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Abstract
Objective
This study aimed to quantify the trajectory and magnitude of change of the key clinical features
and corresponding symptom domains of dementia with Lewy bodies (DLB) and Parkinson
disease dementia (PDD), including global cognition, parkinsonism, recurrent visual halluci-
nations, cognitive fluctuations, and sleep disturbance.

Methods
One hundred sixteen patients with Lewy body dementia (DLB = 72, PDD = 44) underwent
assessment at baseline and 3 and 6 months as part of a prospective multicenter randomized
controlled trial. Linear mixed models were constructed for core outcome measures using the
Mini-Mental State Examination (MMSE), motor section of the Unified Parkinson’s Disease
Rating Scale (UPDRS-III), Dementia Cognitive Fluctuations Scale (DCFS), and Neuropsy-
chiatric Inventory (NPI).

Results
Within the time frame of our study (6 months), we were able to identify a significant cognitive
decline of 1.3 points on the MMSE (p = 0.002) and significant worsening of motor parkin-
sonism with an increase in UPDRS-III score of 3.2 points (p = 0.018). Fluctuation severity also
increased using the DCFS with a 6-month change in score of 1.3 points (p = 0.001). Uniquely, a
signal for increased severity of sleep symptoms of 1.2 points (NPI-sleep) was also detectable (p
= 0.04). Significant changes in neuropsychiatric symptoms were not detected. There was no
difference in rates of change of scores between DLB and PDD.

Discussion
Clinically significant rates of change in core clinical features can be detected and quantified in
Lewy body dementia over a relatively short period (6 months) using common clinical in-
struments and thus may be useful as clinical endpoints for therapeutic trials of disease-
modifying and symptomatic agents.
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Dementia with Lewy bodies (DLB) and Parkinson disease
dementia (PDD), referred to collectively as Lewy body de-
mentia, are characterized by the presence of dementia ac-
companied by shared clinical features, including motor
parkinsonism, recurrent visual hallucinations, cognitive fluc-
tuations, and REM sleep behavior disorder.1-3

Despite the significant public health impact,4-7major challenges
in the field have resulted in a relative paucity of symptomatic
and disease-modifying trials in DLB and PDD.8 One such
challenge is the delineation of appropriate outcome measures
for tracking disease progression and severity. Indeed, few
prospective studies have directly investigated the natural his-
tory of key clinical features in Lewy body dementia.6,9-13

Existing studies have focused mainly on changes in cognitive
outcomes9-11,14-16 with little known about the natural history of
neuropsychiatric features,17 motor parkinsonism, fluctuations,
and sleep symptoms, especially over the 6-month time frames
typical of clinical trials.18,19 Such information would be critical
for the incorporation of these features as endpoints in future
clinical trials.

To address this gap, we sought to quantify the trajectory and
magnitude of change of the key clinical features and symptom
domains of cognitive impairment, motor parkinsonism, cog-
nitive fluctuations, and neuropsychiatric and sleep distur-
bances in a cohort of patients with PDD and DLB over a
period of 6 months using widely used clinical rating scales. We
analyzed data from a prospective multicenter non-
pharmacologic intervention trial.20 The nature of the in-
tervention, designed to encourage expected standards of care,
made it ideal for assessing the natural progression of clinical
features under the conditions of a clinical trial.

Methods
Participants
Data from 127 participants with Lewy body dementia (77
DLB, 50 PDD) were analyzed from a cluster randomized trial
(Diagnosis and Management of Neurodegenerative De-
mentia [DIAMOND-Lewy] Study; ISRCTN11083027)20

performed between 2016 and 2017 in 23 memory or
movement disorder services across 8 main jurisdictions
(trusts) of the UK National Health Service (NHS; 4 trusts
in North East England and 4 trusts in East Anglia). All patients
underwent clinical assessment and were diagnosed as having
probable DLB or PDD according to current consensus
criteria.2,3 Half of the services were randomized to receive a

management toolkit comprising a summary of current
evidence-based guidelines21 for symptomatic treatment of
Lewy body dementia (made freely available since the con-
clusion of the study), while the other services continued with
standard care (control arm). From these, 131 participants
were recruited to be assessed at baseline and 3 and 6 months.
Of those recruited, 127 participants underwent baseline as-
sessments (Figure 1). Because this study assessed the rate of
change, data for at least 2 time points were required to con-
tribute to the group-level trajectories. Therefore, patients who
could not be followed up after the baseline measurement (n =
11) were excluded, leaving 116 participants (72 DLB, 44
PDD) for the final analysis (including 107 patients with data
for all 3 time points, 7 patients with data at baseline and 3
months, and 2 patients with data at baseline and 6 months).
Results of the trial with respect to the main intervention have
recently been published.20

Standard Protocol Approvals, Registrations,
and Patient Consents
Ethics approval for this study was obtained from the NHS
Research Ethics Committee. Written informed consent was
obtained from all participants and their caregivers/next of kin.

Clinical Variables
All baseline and 3- and 6-month assessments were conducted
by the same research team members in each respective region
(North East England and East Anglia, UK) blinded to the
service allocation (toolkit or standard care). Core clinical
features were assessed with commonly used and validated
research instruments. Cognition was measured using the
Montreal Cognitive Assessment (MoCA) and the MMSE.
Motor parkinsonism was graded by use of Section III of the
Movement Disorder Society Unified Parkinson’s Disease
Rating Scale (UPDRS-III).22 Cognitive fluctuations were
assessed with the Dementia Cognitive Fluctuation Scale
(DCFS).23 Neuropsychiatric symptoms were assessed with
the Neuropsychiatric Inventory (NPI).24 The NPI assesses 12
behavioral domains according to an interview with the care-
giver. To maximize the ability to detect a rate of change in this
variable, the trajectories of neuropsychiatric symptoms were
analyzed for 3 predetermined scores derived from the NPI:
the total NPI score summed across all 12 items; the NPI
hallucinations score (NPI-hallucinations; frequency × sever-
ity); and a 4-item subscore (NPI-4) calculated as the sum of
scores for 4 items of hallucinations, delusions, depression, and
apathy.25 The NPI-4 has been identified in a previous study to
consist of items sensitive to Lewy body dementia and has been
used as a primary efficacy endpoint in previous randomized

Glossary
AD = Alzheimer disease; CI = confidence interval; DCFS = Dementia Cognitive Fluctuations Scale; DIAMOND = Diagnosis
and Management of Neurodegenerative Dementia; DLB = dementia with Lewy bodies; MMSE = Mini-Mental State
Examination;MoCA = Montreal Cognitive Assessment; NHS = National Health Service; NPI = Neuropsychiatric Inventory;
PDD = Parkinson disease dementia; UPDRS = Unified Parkinson’s Disease Rating Scale.
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trials.19,26 Sleep disturbance was also analyzed with the sleep
subscore of the NPI (NPI-sleep) as a patient-centered and
clinically relevant indicator of sleep quality.

All medications and their dosages were recorded at each visit.
Over the course of the trial, 3 patients (2.6%; 3 control,
0 intervention) had changes in the dose/type of antipsychotic
medication, 20 patients (17.2%; 8 control, 12 intervention)
had changes in dopaminergic medication, and 21 patients
(18.1%; 13 control, 8 intervention) had changes in acetyl-
cholinesterase inhibitors.

Statistical Analysis
All statistical analyses were performed with the IBM Statistical
Package for the Social Sciences (version 26.0.0, IBM Corp,
Armonk, NY). Descriptive statistics (regarding baseline) are
presented as mean (SD) or frequency (percentage). While
accounted for in the mixed modeling below, baseline com-
parison between DLB and PDD with respect to variables of
interest was performed with a 2-tailed independent-samples t
test or χ2 test as appropriate (α level = 0.05).

To explore longitudinal changes of the variables of interest,
we applied linear mixed-effects modeling using time as a fixed

effect and intercept and slope as random effects. This statis-
tical approach was felt to be best suited to account for the
natural heterogeneity in the severity of features at baseline and
individual variation in longitudinal trajectories.27 The out-
comes of interest (dependent variables) included the scores
derived from the MMSE, MoCA, UPDRS-III, DCFS, NPI
(total), NPI-4, NPI-hallucinations, and NPI-sleep. A linear
mixed-effect model was constructed for each outcome of in-
terest. An individualized set of prespecified fixed effects (in
addition to time) were included in each model constituting
confounding variables pertaining to the outcome of interest
(specified in the Results section). Although there was no
significant difference between intervention and control
groups at baseline or follow-up in any of the above outcomes
of interest, the binarized intervention status (control vs
management toolkit) was included as a fixed effect in all
models to account for any potential contribution. Because the
primary hypothesis was that we would expect longitudinal
progression in the variables of interest, time (in months) was
included as a continuous, fixed effect in all models with time
0 occurring from the date of baseline measurement. Random
intercepts and slopes were grouped by individual and fitted
with a normal distribution around a zero mean. TheWald test
was used to test for the significance of random effects in the

Figure 1 Consolidated Standards of Reporting Trials Diagram Including Enrollment, Registration, and Rates of Completion
of Study

*Two participants who were not able to make the 3-
month visit were subsequently able tomake the 6-month
visit.
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models. Model fitting was achieved with the maximum like-
lihood estimation method. Interaction terms between time
and intervention and between time and diagnosis were in-
cluded as fixed effects in initial models for each outcome
variable and removed from the final model when they did not
achieve significance. On the basis of an a priori statistical plan
to account for confounders/covariates, the main-effects
(noninteraction) terms were retained in the final models
because they were presumed to be still relevant to the pa-
rameter estimates of interest (even if not statistically signifi-
cant). Exploratory models were simplified only when a
significant fixed effect was detected (exploratory and final
models included in eAppendix 1). All supplementary mate-
rials, including eAppendix 1, eAppendix 2, and eFigure 1, are
available from Dryad (doi.org/10.5061/dryad.9zw3r22dz).

Data Availability
Deidentified participant data are available to investigators
with appropriate data transfer agreements and institutional
board approval.

Results
Baseline Characteristics
Group characteristics (DLB vs PDD) are provided in Table 1.
There were no significant differences in age, sex, and pro-
portion of patients in the intervention arm between diagnostic
groups. However, as expected, patients with PDD had higher
severity of motor parkinsonism as scored on UPDRS-III and
were taking higher doses of dopaminergic medications.

Cognitive Decline
Within the time frame of our study, longitudinal cognitive
decline was significantly detected with the MMSE (Figure 2
and Table 2). Covariates included age, cholinesterase use, in-
tervention allocation, and diagnosis (PDD orDLB). The group
decline of MMSE score over 6 months was −1.3 points (95%
confidence interval [CI] −2.2, −0.5; p = 0.002) with an annu-
alized rate of change of −2.7 points (95% CI −4.3, −1.0).
MoCA scores also showed a strong trend toward a decline with
time, although this was not statistically significant (p = 0.06).

Table 1 Baseline Characteristics

Characteristic DLB + PDD (n = 116) DLB (n = 72) PDD (n = 44)

Age, y 77.9 ± 7.2 77.1 ± 7.1 79.2 ± 6.9

Male, n (%) 91 (78.4) 55 (76.4) 36 (81.2)

Intervention group, n (%) 63 (54.3) 42 (58.3) 21 (47.7)

MMSE score 21.5 ± 5.9 21.7 ± 5.9 20.5 ± 6.6

MoCA score 15.7 ± 5.4 15.8 ± 5.4 14.9 ± 5.7

Parkinsonism, n (%)b 87 (75) 52 (72.2) 44 (100)

Visual hallucinations, n (%) 82 (70.7) 44 (61.1) 37 (84.1)

Fluctuations, n (%)b 60 (51.7) 45 (62.5) 15 (34.1)

pRBD, n (%) 59 (50.8) 36 (50) 22 (50)

UPDRS-III scorea 39.6 ± 18.5 35.8 ± 16.5 48 ± 20.8

Hoehn & Yahr stage 2.5 ± 1.2 2.5 ± 1.1 2.6 ± 1.3

DCFS total score 12.7 ± 4.8 13.1 ± 5.1 12.3 ± 4.1

NPI-hallucinations score 2.3 ± 3.1 2.5 ± 3.3 2.1 ± 2.6

NPI-total score 22.3 ± 18.4 24.8 ± 20 19.2 ± 14.9

NPI-4 score 9.5 ± 8.9 10.7 ± 10.1 7.7 ± 6.4

NPI-sleep score 3.1 ± 3.9 3.5 ± 4.1 2.5 ± 3.5

DDE, mgb 317 ± 295 146 ± 209 484 ± 270

ChI use, n (%) 72.4 (84) 55 (76.3) 29 (65.9)

Antipsychotic use, n (%) 13 (11.2) 11 (15.2) 2 (4.5)

Abbreviations: ChI = cholinesterase inhibitor; DCFS = Dementia Cognitive Fluctuation Scale; DDE = dopamine dose equivalency; DLB = dementia with Lewy
bodies; MMSE = Mini-Mental State Examination; MoCA = Montreal Cognitive Assessment; NPI = Neuropsychiatric Inventory; PDD = Parkinson disease
dementia; pRBD = probable rapid eye movement sleep behavior disorder; UPDRS-III = Unified Parkinson’s Disease Rating Scale Section III.
Values displayed as mean ± SD and percentage (number).
Significant difference between DLB and PDD (2-tailed independent-samples t test):
a p < 0.01
b p < 0.001.
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Parkinsonism
Using a linear mixed model including diagnosis, intervention,
age, and levodopa equivalent dose (UPDRS performed in
“on” state), we were able to detect a significant change in time
in UPDRS-III score across the sample (Figure 1 and Table 2).
The estimated rate of change in UPDRS-III score was 3.2
points over 6 months (95% CI 0.6, 5.9; p = 0.018), with a
corresponding annualized change of 6.4 points (95% CI 1.1,
11.7). There was no significant interaction between presence
or absence of Parkinsonism at baseline and change in Par-
kinsonism over time (eAppendix 2 [doi.org/10.5061/dryad.
9zw3r22dz]).

Cognitive Fluctuations
A significant increase in DCFS with time was detected over
the course of the study (Figure 1 and Table 2) with the use of
linear models that covaried for diagnosis, intervention, and
cholinesterase use (p = 0.001). The 6-month increase on the
DCFS scale was estimated to be 1.3 points (95% CI 0.6, 2.1)
with an annualized rate of change of 2.6 points (95% CI 1.1,
4.1). We did not find a significant effect of any other variables
included in the model. There was no significant interaction
between presence or absence of cognitive fluctuations at
baseline and change in time of the DCFS score (e-appendix 2
[doi.org/10.5061/dryad.9zw3r22dz]).

Neuropsychiatric Features
Linear mixed models for 3 measures of neuropsychiatric symp-
toms (NPI-total, NPI-hallucinations score, and NPI-4) were
constructed considering intervention, diagnosis, use of cholin-
esterase inhibitors, use of antipsychotics, and age as covariates
(eAppendix 1 [doi.org/10.5061/dryad.9zw3r22dz]). A small
proportion of individuals (n = 10) were prescribed additional
antipsychotic medications throughout the course of the study.
No significant change in time was detected for any of the 3

neuropsychiatric symptom measures (Table 2). Plots of the in-
dividual patient scores revealed significant intraindividual vari-
ability (eFigure 1 [doi.org/10.5061/dryad.9zw3r22dz]). There
was a trend toward reducedNPI-hallucination severity score (p=
0.06) over the time course of this study. However, the small
magnitude of change andCIs crossing zero suggests that this was
unlikely to be clinically meaningful. There was no significant
interaction between the presence or absence of hallucinations at
baseline and any of the neuropsychiatric measures (eAppendix 2
[doi.org/10.5061/dryad.9zw3r22dz]).

Sleep Disturbance
In our initial model, we were unable to detect any significant
change in NPI-rated severity of sleep disturbance over the
course of this study (Table 2). Covariates included age, di-
agnosis, intervention, antipsychotic use (sedating actions),
and use of cholinesterase inhibitors (adverse reactions with
insomnia in some patients). In a post hoc analysis exploring a
potential interaction between the presence of sleep distur-
bance at baseline and change in sleep scores, we found a
significant group-level change in sleep disturbance severity
over time (0.2 points per month; 95% CI 0.34, 0.76; p = 0.04,
eAppendix 2 [doi.org/10.5061/dryad.9zw3r22dz]). Further-
more, the presence of sleep disturbance at baseline (NPI-
sleep score >0, n = 57) conferred an extra 0.55-point wors-
ening per month (95% CI 0.34, 0.76) compared to those
without sleep disturbance at baseline.

Individual Variability in Trajectory ofMeasures
(Random Effects)
Interparticipant variation in the baseline and longitudinal
trajectory of the core features was represented through the
inclusion of intercept and time (grouped by individuals) as
random effects in the models above. Variance estimates of the
random effects for each core feature expressed in SDs are

Figure 2 Clinical Variables With Significant Progression Over 6 Months

Group-level linearmixedmodels of fixed effects overlaid onto data for variables inwhich a significant change in timewas detected. Linear trajectory (bold line)
is displayed as a function only of time inmonths from baseline. Mean group variables have been inputted in themodel for the other fixed effects within each
model (e.g., age, dopaminergic dose). Unified Parkinson’s Disease Rating Scale Section III (UPDRS-III) and Dementia Cognitive Fluctuation Scale (DCFS) scores
increased significantly over the 6 months of the study, while Mini-Mental State Examination Score (MMSE) score showed a significant decline.
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shown in Table 3. Relative to themagnitude of the group-level
baseline measures (Table 1) and time fixed-effect estimates
(Table 2), large interindividual variation in baseline scores
was seen across all measures. Significant interindividual vari-
ation in the trajectory of features was also noted for measures
of cognitive decline and parkinsonism.

Effect of Diagnosis
Overall, no significant difference was detected between pa-
tients with DLB and those with PDD on the rate of pro-
gression of core clinical features in any of the mixed models.
However, it is worth noting that despite the lack of signifi-
cance, the estimates of the effect of diagnosis as a fixed effect
did tend to shift the linear trajectory in an expected direction
(e.g., higher UPDRS-III score in PDD; higher DCFS score in
DLB; see supplementary materials [doi.org/10.5061/dryad.
9zw3r22dz]).

Discussion
The ability to detect and quantify longitudinal change of key
clinical features of Lewy body dementia is essential for un-
derstanding the natural history of this disorder and the plan-
ning of therapeutic trials. Using common clinical instruments,
we have been able to explicitly characterize and quantify the
trajectory of several core features in a large cohort of patients
with DLB and PDD. Specifically, over the time course of only 6
months, we found it possible to detect significant worsening of

motor parkinsonism, cognitive fluctuations, and cognitive de-
cline but not neuropsychiatric symptoms. Furthermore, we
were able to quantify the high degree of interindividual vari-
ability in clinical trajectories between patients while also
showing that, within the time frame of the study, trajectories of
these clinical features between PDD and DLB are comparable.

In our study, we were able to detect a significant longitudinal
decline using the MMSE. Our annualized rate of decline in
MMSE score is consistent with a recent international multi-
center cohort study consisting of >1,000 patients reporting a
mean annual decline of 2.1 points in DLB and 1.8 points in
PDD using 3 annual measurements.11 A high degree of
interparticipant variability has been noted in rate of MMSE
score decline in patients with DLB compared with patients
with Alzheimer disease (AD)9,28 and is consistent with the
random effects reported in Table 3 showing an SD of 0.4
points per month around the group-level estimate of −0.2
points per month. As discussed below, significant variability
was also seen with the MoCA. This inherent variability may
reflect the vulnerability of neuropsychometric measures to the
fluctuating cognition characteristic of Lewy body dementia
patients (discussed further below). It also highlights the
challenge of translating trial methodologies used in other
dementias, which are often biased solely toward cognitive
outcomes, to Lewy body dementias.8 However, previous
longitudinal studies in Lewy body dementia emphasize a
faster but more variable annual rate of decline in MMSE

Table 2 Longitudinal Rate of Change of Key Clinical Features

Clinical features/measures

Time parameter estimates
Change in score at 6 mo
(95% CI)

Annualized (12mo) rate of change in score
(95% CI)Coefficient (95% CI) p Value

Cognitive decline

MMSE score (of 30) −0.2 (−0.4, −0.1)a 0.002a −1.3 (−2.2, −0.5)a −2.7 (−4.3, −1.0)a

MoCA score (of 30) −0.1 (−0.3, 0.01) 0.06 — —

Parkinsonism

UPDRS-III score (of 108) 0.5 (0.1, 1.0)a 0.018a 3.2 (0.6, 5.9)a 6.4 (1.1, 11.7)a

Cognitive fluctuations

DCFS score (of 20) 0.2 (−0.1, 0.3)a 0.001a 1.3 (0.6, 2.1)a 2.6 (1.1, 4.1)a

Neuropsychiatric symptoms

NPI-hallucinations score (of 12) −0.1 (−0.3, 0.01) 0.06 — —

NPI-total score (of 180) −0.4 (−1.0, 0.3) 0.29 — —

NPI-4 score (of 60) −0.1 (−0.4, 0.1) 0.27 — —

Sleep disturbance

NPI-sleep score (of 12) −0.02 (−0.2, 0.2) 0.43 — —

Abbreviations: CI = confidence interval; DCFS = Dementia Cognitive Fluctuation Scale; MMSE = Mini-Mental State Examination; MoCA = Montreal Cognitive
Assessment; NPI = Neuropsychiatric Inventory; UPDRS-III = Unified Parkinson’s Disease Rating Scale Section III.
Coefficient relates to time measured in months from baseline (0 months). Lower and upper bounds of 95% CIs are provided.
a Extrapolated 6- and 12-month rates of change stated only for variables demonstrating significant change in time (p < 0.05).
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scores compared to AD.9-11,14,15 In line with this, our data
demonstrate that, despite this variability, MMSE may be a
feasible measure of cognitive decline even over a relatively
short time frame, demonstrating significant group-level
changes over a period of 6 months using 3 time points.

Although the MoCA has been shown to be more sensitive in
detecting cognitive impairment in patients with Lewy body
dementia,29 our results suggest that this tool may be less suited
as a measure of change for longitudinal tracking of cognition in
trials. As seen here, MoCA scores tend to be consistently lower
than MMSE scores, which may be associated with floor effects
in the evaluation of changes over time. Furthermore, MoCA
scores have been shown to be associated with higher individual
variability at baseline compared to MMSE scores in patients
with Lewy body dementia.10 Thus, while MoCA has significant
diagnostic value, its prognostic limitationsmay restrict its utility
as a marker of cognitive decline in longitudinal trials.

The UPDRS is the most frequently used outcome measure in
symptomatic trials of patients with Parkinson disease.30 More
recently, with the emergence of disease-modifying trials, there
is also growing use of the UPDRS motor score as an endpoint
to track disease progression.31We found that, even considering
levodopa use and baseline variation in scores, a significant
change inmotor parkinsonism rated with the UPDRS-III could
be estimated, corresponding to an increase of 3.2 points over 6
months and an annualized rate of change of 6.4 points. These
values are comparable to the previously determined minimal
clinically important change of 5 points on the UPDRSmotor in
trials of Parkinson disease.32,33 Furthermore, the increase in
UPDRS-III score at 6 months in Lewy body dementia exceeds
the annual rate of change of 2.4 points per year reported in early
untreated Parkinson disease.34 While the minimal clinically
important change has yet to be specifically defined for Lewy
body dementia, the comparatively rapid rate of change reported
in our study supports parkinsonism as a feasible outcome

measure for clinical trials assessing the impact of disease-
modifying therapies in Lewy body dementias.

In this study, we were able to systematically investigate the
progression of cognitive fluctuations. We found a significant
group-level increase of 1.3 points in DCFS score over 6
months, with an annualized rate of change of 2.6 points over 12
months. The DCFS is a clinically validated rating scale dem-
onstrating good sensitivity, specificity, and test-retest and
interrater reliabilities.23 The present version of the scale is
based on the summed responses of items from the original scale
found to best discriminate between patients with and without
cognitive fluctuations (i.e., marked differences in functioning
during the daytime, daytime somnolence, daytime drowsiness,
and altered levels of consciousness during the day).23 A mini-
mal difference in score constituting a clinically meaningful
change to patients and their caregivers has yet to be determined
for the DCFS. The modest size differences at the group level
may relate to the psychometric properties of the scale itself. It
may also be accounted for by the considerable variability in the
expression of this symptom between patients, noting some
patients did not report symptoms of cognitive fluctuations
during the study (Figure 1). Furthermore, the lack of signifi-
cance of including time as a random effect in our cohort sug-
gests that there was less interindividual variability in the
progression of this marker and that fluctuation symptoms may
track more uniformly between patients than other clinical
measures. Cognitive fluctuations have recently been reported
to occur in high frequency in the mild cognitive impairment
stage of DLB.35 Thus, as we move toward earlier diagnosis and
recruitment of patients into disease-modifying trials, our find-
ings highlight the potential utility of fluctuation severity as an
outcome measure even in prodromal populations.

We were unable to detect any significant progression in hal-
lucinations and other composite measures of psychiatric
symptoms using the NPI over the time course of our study.

Table 3 Variance Estimates Representing Individual Variation in Baseline and Trajectory of Core Variables

Baseline (Intercept) Time (Slope)/Month Residual

MMSE score 5.3 (4.6, 6.1) 0.4 (0.2, 0.7) 2.5 (2.2, 2.8)

MoCA score 5.3 (4.5, 6.1) 0.4 (0.3, 0.6) 2.1 (1.8, 2.4)

UPDRS score 15.3 (13.2, 17.8) 1.3 (0.8, 2.1) 7.5 (6.5, 8.7)

DCFS score 4 (3.4, 4.7) — 2.5 (2.2, 2.9)

NPI-hallucinations score 1.8 (1.5, 2.3) — 2.1 (1.9, 2.3)

NPI-total score 13.2 (11.1, 15.7) 1.4 (0.9, 2.3) 9.7 (8.5, 11.1)

NPI-4 score 5.5 (4.6, 6.6) 0.8 (0.5, 1.1) 4.4 (3.9, 5)

NPI-sleep score 2.2 (1.8, 2.8) — 2.7 (2.4, 3)

Abbreviations: DCFS = Dementia Cognitive Fluctuation Scale; MMSE = Mini-Mental State Examination; MoCA = Montreal Cognitive Assessment; NPI =
Neuropsychiatric Inventory; UPDRS-III = Unified Parkinson’s Disease Rating Scale Section III.
Variance estimates for distribution of intercept, slope, and residuals expressed as SDs (95% confidence intervals). Random-effect variance estimates were
omitted if found to have a nonsignificant effect in the model (Wald test).
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Neuropsychiatric manifestations across all dementias are highly
variable in their prevalence and expression.36 In Lewy body
dementias, psychiatric symptoms such as visual hallucinations
are present in up to 80% of patients and regarded as a core
diagnostic feature for the disorder,2 and the absence of quan-
tifiable progression needs to be reconciled with the accepted
impact of neuropsychiatric symptoms on quality of life, care-
giver burden, and risk of institutionalization.37,38 It is likely that
many neuropsychiatric features reach a certain level of promi-
nence before diagnosis with only modest further deterioration
detected in the time course of this study. This is reflected by
high baseline measures of NPI symptoms (Table 1) and is
consistent with a recent study of patients with mild dementia
that found a high proportion of reported neuropsychiatric
symptoms at baseline and onlymodest changes in absoluteNPI
scores over 5 years.39 Alternatively, the lack of a significant
change in continuous measures of hallucinations may suggest
that categorical variables (e.g., absence or presence) might be a
more appropriate means of capturing symptom change over
time. In line with this, a recent longitudinal study comparing
categorical state changes of neuropsychiatric symptoms be-
tween DLB and AD over a 12-year period found that patients
with DLB were more likely to exhibit a relapsing/remitting
nature rather than continuous worsening or improvement.17

Currently, there is no scale designed specifically for measuring
visual hallucinations in DLB, and our results highlight the need
to develop such a scale or instead consider testing alternative
scales validated in other populations such as the Psychosis and
Hallucinations Questionnaire40 or the North-East Visual Hal-
lucinations Interview.41

RBD is a core diagnostic feature of DLB,2 and sleep distur-
bances more generally are increasingly recognized as an im-
portant symptom complex of Lewy body disorders.42,43 The
longitudinal progression of sleep disturbances in Lewy body
dementias has not been explicitly investigated. In our study, the
NPI-sleep was used as a pragmatic caregiver and patient-
centered measure of overall burden of sleep disturbances, in-
cluding, but not limited to, disruptive dream enactment be-
haviors. We found that there was a significant change in the
burden of sleep disturbance over the 6-month time frame, which
was present only once the interaction between the presence of
sleep disturbance and time was taken into account. This finding
suggests that there is a detectable worsening of sleep distur-
bances over time in DLB and PDD. Further prospective studies
using questionnaires targeting various aspects of sleep (e.g.,
insomnia, fragmentation, nocturia) and assessment of RBD
specifically (such as through the use of sleep diaries44) will be
required to understand the trajectory of this symptom complex
and its feasibility as an endpoint in symptomatic and disease-
modifying clinical trials in Lewy body dementia.

DLB and PDD share many clinical, neurochemical, and
pathologic features, distinguished by the timing of onset of
cognitive symptoms relative to parkinsonism.45,46 Such dis-
tinction results in the differential expression of core symptoms
at baseline (Table 1). However, PDD and DLB were not

significant covariates in the group-level trajectory of any core
symptom and did not interact with time. This is aligned with
previous studies finding no significant difference between the
groups in relation to cognitive decline,47 time to nursing
home admission,14 and survival.48 Thus, we conclude that
over time courses comparable to that of this study, the tra-
jectory of core features between the 2 disorders can be
expected to be similar, which (depending on the nature of the
intervention) supports the practice of combining the 2 groups
to improve power in studies in which investigators wish to use
change in core features as endpoints.

Although average trajectories of symptoms are useful for
guiding group-level endpoints, the high interparticipant vari-
ability demonstrates the inherent heterogeneity of patients with
Lewy body dementia. As a result, such trajectories cannot be
applied at the individual level in clinical practice. Furthermore,
although the aim here was to use more common and validated
tools for exploring such symptoms that are likely to be used as
endpoints in clinical trials, the use of composite endpoints
(such as NPI-sleep) inherently compromises sensitivity to
more specific features of a symptom complex (e.g., daytime
somnolence), which may on their own be a marker of pro-
gression. Studies exploring more isolated symptoms with richer
rating scales designed for such symptoms (e.g., use of Epworth
Sleepiness Scale49 for daytime somnolence) may be necessary
to properly understand the trajectory of individual symptoms.
Likewise, other endpoints not used here such as detailed
neuropsychological testing (recently found to differentiate
PDD and DLB16) may also be useful adjuncts for measuring
clinical progression across specific symptom domains. Several
endpoints were informed by a close informant (mainly partners
and close family members), but whether specific features of the
informants/caregivers (such as demographics) affect reporting
should be considered in future studies. Cognitive endpoints
using tests such as the MMSE have been used commonly in
many recent disease-modifying trials in AD and have been the
focus ofmost longitudinal studies of the natural history of Lewy
body dementia to date.9,11,14 However, cognitive measures are
dependent on a patient’s state on the day of testing and are
especially affected by fluctuations in patients with Lewy body
dementia.50 This was confirmed in our study by the statistically
significant degree of individual variability. This argues in favor
of the use of semiquantitative instruments (such as the DCFS)
that ask the patient and informant to comment on the last
month and are therefore less likely to be confounded by such
state-dependent variations.

That progression of certain features could not be detected
may be a function of the limited duration of the study.
However, the relatively rapid progression of this disease is an
important consideration, and such a time frame was felt im-
portant to accommodate enrollment of individuals with DLB
with a diverse range of severity while also ensuring a high rate
of completion as seen in our study. Furthermore, the use of a
linear mixed modeling approach, which assesses the trajectory
and variability of a disease measure, offers potentially greater
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power for detecting significant differences in symptom pro-
gression over time compared to the more traditionally used
method in clinical trials of assessing only the absolute differ-
ence between baseline and a single point in time at the end of
the study. This latter point is especially pertinent to patients
with Lewy body dementia who display significant degrees of
interindividual and intraindividual variability. Such consider-
ations will also be relevant in future studies, especially clinical
trials, in which duration and sample size are often also dictated
by funding constraints. Indeed, power and sample size cal-
culations are the necessary next step to operationalize our
findings. However, outstanding questions remain regarding
the minimal clinically important differences for fluctuation
and sleep-related measures, as well as the appropriate study
design (e.g., comparing absolute change at 6 months and
change in trajectories using linear mixed modeling ap-
proaches). Future studies involving validation of our results in
larger samples, use of caregiver-reported scales to support
minimal clinically important differences, and power calcula-
tions derived with simulation-based approaches will be es-
sential to facilitate planning of clinical trials in DLB.

Last, as with most clinical trials, demographic data were not
collected for those who declined participation (38%). Years of
education was also not captured in this study. Care should be
taken when generalizing to patients in other countries with
potentially different practice patterns and educational, racial,
and ethnic backgrounds.

Lewy body dementias are heterogeneous disorders, and de-
fining disease progression through clinical measures remains
an urgent challenge for the field. The detection and quanti-
fication of a significant change in the trajectory of key clinical
features and symptoms over a relatively short time frame,
beyond just cognitive decline, suggest the feasibility of using
some of these features as clinical endpoints in isolation or as
part of a composite measure in therapeutic trials. These
findings also reinforce the Lewy body dementias as a tractable
disease model for testing disease-modifying interventions.
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