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ABSTRACT: BackgroundBackground: Dementia with Lewy bodies (DLB) is a common cause of dementia with poor
prognosis and high hospitalization rates. DLB is frequently misdiagnosed, with clinical features that overlap
significantly with other diseases including Parkinson’s disease (PD). Clinical instruments that discriminate and
track the progression of cognitive impairment in DLB are needed.
ObjectivesObjectives: The current study was designed to assess the utility of a mental rotation (MR) task for assessing
visuospatial impairments in early DLB.
MethodsMethods: Accuracy of 22 DLB patients, 22 PD patients and 22 age-matched healthy controls in the MR task
were compared at comparing shapes with 0�, 45� and 90� rotations.
ResultsResults: Healthy controls and PD patients performed at similar levels while the DLB group were significantly
impaired. Further, impairment in the visuospatial and executive function measures correlated with MR poor
outcomes.
ConclusionConclusion: These findings support the MR task as an objective measure of visuospatial impairment with the
ability to adjust difficulty to suit impairments in a DLB population. This would be a useful tool within clinical
trials.

Dementia with Lewy Bodies (DLB) is the second most common
cause of neurodegenerative dementia in the elderly, accounting
for up to 5–20% of dementia cases.1–4 This neurodegenerative
disease is characterized by an aggressive decline that significantly
impacts on everyday activities5 with a poor prognosis that fre-
quently requires hospitalization or full-time care.6 Whilst diag-
nostic criteria have been established to facilitate an earlier and
more accurate diagnosis by recognizing four core features (par-
kinsonism, cognitive fluctuations, visual hallucinations and dream
enactment),7 many patients remain undiagnosed or misdi-
agnosed.1,4 The frequent presence of parkinsonism and REM
Sleep behavior disorder (RBD) will usually help the clinician in
differentiating DLB from non-synucleinopathies. Conversely,
even at the time of first diagnosis, around a third of Parkinson’s
Disease (PD) patients are known to have Mild Cognitive Impair-
ment (MCI)8 and almost half of PD patients have RBD.9 Indeed,

differentiating these two synucleinopathies from each other can
prove challenging. Thus, there is an immediate need to find con-
venient approaches to assist in the recognition of such cases.

Whilst the cognitive decline observed in DLB may encompass
a broad range of domains, the most significant impairments occur
across executive10 and visuospatial function.11,12 Indeed, it has
been reported that even during the prodromal (classified as MCI
with two of the core diagnostic features)13 and early stages of the
disease, DLB patients have more visuospatial impairments than
PD patients with a similar disease duration.14 Therefore, this dif-
ferential impairment of visuoperceptive abilities may represent a
suitable neuropsychometric target that could be utilized to differ-
entiate early DLB cases from other conditions with similar initial
clinical profiles, such as PD.

A range of tests investigating visuospatial ability have been
employed in patients with DLB, but these results have lacked
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consistency. This may be due to the heterogeneity of the disease
or the nature of other disease features such as cognitive fluctua-
tions, which are common in DLB and would clearly impact
upon the performance of many tasks. The Visual Object and
Space Perception battery (VOSP) was originally designed to help
differentiate DLB patients with a disease duration of at least
12 months from Alzheimer’s disease (AD) patients.15 The task
requires subjects to complete a series of trials designed to measure
an individual’s spatial and object perception.16 The VOSP con-
sists of nine simple tasks that involve the identification of obscure
shapes and silhouettes by matching numbers to locations.17

However, applying the VOSP to prodromal DLB patients has
produced mixed results. Van de Beek and colleagues18 found
more impairment in prodromal DLB patients compared to pro-
dromal AD patients, however Kemp and colleagues12 were
unable to separate prodromal DLB patients from either AD or
healthy controls using the VOSP. This suggest that the VOSP
may not be sensitive enough to discriminate between neurode-
generative conditions.

The Benton Line Orientation Judgment task is a 30-item task
that also measures visuospatial ability by having patients compare
and match line orientations. There are few studies that have used
this task to directly compare DLB with other synucleinopathies.
A recent study found that DLB patients were more impaired
than PDD patients.19 However, almost half of the DLB patients
were unable to complete the task and thus it may prove
unsuitable for general use.19 The Rey-Osterrieth Complex
Figure copy (ROCF) is another popular test to measure visuo-
spatial abilities in healthy and clinical populations.20 There are
mixed findings regarding ROCF ability to differentiate DLB
from PDD patients with one study reporting more impairment
in DLB than PDD19 while another reporting no difference
between the DLB and PDD.21 This discrepancy in findings is
likely due to DLB and PDD patients in the latter study having
less cognitive impairment than the former.

Previously, the Mental Rotation task has been utilized in
PD,22 AD,23–25 Huntington’s disease,26 and traumatic brain
injury27 to evaluate an individual’s ability to internally visualize
and manipulate three dimensional (3D) objects.28 Participants are
presented pairs of shapes and are required to determine if the
shapes are identical or mirror images of each other.28 One shape
is rotated on its y-axis, which then requires the participant to
visualize and rotate the shape to determine if it is the same or a
mirror image of its pair. The amount of rotation has been shown
to be correlated with greater cognitive load and subsequently
higher difficulty as the rotation approaches 180�.29 This feature
of the Mental Rotation task allows the difficulty to be adjusted
to be more accessible to patients with differing degrees of visuo-
spatial impairment.

Variations of the Mental Rotation task have already been
tested with non-demented PD patients. Duncombe and col-
leagues30 tested PD patients rotating 2D stick figures on the
z-axis and found that they performed as well as healthy controls.
Employing a similar paradigm but replacing the figures with
faces, Adduri and Marotta23 found impairments in AD patients
that worsened as the degree of rotation increased. However, the

extent of dementia was not controlled for, and the impaired
domains were not specified. To date, Mental Rotation tasks have
not been utilized in DLB but would appear to hold some utility
in assessing visuospatial performance.

The aim of the current study was to assess a novel version of
the Mental Rotation task, which incorporated 3D shapes with
varying degrees of rotation on the y-axis, to detect differences
across DLB and PD patients with matched disease durations, as
well as age matched healthy controls. We predicted that perfor-
mance by the two patient groups would be more impaired than
in the healthy controls, and that the DLB group would have sig-
nificantly poorer accuracy than the PD group. Furthermore, it
was anticipated that performance across attentional and visuospa-
tial domains would be correlated with performance on the Men-
tal Rotation task, as opposed to memory deficits.

Methods
Participants
Groups were matched on age, years of education and within the
patient groups, disease duration. This resulted in a sample of
22 healthy controls, 22 DLB patients and 22 PD patients. Partici-
pants were recruited through the ForeFront Parkinson’s Disease
Research Clinic (University of Sydney). Informed consent was
provided by each patient and the study was approved by the
Human Research Ethics Committee at Sydney University. All
patients underwent neurological assessment including the Move-
ment Disorder Society Unified Parkinson’s Disease Rating Scale
for motor features (MDS-UPDRS section III) and a comprehen-
sive neuropsychological battery for cognitive impairments. PD
patients were diagnosed using the Movement Disorder Society
diagnostic criteria,31 DLB patients were diagnosed using
according to the fourth diagnostic consensus criteria.7 Healthy
controls were recruited generally as spouses, caregivers, or close
relatives and screened for underlying conditions via a clinical
interview. Participants were excluded if they less than 6/12
corrected vision or were unable to perform the task, this resulted
in the exclusion of no participants. Patients were tested whilst
taking their normal medications, with 17 DLB patients taking
cholinesterase inhibitors (AChEI) and six DLB patients taking
dopaminergic medications.

Procedure
Mental Rotation Task

The Mental Rotation (MR) task was adapted from Shepard and
Metzler28 using E-Prime 2.10,32 which was presented on a 15”
laptop. Pairs of shapes that were constructed from 10 cubes and
contained two 90� bends (Fig. 1) were presented in front of the
patient at a comfortable distance. Each shape was either an exact
copy of its paired shape (Fig. 1A), or a mirror image (Fig. 1B).
Participants were required to indicate if shapes within each pair
were the same by pressing a key labeled “Same” or if they were
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a mirror image by pressing key labeled “Mirror.” Each pair was
presented until a response was made or after 30 seconds the trial
would timeout, which was scored as incorrect. The researcher
would also prompt for an answer during trials to make sure the
participant was still performing the task to avoid the potential
confound of cognitive fluctuations. The initial Shepard and Met-
zler28 study presented the pairs with different ranges of rotation
on the y-axis from 0� to 180�. However, the current study only
used three rotations 0�, 45� and 90�. These rotations proved sim-
ple enough for the cognitively impaired sample, whilst still pro-
viding enough variance for analysis. Before the test trials,
participants were briefed on how to differentiate same pairs from
mirror pairs and given practice examples to complete to ensure

they knew how to correctly complete the task. Each rotation
condition was presented 18 times in random order. The total
number of trials was 54, with a break after 28 trials to minimize
fatigue. The average run time was 20 minutes. The main mea-
sure of the MR task for the current study was mean accuracy
and correct response time (RT) for each rotation condition.
Changes in accuracy between difficulties 0�–45� and 0�–90�

were also calculated to measure potential cost of increasing the
rotation between the pairs by 45� or 90�. The minimum score
was 50% as this would represent random chance.

Clinical Measures
General level of cognitive impairment was measured using the
Mini Mental State Examination (MMSE).33 Visual hallucinations
were measured using the item 1.2 from MDS-UPDRS, which
rates the severity of hallucinations as part of a clinical interview.
Severity is scored on a 5-point Likert scale ranging from 0 (“no
hallucinations or psychotic behaviour”) to 4 (“Patient has delusions and
paranoid behaviour”). Hallucinations were also measured using the
Psychosis and Hallucinations Questionnaire (PsycH-Q). The
PsycH-Q consists of two main subscales, Hallucinations and Psy-
chosis and Hallucination Phenotypes. The first subscale probes the
severity of hallucinations (e.g. “over the last month how often did
you…” “feel like there is something lurking in the corner of your vision”
or “see people or things that aren’t there”). Other modalities of hallu-
cinations are also identified (i.e. auditory, tactile, olfactory and
gustatory), along with features of psychosis (i.e. disordered
thoughts or presence of delusion). The second subscale measures
symptoms that commonly co-occur with hallucinations
(i.e. attention difficulties, vivid dreams and enactment of dreams).
Frequency of hallucinatory behaviors and features are measure
on a 5-point Likert scale ranging from 0 (“never”) to 4 (“daily”).
The PsycH-Q has been validated in a non-demented PD

FIG. 1. (A) A pair of mirror image shapes with 0� rotation. (B) A
pair of identical shape with 45� rotation.

TABLE 1 Clinical and demographic characteristics of patient populations means (SD)

HC PD DLB

N 22 22 22

Age 73.6 (5.9) 71.2 (3.6) 74.3(6.0)

Gender (males) 9 16 20

Years of education 14.0 (3.4) 13.6 (3.3) 12.4(3.5)

Disease Duration n/a 1.18 (0.85) 0.45(1.10)

MMSE 29.3 (0.91) 28.7 (1.36) 22.2(6.2)a,b

DDE n/a 273 (210) 152(244)a

Hallucinators n/a 3 15

RBD n/a 12 21

MDS-UPDRS III n/a 21.2 (8.10) 32.8(14.4)

a = DLB ≠ PD, P< 0.01; b = DLB ≠ HC, P< 0.01.
Abbreviations: HC, Healthy controls; PD, Parkinson’s disease; DLB, Dementia with Lewy bodies; MMSE, Mini Mental State Examination; DDE, Daily Dopamine
Equivalent.
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population.34,35 Cognitive fluctuations were also measured using
the One Day Fluctuation scale.36 This scale measures the preva-
lence of symptoms associated with fluctuations as observed by a
caregiver. Symptoms included impaired attention, communica-
tion, drowsiness, disorganized thinking, consciousness, falls and
fluctuations of impairment.36 Scores range from
0 (no fluctuations) to 21 (severe fluctuations).

Neuropsychological Battery
Neuropsychological tests included the copy component of the
Rey Complex Figure task (RCF),20 Trail-making task parts A
and B,37 digit span,38 Stroop test,39 Controlled Oral Word

Association Test40 and the clock drawing component of the
MoCA. Additionally, memory impairment was measured using
the Digit span forward and Logical Memory task.41

Statistics
Demographics were compared across the groups using Kruskal-
Wallis and Mann–Whitney U tests. Performance of the MR task
was analyzed using a 3 (HC, PD, DLB) � 3 (0�, 45�, 90�) facto-
rial, mixed repeated measures ANOVA. Due to deviations from
normal distribution, potential correlations between MR perfor-
mance and selected neuropsychological tests were analyzed using
Spearman correlations. A receiver operator characteristic (ROC)

TABLE 2 Mean (SD) accuracy (%) and RT (ms) of correct trials for mental rotation task and change of accuracy and RT between difficulties

0� 45� 90� 0–45� 0–90�

Accuracy(%)

HC 89.6 (12.4) 79.6 (16.5) 72.2 (14.0) �10.1 (9.5) �17.5 (14.8)

PD 84.6 (15.2) 71.0 (18.1) 70.4 (17.0) �13.8 (10.7) �14.3 (12.4)

DLB 70.6 (22.2)a 59.4 (15.8)a 55.1 (10.8)a �11.3 (17.1) �15.6 (19.6)

RT (ms)

HC 4896.99 (2256.98) 6250.27 (2722.86) 7176.14 (3186.59) 1353.28 (2167.24) 2279.15 (2150.84)

PD 4810.72 (1801.68) 5660.21 (2616.62) 5162.92 (2617.06) 848.76 (1530.98) 275.04 (1683.06)b

DLB 6202.17 (2904.05) 7130.58 (3985.40) 6040.89 (3178.23) 928.41 (2014.17) �161.28 (1450.59)b

a = DLB < PD & HC, P< 0.001; b = < HC, P< 0.001.
Abbreviations: RT, Response time; HC, Healthy controls; PD, Parkinson’s disease; DLB, Dementia with Lewy bodies.

TABLE 3 Group differences in cognitive measures

HC PD DLB

Visuospatial

Clock Drawing 10.00 (0.00) 9.68 (0.57)a 6.85 (3.15)a,b

RCF – Copy (z-score) 0.40 (0.10) 0.34 (0.78) �1.00 (2.08)a

RCF – Immediate (z-score) 0.65 (0.65) 0.17 (0.95) �1.10 (0.89)a,b

RCF – 20 min delay (z-score) 0.74 (0.61) 0.09 (0.79) �1.07 (1.03)a,b

Trails-A (z-score) 0.73 (0.72) �0.07 (0.89)a �3.17 (4.09)a,b

Executive Functionc

Backward Digit Span 7.35 (1.83) 7.18 (1.53) 4.77 (2.79)a,b

Verbal Fluency (animals) (z-score) 0.79 (1.00) 0.61 (1.20) �1.04 (1.10)a,b

Verbal Fluency (letter F) (z-score) 0.60 (0.92) 0.56 (1.09) �0.64 (1.03)a,b

Memory

Digit span forward 10.35 (1.53) 11.36 (1.92) 9.10 (2.39)b

LM – Immediate Recall 12.10 (3.24) 9.59 (2.97)a 5.19 (3.28)a,b

LM – Delayed Recall 12.52 (2.20) 10.23 (2.88)a 6.40 (3.28)a,b

a = <HC; b = <DLB; c = Stroop and Trials B were excluded due to low completion numbers. P = 0.017.
Abbreviations: RCF, Rey Complex Figure; LM, Logical Memory.
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curve was also calculated to determine the accuracy the MR task
as at identifying DLB patients from PD and HC patients.

Results
Demographics
Demographic differences are listed in Table 1. All groups were
matched on age, years of education and the two patient groups
were matched on their disease duration. There were many more
females in the HC group compared to the patient groups due to
the higher incidence of DLB and PD in males and the use of
spousal controls. Parkinson’s disease patients were on a higher
Dopamine Dose Equivalent (DDE) (M = 730, SD 210) than the
DLB group (M = 152, SD 246). As anticipated, the groups dif-
fered on the MMSE score with DLB (M = 22.2, SD = 6.2),

having the poorer performance than HC (M = 29.3,
SD = 0.91) and PD (M = 28.7, SD = 1.36) groups. While no
difference between MMSE scores for the HC and PD group.

Performance on Mental Rotation
Differences in accuracy between groups and across difficulty
levels in the Mental Rotation task was analyzed using a mixed
repeated measures ANOVA (Table 2). The assumption of sphe-
ricity was not met, and a Huynh-Feldt correction was used.
Additionally, homogeneity of variance was not met, so a Games-
Howell correction was used for pairwise comparisons. The inter-
action of task difficulty and diagnosis was not significant F(3.47,
109.29) = 0.77, P = 0.53, η2 = 0.02. However, there was a sig-
nificant effect of rotation F(1.74,109.29) = 52.82, P< 0.001,
P2 = 0.46. Pairwise comparisons using Sidak correction showed
that participants had the most difficulty on the 90� (P < 0.001),
followed by the 45� (P < 0.001) rotation difficulty. There was

TABLE 4 Clinical and cognitive spearman correlations with mental rotation accuracy

Degrees of rotation (rs)

N 0� 45� 90�

Clinical

MMSE 21 0.34 0.19 0.15

PsycH-Q – Total 22 �0.39 �0.42 �0.43

Hallucinations and Psychosis 22 �0.26 �0.43a �0.35

Hallucination Phenotype 22 �0.50a �0.45a �0.45a

VH – UPDRS 22 �0.50b �0.69c �0.52b

One Day Fluctuations Scale 18 �0.53a �0.51a �0.29

MDSUPDRS Section III 22 0.16 �0.04 �0.12

Visuospatial

Clock Drawing 21 0.46a 0.50a 0.55a

RCF – Copy 15 0.74b 0.79b 0.48

RCF – Immediate 15 0.38 0.44 0.51

RCF – 20 min delay 14 0.37 0.50 0.56a

Trails-A 18 0.24 0.50a 0.54a

Executive Functiond

Backward Digit Span 22 0.47a 0.39 0.43a

Verbal Fluency (animals) 21 0.22 0.18 0.15

Verbal Fluency (letter F) 21 0.16 0.07 �0.15

Memory

Digit span forward 21 0.27 0.33 0.20

LM – Immediate Recall 21 0.29 0.10 0.04

LM – Delayed Recall 20 0.34 0.03 0.05

a = P< 0.05; b = P< 0.01; c = P< 0.001; d = Stroop and Trials B were excluded due to low completion numbers.
Abbreviations: MMSE, Mini Mental State Examination; PsycH-Q, Psychosis and Hallucinations Questionnaire; MDSUPDRS, Movement Disorder Society Unified
Parkinson’s Disease Rating Scale; VH, Visual Hallucinations; RCF, Rey Complex Figure; LM, Logical Memory.
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also an effect of diagnosis, F(2, 63) = 10.13, P < 0.001,
η2 = 0.24. Adjusting the alpha to 0.017 for pairwise compari-
sons, it was found that this effect was driven by the DLB group
having a lower accuracy than the HC and PD groups (P <
0.001, P = 0.007, respectively). There was no significant differ-
ence between the HC and PD groups. No difference was found
between DLB patients who were taking AChEI and DLB
patients not on AChEIs for any of the MR difficulty levels.
Changes in accuracy between 0� and 45� were not different
between groups, F(2, 63) = 0.44, P = 0.65 η2 = 0.01, nor
were they between the 0� and 90� conditions F(2,63) = 0.25,
P = 0.8, η2 = 0.01. Receiver operator analysis revealed that
total accuracy scores on the MR were 80% accurate at dis-
tinguishing DLB patients from HC and PD groups. Setting an
accuracy threshold of 80% provides a sensitivity and specificity
score of 86% and 47% respectively. Response time was also
compared using a mixed measures ANOVA. There was a sig-
nificant interaction between diagnosis and difficulty F
(4,114) = 5.61, P < 0.001, η = 0.16. To analyze this interaction
further, simple effects were measured using a repeated measures
ANOVA for each individual patient group. The effect of diffi-
culty was only significant in the HC group (F (2, 42) = 3.74, P
< 0.001, η2 = 0.4) as PD and DLB groups were not significant
after correcting for multiple comparisons (P = 0.07 &
P = 0.03, respectively). Using pairwise comparison with Sidak
correction, the HC group were significantly quicker at
responding for the 0� condition compared with the 45�

condition.

Neuropsychological Measures
Clinical Measures

Spearman correlations were performed within the DLB group
across the three difficulty levels of the MR task (Table 3). No
correlation was found between MMSE scores and MR perfor-
mance across any of these difficulties. Negative correlations were
found between the 90� and the PsycH-Q (rs (19) = �0.43,
P = 0.05) and the 45� trials were trending towards significance
(P = 0.06). Within the PsycH-Q, the 45� difficulty was nega-
tively correlated with the Hallucination and Psychosis subscale
while the 90� difficulty was trending towards significance (rs
(19) = �0.43, P = 0.05, rs (19) = �0.39, P = 0.07, respec-
tively). Accuracy for each difficulty correlated with the Halluci-
nation Phenotype scale (rs (19) = �0.50, P = 0.02; rs
(19) = �0.45, P = 0.04; rs (19) = �0.45, P = 0.04, respec-
tively). Furthermore, each difficulty also had strong negative
correlations with the visual hallucinations (VH) item of the
MDS-UPDRS scale (rs (20) = �0.50, p = 0.02; rs
(19) = �0.69, P < 0.001; rs (20) = �0.52, P = 0.01, respec-
tively). Cognitive fluctuations as measured by the ODF were also
negatively correlated with accuracy for the 0� and 45� difficulties
(rs (16) = �0.53, P = 0.02; rs (16) = �0.51, P = 0.03, respec-
tively) while the overall accuracy of the MR correlated with the
ODF (rs (16) = �0.56, P = 0.02).

Cognitive Measures
Cognitive performance across the groups was compared
(Table 3). As expected, the DLB group performed poorly with
most measures. Dementia with Lewy body patients’ performance
on the MR task was correlated against measures of visuospatial,
executive function and memory impairments (Table 4). Signifi-
cant correlations indicated that the MR task was reliant on
visuospatial and executive domains and conversely, there were
no correlations between memory and MR performance.

Discussion
The current study aimed to test the MR task as a potential tool
to assist the differentiation of early DLB from patients with
PD. In addition, it was hypothesized that the MR task may pro-
vide a sensitive measure of visuospatial impairment that could be
used in symptomatic trials for such patients.

Despite being matched for age, education, and disease dura-
tion, DLB patients had significantly worse performance than PD
patients on the MR task with poorer accuracy when the level of
difficulty (degree of rotation) was increased. Similar patterns were
seen between DLB patients and Controls.

Importantly, DLB patients were able understand and engage
with the task across all levels of cognitive impairment. Perfor-
mance accuracy was near chance for the 90� difficulty level, indi-
cating that the limits of performance for DLB patients on the
MR task lie between 0� and 90�. Moreover, the response times
for DLB patients did not increase with the degrees of rotation, as
observed in the HC group. This raises the question of whether
the DLB group attempted to rotate the shapes, or if they used
another technique with lower cognitive demand and less accu-
racy. Furthermore, if the DLB patients did not mentally rotate
the shapes, although future studies would be required to deter-
mine the most sensitive range. With the current rotational
degrees, the MR had an 80% accuracy of separating DLB from
the other two groups. Additionally, with an accuracy threshold
set to 80% the MR had high sensitivity, but low specificity. With
the potential limit of the DLB ability at 90� of rotation, decreas-
ing this rotation may increase the specificity without significantly
decreasing the sensitivity.

As predicted MR performance in DLB was correlated with
measures of visuospatial ability and executive function. For
example, clock drawing was related to performance on the
45 and 90� conditions of the MR, which probably reflects the
fact that patients would rely on internally visualizing the stimulus
before successfully drawing a clock or comparing the shapes pres-
ented in the MR task.42 Working memory, as measured with
backward digit span, also correlated with accuracy on the MR
task. This is in line with previous research supporting the role of
executive function in the manipulation of internally visualized
stimuli.43 However, there was no difference in the cost of
increasing the rotation between the groups. This was also
supported with non-significant interaction between groups and
task difficulty. This could suggest that working memory is not a
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strong driver of the results. Alternatively, the lack of effect here
could be due to the DLB group performing poorly at 45� and
near chance for 90�, or low power due to a small sample size.
Interestingly, deficits in memory as measured by recall and del-
ayed recall were also not correlated with MR accuracy,
suggesting a memory component may not be involved in the
visualization and rotation of the object, or only have a minor
role in the visualization and rotation of the object.

Within the DLB cohort, MR performance also appeared to
be linked to visuoperceptive symptoms as patients who experi-
enced more frequent and/or severe visual hallucinations were less
accurate with the MR task. This is consistent with previous work
that has linked poor performance on other visuospatial tests with
presence of VH in DLB patients.44 In addition, a high occur-
rence of cognitive fluctuations was also associated with poor MR
performance. The basis of this observation is less clear, as patients
with severe fluctuations have also been shown to perform poorly
on attentional tasks.45 Thus, it may be that patients with poor
attention or concentration might struggle to perform MR.

The findings of this study suggest that DLB patients can com-
plete the MR task when the degrees of rotation are not too
great, given that their ability to visualize and manipulate objects
is impaired but they were able to simply match stimuli at 0�.
Thus, one advantage of the MR paradigm in future studies
would be that the difficulty of the task may be manipulated and
individualized to a patient’s own performance. Thus, future
symptomatic or disease modifying trials could optimize the sensi-
tivity of the MR task to an individual patient’s performance at
baseline and then measure their response to an intervention
ensuring that they were sensitive enough to measure and track
effects. In addition, the MR task could be made increasingly dif-
ficult to probe subtle visuospatial impairment that might be pre-
sent in proposed prodromal DLB cohorts.13 Indeed, in patients
with isolated REM Sleep behavior disorder (a prodromal stage of
Lewy body diseases), the MR task may be a useful tool to distin-
guish those patients who may phenoconvert to DLB instead
of PD.46

Previous studies have demonstrated that non-cognitively
impaired individuals may employ strategies to assist them with
mental rotation tasks. These strategies appear to improve accu-
racy and response time,47,48 as well allowing participants to better
adapt to changes in stimuli.49 In the current study, response times
for DLB patients did not increase with the degrees of rotation, as
observed in the HC group. This may indicate that the DLB
group did not rotate the shapes to make their comparisons.
Instead, they may have either employed a different strategy to
compensate for their visuospatial impairment or they chose a ran-
dom response. The former may have been used for the 45� con-
dition, as the DLB patients scored well above chance. For the
90� condition however, the rotation may have been too high for
their alternative strategy to be applied, resulting in random
responses and the chance accuracy. While the current study did
not focus on potential strategies that patients may have used dur-
ing the MR task, it would be interesting to see if a cognitively
impaired group would be able to employ such strategies and if
these strategies would benefit their performance.

When interpreting the findings of this study there are several
limitations that should be acknowledged. The first is that there
was no comparison with another dementia cohort, such as PDD
or AD. The objective of this study was to explore a task that
could be helpful when patients are in the early stages of disease,
when prognostication is probably most important, as well as to
identify a task that might offer utility for the longitudinal track-
ing of patients and when assessing response to an intervention.
Patients who transition from PD to PDD, will typically have
similar neuropsychological profiles to those seen in DLB. There-
fore, comparing DLB performance with AD would have been
ideal given that the cognitive profiles of DLB and AD may be
similar with many professionals misdiagnosing DLB patients with
AD and vice versa. Interestingly, our findings did not identify
any correlation between MR performance and memory impair-
ment, which is the most prominently affected domain in patients
with AD (especially early in the disease course) and so we would
hypothesize that MR may be more sensitive in patients with
DLB than AD. Additionally, few studies have looked at the sen-
sitivity of visuospatial tests for differentiating between these two
cohorts. Using the revised Addenbrooke’s Cognitive Examina-
tion, which consist of memory measures as well as measures of
executive function, attention and visuospatial ability, accuracy of
differentiating between DLB and AD was vastly improved when
emphasis was placed on the non-amnestic scores.50 This high-
lights the utility of using non-amnestic measures to differentiate
between the two diseases. Indeed, Ota and colleagues51 found
that using a battery of visuospatial tests had a high sensitivity, but
low specificity at separating DLB from AD. This suggests that
while visuospatial tests are very useful in differential diagnosis,
more tasks may be needed to improve the overall specificity.
Further research is needed to investigate differences in perfor-
mance between DLB and AD patients, and if the diagnostic
accuracy can be improved through adjustments to the degrees of
rotation. The second potential limitation of this study was that
the DLB patients were diagnosed with probable DLB, and this
diagnosis was not confirmed by an autopsy. This creates the pos-
sibility that some of the DLB patients may have AD as a domi-
nant pathology. Indeed, these AD dominant patients who had
less severe fluctuations, VH and higher accuracy at the MR task
may have been the driving force behind the correlations between
MR performance and cognitive fluctuations and VH. If this were
the case, this would further support the utility of the MR task as
a means of separating DLB patients from similar pathologies such
as AD. The third limitation of this study was that the majority
(17/22) of the DLB patients were treated with a cholinesterase
inhibitor to improve cognition.52 However, there was no differ-
ence in MR performance between those patients with and with-
out AChEI treatment and one might anticipate that if anything,
being on this therapy might have reduced our ability to detect
an effect, which was not the case. The fourth limitation of the
current study was its small sample size of DLB patients. How-
ever, this is a well-phenotyped cohort of DLB patients diagnosed
using the most recent criteria7 and the numbers tested were
comparable with similar previous behavioral studies.53–55 Finally,
it should be highlighted that many of the DLB patients tested
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were performing at chance for the 90� condition. This would
have created a ceiling effect, thus reducing the amount of vari-
ance potentially leading to type II errors for these correlations.
Future research would benefit from decreasing the maximum
degrees of rotation, whilst also having more increments to iden-
tify the rotation where DLB patients begin to fail.

In summary, we identified that the MR task may be a sensi-
tive tool for distinguishing DLB from early PD patients, with
performance appearing to be correlated selectively with visuospa-
tial, attention and working memory deficits but not long-term
memory. The ability of even quite severely impaired DLB
patients to engage with this task suggests that its use should be
explored in future clinical trials evaluating visuospatial impair-
ment, where task difficulty could be matched to individual base-
line performance.
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