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we hypothesised that an intermediate condition exists between
these two conditions: seeing something meaningful in mean-
ingless visual patterns. [n the current study, we developed a test
that evoked this particular type of misperception, which we
termed the noise pareidolia test, and we administered this test
to patients with DLB. If patients falsely observe meaningful objects
in meaningless visual stimuli, this finding would support the
hypothesis that similarities and continuity exist between visual
hallucinations and pareidolias along with the existence of an
abnormal proactive perceptual process in misperceptions in DLB.

Pareidolias and visual hallucinations are behaviourally similar
phenomena, and whether the two conditions share common
neural mechanisms remains unknown. One of the well-known
mechanisms of visual hallucinations in DLB is cholinergic insuffi-
ciency. Previous neuropathological and neuroimaging studies have
demonstrated that cholinergic neuronal degeneration is more
severe in patients with DLB or Parkinson's disease (PD) who
experience visual hallucinations (Ballard et al, 2000; Halliday,
2005; Harding, Broe, & Halliday, 2002; Perry et al., 1990). The
effectiveness of cholinesterase inhibitors on visual hallucinations
has been established by several intervention studies (McKeith
et al., 2000; Mori et al., 2012; Mori, Mori, Iseki, & Kosaka, 2006). In
the current study, we performed a longitudinal analysis on
pareidolias before and after the treatment with donepezil to
investigate whether cholinergic mechanisms are involved in both
pareidolias and visual hallucinations.

2. Methods
2.1, Participants

We recruited 34 patients with probable DLB and 34 with probable Alzheimer's
disease (AD) from the dementia clinics at the Tohoku University Hospital, the Akita
Prefectural Centre of Rehabilitation and Psychiatric Medicine and the Minami
Tohoku Hospital. Twenty-eight healthy controls (HC) were recruited from the local
community through an advertisement. There was no overlap between the subjects
included in the current study and those in our previous study (Uchiyama et al.
2012). The three groups were comparable in age, sex and visual acuity. The severity
of cognitive impairment, which was assessed by the Mini-Mental State Examina-
tion (MMSE) (Folstein, Folstein, & McHugh, 1975}, was matched between the DLB
and AD groups (Table 1). All patients underwent an examination by experienced
behavioural neurologists, an MRI and routine laboratory investigations, Probable
DLB was diagnosed according to the international workshop criteria of DLB
(McKeith et al. 2005), and probable AD was diagnosed based on the standard
guidelines set by the National Institute of Neurological and Communicative
Disorders and Stvoke and the Alzheimer's Disease and Related Disorders Associa-
tion criteria (McKhann et al.. 1984). The exclusion criteria were as follows: (i) a
history of other neurological or psychiatric diseases or of severe ocular diseases, (ii)
a best-corrected acuity of at least 0.4 (LogMAR) and (iii) language deficits hindering
task executions. At the time of the examination, nine patients with DLB were
treated with donepezil, three were treated with levodopa, two were treated with
quetiapine, and one was treated with pramipexole. In the AD group, 24 patients
were treated with donepezil, four were treated with trazodone, two were treated
with fluvoxamine, and one was treated with risperidone. The demographic and
clinical characteristics of the participants are summarised in Table 1.

2.2. Background neuropsychological and behavioural assessments

The Digit Span and Spatial Span subtests from the Japanese version of the
Wechsler Memory Scale-Revised test (Sugishita, 2001) were used to assess
attentionfworking memory. Visuoperceptual and visuospatial functions were
assessed using the Shape Detection Screening and Position Discrimination subtests
of the Visual Object and Space Perception battery (Warrington & James, 1991), the
Object Decision subtest {Easy B} of the Birmingham Object Recognition Battery
(Riddoch & Humphreys, 1992) and the Face Recognition subtests (face-to-face
matching of unknown faces, same/different judgment of unknown faces in
different views, gender and age judgments of unknown faces) of the Visual
Perception Test for Agnosia (Japan Society for Higher Brain Dysfunction Brain
Function Test Commitee, 1997). The Japanese versions of the Frontal Assessment
battery (FAB) (Kugo et al., 2007) and the Phonological Verbal Fluency (Fu/A/Ni) test
were used to assess executive functions.

The Neuropsychiatric Inventory (NPI) (Cummings et al., 1994} was adminis-
tered to the caregivers of the patients. The original NPI consists of the following 10
behavioural domains: delusions, hallucinations, dysphoria, anxiety, agitation/
aggression, euphoria, disinhibition, irritability/lability, apathy, and aberrant motor
activity. We made several modifications to the original NPL First, the ‘delusion’
domain was separated into two different categories: persecutory delusions and
delusional misidentifications. The questions regarding the former included ‘believ-
ing that others are planning to hurt him/her’ and ‘believing that others are stealing
from him/her’, and the questions regarding the latter included ‘believing that
unwelcome guests are living in the house’, ‘believing that television or magazine
figures are actually present in the hame’ and 'believing that patient's family is an
imposter’. Second, we employed an additional domain for fluctuations in cognition,
which included questions such as ‘does the patient sometimes show a lack of
attention or a slow reaction to others' calls than usual?’ and "does the patient
sometimes show a poor understanding of things that he can usually understand?’
(Mori et al., 2006). A total of 12 domains of neuropsychiatric symptoms were
evaluated based on the clinical status of patients during the past one month. The
frequency (range 1-4), severity (1-3) and domain total scores (the product of the
frequency score multiplied by the severity score) were recorded for each behaviour.

2.3. The pareidolia tests

2.3.1. The noise pareidolia test

Examples of the stimuli are shown in Fig. 1. Two versions of the noise pareidolia
tests were developed: the object version and the face version. The object version was
used to investigate the content of pareidolic illusions, and the face version was
employed because previous studies demonstrated that human faces are one of the
most frequent subjects of pareidolias and visual hallucinations (Ballard et al., 1997;
Uchiyama et al., 2012). Both versions consist of 40 black and white images (16 <« 16 cm?)
with a spatial frequency of 1/ {Fig. 1A). We chose this specific frequency for two
reasons: (1) previous studies have demonstrated that the power spectra of natural
images conform to 1/, where f is the spatial frequency and the parameter n varies at
approximately 2 (Field, 1987; Ruderman, 1994), and (2) our preliminary experiments
showed that an image with a 1/ frequency best discriminated patients experiencing
visual hallucinations from the HC. In the object version, silhouette images of objects
{two whole bodies of humans, two animals, two plants and two man-made objects)
were embedded in 8 of the 40 stimuli (Fig, 1B). In the face version, black and white
images of human faces were embedded in 8 of the 40 stimuli (Fig. 1C).

Immediately before administering the tests, a detailed explanation and three
training trials were given to the participants. In the object version, the participants
were instructed to state whether an object or nothing was present in each stimulus.
When the participants saw an object, they were asked to point at and name the
object. In the face version, the participants were instructed to state whether a face
was present in each stimulus. When the participants observed a face, they were
requested to point at it. '

The responses of the participants were classified into three types: (1) illusory
responses, in which the subjects falsely found objects or faces at locations where the
object or face images did not actually exist, (2) detection misses, in which the subjects
did not detect the embedded face or object images, and (3) correct responses, it which
the participants correctly responded “nothing exists” to the noise stimuli or correctly
detected the embedded images in the stimuli containing the object or face images. We
did not use the correct responses for analysis because these selections were nearly
equivalent to the tatal number of stimuli (40) minus the sum of the illusory respanses
and detection misses. To conduct a phenomenological analysis of pareidolias using the
object version, the contents of the illusory responses were classified into five categories:
(1) people, (2) animals (e.g.. dogs, birds and insects), (3) plants {e.g., vegetables and
flowers), (4) man-made objects, and (5) other (e.g., letters and footprints). The order of
administration of the two versions was counterbalanced across the participants.

2.3.2. The scenery pareidoliu test

To evaluate concurrent validity between the newly developed noise pareidolia
test and the one used in our previous study, the pareidolia test with scenery
pictures (Uchiyama et al., 2012), was administered to 11 patients with DLB.

24. Staristical analysis

A one-way analysis of variance (ANOVA) and a post-hoc Scheffe test were used for
the between-group comparisons of the pareidolia test and other neuropsychological
tests. The Mann-Whitney U-test was used for the between-group tomparisons of the
NPI subscores. A receiver operating curve (ROC) analysis was used to evaluate the ability
of the tests to differentiate DLB from AD. To investigate the relationships among illusory
responses, stimulus detection sensitivity and response bias, the sensitivity (d') and
response bias (¢) were calculated according to signal detection theory: d'=Z(hit rate) - Z
(illusory response rate): c=—(Z(hit rate)+ Z(illusory response rate) (Macmillan &
Creelman, 1990). The group-wise comparisons were conducted using a one-way
ANOVA. The relationship between the performance during the pareidolia tests and
other neuropsychological and behavioural variables was assessed using Pearson's
correlation coefficient or Spearman's rank correlation coefficient. To evaluate the
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Table 1
Demographic and clinical profiles of the participants.
DLB {(n=34) AD (n=34) HC (n=28) p-Values

Age, years 79.4 (0.9) 77.7 (0.8) 78.0 (0.5) 0.280
Sex {female/male) ! 21/13 25/9 16/12 0.371
Education, years 10.3 (0.4) 10.8 (0.4) 12.2 (0.4) 0.012°
Visual acuity i 0.8 (0.2) 0.8 (0.0) 0.9 (0.0) 0.086
Neuropsychology
MMSE ({30} . 200 {0.8} 19.4 (0.8) 28.8 (0.2) <0.001°, ¢
Digit span [24] 8.3(0.5) 9.1 (0.5) 12.0 (0.5) <0.001° ¢
Spatial span [26] 10.5 (0.6} 119 (0.5) 14.7 (0.4) <0.001°,¢
Shape detection [20] 18.2 (0.4) 18.8(0.2) 19.5 (0.1) 0.001°
Position discrimination [20] 18.3 (0.4) 19.2 (0.2) 19.6 (0.1) 0.006 ®
Object decision [32] 246 (0.4) 253 (0.5) 28.2 (04) <0.001 %, ¢
Face recognition {30] 25.1 (0.7) 26.6 (0.5) 283 (04) 0.001 "
FAB {18] 10.5 (0.6} 123 (0.5) 16.7 {0.2) <0.001°,°,¢
Verbal fluency (FUJA/Ni) 129 (14) 173 {1.6) 26.6 (1.5) <0001Y¢
NPIS
Persecutory delusions 0.0 (1.0) 0.0 (1.0) 0.760
Delusional misidentifications 0.0 (1.0) 0.0 (0.0) 0.025
Hallucinations . 1.0 (3.0) 0.0 (0.0} < 0.001
Agitation/aggression 0.0 (2.5) 0.0 (2.3) 0.263
Dysphoria 0.0 (1.0) 0.0 (0.0 0.180
Anxiety 0.0 (1.3} 0.0 (0.0) 0.488
Euphoria 0.0 (0.0) 0.0 (0.0) 0.021
Apathy 4.0 (4.0) 0.0 (4.0) .01
Disinhibition 0.0 (0.0) 0.0 (0.0) 0.240
Trritability/lability 0.0 (1.3) 0.0 (2.0} 0.887
Aberrant motor behaviour 0.0(0.8) 0.0 (4.0) 0.034
Fluctuations in cognition 2.0(3.0) 0.0 (0.0) < 0.001
Prevalence [/34]' Delusional misidentifications 9 2 0.022

Visual Hallucinations 21 1 < x0.001

Fluctuations in cognition 21 5 < 0.001

! Chi-squared test.
* Kruskal-Wallis test.

8 Mann-Whitney U test. The remaining variables were tested using one-way analysis of variance (ANOVA) and post-hoc Scheffé rests.

“~<Scheffé test (p < 0.05).
“ DLB < AD.
b DLB < HC.
¢ AD < HC.

Fig. 1. Examples of the stimuli: (A) noise stimulus without objects or faces; {B) noise stimulus with an embedded object image (the object version); (C) noise stimulus with

an embedded face image (the face version).

longitudinal changes before and after administering donepezil, a paired t-test was
performed for the parcidolia test and other neuropsychological tests, and a Wilcoxon

The DLB group had significantly higher scores for delusional

signed-rank test was utilised for the NPI subscores.

3. Results
3.1. Background neuropsychological and behavioural assessments

The results are summarised in Table 1. The DLB group performed
worse than the AD group on the FAB. No significant differences
were observed between the DLB and AD groups using the other
tests (attention/working memory, visuoperceptual, visuospatial and
executive function tests).

misidentifications, hallucinations, euphoria, apathy and fluctua-
tions in cognition than the AD group on the NPI assessment. All of
the patients with DLB with a positive NPl hallucination score had
visual hallucinations, and three of those patients also experienced
auditory hallucinations.

3.2. Comparisons between the noise and scenery versions
of the pareidolia tests

Significant correlations were observed between the illusory
responses obtained using the scenery pareidolia test and the noise
pareidolia test (object version, rs=0.74, p=0.009; face version,
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Fig. 3. Percentages of illusory responses in the noise pareidolia tests. Asterisks
denote p < 0.001.

rs=0.87, p=0.001) and between the illusory responses obtained
using the object and face versions (r=0.630, p < 0.001).

The content of the illusory responses obtained using the object
version is shown in Fig. 2. Illusions of people and animals
accounted for > 70% of the pareidolias in both the DLB and AD
groups.

3.3. Discriminating between DLB and AD using the noise pareidolia
test

In the object version, the mean percentages (standard errors,
SE) of the illusory responses were 12.6 (3.3) for the DLB group, 1.7
(0.6) for the AD group and 0.1 (0.1) for the HC group (Fig. 3). The
one-way ANOVA demonstrated a significant group difference
(F=11.3, p < 0.001). The percentage of illusory responses in the
DLB group was significantly larger than those in the AD (p<
0.001) and HC (p < 0.001) groups. No significant difference was
observed between the AD and HC groups. The mean percentages
(SE) of the detection misses were 5.5 (2.3) for the DLB group, 2.9
(1.1) for the AD group and 0.0 (0.0) for the HC group, and no
significant differences were observed among the groups (one-way
ANOVA test, F=3.0, p=0.055). There was no significant correlation
between detection misses and pareidolias in the DLB group.

In the face version, the mean percentages (SE) of illusory
responses were 154 (3.2) for the DLB group, 1.9 (1.1) for the AD
group and 0.1 (0.1) for the HC group (Fig. 3). The one-way ANOVA

demonstrated a significant difference among the groups (F=16.2,
p < 0.001). The percentage of illusory responses in the DLB group
was significantly larger than those in the AD (p < 0.001) and HC
(p< 0.001) groups. No significant difference was observed
between the AD and HC groups. The mean percentages (SE) of
the detection misses were 8.8 (2.1) for the DLB group, 11.8 (2.9) for
the AD group and 2.7 (1.2) for the HC group. The AD group had
significantly more detection misses than the HC group (p=0.024),
but no significant differences were observed between the DLB and
AD groups or between the DLB and HC groups (one-way ANOVA,
F=4.0, p=0.022). The detection misses correlated with pareidolias
in the DLB group (r= —0.490, p=0.003).

In the ROC analysis, we used the following variables of interest:
the neuropsychological and behavioural tests in which the DLB
and AD groups significantly differed, i.e,, FAB and the domain total
scores of delusional misidentifications, hallucinations, euphoria,
aberrant motor behaviour and fluctuations, and the illusory
responses in the noise pareidolia tests. The measures in which
the areas under the curves (AUC) were 0.7 or more were the NPI
hallucination score (AUC, 0.80; 95% confidence interval, 0.69-
0.91), the illusory responses inn the face version (0.79; 0.67-0.90),
the NPI fluctuation score (0.75; 0.63-0.87) and the illusory
responses in the object version {0.72; 0.60-0.85). The optimal
screening cut-off point for the illusory responses obtained using
the face version was > 2.5% (sensitivity=0.71, specificity=0.80).
With this criterion, 24 patients with DLB were correctly classified
as DLB, and 7 patients with AD were incorrectly classified as DLB.
The optimal screening cut-off point for the illusory responses in
the object version was >2.5% (sensitivity=0.65, specificity=
0.71). With this criterion, 22 patients with DLB were correctly
classified as DLB, and 10 patients with AD were incorrectly
classified as DLB.

3.4. Signal detection analysis

We adjusted the data because the correct responses (hit rates)
were at ceiling levels. We used the following formula: rates of
0 and 1 were replaced with 0.5/n and (n—0.5)/n, respectively,
where n is the number of trials for noise plus face stimuli or noise
only stimuli (Stanislaw & Todorov, 1999). Although seven patients
with DLB produced illusory responses on the noise plus face trials
in which they failed to detect faces, those responses were
classified as ‘misses’ in the signal detection analysis.

A one-way ANOVA with a post-hoc Scheffé test revealed that
the signal detection sensitivity was significantly lower in the DLB
group (d'=3.1 (0.3)) than in the AD (4.0 (0.2)) and HC (4.8 (0.1))
groups and lower in the AD group than in the HC group ((F=16.9,
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Fig. 4. Ulusory responses in DLB patients with and without hallucinations. An
asterisk indicates p < 0.05. VHs: visual hallucinations.

p <0.001). The DLB group showed a response bias toward the
existence of a face (c=—0.2 (0.1)), whereas the AD (0.3(0.1)) and
HC (0.1 (0.1)) groups showed a conservative bias (F=10.3,
p <0.001; DLB < AD; DLB < HC).

3.5. Illusory responses in DLB with and without visual hallucinations

We examined the impact of the presence or absence of visual
hallucinations on the pareidolias (Fig. 4). In the object version, the
mean percentages (SE) of illusory responses in the DLB patients
with (n=21) and without (n=13) hallucinations were 15.2 (4.4)
and 8.3 (4.7), respectively. No significant difference between these
two groups was observed (t= — 1.04, df=32, p=0.306). In the face
version, the mean percentages (SE) of illusory responses in the DLB
patients with and without hallucinations were 20.6 (4.4) and 6.9
(3.7), respectively. A significant difference between these two
groups was observed (t= —2.38, df=31.8, p=0.023).

3.6, The correlation between performances during the noise
pareidolia tests and other clinical variables in patients with DLB

The results are shown in Table 2. There were no significant
correlations between pareidolias and age, education or visual
acuity. In the object version, the percentage of illusory responses
was significantly correlated with the performances on the spatial
span (r=-0.410, p=0.016) and shape detection (r=-—0.484,
p=0.004) subtests and with the domain total, severity and
frequency scores of the NPI delusional misidentifications
(rs=0.394, p=0.021) and fluctuations (rs=0.402, p=0.049). In
the face version, significant correlations were observed between
the percentage of illusory responses and the performances on the
spatial span (r=—0.549, p=0.001), shape detection (r=-0.509,
p=0.002) and face recognition (r=—0.560, p=0.001) tests and
with the domain total, severity and frequency scores of the NPI
hallucinations (rs=0.483, p=0.004) and fluctuations (rs=0.365,
p=0.034).

Because the illusory responses during the face version test
showed a better correlation with the hallucinations and discrimi-
natory ability between the DLB and AD groups than the object
version, we only used the face version in the following analyses.

3.7. Longitudinal changes in the illusory responses of patients with
DLB before and after donepezil treatment

To investigate the impact of cholinergic enhancement on
pareidolias, the noise pareidolia test and other neuropsychological
and behavioural assessments were given to 15 DLB patients
without medication at baseline and again after administering

Table 2
Correlation between illusory responses on the noise pareidolia tests and neurop-
sychological and behavioural variables in patients with DLB.

Objects version (n=34) Face version (n=34)

s p-Values T, TS p-Values

Age’ -0.059 0.739 0057 0.748
Education T 0.330 0.061 0.074 0.681
Visual acuity ! ~0.141 0.425 —-0321  0.064
Neuropsychology!
MMSE —0.108 0.543 —-0191  0.280
Digit span -0.192 0.276 —-0.315  0.070
Spatial span —0.410 0.016* -0.549 0.001**
Shape detection -0.484 0.004** -0509 0.002**
Position discrimination -0.218 0.217 —0264 0132
Object decision 0.203 0.249 0.052 0.771
Face recognition -0.211 0.231 —0.560 0.001%
FAB —-0.118 0.506 —0.331  0.056
Fu/A/Ni —0.101 —0.569 —0129 0467
NP1 *
Delusional misidentification

Domain total 0.394 0.021* 0.175 0.323

Frequency 0.423 0.0137 0.193 0.273

Severity 0.376 0.029* 0.168 0.344
Hallucinations

Domain total 0.291 0.095 0.483 0.004**

Frequency 0.289 0.097 0.508 0.002*

Severity 0.318 0.067 0.415 0.015*
Fluctuations in cognition

Domain total 0.402 0.049* 0.365 0.034*

Frequency 0.397 0.020* 0.404 0.018%

Severity 0.371 0.031% 0322 0.063*

1 pearson's correlation coefficient.

* Spearman’s rank correlation coefficient.
* p < 0.05.

** p <001

donepezil. The follow-up sessions occurred 1 month later after
the dosage of donepezil was increased to 5 mg/day in all patients.
The mean interval (SD) between the first and second sessions was
141 + 61.7 days. The demographic and clinical profiles of the
patients are shown in Table 3. Significant improvements were
observed in the FAB (p=0.007), verbal fluency (p=0.018), NPI
hallucination (p=0.028), apathy (p=0.015) and illusory responses
during the noise pareidolia test (p=0.033).

The results of the correlations between the illusory responses
and the neuropsychological/behavioural variables at the baseline
and follow-up are shown in Table 4. At baseline, there were
significant correlations between the illusory responses and the
performance on the span tasks and all visuoperceptual/visuospa-
tial tests. The percentage of illusory responses was also signifi-
cantly correlated with the NPI hallucination and fluctuation scores.
At follow-up, significant correlations were observed between the
illusory responses and the performances on the spatial span
subtest, shape detection and FAB. The percentages of illusory
responses also significantly correlated with the NPI hallucination
score. To further explore the impact of the cholinergic status on
the relationships between the illusory responses and neuropsy-
chological/behavioural variables, we conducted a supplementary
correlation analysis on cross-sectional data, which included 25
DLB patients without donepezil (all at baseline) and 24 patients
with donepezil (9 at baseline and 15 at follow-up). The results of
the correlations between the illusory responses and neuropsycho-
logical{behavioural variables in the DLB patients with and without
donepezil are shown in Supplementary table. In the patients
without donepezil, significant correlations were observed
between the illusory responses and performances on the digit
span subtest (r=0.545, p=0.005), shape detection (r=—0.678,
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Table 3
Demographic and clinical profiles at baseline and follow-up in patients with DLB {n=15).
Baseline Follow-up p-Values
Age, years 79.6 (1.7)
Sex (female/male) 817
Education, years 10.1 (0.7)
Visual acuity 0.8 (0.1) 0.9 (0.1)
Neuropsychology'
MMSE [30] 195 (1.1) 20.6 (1.2) 0.365
Digit span {24] 8.0 (0.6) 8.7 (0.6) 0.334
Spatial span [26] 9.7 (0.9) 9.6 (0.7) 0.846
Shape detection [20] 17.7 (0.7) 18.3 (0.5) 0.328
Position discrimination {20} 18.6 (0.5) 18.7 (0.4) 0.908
Face recognition {30} 24.0(1.3) 24.5 (0.6) 0.700
FAB [18] 103 (0.7) 127 (0.9) 0.007**
Verbal fluency (FUJAINi) 123 (2.2) 154 (2.5) 0.018*
NP1
Persecutory delusions 0.6 (2.0y 0.0(1.0) 0.461
Delusional misidentification 0.0 {0.0) 0.0 (0.0) 1.000
Hallucinations 1.0 {3.0) 0.0 (1.0) 0.028*%
Agitation/aggression 1.0 (2.0) 0.0 (0.0) 0.143
Dysphoria 0.0 (1.0) 0.0 (1.0) 1.000
Anxiety 0.0 (0.0) 0.0 (2.0) 0.892
Euphoria 0.0 (0.0) 0.0 (0.0) 0.102
Apathy 4.0 (4.0) 0.0 (4.0} 0.015*
Disinhibition 0.0 (1.0) 0.0 (1.0) 0.892
Irritability/lability 0.0 (2.0) 0.0 (1.0) 0.752
Aberrant motor behaviour 0.0 (4.0) 0.0 (1.0) 0.670
Fluctuations in cognition 3.0 {4.0) 3.0 (2.0) 0339
Prevalence & Delusional misidentifications 3 3 1.000
Visual Hallucinations 10 5 0.019%
Fluctuations in coghition 1 12 0582
Face pareidolia test'
Pareidolias 14.0 {5.6) 4.7 (2.1) 0.033*
Detection misses 9.1 (3.6) 10.7 (3.4) 0.670

! Paired sample t-test.

# Wilcoxon signed-rank test.
% Chi-squared test.

" p<0.05.

" p <000,

p < 0.001), position discrimination (—~0.402, p=0.047), face recog-
nition (r= —-0.600, p=0.002) and FAB (r= —0.437, p=0.029). The
illusory responses also correlated with the NPI hallucination and
fluctuation scores. In the patients with donepezil, significant
correlations were observed between the illusory responses and
the performance on the FAB (r=—0.449, p=0.028) and with the
NPI hallucination score. In summary, the illusory responses during
the noise pareidolia test were correlated with the visuoperceptual
and other cognitive performances and with the severity of the
hallucinations regardless of the cholinergic medication status.

Finally, we performed a correlation analysis of the longitudinal
changes (differences between the baseline and follow-up session
scores) in the noise pareidolia test, neuropsychological tests and
NP to explore the clinical utility of the noise pareidolia test as a
marker of the therapeutic response. The change in the illusory
responses was correlated with the change in the NPI fluctuation
score (r=0.563, p=0.029) but not with the change in the hallu-
cination score or the neuropsychological performance.

4. Discussion

We investigated abnormal illusory perceptions in patients with
DLB by using a newly developed pareidolia test. Our study has
three major findings: (1) DLB patients see illusory images (par-
eidolias) in meaningful scenery pictures and also in meaningless
visual patterns; (2) the severity of pareidolias is significantly
correlated with that of visual hallucinations; and (3) cholinergic

stimulation reduces both the number of pareidolias and the
severity of visual hallucinations in patients with DLB.

4.1. Visual hallucinations and pareidolias as active perceptions

Visual hallucinations and illusions are different by definition.
The former is defined as seeing something where nothing actually
exists, and the latter is the misperception or misinterpretation of
real visual stimuli. The critical difference between the two condi~
tions is whether the objects exist (Ey, 1973). However, this classic
dichotomy was challenged by a recent study in which visual
hallucinations and pareidolias, a specific type of visual illusion,
were found to be similar and closely related in patients with DLB
(Uchiyama et al., 2012). Pareidolias are misperceptions involving
ambiguous forms that are perceived as meaningful visual objects.
In the aforementioned study, Uchiyama et al. successfully evoked
pareidolias in patients with DLB using picture stimuli containing
natural visual scénes. Striking phenomenological similarities were
present between the visual hallucinations and pareidolias in DLB
in which the vast majority of their content were animals and
humans (Ballard et al,, 1997). In the current study, we extended
the findings of the previous study (Uchiyama et al., 2012) by using
visual stimuli composed of meaningless stimuli and demonstrated
that DLB patients observed meaningful objects in the meaningless
stimuli. These results indicate that pareidolias in DLB do not only
result from a failure of object recognition but also represent
hallucination-like illusions associated with an active perceptual
process that creates meaning from meaningless visual information.
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Table 4 .
Correlation between the illusory responses in the face version of the noise
pareidolia test and neuropsychological and behavioural variables in pastients with
DLB at baseline and follow-up.

Baseline (n=15) Follow-up (n=15)

r,rs p-Values LIS p-Values
Age '’ —0.203 0.469 ~0.139 0.621
Education 0.210 0.470 0.273 0.344
Visual acuity? -0.356 0.192 —0.088 0.775
Neuropsychology
MMSE -0.275 0.321 —-0.511 0.052
Digit span -0678  0.005% —0379  0.163
Spatial span ~0.767 0.001% -0.573 0.026™
Shape detection —-0.755 0.001% —0.688 0.005%
Position discrimination -0.765 0.001% —0.357 0.191
Face recognition ~0.612 0.015% —0.348 0.204
FAB -0.503 0.056 —-0.799 <0.001**
Fu/ANi - 0.165 0.556 -0.397 0.143
Nprt
Hallucinations
Domain total 0.573 0.026* 0.683 0.005™

Frequency 0.545 0.035* 0.683 0.005"

Severity 0.624 0.013* 0.624 0.013*
Fluctuations in cognition

Domain total 0.510 0.052 -0.017 0.952
Frequency 0.561 0.030* 0.055 0.846
Severity 031 0.259 —0.066 0.814

' Pearson's correlation coefficient.

t gpearman's rank correlation coefficient.
“ p<0.05.

™ p <001

In psychology, the idea has been proposed that context often
biases our perceptions. Bugelski and Alampay (1961) used an
ambiguous line drawing that can be perceived as both a man
and a rat and found that the perception of the figure was biased by
the prior presentation of either human or animal sketches. More
recently, visual psychophysical experiments demonstrated that
the context of a background scene facilitates or sometimes mis-
leads visual object recognition (Bar, 2004; Biederman, Mezzanotte,
& Rabinowitz, 1982). These types of ‘predictive’ or ‘proactive’
perception views may be helpful in explaining the nature of the
misperceptions of DLB patients. They see visual hallucinations in
the visual scenes of their daily lives. Therefore, their experiences
and the context of their personal daily living play an important
role in their visual hallucinations. Similarly, in the previous study
(Uchiyama et al., 2012), patients with DLB described illusory visual
experiences that were evoked by the context of the natural scene
images. For example, DLB patients often perceived non-existent
people in the shade of trees in a park and non-existent young
jaguars under the feet of an adult jaguar. The most striking
difference between our current study and these previous studies
is the meaningfulness of the visual stimuli. In the current study, no
clear context was provided by the meaningless visual noise. The
participants ‘read out’ the context of the test from the instructions
and their history of previous perceptual experiences (perceptual
hysteresis). The Rorschach test (Rorschach, 1942), which has been
broadly used in the fields of psychology and psychiatry, is another
test consisting of meaningless visual stimuli. In this test, the
participants are required to describe what they see in the mean-
ingless pattern of an inkblot. This test is known to reflect
suggestibility, and the results can be biased by the instructions
(Gibby, 1952; Sarbin, 1939; Yanovski & Fogel, 1978). In a similar
manner, our results may be partially ascribed to abnormally
heightened suggestibility in patients with DLB. This view is
supported by the result of signal detection analysis in the current
study, in which patients with DLB showed a strong response bias

toward detecting something in meaningless visual noises. Again,
we suggest that non-perceptual mechanisms, such as context and
suggestibility, make a critical contribution to the development of
visual hallucinations and illusions in DLB.

4.2. Relative contributions of perceptual and non-perceptual
mechanisms in visual hallucinations and pareidolias

Both perceptual (visual) and non-perceptual mechanisms may
be involved in visual hallucinations. Because most people who
have visual impairments do not experience visual hallucinations,
non-perceptual mechanisms are likely critical. As described above,
our study suggests that non-perceptual mechanisms also play a
pivotal role in the pareidolias observed in patients with DLB.
However, little is known about what ‘non-perceptual’ mechanisms
are specifically involved in these types of misperceptions. In
contrast, there is a wealth of neuropsychological evidence for the
involvement of visuoperceptual/visuospatial deficits (Mori et al,,
2000; Mosimann et al., 2004). Therefore, it may be profitable to
consider the non-perceptual mechanisms of visual hallucinations
and pareidolias with respect to perceptual mechanisms.

In the current study, the performance on the face recognition
test was significantly correlated with the number of illusory
reponses in the face-noise pareidolia test but not with the
object-noise pareidolia test (Table 2). In addition, there was a
stronger correlation between the NPI hallucination scores and the
number of illusory responses in the face pareidolia test than those
in the object pareidolia test. These findings suggest that the
category of faces plays a special role in the visual hallucinations
and pareidolias observed in patients with DLB. Two factors, one of
which is specific to our tests and another that applies to visual
hatlucinations and pareidolias in general, may be associated with
this face preference. The first factor is the physical similarity
between the noise images and the embedded face images. 1/f
noise images, which we used in the noise pareidolia tests, have
many different sizes of blobs. Those blobs often create specific
patterns of spatial arrangements or contrast polarity that are
preferentially recognised as faces by observers (Fig. 1) (Johnson,
2005; Ohayon, Freiwald, & Tsao, 2012). This bias may lead to
similarities between the face images and the noises. However,
there is no such similarity between the non-face objects and the
noise images because the non-~face objects are variable in form and
do not have stereotypic, schematic patterns. The difficulty in
discriminating between faces and the noises may place a higher
demand on face recognition and other visuoperceptual/visuospa-
tial abilities in the face-noise pareidolia test than in the object-
noise pareidolia test. The other factor relates the ecological value
of people and other animals. Previous studies have demonstrated
that people account for more than 80% of all the content of visual
haliucinations in patients with DLB (Ballard et al., 1997; Nagahama
et al., 2007). Similarly, people and other animals account for 70 to
80% of all the content of pareidolias (Fig. 2 in this study; Uchiyama
et al, 2012). Nagahama et al. conducted an exploratory factor
analysis for psychotic symptoms observed in 100 DLB patients and
discovered that the feeling of presence, which is a vivid sensation
that somebody is present nearby, is tightly linked to hallucinations
of people but not objects (Fenelon, Soulas, Cleret de Langavant,
Trinkler, & Bachoud-Levi, 2011; Nagahama et al, 2007). These
findings suggest that the specific sensation of the presence of
others who can act on a perceiver may be fundamental for
hallucinations of people or for hallucinations in general. We argue
that faces are special to the perceivers or hallucinators because
they represent people and animals, who are potential predators or
potentially dangerous to the perceivers/hallucinators (Cheyne,
2001).
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The current and previous studies demonstrated that the pat-
terns of correlations between pareidolias and visuoperceptual/
visuospatial measures differed in the scenery, object-noise and
face-noise versions of the pareidolia test. In the previous study
(Uchiyama et al., 2012), a significant correlation was observed
between the scenery pareidolia test and the performance on the
face recognition test in DLB patients who received donepezil
treatment, whereas no significant correlations were observed
between the scenery pareidolia test and any of the visuopercep-
tual/visuospatial tests in those who did not take donepezil. In
contrast, the current study demonstrated more convincing corre-
lations between the noise pareidolia tests and the visuopercep-
tual/visuospatial tests. The face version was correlated with the
shape dection and face recognition tests, wheareas the object
version was correlated with the shape detection test but not with
the face recognition test (Table 2 and Supplementary table). These
differences in the correlation patterns may reflect differences in
the relative contributions of the perceptual and non-perceptuatl
mechanims in the three versions of the paredolia test. The
stronger and more convincing correlations between the noise
pareidolia tests and the visuoperceptual/visuospatial tests suggest
that the contribution of perceptual mechanisms may be larger in
the noise versions than in the scenery version of the pareidolia
test. In contrast, non-perceptual mechanisms may be larger in the
scenery version than in the noise versions. In addition, the scenery
pareidolia test was better correlated with NPI misidentification
scores than the noise versions, suggesting the importance of
abnormal beliefs or delusional mechanisms, which are surely
non-perceptual, in the scenery pareidolia test (delusional mechan-
isms in visual hallucinations and pareidolias are discussed more in
depth in the next section) (Uchiyama et al., 2012).

4.3. Non-perceptual mechanisms of visual hallucinations
and pareidolias

Attention deficits have been proposed to be the major non-
perceptual mechanism for visual hallucinations. Specifically, the
perception and attention deficit (PAD) model offers an integrative
theory regarding the visual and attentional mechanisimns of visual
hallucinations (Collerton, Perry, & McKeith, 2005). The central idea
of this model is that the impairment of top-down attention results
in defective gate control to internally generate false images. Under
normal conditions, many ‘proto-objects’ are evoked from memory
storage by bottom-up sensory information, but only one object is
permitted to pass through the gate control to consciousness. In
patients with DLB, who have deficits in both bottom-up visual
perception and executive/attention functions, proto-objects that
normally remain at the subconscious level are aberrantly excited
by bottom-up perceptual dysfunction and reach consciousness due
to the disrupted top-down gate control. Empirical support exists
for this hypothesis in which both executive/attention and visuo-
perceptual deficits are associated with visual hallucinations
(Cagnin et al., 2013; Collerton, Burn, McKeith, & O'Brien, 2003;
Mori et al., 2000; Mosimann et al., 2004). Despite these findings,
questions remain that are not answered by this model: (1) Why do
other neurological conditions associated with both attention/
executive and visuoperceptual deficits (AD, multi-infarct dementia
and traumatic brain injury) not develop visual hallucinations as
frequently as DLB patients? And (2) Does this particular combina-
tion of cognitive deficits provide a plausible explanation for the
mechanisms of other psychotic symptoms that are frequently
observed in Lewy body diseases, such as the variety of delusions
and hallucinations in other sensory modalities (Hirono &
Cummings, 1999; McKeith et al., 2005)?

Most DLB patients show a lack of or impaired insight into their
visual hallucinations (Ballard et al., 1997), which may result in

secondary delusions associated with the content of their visual
hallucinations (McKeith et al., 2005). Other evidence regarding the
relationship between abnormal insights or delusional beliefs and
visual hallucinations have been provided by peduncular halluci-
nosis (Feinberg & Rapcsak, 1989; Kolmel, 1991; Benke, 2006;
Nishio, Ishii, Kazui, Hosokai, & Mori, 2007) (for a counter view,
see Manford & Andermann (1998)). Similarly, in the previous
study (Uchiyama et al, 2012), most DLB patients believed the
reality of their non-existent, pareidolic visual images, and there
was a significant correlation between pareidolias and NP! delu-
sional misidentification scores. Attention deficits, which were
assessed by the digit span test, were not correlated with the
illusory responses on the scenery pareidolia test, suggesting that
abnormal insights or beliefs may play a larger role than attention
deficits in this type of pareidolia. Although the contributions of
attention and visuoperceptual/visuospatial deficits may be larger
in noise pareidolias than in scenery pareidolias (Tables 2 and 4 and
Supplementary table), the current study indicates that the sug-
gestibility to non-visual contexts may play a role in noise parei-
dolias. Overall, we argue that impaired reality monitoring,
abnormal reasoning and suggestibility, which have been impli-
cated in the mechanisms of delusion formation in psychosis, play a
role in the development of visual hallucinations and pareidolias.
Visual hallucinations and pareidolias may share underlying
mechanisms with several types of delusional symptoms.

4.4. Roles for cholinergic insufficiency in visual hallucinations
and pareidolias

Previous studies have revealed that visual hallucinations in DLB
patients were alleviated by cholinesterase inhibitor treatment
(McKeith et al, 2000; Mori et al, 2012, 2006). Therefore, we
investigated the effect of donepezil on pareidolias. Significant
improvements in the number of hallucinations and pareidolias
after administering donepezil suggest that cholinergic insuffi-
ciency plays a critical role in promoting these symptoms. The
relationship among cholinergic insufficiency, visual hallucinations
and visual illusions was previously demonstrated in a classic
psychopharmacological study using healthy subjects. Ketchum,
Sidell, Crowell, Aghajanian, and (Hayes), (1973) demonstrated that
anti-cholinergic agents induced visual hallucinations and visual
illusions of people and animals, which are similar to the hallucina-
tions observed in the patients with DLB.

As no significant changes have been observed in visuopercep-
tual dysfunctions before and after cholinesterase treatment in the
DLB patients (Table 3 in the current study) (Mori et al., 2012),
acetylcholine may be primarily involved in the non-perceptual
mechanisms. The PAD model emphasises the relationship between
cholinergic insufficiency and attentional impairment (Collerton
et al., 2005). In addition, we argue that cholinergic insufficiency
may be associated with abnormal insights or beliefs. For example,
several DLB patients treated with cholinesterase inhibitors
described that although they had previously believed their hallu-
cinations to be real, they now realised that their experiences were
only illusions. The study by Uchiyama et al. (2012) also suggested a
relationship between cholinergic insufficiency and delusional
beliefs in which the correlation between the scenery pareidolia
test and the NPI misidentification scores were lower in patients
who received donepezil treatment than in those who did not.

Both this study and the previous studies demonstrated that
correlations between pareidolias and visuoperceptual/visuospatial
tests changed depending on-the donepezil treatment status.
However, the patterns of changes were different in the scenery
and noise versions of the pareidolia test. In the previous study
(Uchiyama et al, 2012), the scenery pareidolia test was not
correlated with visuoperceptual/visuospatial test in DLB patients
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who did not take donepezil. In contrast, weak correlations were
observed between these measures in patients who took donepezil.
Conversely, in the current study, correlations between the noise
pareidolia test and the visuoperceptual/visuospatial and attention
tests were reduced after donepezil administration compared with
the baseline. This inconsistency can be explained by the different
relative contributions of the perceptual, attentional and insight/
belief mechanisms in the scenery and noise pareidolias. Given the
importance of insight/belief mechanisms in scenery pareidolias,
donepezil administration may increase the relative contribution of
visuoperceptual mechanisms by improving the insight/belief
abnormalities. In contrast, attentional impairment and visuoper-
ceptual deficits play a larger role in noise pareidolias. According to
the PAD model, cholinomimetic drugs alleviate the visual halluci-
nations by improving attention and enhancing top-down control
on bottom-up perception (Collerton et al., 2005). Similarly, done-
pezil may enhance the attentional top-down control of visual
perception, which may decrease the correlations among visuoper-
ceptualfvisuospatial deficits, attentional impairment and noise
pareidolias and may increase the relative contribution of non-
perceptual, non-attentional mechanisms, such as abnormal insights
and delusional beliefs.

4.5, Clinical utility of the noise pareidolia test

The specificity of the current clinical diagnostic criteria for DLB
is reportedly high, but its sensitivity is low (McKeith et al., 2004;
Nelson et al., 2010). Previous authors suggested that the low
diagnostic sensitivity may be partly attributable to the difficulty
in detecting and assessing two of the three core clinical features,
visual hallucinations and cognitive fluctuations (Ballard et al.,
2004). Structured interviews or questionnaires, such as the NPI
(Cummings et al., 1994) and the North-East Visual Hallucinations
Interview (NEVHI) (Mosimann et al., 2008), have been the gold
standard for the assessment of visual hallucinations, and these
questionnaires have been broadly used in both clinical practice
and therapeutic intervention studies (Archibald, Clarke, Mosimann,
& Burn, 2011; Mori et al., 2012; Mosimann et al., 2008). However,
these proxy- or self-interview methods are not applicable to
patients who live alone, lack the insight into their symptoms or
have severe memory loss. We believe that adding the pareidolia
tests to the evaluation process is beneficial for the differential
diagnosis and tracking of therapeutic effects. Comparisons between
the current (the noise versions) and previous (the scenery version)
pareidolia tests suggest that the former is easier to administer and
more highly correlated with the severity of the hallucinations;
however, the previous version has higher sensitivity and better
discriminatory ability between DLB and AD (Uchiyama et al., 2012).
We are currently working on the standardisation of a pareidolia test
that combines the two versions.

4.6. Limitations and future directions

Finally, several limitations need to be considered. First,
although both the NPI hallucinations scores and illusory responses
in the noise pareidolia test were improved after administering
donepezil, we failed to demonstrate a significant correlation
between the longitudinal differences of these measures. This
finding may be associated with the small sample size of the drug
intervention section of this study. A larger sample size is required
to examine the utility of the noise pareidolia test as a surrogate
indicator of visual hallucinations. Second, although substantial
interest has been shown in the dopaminergic and prefrontal
mechanisms of psychosis (Coltheart, Langdon, & McKay, 2011;
Feinberg, 2011; Kapur, 2003), we did not address these issues in
the current study. Third, although the results of the current

neuropsychological investigations suggest that executive, atten-
tional and visuoperceptual deficits contribute to the develop-
ment of visual hallucinations and pareidolias, we did not directly
address the neuroanatomical bases of these symptoms; however,
neuroimaging analyses will provide helpful information on
this issue.
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Abstract

Background: The neuropsychological features and neuropathological progression patterns associated with rapidly evolving
cognitive decline or dementia in Parkinson's disease (PD) remain to be elucidated.

Methods: Fifty-three PD patients without dementia were recruited to participate in a 3-year longitudinal cohort study. The
patients were grouped according to the Clinical Dementia Rating (CDR). Group-wise comparisons were made with regard to
demographlc characteristics, motor symptoms, neuropsychological performances and 18F-fluorodeoxyglucose posutron
emission tomography.

Results: Patients who had memory-plus cognitive impairment (patients whose CDR was 0 at baseline and 0.5 in memory
and other domains at follow-up, and those whose baseline CDR was 0.5 in memory and other domains) exhibited higher
age at onset, visuoperceptual impairment, non-tremor-dominant motor disturbance, rapid symptomatic progression and
posterior neocortical hypometabolism. In patients who were cognitively unimpaired and those who had memory-dominant
cognitive impairment (patients whose CDR was 0 at baseline and 0.5 only in memory domain at follow-up, and those whose
baseline CDR was 0.5 only in memory domain), the posterior neocortex was relatively unaffected until a later stage of the
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Conclusions: These results suggest that visuoperceptual impairment and the early involvement of the posterior neocortex
may be risk factors for rapid symptomatic progression and dementia in PD.
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is relatively confined to the brainstem for a longer period of time in
patients with a tremor-dominant motor subtype and no cognitive
impairment. [7] If such provisional clinico-pathological relation-
ships are genuine and if specific subtypes of cognitive impairment
are associated with the future development of dementia, these
cognitive subtypes may be associated with specific clinico-
pathological subtypes.

Previous morphometric MRI and 18F-fluorodeoxyglucose
positron emission tomography (FDG-PET) studies have demon-
strated greater frontal, temporal and occipital gray matter volume
reduction and greater frontal and parietal cortical hypometabo-

Introduction

The cognitive features of Parkinson’s disease (PD) are hetero-
geneous and can be categorized into several major subtypes. [1,2]
However, the neural substrates underlying the cognitive subtypes
remain to be elucidated. Recent studies have demonstrated that
there are correlations between cognitive impairment and non-
cognitive features in PD: patients who develop dementia have a
higher age of onset, rapid symptomatic progression, anosmia and a
non-tremor-dominant motor subtype. [3,4,5,6] Consistent with
these observations, neuropathological studies have suggested that

the anatomical distribution of Lewy-related pathology differs
depending on the clinical subtypes. The pathology rapidly evolves
from the brainstem into the cerebral cortex in patients with the
non-tremor-dominant motor subtype and/or dementia, whereas it

PLOS ONE | www.plosone.org

lism in PD patients with dementia or mild cognitive impairment
(MCI) compared with cognitively unimpaired patients.
[8,9,10,11,12] In agreement with these neuroimaging findings,
several neuropathological studies demonstrated the relationship
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between dementia and limbic and/or neocortical neurodgenera-
tion. [13,14,15] However, there is only a little evidence for
neuroimaging features predictive of later development of dementia
and for distinctive progression patterns of cortical lesions among
the PD subtypes. The sole previous longitudinal FDG-PET study
of PD demonstrated that patients who developed dementia 1 to 3
years later exhibited occipito-parietal hypometabolism at baseline.
[16] To further address this issue, we investigated the relationship
among cognitive subtypes, other clinical features and changes in
regional brain glucose metabolism (CMRglc) over 3 years in a
cohort of PD patients.

Methods

All procedures in this study followed the clinical study guidelines
of Tohoku University Hospital and were approved by its ethics
committee. The patients gave written informed consent after
receiving a detailed explanation of the study. When the patients
had a compromised ability to consent, their family members gave
consent on behalf of the patients.

Subjects

We analyzed 55 patients with PD without dementia (mean age
65.4*6.5 years; 27 women) who participated in a 3-year
longitudinal study at Tohoku University Hospital. Details of the
study design have been described elsewhere. [3,9,17] Briefly,
outpatients at the movement disorder clinic who met the following
criteria were recruited in the study: fulfillment of the diagnostic
criteria of the United Kingdom Parkinson’s Disease Society Brain
Bank; aged 50 years or more; absence of dementia according to
the Diagnostic Statistical Manual-IlIR 18] and a Clinical
Dementia Rating (CDR) [19] overall score of 0 or 0.5, no
evidence of diabetes mellitus; no history of other neurological or
psychiatric diseases; and no evidence of infarcts, bleedings, tumors
and other focal brain lesions on MRI. Of 88 consecutive patients,
33 patients dropped out for the following reasons: 4 patients died;
4 were institutionalized; 1 developed psychosis; 2 developed
myocardial infarction or cerebral infarction; 9 moved to hospitals
near their homes; 6 did not return for follow-up visits for unknown
reasons; the initial diagnosis of PD was dismissed in 3 patients; and
4 were excluded because of incomplete clinical or imaging data.
Fourteen healthy volunteers (mean age 63.1£4.4 years; 6 women)
were recruited as controls for neuroimaging. There were no
significant differences in age (¢{=1.6, p=0.1) or sex x*=0.2,
p=0.7) between the patient and control groups.

Comparison of patient classification procedures: the
neuropsychology-based criteria versus the Clinical
Dementia Rating

Measuring cognitive changes is challenging because there is no
very reliable change measures. Practice effects associated with the
repeated administration have a great impact on neuropsycholog-
ical test performance, yielding spurious cognitive improvement
over time. [20,21,22,23] A recent study demonstrated that
previous test exposures lead to bias towards normal cognition in
the diagnosis of MCI. [24]In addition, cognitive assessment in PD
is complicated by motor symptoms, such as bradykinesia and
tremor, and medication-related effects. [2] To take these problems
into account, global cognitive measures and/or caregiver inter-
views have been used in longitudinal intervention trials for
cognitive disorders. [25,26,27,28] According to this convention,
we have introduced the CDR, a global cognitive measure based on
examinations by clinicians and caregiver interview, in our cohort

study of PD. [3,9,17] To examine the rationality of the use of the
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CDR in the classification of cognitive status in PD, we compared
the 3-year cognitive changes based on the neuropsychology-based
criteria for MCI in PD (PD-MCI) and those based on the CDR in
the patients (n =46) who completed neuropsychological tests for
memory, visuoperceptual ability and attention/working memory
(see below for the details of the neuropsychological tests). PD-MCI
was defined according to the Movement Disorder Society
Guideline for PD-MCI Level I (MDS PD-MCI criteria), in which
the diagnosis of PD-MCI required impairments of | to 2 standard
deviations (SDs) below norms on at least 2 neuropsychological
tests. [29] In the CDR-based criteria, the patients were classified as
CDR 0 (unimpaired cognition) or CDR 0.5 (cognitive impairment
which mildly affecting their everyday life).

Patient classification based on the Clinical Dementia
Rating

The CDR, which was designed to provide a rating scale for
subjects from normal cognition through various stages of
dementia, is widely considered to be a reliable scale for staging
the severity of cognitive dysfunction. [19] The CDR comprises 6
subdomains, i.e., memory, orientation, judgment and problem
solving, community affairs, home and hobbies and personal care.
In matters related to the domains of community affairs, home and
hobbies, and personal care, we asked the patients and their
caregivers about cognition-related functional decline separately
from disability arising from physical impairment in order to
eliminate as far as possible the effects of non-cognitive symptoms.
[9,17].

The primary aim of the current study is to discover clinical
features and distinctive brain metabolic patterns of patients who
have rapid cognitive deterioration. To this end, we first focused on
40 patients who were cognitively unimpaired (CDR 0) at baseline.
Among these patients, 26 patients were cognitively unchanged
over 3 years (CDR 0 at the third year; non-converters), 7 worsened
only in the memory domain (memory-only converters) and 6
worsened in the memory and non-memory domains (memory-plus
converters). The remaining patient, who showed deterioration
only in a non-memory domain, was excluded from the analyses.
Second, we analyzed patients whose overall CDR scores were 0.5
at baseline to investigate longitudinal brain metabolic changes
after PD patients developed mild cognitive deficits. Eight patients
who scored =0.5 only in the memory domain at baseline (baseline
memory-only) and 6 patients who scored =0.5 in the memory and
other domains (baseline memory-plus) were recruited for the
study. We speculated that the baseline memory-only and the
baseline memory-plus patients may represent the clinico-patho-
logical stages following the memory-only converters and the
memory-plus converters, respectively. We conducted group
comparisons separately among the groups of baseline CDR 0,
specifically non-converter, memory-only converter and memory-
plus converter patients, and between the groups of baseline CDR
0.5, specifically baseline memory-only and baseline memory-plus
patients, because our interest was in longitudinal changes in
clinical symptoms and brain glucose metabolism.

Cognitive and motor assessments

The Mini-Mental State Examination (MMSE) and the Word
Recall subtest of the Alzheimer’s Disease Assessment Scale
(ADAS) were used to assess general cognitive function and
episodic memory, respectively. [30,31] Visuoperception was
assessed using the correct response score on_the overlapping-
figure identification test. [32] A subset of patients underwent the
backwards digit-span test to assess their working memory (the
number of patients is indicated in Tables 1 and 2). [29] Further
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details have been described elsewhere. {17,32] Motor symptoms
were assessed using the Unified Parkinson’s Disease Rating Scale
(UPDRS) part III. We calculated the rate of progression indices for
the clinical measures described above using the following formula:
(rate of progression) = [(third year score)-(baseline score)]/(years of
interval). [33] The tremor and non-tremor motor scores were
calculated based on the UPDRS parts II and IIL. [5].

Statistical analyses

Group-wise comparisons of demographic data and baseline
scores and progression rates of the cognitive and motor measures
were analyzed using the statistical methods described in the
captions of Tables 1 and 2. Two-way repeated-measures
analysis of variance (ANOVA) with motor subtypes (the tremor
and non-tremor scores of UPDRS) and time (baseline and third
year) was performed to characterize the motor features of the
groups. To enable comparisons with previous studies in which
cognitive subtypes were determined by neuropsychological test
scores, we investigated the number of patients whose scores were 1
SD or more below the mean of normative data for the ADAS-
word recall, overlapping figure and backwards digit-span tests.

18F-fluorodeoxyglucose positron emission tomography

The mean interval between the clinical assessments and the
positron emission tomography (PET) scan was 4.6 days. Each
patient had fasted, and dopaminergic medication had been
discontinued for at least 5 hours before the scan. Scanning was
performed after an injection of 185-218 MBq 18F-fluorodeox-
yglucose (FDG). After an FDG-uptake period of 1 hour, a 20-
minute scan was acquired while the patient was at rest. Details of
the scanning procedures have described elsewhere. [17,32] Image
pre-processing and statistical analysis were performed using SPM5
(http:/ /www.fiLion.uclac.uk/spm/). All images were normalized
onto the standard FDG template with nonlinear warping
algorithms, reconstructed into 2 mm® isotropic voxels and
smoothed with 10 mm full width at balf-maximum. Global
normalisation was performed using proportional scaling, and
threshold masking was set at 0.8. Cross-sectional comparisons
between the patient groups and the controls were performed using
t-test. Two-way repeated-measures ANOVA was used for cross-
sectional and longitudinal comparisons of the patient groups. Age
and sex were included as nuisance variables in all of the
comparisons. The UPDRS part IIl score was included as a
nuisance variable in the comparisons among the patient groups.
The statistical threshold was set at an uncorrected p<<0.001 at the
voxel level and at 20 voxels at the cluster level.

Results

Comparison between the neuropsychology-based
criteria and the Clinical Dementia Rating-based criteria

The results are summarized in Figure 1. The neuropsychol-
ogy-based classification according to the MDS PD-MCI criteria
exhibited a spurious improvement over 3 years in 5 of the 12
patients who were classified to PD-MCI at baseline, whereas such
an effect was observed only in 1 of the 11 patients who scored 0.5
on the baseline CDR (Figure 1). Based on these preliminary
findings, we decided to employ the CDR-based cognitive criteria
in the current study.
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Clinical profiles of the patient groups of baseline Clinical
Dementia Rating 0

The results are summarized in Table 1. There were no
significant differences among the non-converters, memory-only
converters and memory-plus converters in sex, education, disease
duration, levodopa equivalent dose or test-retest interval. The
memory-plus converters had a significantly higher age of onset and
a higher age at baseline than did the non-converters.

Baseline performance of the overlapping figure test was lower in
the memory-plus converters than in the non-converters (F = 10.1,
p<0.001). The baseline performance of the backwards digit-span
was worse in the memory-only converters than it was in the non-
converters (F= 7.1, p<0.01). No group differences were observed
in baseline MMSE or baseline ADAS word recall. There were no
significant differences in the progression rate on any of the
cognitive tests.

No significant difference was observed in the baseline UPDRS
part III among the three groups. The progression rate of the
UPDRS part III was greater in the memory-plus converters than it
was in the non-converters and the memory-only converters
(F=6.8, p<0.01). The UPDRS non-tremor score was higher in
the memory-plus converters than it was in the other groups
(F=18.8, p<0.001), and no significant main effect of time or
interaction between motor subtypes and times was observed.

Clinical profiles of the patient groups of baseline Clinical
Dementia Rating 0.5

The results are summarized in Table 2. There were no
significant differences between the baseline memory-only and the
baseline memory-plus patients in age at baseline, sex, education,
age of onset, disease duration, levodopa equivalent dose or test-
retest interval. No significant group differences were observed in
the baseline scores or progression rates on any of the cognitive
tests. No significant difference was observed in the baseline
UPDRS part IlI score. The UPDRS part III progression rate was
greater in the baseline memory-plus patients than it was in the
baseline memory-only patients (t = —2.4, p<0.05). The UPDRS
non-tremor score was higher in the baseline memory-plus patients
than it was in the baseline memory-only patients (F=8.0, p<
0.001).

Positron emission tomography: comparisons between
patient groups and controls

Compared with the controls, the non-converters and memory-
only converters exhibited patchy, discrete areas of hypometabo-
lism in the frontal, temporal and occipital cortices at baseline
(Figures 2A and 2B). The memory-plus converters showed
extensive hypometabolic areas in the temporo-parietal and
occipital cortices compared with the controls (Figure 2G).

The regional pattern of metabolic reduction relative to the
controls was similar among the baseline memory-only patients, the
non-converters and the memory-only converters (Figure 2D).
The baseline memory-plus patients showed a similar but more
extensive hypometabolism compared with the memory-plus
converters, in whom the metabolic reduction relative to controls
was greatest in the temporo-parietal and medial parietal cortices
(Figure 2E).

Positron emission tomography: comparisons among the
patient groups of baseline Clinical Dementia Rating 0
At baseline, there was no significant difference in regional
glucose metabolism between the non-converters and memory-only
converters (Figure 3A). The memory-plus converters showed a
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Figure 1. Diagrams of the 3-year cognitive changes observed in patients. in (A), the patients were classified as having Parkinson's disease
without cognitive impairment (PD) or PD with mild cognitive impairment (PD-MCJ) based on neuropsychological tests. (B) shows the results based on

the Clinical Dementia Rating (CDR)-based patient classification.
doi:10.1371/journal.pone.0110547.g001

stronger metabolic reduction in the parietal and occipital cortices
compared with the non-converters and amnesic converters at
baseline (Figures 3B and 3C).

The non-converters showed a significant metabolic decline over
3 years in the frontal, temporal, medial parietal and occipital
cortices and the thalamus (Figure 4A). In the memory-only
converters, regional glucose metabolism was decreased in the
anterior cingulate cortex, medial temporal lobe, caudate nucleus
and midbrain over 3 years (Figure 4B). No significant longitu-
dinal metabolic change was observed in the memory-plus
converters (Figure 4C). An ANOVA interaction demonstrated
that metabolic decline over 3 years in the medial temporal lobe
was greater in the memory-only converters than it was in the non-

converters (Figure 4F).

Positron emission tomography: comparisons between
the patient groups of baseline Clinical Dementia Rating
0.5

The baseline memory-only patients had lower baseline regional
glucose metabolism in the medial temporal lobe, cingulate cortex
and dorsal brainstem regions than did the baseline memory-plus
patients, whereas the regional glucose metabolism in the temporo-
parietal and medial parietal cortices was lower in the baseline
memory-plus patients than it was in the baseline memory-only
patients (Figures 3D and 3E).

Regional glucose metabolism was decreased over 3 years in the
parietal cortex in the baseline memory-only patients, whereas a
longitudinal metabolic decline was observed in discrete regions of
the basal forebrain and the brainstem in the baseline memory-plus
patients (Figures 4D and 4E). An ANOVA interaction revealed
circumscribed ventral frontal and basal forebrain regions that
showed a greater 3-year metabolic decline in the baseline memory-
plus patients than in the baseline memory-only patients (Fig-
ure 4G).

Discussion

Early visuoperceptual impairment and posterior cortical
hypometabolism may represent the clinical subtypes of
rapidly progressive motor symptoms and severe
cognitive impairment

The clinical entity of PD encompasses a wide variety of
symptoms, including motor, sensory, cognitive and autonomic
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disturbances. Recent cluster-analysis studies have suggested that
two major clinical subtypes can be extracted from the clinical
diversity: one subtype is characterized by a young age of onset,
slow disease progression, tremor-dominant motor features and
preserved cognition, and the other is associated with an older age
of onset, rapid disease progression, non-tremor-dominant motor
features and cognitive impairment. [5,6,34] In parallel with these
discoveries, there has been growing evidence of the neuropatho-
logical diversities underlying these clinical subtypes. Patients with a
young age of onset, slow progression and tremor-dominant motor
features are reported to have neuropathological features that
conform to Braak’s pathological staging scheme, in which Lewy-
related pathology begins in the lower brainstem (stages 1-2);
ascends to the midbrain (stage 3}, thalamus and limbic structures
(stages 4); and finally reaches the neocortex (stages 5-6). [35] By
contrast, patients with an older age of onset, non-tremor-dominant
motor features and/or dementia are associated with dispropor-
tionately severe neocortical Lewy-related pathology and concom-
itant Alzheimer’s disease-related pathology. [14,15].

In the current study, the memory-only converters showed a
metabolic decline over 3 years in the anterior cingulate and medial
temporal cortices (Figure 4B). The baseline memory-only
patients, whose baseline cognitive status was similar to that of
the memory-only converters at the third year, showed a metabolic
decline in the parietal cortex (Figure 4D). Assuming that these
patient groups represent a single cognitive subtype at different time
points, these results suggest that neurodegeneration first affects the
limbic structures and next encroaches on the posterior neocortex.
This pattern of brain metabolic changes is largely consistent with
Braak’s scheme. [7] A longitudinal PET analysis of the non-
converters demonstrated 3-year metabolic decline in the thalamus
and occipital cortex (Figure 4A). A direct comparison between
the non-converters and the memory-only converters revealed no
significant group difference at baseline but greater metabolic
decline over time in the memory-plus converters than in the non-
converters (Figures 3A and 4F). These two groups of patients
may represent slightly different subpopulations of a clinico-
pathological subtype that conforms to Braak’s scheme.

The memory-plus converters exhibited extensive posterior
cortical hypometabolism at baseline compared with the controls
and the non-converters (Figures 2C, 3B and 3C). Likewise,
more extensive posterior cortical hypometabolism was observed in
the baseline memory-plus patients compared with the baseline
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Table 1. Demographic and clinical profiles of patients with a Clinical Dementia Rating of 0 at baseline.

Non-converter Memory-only converter Memory-plus converter
(N=26) (N=7) (N=6) Differences among groups
Age at baseline (years) 62.2*+59 67.7%5.5 71.8%26 Memory-plus>Non-converters®
Gender (male/female) 12/14 2/5 1/5
Education (years) 11.8%25 111225 12.0x28
Test-retest interval (days) 1140.2+110.7 1107.7+43.5 1109.7+59.7
Disease duration at baseline (years) 43+3.7 5.0£6.9 5.0%3.2
Age at onset (years) 58.0%7.3 63.6%6.0 67.2+54 Memory-plus>Non-converters®
Levodopa equivalent dose at baseline (mg/day) 303.5+233.1 378.9+320.4 533.6£340.2
UPDRS part Ill Baseline 18073 18.9%8.0 16.5%6.2
Progression rate —-0.02+2.0 —0.8+0.8 4.0+5.2 Memory-plus>>Non-converters®; Memory-plus>
(/years) i Memory-only®
UPDRS tremor scoref Baseline 05+04 04%06 0.3*04
Third year 0.3+0.3 0.2+0.2 0.3+0.3 Main effect of non-tremor score: Memory-plus>
Non-converters”;
Memory-plus>Memory-only®
UPDRS non-tremor score § Baseline 0.7+03 0704 0.7x0.2
Third year 0.8+0.3 0.7+0.4 16%0.2
CDR sum of boxes Baseline 0 0 0 NE
Third year 0 0.5 18+08 NE
MMSE Baseline {/30) 282+1.8 27.3x26 275%19
Progression rate 0.1+0.6 —0.1+0.9 —0.6x0.7
(/years)
ADAS word recallf Baseline (/30) 19.3+3.4 17345 17.8+4.4
Progression rate 0.6+0.9 1.2£1.1 —0.03£1.2
(/years)
Overlapping figuret Baseline (/40) 334+4.0 29,624 253%63 Non-converters>Memory-plus®
Progression rate -0.2+1.0 0709 —-0.9+2.0
(/years)
Backward digit-span§ Baseline 44+0.8 3.0x09 4.0x0.7 Non-converters>Memory-only®
Progression rate -0.1%0.3 0.1+0.4 —0.2%0.2
(/years)
# of patients below ~1 SD ADAS word recall 9/26 3/26 37 7 3/6 3/6 NE
at baseline and at third year
Overlapping figuret 4/26 3/26 2/7 0/7 5/6 5/6 NE
Backward digit-span§  1/25 5/25 4/6 4l6 1/5 3/5 NE

Analysis of variance with post-hoc Tukey's test was used for group-wise comparisons of baseline scores and progression rates except for the UPDRS tremor/non-tremor scores. Two-way analysis of variance with post-hoc Tukey's
test was used for the UPDRS tremor/non-tremor scores. Data are given as the mean=SD except for the fields with asterisks. a and b indicate p<0.05 and p<0.01, respectively.

*Data are given as (the number of patients below —1 SD)/(the number of patients who underwent the test).

#The scores were calculated according to Lewis and colleagues. [5] Data were obtained from 21 non-converters, 6 memory-only converters and 5 memory-plus converters.

*The mean score for controls (n=20, 65.5+4.8 years) is 21.3%3.5., [49].

*The mean score for controls (n=24, 66.1£5.3 years) is 32.94.4. [32].

5The mean score for controls (n=20, 65.5:4.8 years) is 4.8=1.0, [49],

Abbreviations: UPDRS, Unified Parkinson's Disease Rating Scale; CDR, Clinical Dementia Rating; MMSE, Mini-Mental State Examination; ADAS, Alzheimer’s Disease Assessment Scale; NE, not examined.
doi:10.1371/journal.pone.0110547.t001
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Table 2. Demographic and clinical profiles of patients with a Clinical Dementia Rating of 0.5 or more at baseline.

Baseline memory-

Baseline memory-

only (N=8) plus (N=6) Differences between groups

Age at baseline (years) 69.0+6.6 66.2+55

Gender (male/female) 6/2 6/0

Education (years) 123+23 14327

Test-retest interval (days) 1115.3%£107.1 1096.7+54.7

Disease duration at baseline (years) 6.8+3.3 9.7+6.8

Age at onset (years) 62.4+6.6 56.6+8.0

Levodopa equivalent dose at baseline (mg/day) 453.6+163.1 658.6+337.9

UPDRS part Il Baseline 27.1%54 23.8%6.6
Progression —07+33 46+5.0 Baseline memory-plus>Baseline memory-only®
fate
(/years)

UPDRS tremor§ Baseline 0.7x0.5 04+0.6
Third year 03%0.2 04+07 Main effect of non-tremor score: Baseline memory-plus>

Baseline memory-oniy*

UPDRS non-tremorf Baseline 1.2+0.2 1.0x0.1
Third year 1.1x0.2 17207

CDR sum of boxes Baseline 0.5 21*13 NE
Third year 14x1.2 53+4.1 NE

MMSE Baseline {/30) 27.0+3.0 27.0+2.2
Progression -0.3x0.7 —-1.1x27
rate
(/years)

ADAS word recallt Baseline (/30) 17.9*4.1 14354
Progression —0.1%x14 —03%1.2
rate
(/years)

Overlapping figurel Baseline (/40) 29.6+4.1 29.4%6.2
Progression 0111 —2.4%3.1
rate
(/years)

Backward digit-span$ Baseline 36x1.0 3.8+05 NE
Progression =0.1%01 -0.3+03 NE
rate
(/years)

# of patients below —1 SD at ADAS word 4/8 3/8 5/6 5/6 NE

baseline and at third year recallf
QOverlapping  3/8 4/8 2/5 5/5 NE
figuret
Backward 3/7 4/7 174 2/4 NE
digit-span$

*The mean score of controls (n=20, 65.5=4.8 years) is 21.3=3.5. [49].
¥The mean score of controls (n=24, 66.1+5.3 years) is 32.9+4.4. [32].

Assessment Scale; NE, not examined.
doi:10.1371/journal.pone.0110547.t002

memory-only patients (Figures 2E and 3E). These findings can
be interpreted in two ways: the posterior neocortical hypometab-
olism found in these patients may represent pathological changes
in Braak stages 5-6, or they may represent a pathological
progression pattern that does not conform to Braak’s scheme.

PLOS ONE | www.plosone.org

Two-sample t-tests were used for group-wise comparisons of baseline scores and progression rates except for the UPDRS tremor/non-tremor scores. A two-way analysis
of variance was used for the UPDRS tremor/non-tremor scores. No group-wise comparisons were performed for the backward digit-span owing to the small number of
subjects. Data are given as the mean=SD except for the fields with asterisks. a and b indicate p<0.05 and p<0.01, respectively.

*Data are given as {the number of patients below —1 SD)/{the number of patients who underwent the test).

TThe scores were calculated according to Lewis and colleagues. [5] Data were obtained from 6 baseline memory-only and 6 baseline memory-plus patients.

*The mean score of controls (n =20, 65.54.8 years) is 4.8:1.0. [49]; a statistical comparison was not performed owing to an insufficient number of subjects.
Abbreviations: UPDRS, Unified Parkinson's Disease Rating Scale; CDR, Clinical Dementia Rating; MMSE, Mini-Mental State Examination; ADAS, Alzheimer’s Disease

[7] The latter was suggested by the following clinical and
neuroimaging findings. First, the severity of motor symptoms at
baseline was equivalent in the memory-plus converters, non-
converters and memory-only converters, suggesting that the three
groups had similar degrees of midbrain pathology. In other words,
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Figure 2. Areas of relative reduction in regional cerebral glucose metabolism in the patient groups compared with controls.
Rendered images are shown in the order of the left lateral, left medial, right medial and right lateral.

doi:10.1371/journal.pone.0110547.9g002

if the memory-plus converters represented a more advanced stage
of the disease than did the other groups, they would not present
with an equivalent severity of motor symptoms. Second, a
comparison of metabolic patterns between the baseline memory-
only and the baseline memory-plus patients showed a double
dissociation in which posterior neocortical hypometabolism was
more severe in the baseline memory-plus patients, whereas

PLOS ONE | www.plosone.org

hypometabolism in the medial temporal lobe was more severe in
the baseline memory-only patients (Figures 3D and 3E). These
findings suggest that the brainstem and neocortex may be affected
nearly simultaneously without marked limbic involvement in the
memory-plus converters and the baseline memory-plus patients. A
parallel finding was reported in a population-based cohort study in
which incidental Lewy-related pathology was found in the
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(A) Non-converters < Memory-only converters

No significant differences

(B) Memory-plus converters < Non-converters

Figure 3. Group comparisons of regional cerebral glucose metabolism at baseline. (A) to (C) show the results of comparisons between
patient groups with baseline Clinical Dementia Rating (CDR) 0, and (D) and (E) show the results of comparisons between groups with baseline CDR
0.5. Rendered images are shown in the order of the left lateral, left medial, right medial and right lateral. The left side of a coronal section corresponds

to the left side of the brain.
doi:10.1371/journal.pone.0110547.g003

brainstem and neocortex but not in the limbic structures (medial
temporal and cingulate cortices) in 3% of cases. [36].

From the viewpoint of prediction and early intervention, it is
critical to establish the cognitive and neuroimaging features that
are associated with rapid symptomatic deterioration and the future
development of dementia. [2] In the current study, the memory-
plus converters exhibited clinical features that are consistent with
those of the clinical subtype associated with the rapid progression
of motor symptoms and/or dementia, including rapid declines in
the CDR sum of boxes and the UPDRS part III scores, and non-
tremor dominant motor features (Table 1). [4,5,6] They had
impaired performance on the overlapping-figure test (Table 1)

PLOS ONE | www.plosone.org

and posterior cortical hypometabolism at baseline (Figures 2C,
3B and 3C), suggesting that early visuoperceptual impairment
and posterior neocortical involvement may be risk factors for rapid
symptomatic deterioration and the future development of demen-
tia. The predictive value of visuoperceptual impairment for the
future development of dementia in PD has been demonstrated in 3
of the 4 previous longitudinal neuropsychological studies with a
follow-up of 2 years or more. [37,38,39,40] Similarly, a recent
study demonstrated that patients with non-amnestic multi-domain
MCI that had visuoperceptual deficits were associated with
bradykinesia and gait disturbance (non-tremor-dominant motor
features), suggesting a link to the rapidly progressive, dementia-
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Non-converters

Metabolic decline over 3 years

(B) Memory-only converters (D) Baseline memory-only

Metabolic decline over 3 years Metabolic decline over 3 years

(C) Memory-plus converters (E) Baseline memory-plus

Metabolic decline over 3 years Metabolic decline over 3 years

No significant differences

(F) Non-converters vs Memory-only converters

Group x Time Interaction

(G) Baseline memory-only vs Baseline memory-plus

Group x Time Interaction

Figure 4. Longitudinal changes in regional cerebral glucose metabolism. (A) to (E) show 3-year metabolic declines in the individual patient
groups. (F) and (G) show group x time interactions between the non-converters and the memory-only converters and between the baseline memory-
only patients and the baseline memory-plus patients, respectively. Rendered images show the left hemisphere. The left sides of coronal sections
correspond to the left side of the brain.

doi:10.1371/journal.pone.0110547.g004
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related clinico-pathological subtype. [41] Although there is no
neuropathological evidence for the relationship between lesions in
the particular cortical regions and rapid symptomatic progression
and dementia in PD, a previous longitudinal FDG-PET study
demonstrated that parieto-occipital hypometabolism preceded the
development of dementia. [42].

Memory impairment and its predictive value for future
development of dementia in PD

Recent studies have demonstrated that memory impairment is
the most common cognitive deficit in non-demented PD. [43,44]
In agreement with these findings, positive scores on the memory
subdomain were the most commonly observed CDR findings and
baseline impairment in the ADAS-word recall test was found in
45% of the patients in the current study (Tables 1 and 2).
However, the results of the previous longitudinal neuropsycholog-
ical studies were split regarding the predictive value of memory
impairment for dementia in PD. [37,38,39,40] One of the possible
factors associated with this inconsistency is the variability of
memory tests. The materials to be remembered (words, stories or
figures) and the duration of retention (immediate or delayed) vary
from test to test. Another possible factor which contribute to the
low predictive value of memory impairment for dementia is the
variability of the neural substrates of memory impairment in PD.
Memory impairment in PD is associated with both dysexecutive
retrieval deficits due to fronto-striatal dopaminergic insufficiency
and mnemonic dysfunction due to hippocampal degeneration.
[45] In the current study, baseline impairment on the backward
digit-span observed in the memory-only converters suggests the
possible contribution of executive/working memory deficits to
memory complaints in PD (Table 1), whereas the relative medial
temporal hypometabolism in the memory-only converters and the
baseline memory-only patients suggested the role for hippocam-
pal/medial temporal dysfunction (Figures 3D, 4B and 4F).
Furthermore, a third mechanism' of memory impairment is
indicated by the findings of the current study; the memory-plus
converters and the baseline memory-plus patients did not show
significant hypometabolism in the medial temporal lobe despite
their obvious memory problems, but they instead showed
temporo-parietal and medial parietal hypometabolism (Figur-
es 2C, 2E, 3B, 3C and 3E). The involvement of the parietal
lobe in memory tasks has been documented in functional
neuroimaging studies, but its functional role has been a matter
of debate. [46].

Limitations

There are a number of limitations in the current study. First,
although we claim that the memory-plus converters represent the
rapidly progressive clinical subtype, no significant metabolic
changes over 3 years were observed in this patient group. The
following reasons can be suggested for this negative finding: (1) the
small sample size may have result in a low statistical power; and (2)
diffuse metabolic decline across the entire cerebral cortex may
have obscured by the proportional scaling in the PET analysis.
Consistent with the latter, a supplementary PET analysis in which
a cerebellar reference was used instead of the proportional scaling
demonstrated a CMRglc reduction over 3 years in the preforntal
cortex in the memory-plus converters (Figure S1).
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