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Parkinson’s disease (PD) has been recognized as a multi-
systemic neurodegenerative disorder with typical motor
symptoms, including static tremor, bradykinesia, rigidity,
postural instability, and gait difficulty. In addition to the
defining dopamine-related motor symptoms, however, in-
creasing evidence has shown that PD patients often expe-
rience a series of nonmotor symptoms, including mood and
behavior disorders, cognitive impairment, brain-gut-axis
disorders, autonomic system failure, sensory symptoms,
and sleep disturbances.

Cognitive impairment is one of the most devastating and
common nonmotor symptoms of PD. People with PD exhibit
more rapid decline in a number of cognitive domains, in
particular, executive, attentional, and visuospatial domains,
but also memory especially skill/implicit learning. As we all
know, the underlyingmechanism ofmotor symptoms of PD is
depleted dopaminergic cells in the substantia nigra. In con-
trast, the pathophysiological basis of cognitive impairments in
PD remains uncertain. Disrupted frontal-subcortical circuits
due to dopaminergic neuron damage and wide deposition of
α-synuclein, β-amyloid, and tau proteins might play a role. In
K. Li et al.’s paper, they summarized rs-fMRI studies on
cognitive function in PD and discuss the strong potential of rs-
fMRI in this area. rs-fMRI can help reveal the pathophysiology
of cognitive symptoms in PD, facilitate early identification of
PD patients with cognitive impairment, distinguish PD de-
mentia from dementia with Lewy bodies, and monitor and
guide treatment for cognitive impairment in PD. In particular,

ongoing and future longitudinal studies would enhance the
ability of rs-fMRI in predicting PD dementia. In combination
with other modalities such as positron emission tomography,
rs-fMRI could give us more information on the underlying
mechanism of cognitive deficits in PD.

Progressive supranuclear palsy (PSP) was first described
as a progressive neurological disorder with motor, ocular, and
cognitive features. Both PSP and PD are characterised by
extrapyramidal syndromes, each of which can comprise
symptoms of bradykinesia, rigidity, and/or postural in-
stability. Clinically, it remains difficult to distinguish from
Parkinson’s disease (PD). In J. A. Foley et al.’s paper, they
investigated whether the newly developed ECAS, designed to
be used with people with even severe motor disability, was
sensitive to the cognitive impairment seen in PD and PSP and
able to distinguish between these two disorders. It is de-
veloped to be used with patients with even severe physical
disability and thus may be suitable for detecting cognitive
impairment in all motor disorders. Many of the subtests can
be performed either orally or manually, with some measures
corrected for motor speed, reducing the impact that physical
disability may have performance on cognitive tests. It also
allows the clinician to track cognitive impairment throughout
the disease course, crucial for any longitudinal studies. ECAS
is a quick, simple, and inexpensive test that can be used to
support the differential diagnosis of PSP.

How to get cognitive training? 'ere are two frequently
used methods: standard or tailored. Standard cognitive
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training involves cognitive tasks that are not customised to
the individual’s cognitive deficits, whereas tailored cognitive
training is deficit specific. In B. J. Lawrence et al.’s paper,
they examined whether standard cognitive training, tailored
cognitive training, transcranial direct current stimulation
(tDCS), standard cognitive training + tDCS, or tailored
cognitive training + tDCS improved cognitive function and
functional outcomes in participants with PD and mild
cognitive impairment (PD-MCI). And the outcomes im-
proved for the groups that received standard or tailored
cognitive training combined with tDCS. Participants with
PD-MCI receiving cognitive training (standard or tailored)
or tDCS demonstrated significant improvements on cog-
nitive and functional outcomes, and combining these in-
terventions provided greater therapeutic effects.

Another method, bilateral deep brain stimulation of
subthalamic nucleus (STN-DBS), has been proven to be
effective in improving motor symptoms in Parkinson’s
disease (PD) patients. However, psychiatric changes after
surgery are controversial. So in Y. Wang et al.’s paper, they
specifically analyzed apathy following bilateral STN-DBS in
PD patients using a meta-analysis. 'ey found a significant
difference between the presurgery stage and the postsurgery
stage scores. STN-DBS seems to relatively worsen the
condition of apathy, which may result from both the surgery
target (subthalamic nucleus) and the reduction of dopa-
minergic medication. 'us, in J. A. Foley et al.’s paper, they
examined the use of standardised neuropsychological as-
sessment for the evaluation of surgical candidates and to
identify risk factors for subsequent decline in cognition and
mood. 'ey concluded that neuropsychological assessment
in a sample of patients undergoing DBS for PD is suitable for
the screening of candidates and can identify baseline risk
factors, which requires careful consideration before and after
surgery.

'is issue assembles exciting, distinguished observations
into the state of the art and science, as well as emerging
future topics, in this important interdisciplinary field. We
hope that this special issue would attract a major attention of
the peers. We would like to express our appreciation heart
and soul to all of the authors and reviewers.

XiaoPing Wang
XiJin Wang
HaiBo Chen

Sarah Duff Canning
Xingguang Luo
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DBS is an increasingly offered advanced treatment for Parkinson’s disease (PD). Neuropsychological assessment is considered to
be an important part of the screening for selection of candidates for this treatment. However, no standardised screening procedure
currently exists. In this study, we examined the use of our standardised neuropsychological assessment for the evaluation of
surgical candidates and to identify risk factors for subsequent decline in cognition and mood. A total of 40 patients were assessed
before and after DBS. Evaluation of mood and case notes review was also undertaken. Before DBS, patients with PD demonstrated
frequent impairments in intellectual functioning, memory, attention, and executive function, as well as high rates of mood
disorder. Post-DBS, there was a general decline in verbal fluency only, and in one patient, we documented an immediate and
irreversible global cognitive decline, which was associated with older age and more encompassing cognitive deficits at baseline.
Case note review revealed that a high proportion of patients developed mood disorder, which was associated with higher levels of
depression at baseline and greater reduction in levodopa medication. We conclude that our neuropsychological assessment is
suitable for the screening of candidates and can identify baseline risk factors, which requires careful consideration before and
after surgery.

1. Introduction

Drug therapies for advanced Parkinson’s disease (PD) can be
unsatisfactory, with unwanted side effects, and/or insufficient
control of disabling motor symptoms. *us, there has been
resurgence in interest in surgical treatments, with deep brain
stimulation (DBS) now increasingly offered as an option. DBS
is the chronic, high-frequency electrical stimulation of most
usually the subthalamic nucleus (STN) or internal segment of
the globus pallidus (GPi) [1], which is thought to alter the
pattern of neural activity, with resulting beneficial effects
upon motor function [2]. Its success relies heavily upon
appropriate selection of candidates, which in turn relies in
part upon neuropsychological screening [3, 4]. However, no
standardised screening procedure currently exists, and it
remains unclear what level of cognitive dysfunction precludes

successful surgery. In this study, we discuss the limitations of
existing presurgical protocols and evaluate the use of stand-
ardised neuropsychological assessment in a sample of patients
undergoing DBS for PD. We describe patients’ performance
on this neuropsychological assessment before and after DBS
and identify potential baseline predictors of after DBS decline,
which warrant further investigation.

DBS has been shown to be relatively safe, with few
negative events occurring during or following surgery, when
performed on appropriate candidates [5]. However, STN
DBS is thought to result in better improvements in motor
control; there is some evidence to suggest that it also poses
a greater risk of negatively affecting speech articulation,
impulsive behaviours, and/or mood [6–10], and therefore,
GPi DBS may be preferred for patients presenting with these
difficulties. However, marked global cognitive deterioration
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has also been reported [11, 12], and mild decline in verbal
fluency has frequently been documented [13–30].

Decline in cognitive functioning following DBS has been
found to be more common in patients who are older, es-
pecially above 70 years [29, 31], particularly affecting frontal
executive functions [28]. Yet others have cautioned against
a strict age criterion, as many people older than 70 can
demonstrate good outcomes [32, 33]. Indeed, it has been
reported that other factors, particularly cognitive perfor-
mance, may be more useful as predictors of postoperative
decline [3, 29, 34, 35]. Several studies have suggested that
lower cognitive functioning at baseline is predictive of
poorer cognitive outcome following surgery [36], perhaps
because of lower “cognitive reserve” [35]. It has even been
suggested that the presence of any cognitive deficits at
baseline, particularly in executive function and memory,
should serve as exclusion [36, 37]. However, PD is usually
accompanied by at least mild cognitive deficits, particularly
in executive function, and the evolution of a dementia is
rather insidious, without any clear boundary features. *us,
it remains unclear what level of impairment should con-
stitute a contraindication to surgery.

Despite the widespread agreement on the importance of
appropriate screening and careful selection of surgery
candidates, to the best of our knowledge no standardised
neuropsychological assessment procedure currently exists.
*e Consensus on DBS for PD [38] published guidance on
presurgical screening and selection of patients but did not
provide a presurgical neuropsychological protocol. Rather,
they listed an extensive range of neuropsychological do-
mains to be assessed and tests commonly used. *e tests
listed ranged from very brief screens (including the MMSE)
to very long and extensive batteries (such as the Wechsler
Memory Scales and Delis–Kaplan Executive Functioning
System). *ey stated that tests chosen should be reliable and
valid, with adequate normative data for referencing per-
formance. However, without any guidance on how to choose
between the vast range of tests, nor how to interpret scores
when deciding on suitability for surgery, it remains unclear
how to use neuropsychological assessments to identify
candidates suitable for DBS. Indeed, defining what consti-
tutes unacceptable cognitive dysfunction remains the most
controversial aspect of patient selection [2].

Moreover, there is scant official guidance. *e British
Psychological Society [39] recommends that candidates
undergo presurgery neuropsychological evaluation but does
not describe what this should consist of. *e Australian
guidelines [40] simply recommend that patients should be
able to give a good account of themselves and capable of
giving informed consent. Of course, even marked cognitive
impairment may be masked by higher levels of cognitive
reserve and/or fluctuating levels of attention and vice versa;
gross physical and speech disability may mask intact cog-
nition. *us, the absence of any firm guidelines for the
assessment and interpretation of cognitive performance
clearly poses a significant hurdle for the appropriate se-
lection of candidates for DBS.

In lieu of such guidance, several studies have relied upon
brief cognitive screens only, such as the Mini-Mental State

Examination (MMSE) [41]. *is may be criticised for
a number of reasons. Firstly, the MMSE comprises very few
subtests that are sensitive to the typical cognitive dysfunc-
tion displayed in PD, namely, executive dysfunction [42–48]
and cognitive slowing [49–52] and thus is insufficient for
detecting cognitive impairment [53, 54]. Secondly, the
MMSE suffers from significant ceiling and floor effects [55],
so cannot capture very mild nor very severe cognitive
dysfunction. *irdly, MMSE scores are affected by age and
education [56, 57], so that a low score in an older person
with minimal formal schooling may present a false positive
for dementia. Fourthly, an individual may attain a low
MMSE score for a number of noncognitive reasons, in-
cluding poor speech intelligibility, high levels of anxiety,
fatigue, and distracting dyskinesia. *erefore, a low score on
this test should not necessarily be used to preclude surgery.

Moreover, such brief screening tools do not permit
scrutiny of the wider cognitive profile, important for con-
firming diagnosis. Many cases of “failed” DBS have been
later found to have atypical Parkinsonian syndromes, known
not to benefit fromDBS [58].*us, there is a need to identify
a suitable presurgical neuropsychological protocol, which is
sufficiently sensitive to both the typical cognitive dysfunc-
tion displayed in PD and atypical cognitive decline, as seen
in other Parkinsonian disorders and has clear guidelines for
its interpretation.

In addition to changes in cognition, there are also a few
reports of dramatic deterioration in mood and greatly in-
creased apathy following DBS [22, 59–61], with an associated
elevated risk of suicide despite successful reduction of motor
symptoms [62, 63]. As such deterioration can clearly negate
any potential benefits [64], it is essential that candidates at
high risk of such postoperative decline are identified at
baseline. Specifically, postoperative risk of suicide has been
associated with higher levels of mood disorder, apathy,
and/or family or social stress at baseline [65, 66]. *is may
not only reflect the additional stressor of surgery [67, 68] but
also the direct effects of the stimulation itself [69] and any
reductions in dopaminergic medication [70, 71]. As mood
disorder is so prevalent in PD and may reduce with im-
provements in motor symptoms following surgery [35], it
remains unclear what level of mood disorder should act as an
absolute contraindication for DBS.

*us, the aims of this study were to evaluate the use of
our standardised neuropsychological protocol in the eval-
uation of patients undergoing DBS for PD in order to
identify any contraindication for surgery and to be sensitive
to changes following DBS.

2. Methods

2.1. Participants. A total of 40 patients (29 male, 11 female)
who underwent DBS took part in this study. All patients had
had a diagnosis of idiopathic PD for at least five years
(according to Queen Square Brain Bank criteria), were
younger than 70 years, and suffered from disabling motor
complications despite optimal treatment. Each patient un-
derwent multidisciplinary evaluation to decide on suitability
for DBS. Formal levodopa challenge confirmed dopaminergic
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drug responsiveness. A structural MRI was obtained to exclude
surgical contraindications, such as advanced brain atrophy,
white matter changes, or any other abnormality contra-
indicating surgery. Detailed neuropsychological and neuro-
psychiatric assessments excluded patients with significant
cognitive impairment and/or psychiatric comorbidities. Con-
traindications for STN DBS included the presence of clinically
relevant speech difficulties and cognitive impairment.*e final
decision regarding suitability for DBS and appropriate target
for each patient was taken during a joint meeting of patient,
immediate family, neurologist(s), and neurosurgeon(s).

Motor status was evaluated using part III of the Unified
Parkinson’s Disease Rating Scale (UPDRS-III). Prior to
surgery, patients were assessed in the practically defined “off
state” after overnight withdrawal of anti-Parkinsonian drugs
and the “on state,” following a levodopa challenge using
a suprathreshold dose of oral levodopa. After DBS, motor
assessments were sequentially performed under the fol-
lowing conditions, in open fashion: off medication/on
stimulation (with stimulation switched on after 12 h med-
ication withdrawal) and on medication/on stimulation (1 h
after the administration of a routine dose of levodopa while
stimulation was reintroduced). All medications before and
after surgery were recorded, noting any dopamine agonist
treatment, and levodopa-equivalent dosage was calculated
(www.parkinsonsmeasurement.org). History of impulse
control disorder was recorded by reviewing the medical
notes and noting any mention of compulsive gambling,
eating, shopping, or sexual behaviour before or after DBS.

All patients underwent assessment of neuropsycho-
logical and mood functioning before and after surgery,
under optimal conditions. *us, preoperatively, this was in
the on medication and postoperatively on stimulation/on
medication. *e postoperative assessment was performed
a mean of 19.60 months after surgery (range� 1–54;
SD� 11.56).*is broad range reflected the early recall of one
patient following concern about cognition immediately
following DBS, as well as later routine follow-up of cogni-
tively intact patients after surgery.

*e most appropriate DBS target was chosen on clinical
grounds based on patient motor phenotype, imaging, and
preoperative cognitive assessment. Twenty-eight patients
underwent bilateral STN DBS and twelve bilateral GPi DBS.

2.2. Neuropsychological Assessment. *e tests included
general screening and IQmeasures, as well as tests of specific
cognitive functions. *is was to enable both the quantifi-
cation of any intellectual deficit and the elucidation of
specific cognitive profiles. *us, the measures included tests
of general cognitive functioning, memory, language,
visuoperceptual ability, attention, executive functions, and
speed of processing. *e tests chosen were considered to
have acceptable test validity and reliability, as described
below. *e assessments took around two hours to complete
and were as follows:

(1) *e MMSE was used as a screening test of global
cognitive functioning [41]. It is not sufficient as
a measure of cognition in Parkinson’s disease [53],

but as the “gold standard” screening instrument, it
permits easy comparison between studies.

(2) Vocabulary, similarities, arithmetic, and digit span
subtest scores from the Wechsler Adult Intelligence
Scale-*ird Edition (WAIS-III) [72] were prorated
to generate verbal IQ (VIQ). Picture Completion
and Matrix Reasoning subtest scores were prorated
to generate scores for nonverbal IQ (PIQ). *e
WAIS-III has been found to have good sensitivity
and specificity for cognitive disorders [73] and good
reliability for Parkinson’s disease [74].

(3) *e National Adult Reading Test-Revised (NART-R)
[75] was used to estimate the premorbid level of
intellectual functioning, by generating each patient’s
Predicted Full-Scale IQ (PFSIQ). *e NART-R has
very good interrater and test-retest reliability, and
good validity, although suffers from a ceiling effect
limiting prediction of IQ scores beyond 125.

(4) Memory was assessed using the following:

(a) *e Warrington Words and Faces Recognition
Memory Tests (RMTs) [76] were used to assess
recognition memory. *e RMT correlates well
with other measures of memory and has ade-
quate reliability for patients with neurological
disorders [77, 78].

(b) *e People and Shapes subtests from the Doors
and People Test were used to assess verbal and
visual recall memory (D&P) [79]. *ese tests
have sufficient validity and reliability [80] and
are recommended for assessing recall in PD [81].

(5) *eGradedNamingTest (GNT) [82]was used to assess
language. *e GNT has good test-retest reliability and
is well suited for detecting any gradual changes in
performance over time [83]. Moreover, it is sensitive to
cognitive impairment in Parkinson’s disease [84].

(6) *e Silhouettes subtest from the Visual Object and
Space Perception Battery (VOSP) [85] was used to
assess visuoperceptual functioning. *is test has
been validated as a test of object perception [86] and
is sensitive to visuospatial impairment seen in PD
dementia [87] and atypical PD [88].

(7) Elevator Counting and Elevator Counting with
Distraction subtests from the Test of Everyday At-
tention (TEA) [89] were used to assess sustained and
selective attention. *ese tests have high test-retest
reliability and correlate with other measures of at-
tention. Furthermore, these tests have been shown to
be sensitive to Parkinsonian disorders, including
Lewy body dementia [90].

(8) Executive functioningwas assessed using the following:

(a) FAS and Category subtests from the Delis–
Kaplan Executive Function System (DKEFS) [91]
were used to assess verbal fluency. *e tests have
been standardised and found to be sufficiently
reliable [92].
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(b) *e Stroop [93] was used to assess verbal in-
hibition. It has high reliability [94] and is sen-
sitive to cognitive deficits in PD [95].

(c) *e Hayling and Brixton tests [96] were used to
assess verbal suppression/strategy formation
[97] and nonverbal set-shifting, respectively.
*ey havemoderate sensitivity and specificity for
detecting executive dysfunction [98] and are
sensitive to PD [99, 100].

(9) *e Symbol Search and Digit Symbol Coding sub-
tests from the WAIS-III [72] were used to assess
processing speed. *ese tests have been shown to be
sensitive to PD [101].

2.3. Mood Assessment. All patients were screened for mood
disorder using the Hospital Anxiety and Depression Scale
(HADS) [102] and the Apathy Evaluation Scale (AES) [103].
*ese tests have been validated for use in PD [104, 105].

2.4. Case Note Review. *e case notes were reviewed by one
clinical neuropsychologist (JAF) to identify any change in
cognition, mood, or behaviour since DBS, as highlighted by
the surgery team, neurologists, or nursing staff. Anymention
of decline in memory, attention, perception, language,
reasoning, mood, anxiety, depression, or motivation was
recorded, along with number of months elapsed since
surgery. As discussed before, any mention of a de novo
impulse control disorder was recorded.

2.5. Statistical Analysis. Scores for each of the neuro-
psychological assessments were compared with published
normative data. For each measure, patients were judged to
be impaired if scores were ≤2 SD. When multiple measures
were used, performance was classified as impaired when ≤2
SD on at least one of the measures used.

Normality of distribution was assessed using the
Kolmogorov–Smirnov test and, if significant, by examining
the z-scores for skewness and kurtosis. Homogeneity of
variance was assessed using Levene’s test. Unless otherwise
stated, all data met the assumptions of normality and ho-
mogeneity of variance. Baseline scores of the STN and GPi
DBS groups were compared using t-tests or Mann–Whitney
tests, as appropriate. Pre- and after DBS scores were com-
pared using t-tests for related samples or Wilcoxon signed-
ranks, as appropriate. Pearson’s correlations, chi-squared
analyses, and logistic regression techniques were used to
detect any significant associations. All analyses were con-
ducted using IBM SPSS Statistics Data Editor, version 19.

*e research was done in accordance with the Helsinki
Declaration and the Institute of Neurology Joint Research
Ethics Committee UCLH, NHS Trust Research and De-
velopment Directorate.

3. Results

3.1. Patient Demographics. As shown in Table 1, the STN
and GPi DBS patient groups did not significantly differ in

terms of age, gender split, or premorbid level of intellectual
functioning, as estimated by the NART. *ey also did not
significantly differ in age at diagnosis, duration of disease, or
history of impulse control disorder.

3.2.ClinicalCharacteristics before andafterDBS. At baseline,
there were no significant differences between the STN and
GPi DBS patient groups in UPDRS-III scores off or on
medication, nor in baseline levodopa-equivalent dosage (as
shown in Tables 2 and 3). STN DBS was successful in im-
proving UPDRS-III scores off medication (t(23) � 6.50,

p< 0.001), with a corresponding reduction in levodopa-
equivalent dosage (t(21) � 4.50, p< 0.001). *ere was no
significant difference in UPDRS-III scores on medication. In
the GPi DBS group, there was no significant change in
levodopa-equivalent dosage and change in motor perfor-
mance was not examined because of insufficient collection of
postsurgery motor performance data.

*ere were also no significant differences between the
STN and GPi DBS patients groups in proportion of patients
receiving dopamine agonist treatment before or after DBS.

3.3. Cognitive Performance before and after DBS. When
baseline neuropsychological assessment scores were com-
pared with published normative data, impairment was
documented on at least one domain of cognitive function in
85% of all patients (STN: n � 22, 64.7%; GPi: n � 12, 100%).
In both groups, impairments were frequently in intellectual
functioning, memory, attention, and executive function
(Table 4). *e GPi DBS group also demonstrated frequent
impairments in the additional domains of cognitive screen
and speed. *ere was a significant association between DBS
location and frequency of impairment, with the GPi group
having more frequent impairments on the cognitive screen
(χ2(1)� 9.20, p< 0.05), measures of memory (χ2(1)� 5.80,
p< 0.05), executive function (χ2(1)� 9.20, p< 0.05), and
speed (χ2(1)� 9.20, p< 0.05).

When investigated further, we found that the GPi DBS
patients obtained lower baseline scores on tests of general
intellectual functioning (VIQ: t(38)� 4.24, p< 0.001; PIQ:
t(38)� 2.33, p< 0.05), recognition memory (RMT words:
U� 65.5, p< 0.05; RMT faces: t(37)� 3.74, p< 0.01), atten-
tion (TEA EC with distraction: t(37)� 2.76, p< 0.05), and
executive functioning (category fluency: t(37)� 2.75,
p< 0.05; Stroop: t(35)� 3.49, p< 0.01; Brixton: t(33)� 4.12,

Table 1: Patient demographic characteristics.

STN (n � 28) GPi (n � 12) p

Gender (male) 17 8 0.72
Age (at first assessment,
years) 57.50± 7.32 61.33± 6.30 0.12

NART Predicted Full-Scale
IQ 111.57± 11.08 103.42± 15.43 0.07

Age at PD diagnosis (years) 45.55± 7.80 48.60± 6.35 0.29
PD disease duration (years) 18.77± 6.12 19.00± 4.55 0.92
History of impulse control
disorder (n, %) 9, 28.1% 1, 3.1% 0.08
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p< 0.01). *us, all subsequent analyses of cognitive per-
formance were split according to site of DBS.

As shown in Table 5, there was a significant drop in
phonemic and category fluency following both STN and GPi
DBS. In the STN patients, there was also a significant decline
in performance on Symbol Search, and in the GPi patients,
there was also a decline in PIQ.*ere were also near-significant
declines in Stroop performance and VIQ following STN DBS.
*ere were no other significant or near-significant differ-
ences in cognitive performance following either STN or GPi
DBS.

Case note review revealed mention of decline in cog-
nitive function in 15% (n � 6) of patients after DBS (4 STN
DBS, 14.3%; 2 GPi DBS, 16.7%). *ere was no significant
association between DBS location and subsequent cognitive
decline (χ2(5)� 4.73, p � 48). Number of months elapsed
since surgery had a bimodal distribution, with two patients
demonstrating marked decline immediately (STN and GPi
DBS, resp.), but others demonstrating decline at least a year
after surgery (n � 4, range� 13–72 months). When con-
sidering those who declined immediately, one demonstrated
confusion and hallucinations immediately after GPi DBS
surgery, thought to be associated with a urinary tract in-
fection and which improved with appropriate treatment
consistent with a diagnosis of delirium rather than dementia.
However, the other deteriorated physically and cognitively
after STN DBS (as confirmed by repeat cognitive assess-
ment), without any subsequent improvement.

3.4. Predictors of Cognitive Decline following DBS.
Pearson correlational analysis revealed no significant
baseline cognitive, mood, or motor correlates of decline in
phonemic fluency after either STN or GPi DBS. Greater
decline in category verbal fluency following STN DBS was
associated with higher levels of apathy (r� 0.47, p< 0.05)
and levodopa-equivalent dosages at baseline (r�−0.43,
p< 0.05) and greater change in cognitive speed, as indexed
by change in performance on both Digit Symbol Coding
(r� 0.49, p< 0.05) and Symbol Search (r�−0.53, p< 0.01).
However, only the correlation between decline in category
fluency and Symbol Search survived the Bonferroni ad-
justment for multiple comparisons. Greater decline in cat-
egory fluency following GPi DBS was associated with worse
UPDRS-III scores off medication at baseline (r� 0.70,
p< 0.05), but this did not survive the Bonferroni adjustment.

*ere were also no significant baseline correlates of
decline in Symbol Search after STN DBS. However, greater
decline in PIQ following GPi DBS was associated with slower
baseline performance on the Digit Symbol Coding subtest.
*ere were no other significant predictors of decline fol-
lowing DBS.

In order to identify baseline predictors of the subsequent
global and irreversible cognitive decline following STN DBS
noted in the one patient, Crawford and Howell [106] single-
case methodology was used. *is revealed that this patient
was significantly older (68 years) than the mean age (59.15
years) of the STN DBS patients who remained stable
(t� 1.86, p< 0.05). Indeed, although the baseline neurology
assessment revealed no atypical symptoms, it did raise
concerns about the older age. MMSE performance was
flawless, but the patient demonstrated mild baseline im-
pairments in all domains, including language and visuo-
perceptual functioning. Indeed, this patient was the only
patient to demonstrate baseline impairment in language and
subsequently undergo STN DBS. Another patient also
demonstrated baseline impairment in visuoperceptual and
subsequently underwent STNDBS, which proved successful,
but it is noted that this patient was younger (55 years) than
the mean age of the STN DBS group.

When considering the remaining patients who demon-
strated cognitive decline at least a year after surgery (as identified

Table 2: Patient motor characteristics before and after DBS.

STN GPi
Before DBS (n � 28) After DBS (n � 24) p Before DBS (n � 11) After DBS (n � 4) p

UPDRS-III off medication 48.68± 14.10 28.67± 9.99 0.00 50.73± 11.09 35.20± 15.32 —
UPDRS-III on medication 17.29± 7.967 15.83± 7.20 0.49 24.64± 10.97 20.75± 11.56 —

Table 3: Patient medication characteristics before and after DBS.

STN (n � 28) GPi (n � 12)
Before DBS After DBS p Before DBS After DBS p

Levodopa-equivalent
dosage (mg/d) 1321.82± 638.68 863.73± 583.92 0.00 1263.40± 971.08 1205.10± 626.68 0.81

Dopamine agonist
treatment (n, %) 15, 46.9% 6, 18.8% 0.01 7, 21.9% 5, 15.6% 0.16

Table 4: Cognitive performance before DBS: proportion impaired
in each domain.

Cognitive domain STN (n � 28) GPi (n � 12) p

Screen 1, 3.7% 5, 41.7% 0.01
IQ 12, 42.9% 8, 66.7% 0.30
Memory 9, 33.3% 9, 75.0% 0.04
Language 1, 3.7% 3, 27.3% 0.07
Perception 2, 7.4% 1, 8.3% 1.00
Attention 5, 18.5% 4, 33.3% 0.42
Executive function 4, 14.8% 8, 66.7% 0.01
Speed 2, 7.4% 4, 36.4% 0.05
Results are given as number and percentage. Chi-squared significant group
comparisons are indicated in bold.
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in the case note review), no significant difference in de-
mographics or cognitive performance at baseline was identified.

3.5. Mood before and after DBS. Baseline mood assessment
revealed high rates of anxiety disorder (n � 22, 56.4%),
depression (n � 14, 35.9%), and apathy (n � 14, 38.9%) but
no significant association between frequency of mood dis-
order and subsequent DBS location. *ere were also no
significant differences in anxiety, depression, or apathy
mean scores between the two surgery groups after DBS
(Table 6). Case note review indicated mention of mood
and/or motivation disorder in a high proportion of patients
following DBS (STN: n � 17, 60.7%; GPi: n � 8, 66.7%),
documented a mean of 23.16 months (SD� 18.09) after
surgery. *ere was no significant association between DBS
location and likelihood of mood disorder and no significant
difference in time since surgery between the two DBS patient
groups.

Incidence of case note indication of cognitive impair-
ment or mood disorder, as a function of time, is depicted in
Figure 1.

One patient also developed de novo impulse control
disorder, namely, hypersexuality, after GPi DBS.

3.6. Predictors of Mood Disorder following DBS. Patients
who had subsequent mood disorder were found to have
significantly higher baseline levels of depression (t(36.65)�

−0 3.56, p< 0.01) and underwent a greater reduction in
levodopa medication than those who did not (t(30)�−3.43,
p< 0.01; Figure 2). *ere were no other significant baseline
predictors of subsequent mood disorder, including DBS
target.

Logistic regression confirmed these as significant
predictors of subsequent mood disorder (χ2(2) � 24.13,
p< 0.001), explaining 72.2% of the variance (Nagelkerke
R2). Significant and independent associations were found

Table 5: Cognitive performance before and after DBS: mean scores on each test.

Assessment
STN (n � 28) GPi (n � 12)

Before DBS After DBS p Before DBS After DBS p

MMSE (30) 28.64± 1.41 28.64± 1.68 1.00a 26.75± 3.14 25.75± 2.87 0.31a

WAIS-VIQ 111.21± 12.40 107.54± 15.93 0.05a 92.75± 13.10 92.67± 10.71 0.97a

Vocabulary (66) 51.57± 9.61 49.96± 10.00 0.13a 40.64± 15.02 37.27± 14.14 0.16a

Similarities (33) 24.71 ± 4.51 22.75 ± 5.64 0.02a 19.36± 5.43 18.36± 5.12 0.43a

Arithmetic (22) 15.61 ± 2.94 14.04 ± 4.64 0.01a 10.36± 2.94 9.64± 3.04 0.90a

Digit span (30) 17.57 ± 4.15 16.43 ± 4.26 0.04a 14.08± 3.09 14.00± 3.16 0.41a

WAIS-PIQ 106.37± 15.17 104.04± 19.57 0.50a 93.64 ± 15.11 84.45 ± 12.91 0.01a

Picture Completion (25) 17.96± 4.25 17.19± 4.86 0.33a 12.92± 3.66 11.33± 3.53 0.07a

Matrix Reasoning (26) 16.35± 5.61 15.31± 5.90 0.24a 11.10± 4.33 9.20± 4.21 0.09a

RMT-W (50) 46.81± 3.50 45.12± 5.35 0.10b 39.20± 9.45 40.30± 8.68 0.16a

RMT-F (50) 41.88± 4.13 41.08± 5.68 0.54a 33.60± 6.85 34.00± 7.92 0.80a

D&P People delayed (12) 7.21± 3.68 7.50± 4.30 0.59b 6.40± 4.65 5.60± 3.95 0.57a

D&P Shapes delayed (12) 10.50± 3.28 10.25± 2.82 0.22b 8.86± 3.63 7.43± 3.78 0.30a

GNT (30) 23.69± 3.42 23.69± 3.28 1.00a 17.91± 8.11 19.45± 6.65 0.34a

VOSP Silhouettes (30) 22.81± 3.25 21.92± 3.91 0.13a 20.82± 3.52 19.00± 5.88 0.41a

DKEFS FAS (SS) 13.42 ± 4.89 11.54 ± 4.61 0.01a 10.92 ± 5.18 8.00 ± 4.88 0.01a

DKEFS Category (SS) 12.31 ± 4.21 10.00 ± 4.99 0.01a 8.50 ± 3.00 5.00 ± 3.30 0.01a

Stroop (112) 91.81± 21.36 83.77± 22.94 0.06a 63.00± 20.44 58.50± 23.45 0.12a

Hayling (SS) 5.68± 1.07 5.32± 1.52 0.28b 4.60± 1.84 4.70± 1.83 0.89a

Brixton (SS) 4.91± 1.53 5.00± 2.28 0.83a 2.33± 1.66 2.56± 2.07 0.72a

TEA EC (7) 6.67± 0.96 6.75± 0.44 0.85b 6.50± 1.41 5.88± 1.55 0.26b

TEA EC-Distraction (SS) 9.91± 2.66 8.96± 2.92 0.15a 7.13± 3.14 5.75± 1.91 0.17a

WAIS-SS (SS) 9.62 ± 2.25 8.46 ± 2.82 0.02a 7.89± 3.33 6.11± 2.42 0.86a

WAIS-DSC (SS) 8.20± 2.52 7.48± 2.65 0.22 4.89± 2.67 4.67± 1.87 0.86a

Results are given asmean± SD (apaired t-test; bWilcoxon signed-rank). Significant differences are indicated in bold. MMSE:Mini-Mental Status Examination;
WAIS-VIQ, PIQ:Wechsler Adult Intelligence Scale-*ird Edition-Verbal IQ, Performance IQ; RMT-W, F:Warrington RecognitionMemory Test forWords,
Faces; D&P: Doors and People Test; GNT: Graded Naming Test; VOSP: Visual Object and Space Perception Battery; DKEFS: Delis–Kaplan Executive
Function System; SS: scaled score; TEA EC, ECD: Test of Everyday Attention Elevator Counting, Elevator Counting with Distraction; WAIS-III SC, DSC:
Wechsler Adult Intelligence Scale-*ird Edition Symbol Search, Digit Symbol Coding.

Table 6: Mood scores before and after DBS.

Assessment
STN (n � 28) GPi (n � 12)

Before DBS After DBS p Before DBS After DBS p

HADS anxiety (21) 7.50± 3.23 6.27± 4.85 0.19b 8.55± 3.30 9.00± 4.12 0.69a

HADS depression (21) 6.15± 4.42 6.00± 4.04 0.86a 7.00± 3.85 7.73± 4.63 0.67a

Apathy (54) 10.75± 6.02 13.96± 11.16 0.15b 14.57± 6.71 20.86± 11.11 0.67a

Results are given as mean± SD (apaired t-test; bWilcoxon signed-rank).
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for both baseline depression (p< 0.05; odds ratio: 2.23;
95% confidence intervals: 1.17–4.25) and levodopa re-
duction (p< 0.05; odds ratio: 1.00; 95% confidence in-
tervals: 1.00–1.00). Classification analysis revealed only
one false negative.

*e patient who developed impulse control disorder
following GPi DBS did not experience a reduction in
levodopa-equivalent dosage but rather an increase, with
ongoing dopamine agonist treatment.

4. Discussion

Neuropsychological assessment is considered to be an im-
portant part of the screening for selection of candidates for
DBS. However, to the best of our knowledge, no stand-
ardised assessment procedure currently exists, with many
studies relying upon brief screening tools only. Neuro-
psychological screening should comprise tests with sufficient
reliability and validity, which are sensitive to cognitive
impairment and dementia in PD, able to disambiguate
between PD and other disorders, including atypical Par-
kinsonian syndromes, and be sensitive to the changes in
cognitive and mood functioning associated with DBS.

In this study, we examined the use of our standardised
neuropsychological assessment in a sample of patients un-
dergoing DBS for PD. Our assessment tested a wide range of
neuropsychological domains, including general intellectual
functioning, verbal and visual recognition and recall
memory, language, visuoperceptual functioning, attention,
verbal fluency, executive functioning, and speed of pro-
cessing. *e tests were all standardised, with adequate
psychometric properties, easy to administer, and suitable for
routine clinical services.

Our neuropsychological assessment was sensitive to the
cognitive impairment found in PD. At baseline, we docu-
mented frequent impairments in intellectual functioning,
memory, attention, and executive function, with more
frequent impairments, as expected, in the GPi group. Indeed,
only six of all DBS patients (15%) did not demonstrate
impairment in at least one cognitive domain. Despite this
only one patient demonstrated immediate and irreversible
cognitive decline following DBS. *is highlights the limi-
tation of using the presence of any baseline cognitive im-
pairment as an exclusionary criterion for DBS. As low test
scores may reflect a number of cognitive and noncognitive
variables, such as high levels of fatigue, low scores on any one
test should not be used to preclude surgery.

Our neuropsychological assessment was also sensitive to
the cognitive impairments that warrant caution before
proceeding with DBS. In the patient who demonstrated
immediate and irreversible global cognitive decline, single-
case statistics revealed that this patient was significantly
older than the mean age of those who remained stable and
had greater deficits in language and visuoperceptual pro-
cessing at baseline. Of course, this is a single case, and
therefore, these results may not be generalizable, but this
finding supports earlier reports that decline in cognitive
functioning following DBS is more common in patients who
are older [12, 28, 29, 34] and who have greater or more
encompassing cognitive deficits at baseline [36, 68].

Although previous guidance on patient selection has
tended to focus on memory impairment as a core contra-
indication for surgery [45, 124], PD patients often dem-
onstrate patchy performance on tests of memory, likely
reflecting the role of frontosubcortical-mediated cognition
on memory functioning [107]. In our study, we observed
common impairments in memory at baseline, but frank
deficits in language and visuoperceptual processing were
considerably less common and likely betrayed a greater level
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of general cognitive impairment. Previous guidance has
warned that lower cognitive functioning at baseline is
predictive of poorer cognitive outcome, but hitherto, there
have been no recommendations on what level of impairment
should constitute a contraindication to surgery. Our data
suggest that, when using the present neuropsychological
assessments, caution must be advised if any deficits are
revealed in language and/or visuoperceptual processing
(scores <5th percentiles), particularly in patients who are
older and under consideration for STN DBS.

Previous studies describing negative cognitive outcomes
following DBS may have failed to identify such risk factors
because of insufficient scrutiny of baseline cognitive per-
formance. Previous reports of immediate and global decline
following DBS have often stated that such deterioration has
occurred despite satisfactory performance on neuro-
psychological testing at baseline [11, 12]). Closer exami-
nation reveals that such testing has often been limited to
a few screening measures of cognitive function (e.g., the
MMSE) or focused on executive function, rather than ex-
plicitly assessing the presence of impairment in others, more
atypical domains, such as language and visual processing.
For example, York and colleagues [12] report the immediate
and global cognitive decline in one gentleman aged 73 years
but limit discussion of baseline cognitive performance to
MMSE only, which was notably intact with a score of 28/30.

In keeping with this, our patient who demonstrated
immediate and permanent cognitive decline performed
flawlessly on the MMSE and performed poorly on only two
out of four tests of executive function but demonstrated
unexpected impairments, most clearly in language and vi-
sual perception. *is underlines the importance of a broad
neuropsychological assessment, interrogating a wide range
of cognitive domains, to reveal the full cognitive profile.

Our neuropsychological assessment was also sensitive to
the changes in cognitive functioning associated with DBS.
Pre- and after DBS assessments revealed that alongside
improvements in the motor status and medication load are
noted in the STN group at least, and our assessment detected
significant declines in verbal fluency in both groups fol-
lowing DBS. *is confirms the mild changes frequently
noted in this cognitive function following DBS [18, 35].

Although the exact cause of verbal fluency decline re-
mains unclear, it has been linked with reductions in self-
generation [18, 22]. Accordingly, the present study found
that greater decline in verbal fluency was associated with
higher levels of apathy at baseline. Although this did not
persist after the Bonferroni adjustment for multiple com-
parisons, several studies have described increases in apathy
following DBS [16, 18, 22, 60, 108–110]. Such behavioural
adynamia, as witnessed by the reduced fluency and increased
apathy, may in part relate to changes in cognitive speed [29].
We found that reduction in fluency was significantly as-
sociated with greater changes on at least one measure of
speed of processing. *ese changes did not seem to simply
reflect withdrawal of dopaminergic medication [111, 112], as
although reductions in verbal fluency were related to higher
levels of baseline levodopa dosage and there was no cor-
relation with change in dosage following DBS. It has also

been suggested that the surgery itself may contribute to
increases in apathy [60, 113], possibly caused by micro-
lesions to the subthalamic area during implantation of the
electrode [114].

Irrespective of the underlying mechanism, deterioration
in verbal fluency can deleteriously affect activities of daily
living and quality of life [115] and is correlated with reduced
independence in everyday functional tasks [116]. *erefore,
it is recommended that patients and their families are
counselled about this significant risk before deciding to
proceed with surgery, particularly those who present with
higher levels of apathy at baseline.

In addition to this finding of reduced verbal fluency, our
assessment detected declines in other aspects of cognitive
functioning. Specifically, STN patients demonstrated sig-
nificant slowing on the Symbol Search test and near-
significant slowing on the Stroop and reduction in VIQ.
GPi patients demonstrated significant reductions in PIQ.
*ese findings confirm a slowing in the STN patients at least.
In the absence of any other focal deficits, the heterogeneous
reductions in performance on the WAIS (in both DBS
groups) may also reflect the composite nature of this
measure and the effortful, sustained, and speeded aspects of
attentional functioning that it requires. Such reductions in
speed of processing after DBS have rarely been discussed as
most studies investigating cognitive changes have failed to
include any measure of processing speed [115]. In previous
studies, there have been conflicting reports of faster
responding following STN DBS. However, further in-
spection suggests this may be due to a speed-accuracy trade-
off [1, 117]. In our study, we have shown that deleterious
changes in speed of processing are present, with likely
important consequences for general intellectual functioning.

When considering the patients who went on to report
cognitive decline at least a year after surgery (as identified by
case note review), there were no significant predictors at
baseline. *is may suggest that the observed decline reflects
the normal progression of the disease, rather than any
preexisting vulnerability in the cognitive profile. It is im-
portant to recognise that the case note review was limited to
qualitative and subjective comments only, precluding
comment on the severity of any cognitive decline. However,
the current findings do support previous studies which
suggest that the risk of developing dementia following DBS
is equivalent to that in medically treated patients
[34, 118, 119]. *is should be validated through future re-
search that involves a medically treated control group.

Our study indicated no significant changes in mood or
apathy, as measured by questionnaires, following DBS.
However, case note review revealed a very high incidence of
depression, anxiety, and/or apathy after surgery. *ese
contrasting findings may be explained by the fact that as-
sessment of mood relied upon self-reported symptoms of
depression, anxiety, or depression, whereas case note review
simply indicated clinicians’ observations. Discrepancy be-
tween self- and proxy-ratings of mood in Parkinson’s disease
has been reported previously [45, 120, 125] and may be
explained by patients’ lack of insight and cognitive dys-
function [121].
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Mood disorder emerging after DBS has been largely at-
tributed to reduction in dopaminergic medications [111, 112].
Accordingly, we found that deterioration in mood was sig-
nificantly correlated with reductions in levodopa medication,
irrespective of DBS location. *ere was no association with
discontinuation of dopamine agonists, suggesting that overall
levodopa load was more important than the type of medi-
cation. *ese findings are in keeping with previous reports of
mood disorder occurring as a nonmotor dopamine with-
drawal syndrome after DBS [70, 112].

Furthermore, the chance of developing mood disorder,
as identified in the case notes, was even higher in those who
endorsed clinically significant levels of depression at base-
line. *is may suggest that those who have a preexisting
vulnerability in mood are at high risk of developing pro-
found mood disorder following DBS. Of course, the high
incidence of mood disorder as noted in the case notes may
simply reflect clinicians’ recognition of (stable) low mood.
However, its timing of onset and high incidence is consistent
with several other studies [22, 59, 60, 122]. *erefore, we
recommend careful and systematic longitudinal psycho-
logical follow-up for all PD DBS patients.

High levels of postoperative apathy or mood disorder can
negate any improvement in quality of life [63, 126], but few
studies have researched the presence of any baseline correlates
of such decline. *is study has found that a higher rating of
depression at baseline is a predictor of poorer psychosocial
outcome following DBS. We found high rates of depression,
apathy, and anxiety in our patients at baseline, which may
reflect elements of both reactive mood disorder and dysre-
gulation of reward and motivation processing [123]. Indeed,
previous research has suggested that mood disorder following
DBS may reflect the effects of impaired extrastriatal dopa-
minergic pathways not sufficiently compensated for by STN
stimulation [70].*erefore, we would suggest that rather than
excluding such patients from DBS, any dopamine withdrawal
following surgery should be done cautiously.

One of our patients developed de novo impulse control
disorder following GPi DBS. *e onset of hypersexuality oc-
curred in the context of increased levodopa dosages following
surgery, with ongoing use of dopamine agonists. Our findings
were of course limited to clinician ratings only and may have
missed other cases. Future research should further investigate
the incidence of impulse control disorder following DBS by
using a semistructured interview, such as the QUIP [127].
Nevertheless, this case reflects the challenges of balancing
treatment of motor and nonmotor symptoms in PD (cf. [128]).

4.1. Recommended Battery. Following our findings, we
propose an abbreviated version of our neuropsychological
protocol, suitable for routine clinical use. We recommend
that this protocol includes our measures of current and
premorbid intellectual functioning (prorated version of the
WAIS-III, NART-R) to gauge overall level of intellectual
decline; memory recognition and recall (RMT Words and
Faces and D&P People and Shapes) to ensure cognitive
profile is not amnestic and thus atypical for PD; language
and visuoperceptual function (GNT and VOSP Silhouettes)

to detect the identified red flags for DBS; verbal fluency
(DKEFS FAS and Category) and another measure of ex-
ecutive function (Stroop) to determine severity of executive
dysfunction; speed of processing (Digit Symbol Coding and
Symbol Search); and measures of mood and behavioural
functioning, targeting depression, apathy (HADS and AES),
and impulse control disorder (using a measure such as the
QUIP). Of course, analysis of neuropsychological perfor-
mance should consider any relevant cultural or linguistic
factors, and it may be appropriate to replace some of the
present neuropsychological assessments with suitable sub-
stitutions for specific populations.

5. Conclusion

*is study has presented a standardised neuropsychological
assessment procedure suitable for the selection of appro-
priate candidates with PD for DBS and identified clear
baseline risk factors for subsequent decline in cognitive
functioning and mood.
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[13] M. Alegret, C. Junqué, F. Valldeoriola et al., “Effects of bi-
lateral subthalamic stimulation on cognitive function in
Parkinson’s disease,” Archives of Neurology, vol. 58, no. 8,
pp. 1223–1227, 2001.

[14] A. Antonini, I. U. Isaias, G. Rodolfi, A. Landi, and F. Natuzzi,
“A 5-year prospective assessment of advanced Parkinson’s
disease patients treated with subcutaneous apomorphine
infusion or deep brain stimulation,” Journal of Neurology,
vol. 258, no. 4, pp. 579–585, 2011.

[15] C. Ardouin, B. Pillon, E. Peiffer et al., “Bilateral subthalamic
or pallidal stimulation for Parkinson’s disease affects neither
memory nor executive functions: a consecutive series of 62
patients,” Annals of Neurology, vol. 46, no. 2, pp. 217–223,
1999.

[16] L. Castelli, M. Lanotte, M. Zibetti et al., “Apathy and verbal
fluency in STN-stimulated PD patients: an observational
follow-up study,” Journal of Neurology, vol. 254, no. 9,
pp. 1238–1243, 2007.

[17] A. Daniele, A. Albanese, M. F. Contarino et al., “Cognitive
and behavioural effects of chronic stimulation of the sub-
thalamic nucleus in patients with Parkinson’s disease,”
Journal of Neurology, Neurosurgery and Psychiatry, vol. 74,
no. 2, pp. 175–182, 2003.

[18] D. De Gaspari, C. Siri, M. Di Dioia et al., “Clinical correlates
and cognitive underpinnings of verbal fluency impairment
after chronic subthalamic stimulation in Parkinson’s dis-
ease,” Parkinsonism and Related Disorders, vol. 12, no. 5,
pp. 289–295, 2006.

[19] K. Dujardin, P. Krystokowiak, L. Defebvre, S. Blond, and
A. Destée, “A case of severe dysexecutive syndrome con-
secutive to chronic bilateral pallidal stimulation,” Neuro-
psychologia, vol. 38, no. 9, pp. 1305–1315, 2000.

[20] K. Dujardin, L. Defebvre, P. Krystkowiak, S. Blond, and
A. Destée, “Influence of chronic bilateral stimulation of the
subthalamic nucleus on cognitive function in Parkinson’s
disease,” Journal of Neurology, vol. 248, no. 7, pp. 603–611,
2001.

[21] K. Dujardin, S. Blairy, L. Defebvre et al., “Subthalamic nu-
cleus stimulation induces deficits in decoding emotional

facial expressions in Parkinson’s disease,” Journal of Neu-
rology, Neurosurgery and Psychiatry, vol. 75, no. 2,
pp. 202–208, 2004.

[22] A. Funkiewiez, C. Ardouin, E. Caputo et al., “Long term
effects of bilateral subthalamic nucleus stimulation on
cognitive function, mood, and behaviour in Parkinson’s
disease,” Journal of Neurology, Neurosurgery and Psychiatry,
vol. 75, no. 6, pp. 834–839, 2004.

[23] J. Ghika, J.-G. Villemure, H. Fankhauser, J. Favre, G. Assal,
and F. Ghika-Schmid, “Efficiency and safety of bilateral
contemporaneous pallidal stimulation (deep brain stimula-
tion) in levodopa-responsive patients with Parkinson’s
disease with severe motor fluctuations: a two-year follow-up
review,” Journal of Neurosurgery, vol. 89, no. 5, pp. 713–718,
1998.

[24] A. Gironell, J. Kulisevsky, L. Rami et al., “Effects of pallid-
otomy and bilateral subthalamic stimulation on cognitive
function in Parkinson disease: a controlled comparative
study,” Journal of Neurology, vol. 250, no. 8, pp. 917–923,
2003.

[25] R. Moretti, P. Torre, R. M. Antonello et al., “Neuro-
psychological changes after subthalamic nucleus stimulation:
a 12 month follow-up in nine patients with Parkinson’s
disease,” Parkinsonism and Related Disorders, vol. 10, no. 2,
pp. 73–79, 2003.

[26] C. E. Morrison, J. C. Borod, K. Perrine et al., “Neuro-
psychological functioning following bilateral subthalamic
nucleus stimulation in Parkinson’s disease,” Archives of
Clinical Neuropsychology, vol. 19, no. 2, pp. 165–181, 2004.

[27] B. Pillon, C. Ardouin, P. Danier et al., “Neuropsychological
changes between “off” and “on” STN or GPi stimulation in
Parkinson’s disease,” Neurology, vol. 55, no. 3, pp. 411–418,
2000.

[28] J. A. Saint-Cyr, L. L. Trépanier, R. Kumar, A. M. Lozano,
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A. I. Tröster, “Cognitive sequelae of subthalamic nucleus deep
brain stimulation in Parkinson’s disease: a meta-analysis,”>e
Lancet Neurology, vol. 5, no. 7, pp. 578–588, 2006.

[116] D. A. Cahn-Weiner, P. A. Boyle, and P. F. Malloy, “Tests of
executive function predict instrumental activities of daily
living in community-dwelling older individuals,” Applied
Neuropsychology, vol. 9, no. 3, pp. 187–191, 2002.

[117] M. Jahanshahi, I. Obeso, C. Baunez, M. Alegre, and P. Krack,
“Parkinson’s disease, the subthalamic nucleus, inhibition and
impulsivity,” Movement Disorders, vol. 30, no. 2, pp. 128–
140, 2015.

[118] A. E. Williams, G. Marina Arzola, A. M. Strutt, R. Simpson,
J. Jankovic, and M. K. York, “Cognitive outcome and reliable
change indices two years following bilateral subthalamic

nucleus deep brain stimulation,” Parkinsonism and Related
Disorders, vol. 17, no. 5, pp. 321–327, 2011.

[119] W. M. N. Schuepbach, J. Rau, K. Knudsen et al., “Neuro-
stimulation for Parkinson’s disease with early motor com-
plications,” New England Journal of Medicine, vol. 368, no. 7,
pp. 610–622, 2013.

[120] M. S. Duenas and M. S. Serrano, “*e incongruities of the
NPI-Q score obtained by the caregiver versus that obtained
directly from the non-demented patient with Parkinson’s
disease,” Revista Ecuatoriana De Neurologia, vol. 16, p. 12,
2007.

[121] W. Fitts, D. Weintraub, L. Massimo et al., “Caregiver report
of apathy predicts dementia in Parkinson’s disease,” Par-
kinsonism and Related Disorders, vol. 21, no. 8, pp. 992–995,
2015.

[122] M. S. Okun, H. H. Fernandez, S. Wu et al., “Cognition and
mood in Parkinson’s disease in STN versus GPi DBS: the
COMPARE trial,” Annals of Neurology, vol. 65, no. 5,
pp. 586–595, 2009.

[123] C. Vriend, T. Pattij, Y. D. van der Werf et al., “Depression
and impulse control disorders in Parkinson’s disease: two
sides of the same coin?,” Neuroscience & Biobehavioral
Reviews, vol. 38, pp. 60–71, 2014.

[124] M. S. Okun, H. H. Fernandez, R. L. Rodriguez, and
K. D. Foote, “Identifying candidates for deep brain stimu-
lation in Parkinson’s disease: the role of the primary care
physician,” Geriatrics, vol. 62, no. 5, pp. 18–24, 2004.

[125] A. McKinlay, R. C. Grace, J. C. Dalrymple-Alford,
T. J. Anderson, J. Fink, and D. Roger, “Neuropsychiatric
problems in Parkinson’s disease: comparisons between self
and caregiver report,” Aging & Mental Health, vol. 12, no. 5,
pp. 647–653, 2008.

[126] L. Kirsch-Darrow, L. B. Zahodne, M. Marsiske, M. S. Okun,
K. D. Foote, and D. Bowers, “*e trajectory of apathy after
deep brain stimulation: from pre-surgery to 6 months post-
surgery in Parkinson’s disease,” Parkinsonism and Related
Disorders, vol. 17, no. 3, pp. 182–188, 2011.

[127] D. Weintraub, E. Mamikonyan, K. Papay, J. A. Shea,
S. X. Xie, and A. Siderowf, “Questionnaire for impulsive-
compulsive disorders in Parkinson’s disease-rating scale,”
Movement Disorders, vol. 27, no. 2, pp. 242–247, 2011.

[128] E. Lhommée, H. Klinger, S. *obois et al., “Subthalamic
stimulation in Parkinson’s disease: restoring the balance of
motivated behaviours,” Brain, vol. 135, no. 5, pp. 1463–1477,
2012.

Parkinson’s Disease 13



Review Article
Apathy followingBilateralDeepBrainStimulationofSubthalamic
Nucleus in Parkinson’s Disease: A Meta-Analysis

Ying Wang ,1 Yongsheng Li ,2 Xiaona Zhang,1 and Anmu Xie 1

1Department of Neurology, �e Affiliated Hospital of Qingdao University, Qingdao, China
2Department of Neurology, �e Ninth People Hospital of Qingdao City, Qingdao, China

Correspondence should be addressed to Anmu Xie; xieanmu@163.com

Received 8 November 2017; Revised 10 April 2018; Accepted 30 April 2018; Published 21 May 2018

Academic Editor: Xiao-Ping Wang

Copyright © 2018 Ying Wang et al. +is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Bilateral deep brain stimulation of subthalamic nucleus (STN-DBS) has proven effective in improving motor symptoms in
Parkinson’s disease (PD) patients. However, psychiatric changes after surgery are controversial. In this study, we specifically
analyzed apathy following bilateral STN-DBS in PD patients using a meta-analysis. Relevant articles utilized for this study were
obtained through literature search on PubMed, ScienceDirect, and Embase databases. +e articles included were those contained
both pre- and postsurgery apathy data acquired using the Starkstein Apathy Scale or Apathy Evaluation Scale with patient follow-
up of at least three months. A total of 9 out of 86 articles were included in our study through this strict screening process.
Standardized mean difference (SMD), that is, Cohen’s d, with a 95% confidence interval (CI) was calculated to show the change.
We found a significant difference between the presurgery stage and the postsurgery stage scores (SMD� 0.35, 95% CI: 0.17∼0.52,
P< 0.001). STN-DBS seems to relatively worsen the condition of apathy, which may result from both the surgery target
(subthalamic nucleus) and the reduction of dopaminergic medication. Further studies should focus on the exact mechanisms of
possible postoperative apathy in the future.

1. Introduction

Parkinson’s disease (PD) is the second most common
neurodegenerative disease after Alzheimer’s disease and is
characterized by bradykinesia, rigidity, resting tremors, and
postural instability [1]. In addition to these motor symp-
toms, PD patients also suffer from many nonmotor
symptoms including mood and behavior disorders, cogni-
tive changes, autonomic system-failure, sensory symptoms,
and sleep disturbances [2–4]. Following long-term treat-
ment using antiparkinsonian medications, the presence of
dyskinesia and symptom fluctuations becomes a major
therapeutic challenge. +us, deep brain stimulation (DBS)
has recently become a preferable surgical therapy to treat
PD. +e globus pallidus internus (GPi) and the subthalamic
nucleus (STN) are the main targets of the stimulating loci
[5]. Neurosurgeons implant the electrodes using an ap-
proach that combines intraoperative recording and stimu-
lation.+e targets are identified using preoperative magnetic

resonance imaging and intraoperative electrophysiological
recordings [6].

It has been well established that bilateral deep brain
stimulation of subthalamic nucleus (STN-DBS) significantly
improves the primary motor symptoms as well as some
nonmotor symptoms, such as sensory symptoms and sleep
disturbances [7, 8]. However, apathy, a common mood
disorder in PD patients after bilateral STN-DBS, is con-
troversial. Apathy has been described as a quantitative re-
duction in purposeful behaviors and self-generated
voluntary actions [9], which cannot be attributed to any
impairment of consciousness or any emotional or cognitive
disorder [10]. Apathy is also known to significantly increase
burden on caregivers and has negative effects on treatment
and long-term outcome [11, 12].

Many studies have reported increases in apathy after
STN-DBS [13–18], while others show opposite outcomes
[19–21]. Neurologists cannot forecast this behavioral out-
come when advising surgery to their patients and patients’
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family. +erefore, we performed this quantitative meta-
analysis with strict inclusion criteria to study the effect of
bilateral STN-DBS on apathy and expected to draw a con-
clusion and provide useful reference for clinical practice.

2. Materials and Methods

2.1. Search Strategy. Literature searches of the PubMed,
ScienceDirect, and Embase databases up to January 2017
were performed to identify relevant articles published in
English. +e search terms were (“bilateral deep brain
stimulation” OR “bilateral subthalamic stimulation”) OR
(bilateral stimulation AND “subthalamic nucleus”) AND
(“Parkinson disease” OR “Parkinson’s disease”) AND “ap-
athy”. In addition, we searched the references of the iden-
tified studies to find other satisfactory studies. +is task was
completed by two reviewers independently. When dis-
agreements arose, a third reviewer was consulted.

2.2. Inclusion and Exclusion Criteria. +e inclusion criteria
were the following: (1) Full-text publications written in
English, (2) At least 10 patients in the study, (3) +e patients
were followed up for at least 3 months, (4) presurgery and
postsurgery apathy data obtained through the Starkstein
Apathy Scale or Apathy Evaluation Scale (+e Starkstein
Apathy Scale consists of 14 questions and was designed
specifically for patients with PD. Scores range from 0 (least
severe apathy) to 42 (most severe apathy). A score of 14 or
greater indicates clinically significant apathy [22]. +e
Apathy Evaluation Scale contains 18 questions with scores
ranging from 18 to 72, and a higher score is associated with
a worse condition [23].), (5) +e data were analyzed in the
form of mean and standard deviation, (6) +e missing data
could be obtained using definite methods written in the
Cochrane handbook [24].

+e exclusion criteria were (1) reviews, meta-analysis,
book chapters, letters to the editor, or case reports with no
original data, (2) duplicate reports with identical data, (3)
data from nonhuman species, and (4) insufficient original
data.

2.3.QualityAssessment. Two reviewers evaluated the quality
of the studies using the Methodological Index for Non-
randomized Studies (MINORS). +e MINORS covers 8
different areas, and each area is scored 0(not reported), 1
(reported but inadequate), or 2 (reported and adequate). A
score greater than 10 indicates a good quality study [25].

2.4. Extraction. +e data were extracted from the selected
articles by two researchers independently, while differences
were resolved by consulting a third reviewer. +e following
information was extracted: first author’s name, year of
publication, sample size, patient characteristics, time of
following up, DBS programming, the state (on/off) in the
postoperative evaluation, and the relevant presurgery and
postsurgery apathy data.

2.5. Statistical Analysis. We combined the results of each
article using standard meta-analytic methods to estimate the
overall efficacy, tolerability, and safety of STN-DBS. STATA
statistics software (Version 12.0, Stata Corporation, College
Station, Texas 77,845 USA) was used to analyze available
data. +e data collected on apathy using the Starkstein
Apathy Scale or the Apathy Evaluation Scale were consid-
ered continuous data. Since there were two scales used in our
study, an estimate of the combined effect sizes utilizing
standardized mean difference (SMD), that is, Cohen’s d, was
given, with a 95% confidence interval (CI). SMD, a standard
statistic, was used to show the comparisons of presurgery
and postsurgery change. +is value reflects an intervention-
induced change of the outcome on an average and is used as
a summary statistic in meta-analysis when the studies were
measured in different ways [26]. +e Q-test and I2-statistics
were used to evaluate the degree of heterogeneity between
studies. +e fixed-effects model was employed if I2< 50%;
otherwise, the random-effects model was used [27]. Sensi-
tivity analysis was performed by excluding each study and
reanalyzing the remaining studies. Begg’s test, which mea-
sures funnel plot asymmetry, was used to assess publication
biases. A value of <0.05 for Begg’s test was considered
statistically significant publication bias [28].

3. Results

3.1. Characteristics of Eligible Studies. Overall, 86 articles
were initially retrieved. After reviewing titles and abstracts,
29 articles, 4 case reports, 6 reviews, and 1 book chapter were
excluded. After reading the full-texts of the remaining ar-
ticles, 9 studies met all of our inclusion criteria and were
picked up for this meta-analysis. Figure 1 shows the flow
chart of the screening process.

All the included studies were follow-up type studies, with
following up time ranging from 3 months to 17 months. +e
sample size was 253, and 111 patients (44%) were assessed
using the Starkstein Apathy Scale, the others using the
Apathy Evaluation Scale. All PD patients involved un-
derwent bilateral STN-DBS and were evaluated in the state
of drug on and drug on/stimuli on before and after surgery.
+e main areas studied are described in Table 1.

Table 2 shows the results from 9 included articles
evaluated using MINORS analyses on 8 different areas. All
studies had clearly stated aims, prospective collections of
data, endpoints appropriate to the aim of the study, and
follow-up periods appropriate to the aim of the study. Al-
though not all trials had inclusion of consecutive patients
and unbiased assessments of the study endpoint, the total
scores show a good quality of each study.

3.2. Quantitative Synthesis. +e heterogeneity between the
included studies showed that I2 � 21.1%; therefore, the fixed-
effects model was used to count the pooled SMD. Based on
the comparison of preoperative and postoperative change,
we found that there was a significant difference in the score
between the presurgery stage and the postsurgery stage
(SMD� 0.35, 95% CI: 0.17∼0.52, P< 0.001) (Figure 2).
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Further subgroup analysis showed that follow-up did not
have an effect on the condition of apathy (p � 0.256).

In the sensitivity analysis, each study was omitted by
turns to show the influence of every article contributing to
this meta-analysis. No significant alterations were found in
the pooled SMD, which showed a high level of stability of
this meta-analysis. Begg’s test was used to assess publication
bias, and the funnel plot was approximately symmetric,
indicating that there was no publication bias(Figure 3).

4. Discussion

In recent years, bilateral STN-DBS has been performed
widely in order to treat advanced PD patients. STN-DBS
involves the application of electrical stimuli, with specific
pulse amplitude, duration, and frequency to produce
a functional lesion within the subthalamic nucleus [29].
Compared to the conventional pharmacotherapy, it can
afford to decrease motor fluctuations, reduce “off” time, and
show improvement in dyskinesia [30]. +ere are several
meta-analyses examining the postoperative condition of PD
patients. Tan et al. and Xie et al. reported that STN-DBS
could improve Unified Parkinson’s disease rating scale III
(UPDRS-III) scores and quality of life (QOL) and allow
recovery of verbal fluency [31, 32]. Many published meta-
analyses have showed evidence for an adverse effect on
cognition, depression and anxiety [33–35]. +e present
article is, to our knowledge, the first meta-analysis focusing
on the effects of DBS on apathy.

Apathy is defined as a lack of motivation characterized
by diminished goal-oriented behavior and cognition and
reduced emotional expression [36].+e prevalence of apathy
in PD varies from 17% to 70% depending on the sample
populations, diagnostic criteria, and evaluation tools utilized
[7]. PD caregivers live with a burden resulting from the
apathy condition of patients, similar to the caregivers of
other neurological disorders. Apathy also has negative effects

on treatment and long-term outcome. Neurologists should
carefully consider the target of choice for PD patients who
are eligible for DBS as a means to overcome the adverse
effect of long-term treatment of antiparkinsonian medica-
tion [11, 12]. Specifically, attention should be paid to the
change in apathy following bilateral STN-DBS in PD as it has
implications for treatment and care. +e apathetic scales we
used in this study are the Starkstein Apathy Scale and the
Apathy Evaluation Scale: the former was designed specifi-
cally for PD patients and the latter is regarded as the most
psychometrically robust apathy scale [37].

+e present meta-analysis included 9 studies containing
253 PD patients comparing the differences in apathy be-
tween presurgery and postsurgery patients. +rough strict
methodological and statistical analysis, our data suggested
that there was a statistical significant difference in the scores
between the presurgery stage and the postsurgery stage
(SMD� 0.35, 95% CI: 0.17∼0.52, P< 0.001), which means
that bilateral STN-DBS did seem to worsen the PD patients’
apathetic condition. However, the subgroup analysis of the
relationship between follow-up and the change in apathy
score failed to support this conclusion (p � 0.256).

We were not able to draw a conclusion about the clinical
significance of the finding. +ere are several limitations of
this article. First, the studies included were all follow-up
studies, not randomized controlled trails with control
groups, which hindered us from analyzing whether the
progression of PD played a role in the change of apathy, nor
do levodopa equivalent daily dose (LEDD) or other con-
founding factors. Second, due to the limited sample size, the
power that was used to detect a true difference between
presurgery and postsurgery may be not strong. Additionally
there were only a few studies in the subgroup analysis
resulting in a low statistical power when analyzing the effect
of follow-up on the condition of apathy.

STN-DBS seemed to worsen the condition of apathy
regardless of the follow-up, and we attempted to unravel the

Initial articles searched from
databases (N = 86)

Articles excluded after
reviewing the title and 

abstracts (N = 29)

Articles excluded after
reading the full text (N = 37)

Articles obtained for further
evaluation (N = 46)

Articles included in the
meta-analysis (N = 9)

Case report (N = 4)
Review (N = 6)

Book chapter (N = 1)

Figure 1: Flow chart of eligible articles.

Parkinson’s Disease 3



Ta
bl

e
1:

C
ha
ra
ct
er
ist
ic
s
of

th
e
el
ig
ib
le

st
ud

ie
s.

N
um

be
r

A
ut
ho

r
N

A
ge

D
ise

as
e

du
ra
tio

n
D
BS

pr
og
ra
m
m
in
g

St
at
e
in

th
e
ev
al
ua
tio

n
Sc
al
e

Fo
llo

w
-u
p

Pr
eo
pe
ra
tiv

e
sc
or
e

Pr
eo
pe
ra
tiv

e
LE

D
D

Po
st
op

er
at
iv
e

sc
or
e

Po
st
op

er
at
iv
e

LE
D
D

1
H
ou

ve
na
gh

el
et

al
.[
21
]

26
56
.6
±
7.
4

11
.4
7
±
4.
54

Bi
la
te
ra
l

ST
N
-D

BS
D
ru
g
on

an
d

st
im

ul
io

n
A
ES

3
m
on

th
s

31
.8
±
7.
0

12
71
.2
±
55
5.
6

31
.2
±
7.
7

75
8.
0
±
40
7.
79

2
Ro

be
rt

et
al
.[
20
]

44
56
.3
±
7.
5

11
.4
±
4.
1

Bi
la
te
ra
l

ST
N
-D

BS
D
ru
g
on

an
d

st
im

ul
io

n
A
ES

3
m
on

th
s

31
.4
±
6.
4

12
80
.8
±
63
2.
4

31
.6
±
7.
1

88
9.
9
±
20
9.
3

3
Le
w
is
et

al
.[
17
]

27
61
.1
±
9.
1

12
.7
±
6.
7

Bi
la
te
ra
l

ST
N
-D

BS
D
ru
g
on

an
d

st
im

ul
io

n
A
ES

1
ye
ar

34
.0
4
±
9.
58

83
1.
5
±
42
5.
91

37
.4
4
±
8.
71

35
9.
23
±
26
4.
46

4
Le
w
is
et

al
.[
18
]

28
61
.1
±
8.
9

12
.4
3
±
6.
74

Bi
la
te
ra
l

ST
N
-D

BS
D
ru
g
on

an
d

st
im

ul
io

n
A
ES

1
ye
ar

33
.8
5
±
9.
71

83
2
±
42
6

37
.0
±
8.
91

35
9.
3
±
26
4.
5

5
Lh

om
m
ee

et
al
.[
16
]

67
57
.8
±
7.
2

10
.5
±
3.
1

Bi
la
te
ra
l

ST
N
-D

BS
D
ru
g
on

an
d

st
im

ul
io

n
SA

S
1
ye
ar

6.
2
±
3.
5

10
26
±
45
9

9.
4
±
4.
5

28
4
±
31
2

6
C
ho

u
et

al
.[
19
]

10
62
.1
±
6.
5

9.
1
±
5.
8

Bi
la
te
ra
l

ST
N
-D

BS
D
ru
g
on

an
d

st
im

ul
io

n
SA

S
6
m
on

th
s

13
.2
±
8.
6

11
64
.9
±
75
2.
9

13
.6
±
7.
4

56
7.
9
±
51
2.
4

7
D
ra
pi
er

et
al
.[
15
]

17
56
.9
±
8.
7

11
.8
±
2.
6

Bi
la
te
ra
l

ST
N
-D

BS
D
ru
g
on

an
d

st
im

ul
io

n
A
ES

3
m
on

th
s

37
.2
±
5.
5

-
42
.5
±
8.
9

-

8
C
as
te
lli

et
al
.[
14
]

19
62
.1
±
4.
2

14
.7
±
5.
0

Bi
la
te
ra
l

ST
N
-D

BS
D
ru
g
on

an
d

st
im

ul
io

n
SA

S
17

m
on

th
s

11
.6
±
4.
1

11
92
.5
±
41
5.
7

12
.6
±
5.
3

57
1.
6
±
27
4.
8

9
D
ra
pi
er

et
al
.[
13
]

15
59
.7
±
7.
6

12
.2
±
2.
8

Bi
la
te
ra
l

ST
N
-D

BS
D
ru
g
on

an
d

st
im

ul
io

n
SA

S
6
m
on

th
s

13
.0
±
6.
5

14
48
±
40
0

18
.8
±
9.
7

11
27
±
48
2

A
ES

:A
pa
th
y
Ev

al
ua
tio

n
Sc
al
e;
SA

S:
St
ar
ks
te
in

A
pa
th
y
Sc
al
e.

4 Parkinson’s Disease



reasons why some articles reported that apathy scores in PD
were worsened after bilateral STN-DBS. +e exact mecha-
nisms of changes to apathy after surgery remain unclear.

Successful STN-DBS is accompanied by a decrease of
dopaminergic medication at all times resulting from

improvement of patients’ motor symptoms, which suggests
that a dopaminergic deficit may be an explanation for the
pathogenesis of some forms of apathy [38]. +obois et al.
exposited that early postoperative apathy corresponds to
a dopaminergic abstinence syndrome caused by a post-
operative reduction in dopaminergic medication which
discloses presynaptic degeneration of mesolimbic dopami-
nergic terminals [39]. Czernecki et al. performed a trial with
ropinirole, a selective dopaminergic agonist (DA), showing
that the reduction of dopaminergic medication may induce
postoperative apathy [40]; however, the study had a small
sample size. In another study, researchers found addition of
DAs in the patients who suffered from more severe apathy
after STN-DBS might lead to confusion rather than im-
provement [41]. Accounting for this, Carriere et al. wrote in
their article that there were PD patients with either dopa-
minergic apathy (related to dopaminergic limbic de-
nervation) or dopa-resistant apathy (related to striatal limbic
atrophy), the latter of which may be related to more ex-
tensive spread of the disease [42].

Researchers did not make a conclusion about the exact
relationship between post-DBS apathy and reduction of

Study ID

Houvenaghel et al. [21]

Robert et al. [20]

Lewis et al. [17]

Chou et al. [19]

Lewis et al. [18]

Lhommee et al. [16]

Drapier et al. [15]

Castelli et al. [14]

Drapier et al. [13]

Overall (l-squared = 21.1%, p = 0.256)

% weightSMD (95% CI)

–0.08 (–0.63, 0.46)

0.03 (–0.39, 0.45)

0.37 (–0.17, 0.91)

0.34 (–0.19, 0.87)

0.65 (0.30, 1.00)

0.05 (–0.83, 0.93)

0.72 (0.02, 1.41)

0.21 (–0.43, 0.85)

0.70 (–0.04, 1.44)

0.35 (0.17, 0.52)

–1.44 0 1.44

10.54

17.84

10.76

11.19

25.79

4.05

6.46

7.66

5.71

100.00

Figure 2: Forest plot for the change in apathy observed presurgery and postsurgery.

Table 2: MINORS scores of eligible studies.

Number A B C D E F G H Total
1 [21] 2 0 2 2 0 2 2 1 11
2 [20] 2 2 2 2 0 2 2 1 13
3 [17] 2 0 2 2 0 2 1 1 10
4 [18] 2 0 2 2 0 2 2 0 10
5 [16] 2 0 2 2 0 2 2 1 11
6 [19] 2 0 2 2 0 2 2 1 11
7 [15] 2 0 2 2 0 2 2 1 11
8 [14] 2 2 2 2 0 2 2 0 12
9 [13] 2 0 2 2 0 2 2 0 10
A: a clearly stated aim; B: inclusion of consecutive patients; C: prospective collection of data; D: endpoints appropriate to the aim of the study; E: unbiased
assessment of the study endpoint; F: follow-up period appropriate to the aim of the study; G: loss to follow-up less than 5%; H: prospective calculation of the
sample size.

0 0.40.2

–0.5

0

0.5

1

1.5

SM
D

s.e. of: SMD

Begg’s funnel plot with pseudo 95% confidence limits

Figure 3: Funnel plot for publication bias in selection of studies.
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dopaminergic medication after surgery. More studies pay
attention to the operation targets to explain the apathic
condition after STN-DBS. +e STN is described to play an
important role in each of the five corticobasal ganglia-
thalamocortical circuits, each of which have specific mo-
tor, oculomotor, associative, or limbic functions [43]. +ere
are three functional domains of STN: sensorimotor (dor-
solateral), limbic (medial), and cognitive-associative (ven-
tromedial) [44, 45]. Drapier et al. has reported that apathetic
patients after surgery are stimulated more ventrally and
internally in STN, as opposed to the nonapathetic patients
who are stimulated closer to the dorsolateral area [13]. For
other surgery targets, previous studies provided contrary
outcomes in regards to the change between presurgery and
postsurgery scores. Lozachmeur et al. found there was no
significant difference between presurgery and postsurgery
assessments for apathy when they chose GPi to be the target
[46]. However, many studies have found that the STN-DBS
is superior at reducing the LEDD compared to GPi-DBS
[47–49]. +e smaller reduction of dopaminergic medication
after GPi-DBS may weaken the worse score after surgery
when compared to the condition of STN-DBS. As men-
tioned above, we can speculate that both the surgery target
(subthalamic nucleus) and the reduction of dopaminergic
medication are involved in the apathetic condition after
STN-DBS.

In conclusion, the condition of apathy seems to be
worsened following bilateral STN-DBS in PD. Further
studies should focus on the exact mechanisms of apathy
following bilateral STN-DBS. Considering the limitations
mentioned above, further studies with more specific in-
formation and larger sample sizes should be carried out, and
caution should be taken in interpreting our findings.
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Disentangling Parkinson’s disease (PD) and progressive supranuclear palsy (PSP) may be a diagnostic challenge. Cognitive signs
may be useful, but existing screens are often insufficiently sensitive or unsuitable for assessing people with motor disorders. We
investigated whether the newly developed ECAS, designed to be used with people with even severe motor disability, was sensitive
to the cognitive impairment seen in PD and PSP and able to distinguish between these two disorders. -irty patients with PD, 11
patients with PSP, and 40 healthy controls were assessed using the ECAS, as well as an extensive neuropsychological assessment.
-e ECAS detected cognitive impairment in 30% of the PD patients, all of whom fulfilled the diagnostic criteria for mild cognitive
impairment. -e ECAS was also able to detect cognitive impairment in PSP patients, with 81.8% of patients performing in the
impaired range.-e ECAS total score distinguished between the patients with PSP and healthy controls with high sensitivity (91.0)
and specificity (86.8). Importantly, the ECAS was also able to distinguish between the two syndromes, with the measures of verbal
fluency offering high sensitivity (82.0) and specificity (80.0). In sum, the ECAS is a quick, simple, and inexpensive test that can be
used to support the differential diagnosis of PSP.

1. Introduction

It has now been over 50 years since progressive supranuclear
palsy (PSP) was first described as a progressive neurological
disorder with motor, ocular, and cognitive features [1].
Clinically, it remains difficult to distinguish from Parkin-
son’s disease (PD) [2, 3], particularly in the early stages [4].
Even when using agreed criteria, the accuracy of diagnosis is
not 100% [5]. As it has a significantly worse prognosis than
PD, with a more rapid progression [6], early detection is
crucial for enabling access to appropriate interventions and

support, as well as identifying patients suitable for clinical
trials. In the absence of any disease-specific biomarkers,
there is a need for a quick, simple, and inexpensive test that
can be used for the differential diagnosis of PSP.

Both PSP and PD are characterised by extrapyramidal
syndromes, each of which can comprise symptoms of
bradykinesia, rigidity, and/or postural instability [7]. Both
disorders can feature eye movement abnormalities, and
although the presence of the supranuclear vertical gaze palsy
in PSP is diagnostically helpful, it is not universal [8, 9] and
may be absent until quite late in the disease [10]. Although
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both disorders are thought to feature some similar cognitive
signs, there is evidence to suggest that the specific cognitive
profile may be a useful distinguishing feature [11].

Early cognitive impairment is a feature of PSP, which
may precede the motor or ocular signs [12]. -e profile is
mainly that of executive dysfunction [13] and cognitive
slowing [14], with markedly reduced verbal fluency [15, 16].
Deficits in other domains, including memory [17], language
[18–20], visuospatial [16, 18], and social cognition [21–23],
have also been reported.

In contrast, early stages of PD are characterised by only
mild deficits in executive functions [24–27], but with illness
progression, there is evolution from a mild cognitive im-
pairment (MCI) to dementia, with greater involvement of
posterior-based visual functions [28–30].

Existing screens of cognitive functioning can be criti-
cised for being insufficiently sensitive to the cognitive profile
of both PD and PSP. For example, the most widely used
cognitive screen, the MMSE [31], has no measure of verbal
fluency. Both the MMSE and the Addenbrooke’s Cognitive
Examination [32] have inadequate assessment of executive
function. -eir ensuing ceiling effects give them a low de-
tection rate for cognitive impairment in Parkinsonian
syndromes [33–35]. -e Frontal Assessment Battery [36]
does assess verbal fluency and executive function but has no
measure of memory, language, or visuospatial function.
Similarly, the Dementia Rating Scale (DRS) [37] has no
measure of language or visuospatial function. -is reliance
upon the executive functions reduces its ability to dis-
criminate PSP from PD [38] or frontotemporal syndromes
[39]. -e DRS also has a lengthy administration time and
requires specialised testing materials, impractical for routine
bedside use. -e Montreal Cognitive Assessment [40] does
have a measure of verbal fluency but does not accommodate
for physical disability. Indeed, none of the existing assess-
ments were designed specifically for people with movement
disorders, such as Parkinsonian syndromes. Tasks involving
speaking, writing, or drawing can be influenced by motor
symptoms such as tremor, rigidity, bradykinesia, apraxia, or
dysarthria; thus, a genuine cognitive impairment might be
sometimes difficult to distinguish from motor dysfunction
and performance decrements exaggerated by physical
disability.

-e ECAS [41] was recently developed as a brief as-
sessment for the identification of cognitive and behavioural
changes in disorders characterised by prominent motor
symptoms, such as amyotrophic lateral sclerosis (ALS). It
was developed to be used with patients with even severe
physical disability and thus may be suitable for detecting
cognitive impairment in all motor disorders. Many of the
subtests can be performed either orally or manually, with
some measures corrected for motor speed, reducing the
impact that physical disability may have upon performance
on cognitive tests [42]. It also allows the clinician to track
cognitive impairment throughout the disease course, crucial
for any longitudinal studies.

-e ECAS has been standardised using a sample of
healthy controls, providing normative data for clinical use
[41]. It has also been validated against other screening tools

[43, 44] and extensive neuropsychological assessment [45]. It
is available in English [41], German [46], Swiss German [46],
Italian [44], and Chinese [47]. However, it remains untested
whether the ECAS is also sensitive to the cognitive im-
pairment observed in other progressive movement disor-
ders. -us, the aims of the present study were to determine
firstly whether the ECAS is sensitive to the cognitive im-
pairment seen in PD and PSP and secondly whether it is able
to distinguish between these disorders, in order to support
the differential diagnosis of PSP.

2. Methods

2.1. Participants. All patients were recruited from the Na-
tional Hospital for Neurology and Neurosurgery, Queen
Square, London. PSP patients (9 males and 2 females) were
diagnosed using the NINDS-SPSP criteria [48] and had
a mean illness duration of 3.73 years (range 1–11 years). PD
patients (24 males and 6 females) fulfilled the Queen Square
Brain Bank criteria for PD and had a mean illness duration
of 5.67 years (range 0–14 years). All patients with PD-MCI
were identified using the Movement Disorder Society Task
Force guidelines [49], in which impairment (<2 SD) is
present on at least two tests of cognitive functioning, either
within or across different cognitive domains.

-e healthy controls were those reported by Niven et al.
[45]. -ey (26 males and 14 females) were recruited through
the PsychologyDepartment of theUniversity of Edinburgh. No
participant had significant neurological or psychiatric history.

-e research was done in accordance with the Decla-
ration of Helsinki and approved by the NRES Committee
London-Queen Square and the University of Edinburgh’s
Department of Psychology Ethics Committee.

2.2. Measures. -e ECAS is a 15–20-minute screen that
includes assessment of the following domains: (1) fluency
(free: words beginning with “S” and fixed: words beginning
with “T” but with only four letters); (2) executive functions,
separate from verbal fluency (Reverse Digit Span, Alterna-
tion, Inhibitory Sentence Completion, and Social Cogni-
tion); (3) language (Naming, Comprehension, and Spelling);
(4) memory (Immediate Recall, Delayed Percentage Re-
tention, and Delayed Recognition); and (5) visuospatial (Dot
Counting, Cube Counting, and Number Location). Verbal
fluency measures take into account the slowing of motor
responses, by generating a verbal fluency index corrected for
motor speed. Previously published ECAS normative data
[41] were used to classify the abnormality of performance on
each domain and calculate the total score out of a maximum
of 136 (lower score indicating worse performance), with any
scores <2 SD considered to be impaired.

Extensive neuropsychological testing was administered to
assess the same domains (fluency, executive functions, lan-
guage, memory, and visuospatial; Table 1).Moodwas assessed
using the Hospital Anxiety and Depression Scale [50], and
patients were also assessed using the Apathy Scale [51].

Scores for the neuropsychological assessments were
compared with published normative data. For each measure,
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patients were judged to be impaired if scores were ≤2 SD. In
the case where multiple measures were used, performance
was classified as impaired when ≤2 SD on one of the two or
two of the three measures was used.

2.3. StatisticalAnalyses. Data were analysed using SPSS v.19.
Between-group comparisons were made using analyses of
variance, and Pearson’s and Spearman’s correlations were
used to detail the relationships between measures. Receiver
operating characteristic (ROC) curve analyses were used to
determine the relative sensitivity and specificity of the ECAS
for the two patient groups.

3. Results

3.1. Demographics. Demographic details are given in Table 2.
-ere were no significant group differences in age or edu-
cation, and patients did not differ in symptom duration.-ere
were significant group effects found for both HADS Anxiety
(F (2, 75)� 13.04; p< 0.001) and Depression (F (2, 77)�

19.03; p< 0.001), with post hoc analysis revealing that pa-
tients had significantly higher burden of symptoms than
healthy controls but no significant group difference between
patient groups. -ere was no significant group difference in
apathy scores between patient groups.

3.2. Performance on the ECAS. -ere was a significant effect
of diagnosis on ECAS performance (Table 3). PSP patients
had significantly lower total scores than PD patients and
healthy controls, and PD patients had significantly lower

total scores than healthy controls (all p< 0.017). -ere was
a significant effect of diagnosis on all domains, except
visuospatial. PSP patients performed worse than PD patients
and healthy controls on fluency, language, executive func-
tion, and memory (all p< 0.017). PD patients performed
worse than healthy controls on executive function only
(p< 0.017).

When compared to published normative data, 81.8%
(n � 9) of the PSP patients and 30.0% of the PD patients
(n � 9) were impaired on the ECAS. PSP patients demon-
strated most frequent impairments in fluency, language, and
memory (each n � 7; 63.6%) and then executive function
(n � 6; 54.5%) and visuospatial (n � 3; 27.3%). PD patients
demonstrated most frequent impairments in language
(n � 9; 30.0%), executive function and memory (each n � 8;
26.7%), and then fluency and visuospatial (each n � 5;
16.7%). -ere were no significant correlations between
duration of symptoms and ECAS scores in either patient
groups.

In order to investigate the specific nature of the
impairment in both patient groups, individual domains
were further investigated. In fluency, post hoc compar-
isons revealed a significant effect of diagnosis on both free
fluency (F (2, 23.16) � 15.19; p< 0.017) and fixed fluency
(F (2, 21.63) � 8.30; p< 0.017), with PSP patients per-
forming worse than PD patients and healthy controls (all
p< 0.017), but with no significant differences between PD
patients and healthy controls. In language, there was
a significant group effect on spelling (F (2, 76) � 10.58;
p< 0.017), with PSP patients performing worse than PD

Table 1: Neuropsychological assessment.

Domain Subdomain Measures
Fluency Phonemic verbal fluency index [42] (VFi): words beginning with “P” and “R”

Executive
functions

Inhibition
Hayling Sentence Completion Test [52]: total unconnected errors (converted but not
scaled); latency score (time taken to complete unconnected sentences minus time taken

for connected sentences)
Shifting and
rule detection Brixton Spatial Anticipation Test [52]: total number of errors

Social Reading the Mind in the Eyes–Revised [53]: total number of correct ones

Language Naming Graded Naming Test [54]
Spelling Graded Difficulty Spelling Test [55]

Memory Adult Memory and Information Processing Battery [56]: immediate story recall;
delayed story recall

Visuospatial -e Visual Object and Space Perception Battery [57]: cube analysis; number location

Table 2: Demographics of the participants.

PSP patients PD patients Controls
Mean (SD) Range Mean (SD) Range Mean (SD) Range

Age 66.82 (7.08) 53–77 63.33 (7.89) 50–80 62.70 (10.48) 39–88
Duration of symptoms (years) 3.73 (3.20) 1–11 5.67 (3.47) 0–14 — —
Gender (female) 2 — 6 — 14 —
Education, mean years (SD) 15.27 (4.98) 10–26 14.33 (3.22) 9–23 12.25 (3.39) 9–25
HADS Depression 8.50 (5.50) 1–15 6.77 (4.39) 0–16 2.40 (1.81) 0–6
HADS Anxiety 8.50 (5.79) 2–17 9.17 (4.13) 3–18 4.83 (2.75) 0–11
Apathy 17.67 (12.04) 4–34 15.90 (10.26) 4–42 — —
HADS: Hospital Anxiety and Depression Scale.
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patients and healthy controls (both p< 0.017), but with
no significant difference between PD patients and healthy
controls. In memory, there was a significant group effect on
immediate recall (F (2, 24.04)� 11.47; p< 0.017) and re-
tention (F (2, 20.69)� 8.92; p< 0.017), but not recognition.
PSP patients performed significantly worse than PD patients
and healthy controls on both of these (both p< 0.017), but
with no significant difference between PD patients and
healthy controls. In executive functions, there were significant
group effects on reverse digit span (F (2, 25.96)� 7.60;
p< 0.017), alternation (F (2, 22.92)� 5.66; p< 0.017), and
social cognition (F (2, 20.42)� 9.49; p< 0.017). Both PSP and
PD patients performed significantly worse than healthy
controls on reverse digit span and social cognition (all
p< 0.017), but with no significant differences between patient

groups. PSP patients performed significantly worse than PD
patients and healthy controls on alternation (p< 0.017), but
with no significant difference between PD patients and
healthy controls.

3.3. Performance on Full Neuropsychological Assessment.
Upon full neuropsychological assessment, there was a sig-
nificant effect of diagnosis on fluency, executive function,
and visuospatial domains (Table 4). Specifically, there were
significant group differences on both measures of fluency,
with PSP patients performing worse than PD patients and
healthy controls. -ere were no significant differences be-
tween PD patients and healthy controls. In addition, PSP
patients performed worse than healthy controls on the

Table 3: ECAS scores of the participants.

PSP patients PD patients Controls
F (df) p

Mean (SD) Range Mean (SD) Range Mean (SD) Range
Total (max. 136) 85.09 (24.46) 54–126 109.87 (13.52) 78–126 120.61 (7.06) 100–132 17.44 (2, 22.09)a <0.001
Executive function (max. 48) 29.27 (13.27) 9–46 36.93 (6.05) 19–44 42.11 (3.49) 33–48 12.56 (2, 22.22)a <0.001
Language (max. 28) 23.18 (5.06) 15–28 26.67 (2.11) 19–28 27.50 (0.80) 25–28 5.76 (2, 21.01)a <0.001
Fluency (max. 24) 8.18 (8.74) 0–22 18.73 (4.83) 6–24 20.74 (2.39) 12–24 12.37 (2, 21.91)a <0.001
Memory (max. 24) 10.27 (6.90) 0–20 15.67 (4.25) 3–22 18.39 (2.53) 13–23 10.85 (2, 22.76)a <0.001
Visuospatial (max. 12) 11.09 (1.87) 6–12 11.47 (1.04) 8–12 11.87 (0.67) 8–12 2.33 (2, 22.86)a 0.066
aWelch’s adjusted F ratio.

Table 4: Neuropsychological assessment performance of participants.

PSP patients PD patients Healthy controls
F (df) p Post hocMean

(SD) Range Mean
(SD) Range Mean

(SD) Range

Fluency
“P” VFi 10.90

(6.30) 2.37–19.67 4.13
(2.98) 0.96–14.50 3.68

(1.96) 1.52–9.33 22.65 (2.78) <0.001 PSP<PD

“R” VFi 14.16
(13.16) 2.50–41.00 4.12

(2.11) 2.00–9.50 3.65
(1.73) 1.72–9.33 22.37 (2.76) <0.001 PSP<PD

Executive
function

Hayling: B–A time 69.14
(86.55) 5–251 33.00

(28.04) −3 to 126 34.88
(28.96) −5 to 121 2.88 (2.73) 0.06

Hayling: errors 6.57
(5.56) 0–14 5.17

(5.89) 0–29 8.75
(9.17) 0–32 1.80 (2.73) 0.17

Brixton 38.43
(3.21) 35–43 34.54

(9.71) 16–50 35.08
(8.23) 15–47 0.59 (2.70) 0.56

Reading the Mind
in the Eyes

20.50
(5.43) 14–29 23.93

(5.06) 13–35 26.35
(3.81) 17–34 5.72 (2.71) <0.01 PSP<HC

Language

Graded Naming
Test

20.64
(5.85) 9–26 23.20

(3.61) 13–29 24.15
(6.64) 14–57 1.71 (2.78) 0.19

Graded Difficulty
Spelling Test

19.64
(8.44) 2–29 22.29

(6.01) 7–30 22.53
(4.50) 12–29 1.15 (2.76) 0.32

Memory

Immediate Story
Recall

24.45
(14.20) 0–41 27.04

(9.73) 7–49

Delayed Story
Recall

23.64
(15.54) 0–40 25.46

(9.61) 7–46

Retention 80.16
(32.96) 0–111.11 93.92

(14.75) 62.50–136.00 94.49
(12.74) 58.82–12.27 3.12 (2.77) 0.05

Visuospatial
Cube Analysis 8.91

(1.58) 6–10 8.83
(1.62) 5–10 9.63

(0.87) 5–10 23.61 (2.78) <0.05 PSP<HC

Number Location 8.45
(2.46) 2–10 9.20

(1.00) 7–10 9.43
(0.71) 7–10 2.90 (2.78) 0.06

VFi: Verbal Fluency Index.

4 Parkinson’s Disease



Reading the Mind in the Eyes Test and Cube Analysis, but
with no significant differences between PSP and PD patients,
or between PD patients and healthy controls.

When scores on each of the neuropsychological assess-
ments were compared with published normative data, there
was a significant group difference in incidence of impairment
in one domain only: fluency (χ2 (1)� 7.61; p< 0.001). Nine of
the 11 PSP patients (81.8%) were classified as impaired on at
least one measure of verbal fluency, in comparison with only
33.3% (n � 10) of the 30 PD patients.

3.4. Diagnostic Accuracy of the ECAS for Cognitive Impair-
ment in PD. Within the PD patients, a total of 17 (56.67%)
met the criteria for PD-MCI. When PD and PD-MCI groups
were compared, there were no significant differences in age,
education, or symptom duration. However, on the ECAS,
the PD-MCI group had significantly lower total scores
(t (20.25)� 5.14; p< 0.001) and performed worse on exec-
utive function (t (23.83)� 3.02; p< 0.01), verbal fluency
(t (22.52)� 3.26; p< 0.01), memory (t (28)� 3.09; p< 0.01),
and visuospatial subscales (t (16.00)� 3.11; p< 0.01). On full
neuropsychological assessment, the PD-MCI group also
performed significantly worse on the Brixton Test (t (24)�

3.81; p< 0.001), Reading the Mind in the Eyes Test (t (26)�

2.75; p< 0.05), Graded Naming Test (t (28)� 4.32;
p< 0.001), and Cube Analysis (t (20.69)� 2.801; p< 0.05).

ROC curve analysis revealed that the total score of the
ECAS is able to discriminate between PD and PD-MCI with
high sensitivity (88.2%) and 100% specificity, when using
a threshold score of 112.50/136. -e AUC is 0.93 (SE� 0.06;
p< 0.001). Confidence intervals are 0.81 (lower bound) and
1.00 (upper bound). Indeed, all PD patients who performed
in the impaired range on the ECAS fulfilled the diagnostic
criteria for PD-MCI.

3.5. Diagnostic Accuracy of the ECAS for PSP. ROC curve
analysis also revealed that the ECAS is highly specific
(86.8%) and sensitive (91.0%) when discriminating PSP
patients from healthy controls using a threshold score of
113.50/136. -e AUC is 0.91 (SE� 0.67; p< 0.001). Confi-
dence intervals are 0.79 (lower bound) and 1.00 (upper
bound). All PSP patients who performed in the impaired
range on the ECAS demonstrated impairment upon full
neuropsychological testing, including impairment on at least
one measure of verbal fluency.

3.6. Diagnostic Accuracy of the ECAS for Distinguishing be-
tween PD and PSP. -e second aim of the study was to
determine whether the ECAS is able to distinguish be-
tween PD and PSP, in order to support the early and
accurate diagnosis of PSP. ROC curve analysis showed
that the measure is able to discriminate between PD and
PSP (when comparing all patients, irrespective of cog-
nitive performance), with high specificity (76.7%) and
sensitivity (72.7%), using a threshold score of 103.50/136
(Figure 1). -e AUC is 0.80 (SE� 0.09; p< 0.01). Confidence
intervals are 0.62 (lower bound) and 0.98 (upper bound). -is

generated three false negatives and seven false positives. -e
false positives were all patients who fulfilled the criteria for
PD-MCI.

Within the ECAS, fluency was the best predictor of PSP,
with high specificity (80.0%) and sensitivity (82.0%) using
a threshold score of 17/24. -e AUC is 0.84 (SE� 0.08;
p< 0.01). Confidence intervals are 0.69 (lower bound) and
1.00 (upper bound). -is generated two false negatives and
six false positives (five PD-MCI and one PD). -is is in
contrast to when using the raw number of words generated
in the two fluency tasks as a predictor, which has lower
sensitivity (77.8%) and specificity (79.2%) when using
a threshold score of 17.5.

4. Discussion

Our study has shown that the ECAS is sensitive to the
cognitive impairment seen in PD. We found that 30% of PD
patients were impaired on the ECAS, all of whom also
demonstrated impairments upon full neuropsychological
testing and fulfilled the criteria for PD-MCI. Indeed, ROC
curve analyses revealed that the ECAS has excellent sensi-
tivity and complete specificity for detection of PD-MCI. On
the ECAS, PD patients demonstrated impairments in
a number of domains but performed significantly worse than
healthy controls on one domain only: executive function.
PD-MCI patients also demonstrated deficits in language and
visuospatial functioning. -ese findings confirm the greater
involvement of posterior functions with more advanced
Parkinson’s disease [30] but also suggest that the pattern of
impairment can be fairly heterogeneous, even involving
language. -is is in accordance with the findings of the MDS
Task Force [49], who also report impairments in a range of
cognitive domains, including language.

Our data also show that the ECAS is sensitive to the
cognitive impairment in PSP. We found that 81.8% of PSP
patients were impaired on both the ECAS and full neuro-
psychological testing, including at least one measure of
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Figure 1: ROC curve depicting sensitivity and specificity of the
ECAS, when comparing the PD and PSP patients (higher sensitivity
scores indicate lower performance).
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fluency. Again, ROC curve analyses confirmed that the ECAS
total score gave excellent sensitivity and specificity for
detection of PSP when compared with healthy controls. On
the ECAS, PSP patients demonstrated the expected im-
pairment in fluency, but also executive function, memory,
and language. On extensive neuropsychological testing,
PSP patients demonstrated impairments in fluency as well
as executive function and visuospatial. -e prominence of
fluency and executive impairment on both the ECAS and
full neuropsychological testing is in accordance with
previous descriptions [13, 15, 16, 28], confirming that the
ECAS is sensitive to the typical profile of cognitive im-
pairment in PSP.

Importantly, we also found that the ECAS was able to
distinguish between PD and PSP. ROC curve analysis
revealed that the ECAS total score was sensitive and specific
to PSP, with verbal fluency being the best discriminator. -e
ECAS was able to identify all PSP cases demonstrating
cognitive impairment upon full testing. -e few false pos-
itives mostly reflected PD patients with advanced cognitive
impairment.

-e strikingly reduced verbal fluency found on the ECAS
and full testing confirms this as the cognitive hallmark of
PSP. Importantly, the ECAS revealed this marked deficit
even after accounting for the slowed motor speed. -is
contrasts with impairments in other cognitive domains, such
as memory, which can improve by up to 50% given sufficient
extra time [58, 59]. -is impoverished verbal fluency,
alongside the frequent family reports of reduced sponta-
neous speech and conversation initiation, likely reflects
a cognitive adynamia beyond that of simple bradyphrenia
but rather a more significant impairment in the generation
of a “fluent sequence of novel thought” [19, 60]. -is may
reflect a deficit in novel thought generation and/or its ap-
propriate sequencing [61]. Indeed, it has been argued that
the akinesia in motor abilities, reduction of verbal fluency in
cognition, and apathy in behaviour are all different mani-
festations of the same underlying disorder [62].

PSP patients also demonstrated impairments in other
domains, which supports the findings of previous studies. In
accordance with previous reports of poor delayed recall [17],
our PSP patients displayed impaired verbal recall on the
ECAS, with three of the seven PSP patients impaired on both
the ECAS and full testing. Our patients also demonstrated
language impairment, reflecting spelling difficulties, in ac-
cordance with previous studies [20, 63, 64]. Spelling was
more impaired on the ECAS, perhaps because its spelling
test comprises nouns, verbs, and compounds of low-to-
medium frequency, with a longer mean length. In con-
trast, the spelling test used upon full testing contained
mostly nouns of high-to-low frequency, with a shorter mean
length. Our patients also demonstrated impaired visuo-
spatial function, which supports previous findings [16, 18].
Nearly a third of PSP patients were impaired on the ECAS,
with all of these also impaired upon full testing.

-e PD and PSP patients both performed poorly on
measures of social cognition. -ese findings echo previous
reports of impaired performance on tests of theory of mind
and social norms [22, 44, 65–67].

5. Conclusions

-e ECAS captures the core cognitive deficit of reduced
verbal fluency, as well as the wider cognitive profile of PSP.
-is may allow longitudinal testing to track progression as
verbal fluency reaches floor. It was possible to use the ECAS
with all the patients who took part in this study, despite often
severe motor symptoms, indicating that it would be well
tolerated in those with advanced disease. -is suggests that
the ECAS is suited for bedside use for detecting cognitive
impairment in Parkinsonian syndromes and for dis-
tinguishing different cognitive profiles within these, in order
to support differential diagnosis. Full neuropsychological
assessment can then be used to further elucidate the specific
clinical profile of each patient. Future research should ex-
amine its sensitivity for detecting cognitive impairment in
other progressive movement disorders.
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Cognitive impairment is a common disabling symptom in PD. Unlike motor symptoms, the mechanism underlying cognitive
dysfunction in Parkinson’s disease (PD) remains unclear and may involve multiple pathophysiological processes. Resting state
functional magnetic resonance imaging (rs-fMRI) is a fast-developing research field, and its application in cognitive impairments
in PD is rapidly growing. In this review, we summarize rs-fMRI studies on cognitive function in PD and discuss the strong
potential of rs-fMRI in this area. rs-fMRI can help reveal the pathophysiology of cognitive symptoms in PD, facilitate early
identification of PD patients with cognitive impairment, distinguish PD dementia from dementia with Lewy bodies, and monitor
and guide treatment for cognitive impairment in PD. In particular, ongoing and future longitudinal studies would enhance the
ability of rs-fMRI in predicting PD dementia. In combination with other modalities such as positron emission tomography,
rs-fMRI could give us more information on the underlying mechanism of cognitive deficits in PD.

1. Introduction

Parkinson’s disease (PD) is one of the most common neu-
rodegenerative diseases. Traditionally, it has been regarded as
a movement disorder characterized by the motor symp-
toms, such as bradykinesia, resting tremor, and rigidity. Up to
now, it is well known that cognitive impairment is a common
nonmotor symptom in patients with PD, even in the early
stages or beforemotor symptom onset [1]. Furthermore, about
40% of the PD patients suffer from PD dementia (PDD) in
cross-sectional studies [2]. In a longitudinal study, 83% of the
PD patients developed dementia during the 20-year follow-up
[3]. Despite the heavy burden caused by cognitive impair-
ments in PD, we still lack effective treatments for cognitive
symptoms in PD. Although acetylcholinesterase inhibitors
could provide modest help, the progression of cognitive de-
cline is inevitable [4].

-e underlying mechanism of motor symptoms of PD
is depleted dopaminergic cells in the substantia nigra [5].

In contrast, the pathophysiological basis of cognitive im-
pairments in PD remains uncertain. Disrupted frontal-
subcortical circuits due to dopaminergic neuron damage
and wide deposition of α-synuclein, β-amyloid, and tau
proteins might play a role [6, 7]. Various neurotransmitters
including dopamine, acetylcholine, serotonin, and nor-
adrenaline are involved [7]. A better understanding of the
pathophysiology of cognitive impairments in PD can fa-
cilitate early identification and improved intervention for
cognitive symptoms.

Functional MRI (fMRI) measures the blood-oxygen-
level dependent (BOLD) signal in the brain, which is de-
termined by the amount of oxyhemoglobin and deoxy-
hemoglobin and reflects neuronal activity. Resting state
fMRI (rs-fMRI) estimates the brain BOLD signal while
the subjects are awake without performing any specific
task [8]. MRI is widely equipped by hospitals and re-
search institutions; rs-fMRI is easy to perform and has
an excellent safety profile compared to other imaging
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modalities such as computed tomography (CT), positron
emission tomography (PET), and single photon emission
computed tomography (SPECT). -erefore, the applica-
tion of rs-fMRI in neurological and psychiatric disorders
has been rapidly increasing in the recent two decades.
-ere are many approaches that can analyze the rs-fMRI
data, including amplitude of low-frequency fluctuations
(ALFF) and regional homogeneity (ReHo) which reflect
local activity of individual regions or voxels, as well as seed-
based functional connectivity (FC), independent component
analysis (ICA), effective connectivity, machine learning, and
graph theory-based analyses which measure the connec-
tivity characteristics of different regions [8, 9]. rs-fMRI has
been applied to investigate the pathophysiology of motor
and nonmotor symptoms in PD, help early and differen-
tial diagnosis, predict disease progression, and guide treat-
ment. In this review, we summarize recent developments of
rs-fMRI studies on cognitive impairments in PD.

2. Uncovering the Pathophysiology of Cognitive
Impairment in PD Using rs-fMRI

2.1. rs-fMRI Studies on PD Patients with Mild Cognitive Im-
pairment (MCI) orDementia. Cognitive activities rely on the
coordination of various brain regions. Several networks have
been established by rs-fMRI: the default mode network
(DMN), the visual network, the sensorimotor network, the
executive control network, and the frontoparietal network
[10]. rs-fMRI is useful for improving our understanding of
the mechanism of cognitive impairment in PD. Gorges et al.
performed seed-based analyses on rs-fMRI in PD patients
with and without MCI and healthy controls. Compared with
the controls, PD patients without cognitive impairment had
increased FC in multiple regions, while PD-MCI patients
had decreased FCmainly within the DMN.-e increased FC
in PD patients without cognitive impairment might be
a compensatory mechanism preceding PD-MCI [11]. Hou
et al. conducted a study on drug-näıve PD patients with and
without MCI and found FC reduction in both PD groups.
In addition, compared with PD patients without cognitive
impairment, PD-MCI patients had significantly reduced
FC between DMN and the middle frontal and middle
temporal gyri; within the DMN, PD-MCI patients had
reduced FC between the anterior temporal lobe and in-
ferior frontal gyrus. -e FC alterations in the PD group
were associated with attention/working memory and
memory function [12]. Chen et al. studied the FC between
posterior cingulate cortex and other regions of the bran in
PD patients with and without MCI. -ey found decreased
FC between the posterior cingulate cortex and the right
temporal gyrus and increased FC between the posterior
cingulate cortex and multiple brain regions in PD patients
without cognitive impairment compared with healthy
controls and reduced FC between the posterior cingulate
cortex and several areas including bilateral prefrontal
cortex, the left parietal-occipital junction, and the right
temporal gyrus in PD-MCI patients compared with PD
patients without cognitive impairment. -e FC of the
posterior cingulate cortex with other brain areas was

associated withMoCA andMMSE scores in the PD patients
[13]. Baggio et al. performed ICA and seed-based rs-fMRI
analyses in PD patients without cognitive impairment,
PD-MCI patients, and healthy controls. -ey found that
PD-MCI patients had decreased connectivity between the
dorsal attention network and the right frontoinsular regions,
and this alteration was associated with attention/executive
function. -e DMN showed increased connectivity with
medial and lateral occipito-parietal regions in PD-MCI patients,
which was correlated with worse visuospatial/visuoperceptual
abilities [14]. In another study by Baggio et al., graph theory-
based analysis showed that PD-MCI patients had reduced long-
range connections and increased local interconnectedness in-
cluding higher measures of clustering, small-worldness, and
modularity. -e local interconnectedness was associated with
visuospatial/visuoperceptual and memory functions in the PD
patients [15]. Peraza et al. compared the intra- and inter-
network changes in PD patients with and without MCI and
found that PD-MCI patients had intranetwork impairments
in the attention, executive function, and motor control
networks compared with PD patients with normal cognitive
function, as well as internetwork alterations in the visual
perception together with the three above-mentioned net-
works [16]. Amboni et al. assessed the brain networks using
ICA analysis in PD patients with and without MCI. Both PD
groups showed impaired DMN connectivity, while the PD-
MCI group showed impaired FC in the frontoparietal net-
work. In addition, the decreased prefrontal cortex connec-
tivity was associated withmemory, visuospatial, and executive
function [17]. Shin et al. compared the FC of PD-MCI patients
with shorter and longer periods of motor symptoms before
cognitive impairment using seed-based analyses and found
that these two groups showed different characteristics of
decreased FC in the DMN. -eir findings implied that these
two types might have different mechanisms and might
help predict cognitive decline in future studies [18].
Lopes et al. investigated the brain network features of PD
patients with different levels of cognitive function using
the graph theory and network-based statistics.-ey showed
that the functional organization decreased in accordance with
the degree of cognitive impairment, and PD patients with
cognitive impairment had reduced FC in the basal ganglia,
ventral prefrontal, parietal, temporal, and occipital cortices
[19]. -e above studies confirmed the commonly impaired
cognitive domains in PD, executive, attention, visuospatial
function, and memory [7], and uncovered the impaired brain
regions.

2.2. rs-fMRI Study on PD Patients without Cognitive
Impairment. rs-fMRI is a sensitive imaging modality that
can reveal dysfunction in cognition-related brain regions in
PD patients with only subtle cognitive changes or even
without cognitive symptoms. -is property makes rs-fMRI
a promising tool for the early identification of patients with
a high risk for PDD. Lucas-Jimenez et al. used a seed-based
FC analysis and showed reduced DMN FC in nondemented
PD patients, and this FC change was correlated with lower
verbal and visual memory and visual abilities in PD [20].
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Manza et al. also used a seed-based approach to investigate
the striatum FC in PD patients, the results showed that the
stronger FC between the dorsal caudate and the rostral
anterior cingulate cortex was associated with cognitive
dysfunction (especially memory and visuospatial function)
[21]. Muller-Oehring utilized a seed-based rs-fMRI and task
fMRI and demonstrated that stronger putamen-medial
parietal and pallidum-occipital FC than controls was asso-
ciated with executive function and motor symptoms [22].
Tessitore et al. assessed the brain FC of cognitively un-
impaired PD patients using the ICA analysis and found
decreased FC within the DMN, and the FC changes cor-
related with memory, visuospatial, and attention/executive
function [23]. Madhyastha et al. showed impaired brain
network dynamic connectivity at rest in PD patients without
cognitive impairment using factor analysis of overlapping
sliding windows, and the factors in the dorsal attention
network and frontoparietal task control network were
correlated with patients’ performance in attention exam-
inations [24]. Luo et al. performed a graph theory-based
analysis in drug-naive PD patients and found disrupted
network organization in the PD patients at global, nodal,
and connectional levels. Node centralities and connectivity
strength were reduced mainly in the temporal-occipital and
sensorimotor regions. Furthermore, the changed global
network properties were associated with cognitive function
[25]. In a group of rigidity-dominant drug-naive PD pa-
tients without cognitive impairment using a seed-based
approach, Hou et al. found a decreased FC in DMN (es-
pecially the posterior DMN) and an increased FC in the
anterior DMN in the PD patients, and increased FC of the
anterior and ventral parts were negatively correlated with
Hopkins verbal learning test-revised scores [26]. In a 3-year
longitudinal study by Olde Dubbelink et al., the multi-
variate exploratory linear optimized decomposition into
independent components analysis showed widespread re-
duction of FC in the PD patients compared with the
controls. After 3 years, the FC in the PD patients decreased
further on, and the FC changes were most prominent for
posterior parts of the brain. -e FC change over time was
correlated with the alteration of global cognitive function,
as well as perception, praxis and the spatial span subscores
[27]. It is noteworthy that some patients in their study had
dementia, and the cognitive performance of the PD patients
was inferior to the controls at baseline [7]. In a study by
Huang et al., left onset PD patients had worse performance
in feedback-based associative learning than the right onset
PD patients and the controls. In the left onset PD patients, the
impaired cognitive function was associated with the ReHo in
the right dorsal rostral putamen [28]. -ese studies showed
that rs-fMRI was a sensitive tool detecting brain network
abnormalities in PD patients without obvious cognitive im-
pairment, and some motor symptom features implied higher
risk for cognitive dysfunction in PD.

3. Combining rs-fMRI with Other Modalities

Until now, various methods have been applied in investi-
gating neurological disorders, and each has its advantage

and disadvantage. PET and SPECT using different radio
ligands can display abnormalities of neurotransmitters in
the brain and deposition of aggregated proteins such as
α-synuclein, β-amyloid, and tau proteins in neurological
disorders [29]. EEG has a very high temporal resolution. CSF
laboratory examinations are able to detect the culprit protein
and the degree of neurodegeneration [30]. Combining rs-
fMRI and other modalities can deepen our understanding of
the pathophysiology of cognitive dysfunction in PD. Mad-
hyastha et al. used the “network kernel analysis” in PD
patients and found widespread alterations in the correlations
of network kernels in the PD patients, and the degree of
network disturbance was associated with lower cerebro-
spinal fluid α-synuclein and amyloid-β42 levels. In addition,
increased correlation of the insula with the DMN was
associated with worse attentional function. -erefore,
both α-synuclein and amyloid-β42 might play a role in
disrupting cognitive-related brain regions [30]. Lebedev
et al. combined a graph theory-based rs-fMRI analysis
with 123I-FP-CIT SPECT imaging. In their study, execu-
tive function was associated with dorsal frontoparietal
cortical processing and sensory involvement, as well as the
striatal dopamine transporter binding ratios. Memory
performance was correlated with prefrontolimbic pro-
cessing but not associated with nigrostriatal dopaminergic
function. -eir study confirmed that distinct from exec-
utive dysfunction, memory deficits in PD was not induced
by dopaminergic insufficiency [31]. In future studies,
integration of more CSF laboratory examinations, EEG/
fMRI, and PET imaging utilizing more radio ligands in-
cluding for other transmitters (cholinergic, serotonergic,
norepinephrinergic systems, etc.) and abnormal proteins
(such as α-synuclein, β-amyloid, and tau proteins) and
laboratory examinations using other body fluids can
promote our recognition of the underlying mechanism of
cognitive impairment in PD.

4. rs-fMRI as a Diagnostic Tool

So far, most of the rs-fMRI studies in PD enrolled small
numbers of patients. However, we can obtain preliminary
consistent conclusions on the networks disrupted in PD and
their relationship with cognitive dysfunction. We still need
more evidence to apply rs-fMRI as a diagnostic tool in
clinical practice. Abos et al. used a support vector machine
method to distinguish PD patients with and without MCI
with an accuracy of 80%, and the connectivity of the selected
edges was correlated with memory and executive function in
the PD patients [32]. Peraza et al. compared the brain
network between patients with dementia with Lewy bodies
and PDD using seed-based analyses. -eir results implied
that there might be subtle differences in attention and
motor-related networks between these two disorders [33].
Borroni et al. performed rs-fMRI in patients with PD, PDD,
and DLB using ReHo. PD and PDD patients had decreased
ReHo in the frontal regions, while DLB patients had lower
ReHo in the posterior regions [34]. Future studies enrolling
large samples would pave the road for clinical diagnostic
applications in PD.
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5. Prediction of Cognitive Impairment in PD

Disease-modifying therapies targeting α-synuclein, β-amy-
loid, and tau proteins are under active investigation and are
hopeful to be available in clinical practice in the near future.
Early identification of PD patients with a high risk for de-
mentia is critical for potential disease-modifying therapies.
As far as we know, most of the studies using rs-fMRI for
cognitive function in PD are cross-sectional. Only two
studies explored the progression of cognitive impairment
and brain network changes in a longitudinal design.
However, they only enrolled small numbers of patients and
had a short time of follow-up (1 and 3 years, resp.) [21, 27].
Ongoing prospective studies such as the Parkinson’s Pro-
gression Markers Initiative (PPMI) would help answer the
question of PDD prediction.

6. Evaluating and Assisting Intervention

rs-fMRI has been applied in the assessment of the effects of
levodopa and cognitive rehabilitation in PD cognition.
Simioni et al. tested the effect of levodopa on brain networks
and cognitive function using seed-based and ICA analyses.
Levodopa increased resting state FC between caudate and
right parietal cortex (within the frontoparietal attentional
network), and this effect was associated with improvement in
working memory performance [35]. Diez-Cirarda employed
a seed-based rs-fMRI analysis in a randomized controlled trial
of cognitive rehabilitation in PD and showed increased FC
between the left inferior temporal lobe and the bilateral
dorsolateral prefrontal cortex in the rehabilitation group than
the control group. Moreover, the increased FC was correlated
with executive function in the treatment group [36]. Eighteen
months later, they performed a follow-up examination of 15
patients in the rehabilitation group and found preserved effect
of rehabilitation on both cognitive function and brain FC even
after 18 months [37]. Cerasa et al. also evaluated the effect of
cognitive rehabilitation using rs-fMRI. -ey employed ICA
and SPM and showed improved attention/executive function
together with the attention and central executive neural
networks [38]. -ere are other studies evaluating the effect of
varied interventions on the resting brain networks, but the
associations with cognitive function has been less investi-
gated [39–45]. In the future, rs-fMRI can play a more im-
portant role in evaluating treatment effects as well as guiding
neuromodulation therapies.

In summary, rs-fMRI might be a useful tool for the ex-
ploration of underlying mechanism of cognitive dysfunction
in PD and can help diagnose cognitive dysfunction in PD and
assist treatments. More longitudinal studies using rs-fMRI and
the combination of rs-fMRI with other modalities are needed.
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)is study examined whether standard cognitive training, tailored cognitive training, transcranial direct current stimulation
(tDCS), standard cognitive training + tDCS, or tailored cognitive training + tDCS improved cognitive function and functional
outcomes in participants with PD and mild cognitive impairment (PD-MCI). Forty-two participants with PD-MCI were
randomized to one of six groups: (1) standard cognitive training, (2) tailored cognitive training, (3) tDCS, (4) standard cognitive
training + tDCS, (5) tailored cognitive training + tDCS, or (6) a control group. Interventions lasted 4 weeks, with cognitive and
functional outcomes measured at baseline, post-intervention, and follow-up. )e trial was registered with the Australian New
Zealand Clinical Trials Registry (ANZCTR: 12614001039673). While controlling for moderator variables, Generalized Linear
Mixed Models (GLMMs) showed that when compared to the control group, the intervention groups demonstrated variable
statistically significant improvements across executive function, attention/working memory, memory, language, activities of daily
living (ADL), and quality of life (QOL; Hedge’s g range� 0.01 to 1.75). More outcomes improved for the groups that received
standard or tailored cognitive training combined with tDCS. Participants with PD-MCI receiving cognitive training (standard or
tailored) or tDCS demonstrated significant improvements on cognitive and functional outcomes, and combining these in-
terventions provided greater therapeutic effects.

1. Introduction

)ere is a growing body of research examining mild cognitive
impairment in Parkinson’s disease (PD-MCI) and the potential
of nonpharmacological interventions (e.g., cognitive training
and noninvasive brain stimulation) for improving cognitive
function in PD and PD-MCI [1].

)ere are two frequently used methods of computer-
based cognitive training: standard or tailored. Standard
cognitive training involves cognitive tasks that are not
customised to the individual’s cognitive deficits, whereas
tailored cognitive training is deficit specific. Recent studies
report improved cognition following standard and tailored

cognitive training in PD. Paŕıs et al. [2] examined whether
standard multimedia and paper/pencil cognitive training
improved cognitive functioning, quality of life (QOL), and
activities of daily living (ADL) in PD. Compared to the
control group, the trained group improved across all cog-
nitive domains except language, but no improvement was
found for QOL and ADL [2]. In a randomized controlled
trial, Edwards et al. [3] examined whether standard
computer-based cognitive training improved speed of
processing in PD. )ere were significant improvements in
speed of processing for those with mild/moderate PD [3].
For tailored cognitive training, Naismith et al. [4] examined
the effect of two-hour sessions twice a week, which involved
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psychoeducation and tailored computer-based tasks. Epi-
sodic memory and learning retention significantly improved
posttraining [4]. Cerasa et al. [5] examined neurofunctional
correlates between trained cognitive domains and synaptic
plasticity of those domains in PD. Participants completed 12
hours of computer-based cognitive training tailored to their
pretraining cognitive impairment(s). Compared to the control
group, the training group demonstrated attentional improve-
mentswhich increased neural resting state (fMRI) activity in the
superior parietal and prefrontal dorsolateral cortices [5]. )ere
is increasing evidence supporting standard and tailored cog-
nitive training for cognition in PD, but it remains unclear which
modality has greater therapeutic potential [6].

Transcranial direct current stimulation (tDCS) modu-
lates neuronal activity by delivering low-intensity electrical
currents to specific cortical regions [7]. Initial studies report
improved cognition following tDCS in PD. Boggio et al. [8]
demonstrated that 2mA tDCS over left DLPFC improved
working memory in PD, whereas 1mA and sham tDCS
provided no beneficial effects for cognition. Pereira et al. [9]
examined whether 20 minutes of counterbalanced 2mA
tDCS over left DLPFC and left temporoparietal cortices
immediately improved executive functions. In a randomized
controlled trial of tDCS in PD, Doruk et al. [10] compared
2mA tDCS applied over left (group one) or right (group
two) DLPFC with sham stimulation (control group) for
executive function. Compared to the control group, sig-
nificant improvements in the Trail Making Test (Part B) were
found for both tDCS groups immediately following the two-
week intervention and at one-month follow-up [10]. )ese
studies provide preliminary evidence that tDCS may im-
prove cognitive function in PD, but more standardised
clinical trials are required to substantiate these findings.

One recent study [11] combined cognitive training with
tDCS simultaneously and reported a trend towards signif-
icant improvement in memory, but the lack of a control
group limits interpretation of intervention effects. It remains
unclear whether combining cognitive training with tDCS
provides optimal conditions (stimulation and compensa-
tion) to elicit neuronal plasticity and improve cognition in
PD and PD-MCI. )e present study examined whether
standard cognitive training, tailored cognitive training,
tDCS, standard cognitive training + tDCS, and tailored
cognitive training + tDCS improved cognitive function and
practical outcomes in PD-MCI.

2. Methods

2.1. Study Design. )is study was a parallel, randomized
controlled trial conducted in accordance with CONSORT
requirements (see Supplementary Table S1) [12]. Participants
were randomized to one of six groups (5 intervention and 1
control) by a computer generated list using block ran-
domization at a ratio of 1 :1. Blinding is difficult to achieve in
nonpharmacological trials, and so participants and re-
searchers were not blinded to the interventions.

Participants in the standard or tailored cognitive training
groups completed computer-based training for 45 minutes,
3 times per week for 4 weeks. Cognitive training was

completed using the website version of Smartbrain Pro™
(http://www.smartbrain.net) in participants’ homes. Par-
ticipants in a tDCS group completed 20 minutes of stim-
ulation, once a week for 4 weeks. Each session of tDCS was
completed at Curtin University. All participants completed
the same neuropsychological tests at baseline (week 0),
post-intervention (week 5), and follow-up (week 12).

Curtin University’s Ethics Committee provided approval
(approval number: HR 189/2014), and this study was reg-
istered with the Australian New Zealand Clinical Trials
Registry (ANZCTR: 12614001039673). All participants
provided informed consent, and participation was com-
pleted during participants’ “ON” stage of medication.

2.2. Study Population. Participant recruitment and neuro-
psychological assessments were completed at Curtin Uni-
versity, Western Australia, in 2015. )e following inclusion
criteria applied: (1) participants diagnosed with idiopathic
PD in accordance with the UK PD Brain Bank criteria, (2)
presence ofMCI in accordance with theMovement Disorder
Society (MDS) PD-MCI Level II diagnostic criteria [13], (3)
a stable response to antiparkinsonian medication at pre-
intervention and during the course of the intervention, and
(4) cognitive deficits that did not interfere with functional
independence (i.e., UPDRS-II score less than 3). )e fol-
lowing exclusion criteria applied: (1) presence of PD-
Dementia, (2) recent history of brain surgery, (3) Deep
Brain Stimulation (DBS) implant, (4) active skin disease on
the scalp, (5) history of migraine or epilepsy, and (6) metal
implants in the head/brain. 70 participants completed
baseline neuropsychological assessments, with 42 meeting
inclusion criteria (Figure 1). All participants completed their
intervention and post-intervention neuropsychological as-
sessments. Four participants (9.5%) did not complete follow-
up assessments due to inability to travel due to disease
progression (N � 2) and lack of time (N � 2).

2.3. Cognitive Training. Smartbrain Pro is an interactive
computer-based training program designed to train each
cognitive domain. Smartbrain Pro has been used in trials
which have demonstrated improvements in cognitive
functioning in Alzheimer’s disease and PD [2, 14]. Smart-
brain Pro was streamed directly from the Internet onto
participants’ home computers or onto Acer™ Aspire E3-112
portable computers via Optus™ E5251 Mini Wifi Modems
(provided by the researcher). Performance was automati-
cally monitored by the program to adjust individual diffi-
cultly levels for each activity. Participants in the standard
cognitive training and standard cognitive training + tDCS
groups completed a predetermined program comprising 10
activities, two activities per cognitive domain (see Supple-
mentary Table S2). Participants in the tailored cognitive
training and tailored cognitive training + tDCS groups
completed activities which were individualized to their
baseline neuropsychological test results. For example,
a participant who demonstrated memory and executive
function impairment at baseline completed only memory
and executive function activities during cognitive training.
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)e activities themselves were the same as for the standard
cognitive training, and normative data were used to define
each participant’s degree of cognitive impairment, as de-
scribed in earlier work [15].

2.4. Brain Stimulation. tDCS is a noninvasive brain stim-
ulation procedure delivering low-intensity electrical cur-
rents to specific cortical areas. For participants in the tDCS,
standard cognitive training + tDCS, and tailored cognitive
training + tDCS groups, stimulation sessions were scheduled
for the same day and time each week for 4 weeks. During
each session, participants received 20 minutes of constant

current 1.5mA stimulation over left dorsal lateral prefrontal
cortex (LDPFC). tDCS was delivered using the TCT™ tDCS
stimulator (http://www.trans-cranial.com/) and adminis-
tered with two 50× 70mm2 sponge electrodes soaked in
saline solution. )e anode electrode was placed over F3
according to the 10–20 international system, and the cathode
electrode was placed above the left eye. Executive function
and attention/working memory are most frequently im-
paired cognitive domains in PD [15, 16] and associated with
cortical activation of the left DLPFC [5]. Previous studies
demonstrate improved cognitive functioning following
tDCS over left DLPFC in PD [8, 9]. Left DLPFC was
therefore targeted for tDCS in this study.

Tailored
cognitive
training
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Not meeting
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Randomised to intervention or control groups
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cognitive
training
(n = 7)

Standard
cognitive
training
(n = 7)

Control
(n = 7)

Tailored
cognitive
training
+ tDCS
(n = 7)

tDCS
(n = 7)

Standard
cognitive
training
+ tDCS
(n = 7)

Tailored
cognitive
training
(n = 6)

Standard
cognitive
training
(n = 5)

Control
(n = 6)

Tailored
cognitive
training
+ tDCS
(n = 7)

tDCS
(n = 7)

Standard
cognitive
training
+ tDCS
(n = 7)

Tailored
cognitive
training
(n = 6)

Standard
cognitive
training
(n = 5)

Control
(n = 6)

Tailored
cognitive
training
+ tDCS
(n = 7)

tDCS
(n = 7)

Standard
cognitive
training
+ tDCS
(n = 7)

Analysis

Follow-up
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Figure 1: CONSORT flow diagram.
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2.5. Control Group. Participants in the control group
completed baseline, post-intervention, and 12-week follow-
up neuropsychological assessments, but did not complete
cognitive training or tDCS.

2.6. Neuropsychological Assessment. Neuropsychological
assessments were conducted by doctoral researchers with
extensive training and experience in administration, scoring,
and interpretation of neuropsychological tests in PD. )e
following tests were selected in accordance with MDS Task
Force [13] recommendations: (1) executive function was
assessed using the Stockings of Cambridge (SOC) subtest
fromCANTAB™ and the Controlled OralWord Association
Task (COWAT) [17], (2) attention and working memory was
assessed using the Letter-Number Sequencing (LNS) [18]
and the Stroop (Colour-Word Interference) Test [19], (3)
memory was assessed using the Hopkins Verbal Learning
Test-Revised (HVLT-R) immediate recall subtest [20] and
the Paragraph Recall test [21], (4) visuospatial abilities were
assessedwith the Judgement of LineOrientation (JLO) test [22]
and the Hooper Visual Organisation Test (HVOT) [23], and
(5) language was assessed using the Boston Naming Test-Short
Form (BNT) [24] and the Similarities test [18]. Global cog-
nition was assessed using the Parkinson’s Disease—Cognitive
Rating Scale (PD-CRS) [25] and the Mini-Mental State Ex-
amination (MMSE) [26]. Premorbid intelligence was assessed
using the Australian version of the National Adult Reading
Test (AUSNART) [27]. PD-MCI was classified as less than one
standard deviation (SD) below normative scores on two or
more neuropsychological tests [13]. Please refer to our earlier
work [15] for a detailed description of our application of the
MDS Task Force criteria for classification of PD-MCI in this
study’s sample of participants.

Activities of daily living (ADL) and quality of life (QOL)
are impacted by cognitive impairment in PD, but few non-
pharmacological trials have included these outcomes. ADL
and QOL were assessed by the Unified Parkinson’s Disease
Rating Scale (Section II) [28] and the Parkinson’s Disease
Questionnaire-39 (PDQ-39) [29], respectively. Depression
was included as a potential covariate and assessed using the
Depression, Anxiety, and Stress Scale-21 (DASS-21) [30].

2.7. Data Analysis. Generalized linear mixed models
(GLMMs) analysed outcome variables [31] in SPSS version
22.0. Separate GLMMs were run for each outcome variable
to optimise the likelihood of convergence. To control the
Type 1 error rate and conserve statistical power, outcome
variables were grouped by cognitive domain (e.g., executive
function and memory) and a more stringent alpha level was
applied (p< 0.025) to interaction effects. Each GLMM was
assessed for statistically significant Group×Time interaction
effects, main effects of Time (per group), and pairwise
contrasts. Statistically significant simple main effects of
Group were not of interest for this study. Significant simple
main effects of Group indicate a significant difference be-
tween group outcome scores at either pre-intervention, post-
intervention, or follow-up time intervals. However, this
study investigated whether there was a significantly different

degree of change (over time) on outcome variables, between
groups. )erefore, pre-intervention, post-intervention, or
follow-up group differences provided no statistical evidence
to support the effect of interventions (or no effect of the
control group) on outcome variables. Effect sizes (Hedge’s g)
were calculated using the change score method and repre-
sent a comparison between each corresponding intervention
group and the control group. Sample size was determined
using G∗Power 3. Paŕıs et al. [2] and Naismith et al. [4]
found moderate to large effect sizes for cognitive outcomes.
To detect a moderate effect (power� 0.80 and α� 0.05), 54
participants were required (9 per group).

3. Results

No data were missing at baseline. Little’s Missing Completely at
Random (MCAR) test showed datamissing at post-intervention
(χ � 23.80, p � 0.64) and follow-up (χ � 40.34, p � 0.07) were
not systematically linked to included variables. Given that
GLMMs account for missing data, means and standard de-
viations at post-intervention and follow-up assessments were
slightly adjusted by each model and do not reflect the raw data
at those time points. Refer to Supplementary Tables S3, S4, and
S5 for raw neuropsychological test results.

Age significantly correlated with the HVLT (r � −0.43,

p � 0.004), MMSE (r � −0.43, p � 0.01), and PD-CRS
(r � −0.37, p � 0.02). Gender significantly correlated with
the Stroop test (r � 0.35, p � 0.03). Years of education
significantly correlated with Similarities (r � 0.31, p � 0.04)
and MMSE (r � 0.34, p � 0.03). Premorbid IQ signifi-
cantly correlated with Similarities (r � 0.44, p � 0.003),
JLO (r � 0.33, p � 0.03), and MMSE (r � 0.38, p � 0.01).
Disease duration significantly correlated with the HVOT
(r � −0.32, p � 0.04). LED significantly correlated with Simi-
larities (r � 0.33, p � 0.03). Depression significantly corre-
lated with Similarities (r � −0.39, p � 0.01) and the PDQ-39
(r � 0.59, p< 0.001). Variables with significant correlations at
baseline were included as covariates in correspondingGLMMs.
An analysis of variance (ANOVA) of baseline demographic
statistics indicated no statistically significant differences
between groups (Table 1).

A significant interaction effect was observed for SOC,
indicating a differential rate of improvement in executive
function between groups (F � 3.82, p< 0.001). Significant
improvements were identified for the standard cognitive
training + tDCS group (F � 10.73, p< 0.001) and tailored
cognitive training + tDCS group (F � 12.00, p< 0.001). No
other groups improved on SOC, and no groups improved on
the COWAT. Refer to Tables 2–4 for pairwise comparison
statistics, effect sizes, and group baseline, post-intervention,
and follow-up results.

For attention/working memory, a significant interaction
effect was observed for the Stroop test (F � 2.91, p � 0.003).
Significant improvements were identified for the tDCS group
(F � 4.06, p � 0.02) and standard cognitive training+ tDCS
group (F � 35.05, p< 0.001). No other groups improved on the
Stroop test. A significant interaction effect was observed for LNS
(F � 4.53, p< 0.001). Significant improvement was identified
for the tailored cognitive training group (F � 6.62, p � 0.002)
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and tailored cognitive training+tDCSgroup (F � 5.11, p � 0.01).
No other groups improved on the LNS.

Formemory, a significant interaction effect was observed for
Paragraph Recall (F � 2.51, p � 0.01). Significant improve-
ments were identified for the standard cognitive training group,
(F � 5.24, p � 0.01), tDCS group, (F � 17.82, p< 0.001), and
tailored cognitive training+ tDCS group (F � 12.09, p< 0.001).
No other groups improved on Paragraph Recall, and no groups
improved on HVLT.

For language, a significant interaction effect was observed
for the Similarities test (F � 3.25, p � 0.001). Significant
improvements were identified for the standard cognitive
training+ tDCS group (F � 5.23, p � 0.01) and tailored cog-
nitive training+ tDCS group (F � 17.43, p< 0.001). No other
groups improved on the Similarities test, and no groups im-
proved on the BNT.

For visuospatial abilities, a significant interaction effect
was observed for JLO (F � 3.76, p< 0.001). However, a sig-
nificant decline was identified for the standard cognitive
training group (F � 6.57, p � 0.002). )erefore, no groups
improved on JLO, and no groups improved on HVOT.

No groups improved on measures of global cognition
(MMSE and PD-CRS).

For QOL, a significant interaction effect was observed for
the PDQ-39 (F � 2.96, p � 0.003). Significant improve-
ments were identified for the standard cognitive training
group (F � 7.21, p � 0.001) and tailored cognitive training
group (F � 12.48, p< 0.001). No other groups improved on
QOL.

For ADL, a significant interaction effect was observed for
the UPDRS-II (F � 1.96, p � 0.04). Significant improvements
were identified for the standard cognitive training group
(F � 11.29, p< 0.001) and standard cognitive training + tDCS
group (F � 3.40, p � 0.04).Noother groups improved onADL.

4. Discussion

In support of the therapeutic potential of cognitive training
and tDCS, differential rates of improvements in cognition,
ADL, and QOL were observed across intervention groups.
)e control group did not improve on any outcomemeasures.

)e standard cognitive training group improved on
memory, ADL, and QOL. Previous standard cognitive training
studies report improved memory [2] and ADL in PD [32], but
this study is the first to report improvement in QOL. Paŕıs et al.
[2] used the same computer-based cognitive training pro-
gram (Smartbrain Pro) and the same QOL outcome measure
(PDQ-39), but their participants did not improve. )is may
reflect a ceiling effect as half the participants in Paŕıs et al.’s [2]
cognitive training group were identified as having normal
cognition. Nonetheless, ADL andQOL are frequently impaired
in PD and associated with cognitive decline [33, 34]. )e
current findings indicate that standard cognitive training
improves ADL and QOL for those with PD.

)e tailored cognitive training group improved on
attention/working memory and QOL. One tailored cognitive
training study has reported “attentional improvements,”
evidenced by increased neural resting state activity (measured
by fMRI) in the superior parietal and prefrontal dorsolateral

cortices following training [5]. )e current study is the first to
report improvements in QOL following tailored cognitive
training in participants with PD or PD-MCI. Despite limited
evidence in PD, a Cochrane review of cognitive training for
people with mild to moderate dementia reported positive
effects of cognitive training for QOL (and cognitive function)
[35].)e positive results in dementia and in the current study
indicate that future studies should explore the potential of
tailored cognitive training to improve QOL in PD-MCI.

)e tDCS group improved on attention/working memory
andmemory. Recent studies report significant improvements in
attention/working memory in PD [8] and attentional/executive
abilities [9, 10]. )e current study is the first to demonstrate
memory improvement following tDCS in PD-MCI. In accor-
dance with the “dual syndrome hypothesis” [36], if participants
in the current study had the APOE allelic genetic abnormality
associated with memory deficits in the posterior cortex, the
Scaffolding )eory of Ageing and Cognition [37] suggests that
their impaired posterior cortical function may have led to
compensatory activation of the prefrontal cortices (i.e., left
DLPFC) to account for increased cognitive demand during
complex tasks (i.e., neuropsychological assessments). Anodal
tDCS may have therefore enhanced compensatory activation of
the left DLPFC, leading to increased neural activity of frontal
functions that were associated with improved memory per-
formance in PD-MCI.

)e standard cognitive training + tDCS group improved
on executive function, attention/working memory, and ADL.
Multiple uncontrolled studies combined standard cognitive
training with tDCS, but the results vary. Biundo et al. [11]
reported a decline in executive skills and improved attention
and memory. Conversely, research in Alzheimer’s disease
paired repetitive transcranial magnetic stimulation (rTMS)
with standard cognitive training and reported improved
global cognition [38]. However, different methods of non-
invasive stimulation, both anodal tDCS and high-frequency
rTMS, increase cortical excitability to improve cognitive
functioning [7]. In accordance with Mowszowski et al. [39],
combining standard cognitive training with tDCS in the
current study may have resulted in “positive plasticity” to
alleviate cognitive deficits. Standard cognitive training may
have stimulated and strengthened existing neural connections
(synaptogenesis), while tDCS provided compensatory acti-
vation of a cortical region (left DLPFC) associated with
higher-order cognition and functional improvement in ADL.

)is is the first standard cognitive training and tDCS
study to report language improvements in PD. Improved
language abilities may be explained by the overlap between
the language skills needed to complete the Similarities out-
come test and those needed to complete the cognitive training
program. During the language activities, participants finished
sentences by selecting an appropriate word and determining
the relationship between a group of words by applying a se-
mantic category to those words. Successful completion of the
Similarities test also involves application of semantic word
categories to describe the most appropriate relationship be-
tween a set of words [18]. Participants in the standard cog-
nitive training + tDCS group may have therefore trained and
improved language skills that were most beneficial for
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successful performance on the Similarities language test.
)ere is mounting evidence indicating that some people with
PD demonstrate language impairment [16, 40], and the
current study suggests that combining standard cognitive
training with tDCS may alleviate this deficit.

)e tailored cognitive training + tDCS group improved
on executive function, attention/working memory, and
memory. Among studies that have examined these in-
terventions independently, several reports improved exec-
utive function and attention/working memory in PD [5, 9].
)e current study is the first to report memory improve-
ments following tailored cognitive training and tDCS in PD.
Memory impairment is common in PD and may predict
progression to PD-Dementia [41]. Future clinical trials of
tDCS and tailored cognitive training need to include
standardised memory outcomes and interventions targeting
memory impairment in PD.

)e current study is also the first to report improved
language abilities following tailored cognitive training and
tDCS in PD. For the tailored cognitive training + tDCS
group, language improvements were observed on the
Similarities test, but not the BNT. )e MDS Task Force
classifies the Similarities test as a measure of language
abilities [13]. However, the Similarities test is a subtest of the
verbal IQ index of the WAIS battery and involves abstract
reasoning [18]. Abstract reasoning is a higher-order cog-
nitive ability associated with executive function and involves
ordering, comparing, analysing, and synthesizing in-
formation [42]. When completing the Similarities test,
participants need to describe in what ways are two
concepts/words alike, which requires the use of abstract
reasoning (an executive skill) to synthesise information
related to both concepts/words. As a task requiring executive
function, completing the Similarities test may involve in-
creased activation of left DLPFC, which was also the target of
tDCS for this group. Participants in this group also dem-
onstrated impaired executive function (lowest baseline SOC
score) and completed cognitive training tasks tailored to
executive function skills. Pairing this form of tailored
cognitive training with tDCS applied to left DLPFC may
have increased cortical activity associated with improved
performance on SOC and Similarities, tasks involving ex-
ecutive and language abilities. According to the theoretical
model proposed by Kim and Kim [43], combining a stim-
ulation and compensation-focussed intervention (tailored
cognitive training) with another compensation-focussed
intervention (tDCS) may have provided optimal condi-
tions for neuronal plasticity, which led to improved per-
formance across several cognitive domains.

)ere are limitations to the current study. Several out-
comes did not improve across intervention groups, which
may be due to a number of reasons. Despite selecting
outcomes in accordance with MDS Task Force recom-
mendations [13], a lack of sensitivity of some cognitive tests
for detecting change in PD may have contributed to non-
significant improvement for those tests (e.g., HVLT, BNT,
and MMSE). [42] Researchers should consult compendiums
of neuropsychological tests [42] to ensure that sensitive
outcomes are included in future clinical trials. )e cognitive

training and tDCS parameters used in this study may have
also impacted nonsignificant results. No improvements were
observed for visuospatial abilities as measured by HVOTand
JLO. )ese tests involve perceptual organisation (HVOT)
and estimation of angled lines (JLO), but the visuospatial
activities in the cognitive training interventions involved
different visuospatial skills (e.g., identifying coordinates and
time ranges on an analog clock). Furthermore, the tDCS in
this study stimulated a cortical region (left DLPFC) that is
not associated with visuospatial performance. Several studies
report more dominant involvement of the right posterior
hemisphere during completion of HVOTand JLO [44, 45]. It
is therefore likely that the cognitive training tasks and site of
tDCS were not conducive to improved visuospatial abilities.
It is also important to note that two participants in the
standard cognitive training group with high JLO scores at
pre-intervention dropped out of the study preceding the
follow-up assessment, which may account for this group’s
significant decline in JLO performance at follow-up. )is
study was also somewhat underpowered, which may have
impacted nonsignificant outcome effects. Lastly, exposure
was not matched between intervention groups. Participants
allocated to the cognitive training groups (standard or
tailored) completed 12 sessions of training. Whereas, par-
ticipants in the cognitive training + tDCS groups completed
12 sessions of cognitive training and 4 sessions of tDCS.
Completing both interventions exposed participants to
a greater number of therapeutic sessions designed to im-
prove cognition, which may have produced additive bene-
ficial effects on neuropsychological outcomes. Future studies
should account for these methodological parameters when
exploring the therapeutic potential of cognitive training and
tDCS in PD and PD-MCI.

5. Conclusions

)is study provides evidence in support of cognitive
training, tDCS, and cognitive training combined with tDCS
for PD-MCI. )e rate of participant attrition was low
(<10%), and cognitive performance was measured in line
with MDS Task Force recommendations for Level II di-
agnostic criteria of PD-MCI [13]. Overall, a greater number
of outcomes improved for the groups that received standard
or tailored cognitive training combined with tDCS. )ese
findings suggest that cognitive training combined with tDCS
may provide optimal conditions for neuronal plasticity,
leading to improvements in cognition and functional out-
comes for those with PD-MCI.
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[34] D. Muslimović, B. Post, J. D. Speelman, B. Schmand, R. J. de
Haan, and CARPA Study Group, “Determinants of disability
and quality of life in mild to moderate Parkinson disease,”
Neurology, vol. 70, no. 23, pp. 2241–2247, 2008.

[35] B. Woods, E. Aguirre, A. E. Spector, andM. Orrell, “Cognitive
stimulation to improve cognitive functioning in people with
dementia,” Cochrane Database of Systematic Reviews, no. 2,
p. CD005562, 2012.

[36] C. Nombela, J. B. Rowe, S. E. Winder-Rhodes et al., “Genetic
impact on cognition and brain function in newly diagnosed
Parkinson’s disease: ICICLE-PD study,” Brain, vol. 137, no. 10,
pp. 2743–2758, 2014.

[37] J. O. Goh and D. C. Park, “Neuroplasticity and cognitive aging:
the scaffolding theory of aging and cognition,” Restorative
Neurology and Neuroscience, vol. 27, pp. 391–403, 2009.

[38] J. M. Rabey, E. Dobronevsky, S. Aichenbaum, O. Gonen,
R. G. Marton, and M. Khaigrekht, “Repetitive transcranial
magnetic stimulation combined with cognitive training is
a safe and effective modality for the treatment of Alzheimer’s
disease: a randomized, double-blind study,” Journal of Neural
Transmission, vol. 120, no. 5, pp. 813–819, 2013.

[39] L. Mowszowski, J. Batchelor, and S. L. Naismith, “Early in-
tervention for cognitive decline: can cognitive training be used
as a selective prevention technique?,” International Psycho-
geriatrics, vol. 22, no. 4, pp. 537–548, 2010.

[40] J. G. Goldman, S. Holden, B. Bernard, B. Ouyang, C. G. Goetz,
and G. T. Stebbins, “Defining optimal cutoff scores for
cognitive impairment using Movement Disorder Society Task
Force criteria for mild cognitive impairment in Parkinson’s
disease,” Movement Disorders, vol. 28, no. 14, pp. 1972–1979,
2013.

[41] D.Muslimovic, B. Schmand, J. D. Speelman, and R. J. De Haan,
“Course of cognitive decline in Parkinson’s disease: a meta-
analysis,” Journal of the International Neuropsychological
Society, vol. 13, no. 6, pp. 920–932, 2007.

[42] M. Lezak, D. Howieson, and D. Loring, Neuropsychological
Assessment, Oxford University Press, Oxford, UK, 2012.

[43] E. Y. Kim and K. W. Kim, “A theoretical framework for
cognitive and non-cognitive interventions for older adults:
stimulation versus compensation,” Aging & Mental Health,
vol. 18, no. 3, pp. 304–315, 2014.

[44] J. D. Nadler, J. Grace, D. A. White, M. A. Butters, and
P. F.Malloy, “Laterality differences in quantitative and qualitative
Hooper performance,” Archives of Clinical Neuropsychology,
vol. 11, no. 3, pp. 223–229, 1996.

[45] V. Ng, E. T. Bullmore, G. De Zubicaray, A. Cooper,
J. Suckling, and S. C. Williams, “Identifying rate-limiting
nodes in large-scale cortical networks for visuospatial pro-
cessing: an illustration using fMRI,” Journal of Cognitive
Neuroscience, vol. 13, no. 4, pp. 537–545, 2001.

12 Parkinson’s Disease


