD, patients with
DLB were significantly more impaired in ADLs and showed
greater dependence on caregivers at first evaluation, but there
were no significant differences in the rate of decline between
the 2 groups.29 In a separate cross-sectional study, no differ-
ence in functional impairment was observed between AD and
DLB.24 Findings from the current study that both AD + DLB
and pure DLB groups had faster functional decline than the
pure AD group may point to a role of Lewy body pathology in
functional changes of patients with dementia.

This study has some limitations. Incident dementia cases were
not examined, so we may have missed the observation of the
earliest period of the disease. However, most of the partici-
pants were at the mild stage of dementia when enrolled into
the study, and the age at baseline was similar to the age at
onset of dementia symptoms reported by other studies.3

Similar to other neuropathologic studies that have an over-
representation of APOE ɛ4 carriers,9,22 the current study also
found a high percentage of participants carrying an APOE ɛ4
allele, which might indicate a potential selection bias. The
MMSE is an overall measure of cognition and more specific
neuropsychological tests tapping into individual cognitive
domains might have larger or smaller difference among the 3
pathologic groups.19 We only examined a few cognitive and
functional measures; however, other clinical symptoms, such
as urinary incontinence, that show higher prevalence in DLB
than in AD50 are worth exploration in future studies. Although
the clinical symptoms are assumed to be driven by the un-
derlying neuropathologic changes, the postmortem neuro-
pathologic assessments may not reflect neuropathologic
burden when clinical progression was measured as neuro-
pathologic changes might continue to accumulate over time.
However, limiting the analyses to the last 5 years before death
found similar results to the main findings. We did not adjust
for APOE in our main analysis because a large number of
participants did not have APOE ɛ4 information. However,
sensitivity analyses taking APOE into consideration did not
change the main findings, similar to previous reports.17 Pre-
vious studies showed that individuals meeting neuropatho-
logic criteria for AD and having insufficient Lewy body
pathology to meet distribution and density thresholds for
DLB may have a faster clinical course than those with pure
AD.5 We did not examine this group separately due to small
number of participants (n = 6). However, including these
participants in the pure AD group may have biased our results
toward null and would not change our main findings that the
pure DLB and AD + DLB groups had faster decline than
participants with pure AD. The relatively small sample size
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also limited our ability to perform additional subgroup anal-
yses according to severity of AD neuropathology, types of
Lewy body pathology,15,48,49 or sex.26 Finally, the study par-
ticipants were predominantly White and well-educated, lim-
iting the generalizability of the findings.

Our study adds innovative information to the literature by
providing an almost complete disease history for patients with
pure AD, AD + DLB, or pure DLB. The clinical symptoms
weremeasured directly and frequently (biannually, on average
9 antemortem visits) throughout the disease course until close
to death, ensuring more accurate and reliable information
compared with less frequent measures. We performed com-
prehensive clinical assessments in a standardized and consis-
tent manner. To our knowledge, the current study is the first
to examine the functional and dependence trajectory among
patients with dementia. The pathologic data were carefully
reviewed and diagnosed by an experienced neuropathologist
according to the most recent guidelines. We included 3 di-
agnosis groups to provide a more comprehensive comparison
of these conditions involving AD and DLB pathologies.

In this longitudinal study, we that found patients with de-
mentia with Lewy body pathology experienced faster cogni-
tive and functional decline than patients with pure AD. The
findings of this autopsy-based study have implications for
clinical management, future clinical study design, and research
on pathology-specific biomarkers.
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