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Background: Dementia is common in Parkinson’s disease, but the underlying brain pathology is not yet fully
understood.
Aim: To examine the changes in the brain of patients with Parkinson’s disease with mild cognitive impairment
(MCI) and dementia, using structural magnetic resonance imaging.
Methods: Using voxel-based morphometry, the grey matter atrophy on brain images of patients with
Parkinson’s disease and dementia (PDD; n = 16) and Parkinson’s disease without dementia (PDND; n = 20),
and healthy elderly subjects (n = 20) was studied. In the PDND group, 12 subjects had normal cognitive status
and 8 had MCI. Standardised rating scales for motor, cognitive and psychiatric symptoms were used.
Results: Widespread areas of cortical atrophy were found in patients with PDD compared with normal
controls (in both temporal and frontal lobes and in the left parietal lobe). Grey matter reductions were found
in frontal, parietal, limbic and temporal lobes in patients with PDD compared with those with PDND. In
patients with PDND with MCI, areas of reduced grey matter in the left frontal and both temporal lobes were
found.
Conclusion: These findings show that dementia in Parkinson’s disease is associated with structural neocortical
changes in the brain, and that cognitive impairment in patients with PDND may be associated with structural
changes in the brain. Further studies with larger groups of patients are needed to confirm these findings.

C
ognitive impairment and neuropsychiatric symptoms are
common in patients with Parkinson’s disease, and most
patients with Parkinson’s disease who survive .10 years

after the onset of Parkinson’s disease will eventually develop
dementia (PDD).1 The dementia profile of PDD is characterised
by executive, visuospatial and attentional impairment, suggest-
ing that frontostriatal changes are the main causes of dementia
in patients with Parkinson’s disease.2 3 In addition, a sub-
stantial proportion of patients with Parkinson’s disease have
mild cognitive impairment (MCI) without fulfilling dementia
criteria, even early in the course of disease.4 5 Preliminary
evidence suggests that these mild cognitive changes represent
the early stages of dementia.6 7

The few existing studies of Parkinson’s disease using
structural magnetic resonance imaging (MRI) techniques have
not consistently shown a specific pattern of atrophy in patients
with PDD. In a study measuring hippocampal volumes,8

patients with Parkinson’s disease with and without cognitive
impairment had more hippocampal atrophy than healthy age-
matched controls. Another volumetric study found reduction in
volume of both hippocampus and amygdala in patients with
PDD and patients with Parkinson’s disease without dementia
(PDND) compared with normal controls.9 These findings were
confirmed in a recent study using visual rating of the medial
temporal lobes. There were no significant differences in
hippocampal atrophy in patients with PDD compared with
those with PDND.10 Patients belonging to both Parkinson’s
disease groups, however, showed more hippocampal atrophy
than the control group.

In a study using voxel-based morphometry (VBM), neocor-
tical atrophy has also been reported in patients with PDD. VBM
is an automated, unbiased method for voxel-wise comparison
of anatomical data from high-resolution MRI. The method is
fairly new, introduced in 2000,11 and compares the density of
grey or white matter between groups of individuals. In patients
with PDD, reduced grey matter volume in temporal and
occipital lobes, right frontal and left parietal lobes were found,
together with subcortical areas.12 Similar but less widespread
atrophy was reported in a recent study, which also found
hippocampal atrophy in patients with PDD.13

Changes in MRI have also been reported in patients with
PDND using VBM. Reduced volumes in the right frontal lobe,12

temporal lobe and hippocampus,13 and limbic and parahippo-
campal atrophy have been found.14

Two longitudinal studies have recently been published on the
rates of atrophy in patients with Parkinson’s disease versus
controls. Whole-brain atrophy rates were significantly
increased in patients with PDD compared with those with
PDND and controls.15 No increase in atrophy in patients with
PDND compared with normal controls was found. Another
longitudinal study using VBM found progressive decreases in
the grey matter volume in limbic, paralimbic and temporo-

Abbreviations: ANCOVA, analysis of covariance; ANOVA, analysis of
variance; FWE, family-wise error; MCI, mild cognitive impairment; MMSE,
Mini-Mental State Examination; MRI, magnetic resonance imaging; PDD,
Parkinson’s disease with dementia; PDND, Parkinson’s disease without
dementia; SPM, statistical parametric mapping; SVC, small volume
correction; VBM, voxel-based morphometry
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occipital regions in patients with PDND, and, neocortical grey
matter loss was found in patients with PDD.16

No MRI studies of patients with Parkinson’s disease and MCI
have, to our knowledge, yet been reported. Thus, whether
structural changes exist in patients with Parkinson’s disease
and MCI, and whether the previously reported cortical and
hippocampal atrophy is present in all patients with PDND or
only in a subgroup with MCI is not clear.

To explore these issues, we investigated structural brain
MRIs of patients with Parkinson’s disease with and without
MCI and dementia and healthy elderly volunteers using VBM.

We hypothesised that patients with PDD would have more
pronounced cortical atrophy than controls and patients with
PDND, and that those with Parkinson’s disease with MCI
would show more atrophy than those with Parkinson’s disease
with intact cognition. On the basis of the cognitive profile of
PDD and previous MRI studies, we further hypothesised that
these changes in the brain would involve frontal, limbic and
temporal lobes, including the medial temporal cortex.

PATIENTS AND METHODS
Case-finding and diagnostic procedures
The patients were recruited from an ongoing epidemiological
study (sample 1).17 In addition, consecutive patients referred to
outpatient clinics of the Department of Neurology or the
Department of Geriatric Psychiatry, Stavanger University
Hospital, Stavanger, Norway, were included (sample 2). A
diagnosis of Parkinson’s disease was made by a neurologist,
according to explicit criteria.18 The minimum requirement for a
diagnosis of Parkinson’s disease was at least two of the cardinal
signs (akinesia, rigidity, resting tremor or postural abnormal-
ities) and a moderate response to a dopaminergic agent.
Staging of Parkinson’s disease was carried out according to
the Hoehn and Yahr scale.19 Sample 1 has been followed up
prospectively with a 4-year interval in 1993, 1997 and 2001 and

then assessed annually. The autopsy diagnosis in the first 22
patients, 2 of whom participated in the current MRI study, was
consistent with a diagnosis of Lewy-body Parkinson’s disease.20

Diagnosis of dementia
The diagnosis of dementia was based on a semistructured
interview with the patient and a care giver following the
Diagnostic and Statistical Manual of Mental Disorders-III-R
criteria for dementia21 (sample 1) or Diagnostic and Statistical
Manual of Mental Disorders IV (sample 2).22 All patients
completed the Mini-Mental State Examination (MMSE).23 In
addition, sample 1 completed the Dementia Rating Scale.24

Patients with an MMSE score >16 completed a neuropsycho-
logical battery consisting of (1) the multiple-choice version of
the Benton Visual Retention Test,25 the Judgement of Line
Orientation Test26 and the Stroop Word Test.27 These neurop-
sychological tests were selected to identify cognitive deficits
typically occurring in Parkinson’s disease,28 and were as much
as possible independent of motor abilities. The tests were
administered by a neuropsychologist, and scored according to
conventional procedures outlined in the test manuals. A
detailed description of the test battery is made elsewhere.5

Sample 2 completed the Cambridge Cognitive Examination, the
cognitive section of the Cambridge Mental Disorders of the
Elderly Examination.29 To qualify for a diagnosis of dementia,
the interview and the cognitive rating scales had to be
compatible with a diagnosis of dementia. The final diagnosis
was made by one of the authors (DA) on the basis of all
available information except the MRI scan. Further details of
the clinical assessment of sample 1 can be found in Tandberg et
al 30 and Aarsland et al.31 Psychiatric symptoms were assessed
using the Neuropsychiatric Inventory32 in all patients with
Parkinson’s disease with cognitive impairment to detect
cognitive impairment secondary to psychiatric syndromes such
as depression.

Table 1 Characteristics of participants

PDD PDND Controls p Value

Participants 16 20 20 NA
Female/male 6/10 11/9 10/10 0.56
Mean age 73.5 (6.5) 72.5 (8.5) 73.3 (6.3) 0.9
Mean MMSE score 19.4 (4.6) 28.2 (2.1) 29.6 (0.7) ,0.001*
Mean education (years) 10.2 (3.6) 11.0 (3.6) 12.1 (4.3) 0.31
Mean H&Y stage 3.0 (0.6) 2.4 (0.6) NA 0.008�
Mean duration of PD (years) 12.3 (7.5) 12.0 (6.3) NA 0.38

H&Y stage, Hoehn & Yahr stage; MMSE, Mini Mental State Examination; NA, non-applicable; PD, Parkinson’s disease;
PDD, Parkinson’s disease with dementia; PDND, Parkinson’s disease without dementia.
*Significantly lower mean value in PDD compared with PDND and controls.
�Higher H&Y stage in PDD compared with PDND.
Standard deviation is given in parentheses.

Table 2 Characteristics of patients with Parkinson’s disease without dementia

MCI No MCI p Value

Participants 8 12 NA
Female/male 5/3 6/6 0.47*
Mean age (years) 77.4 (7.4) 69 (8) 0.057
Mean MMSE score 25.9 (2.9) 29.4 (0.5) 0.007
Mean education (years) 8.4 (1.5) 12.5 (3.6) 0.013
Mean H&Y stage 2.6 (0.8) 2.3 (0.4) 0.52
Mean duration of PD (years) 10.8 (3.7) 14.1 (7.1) 0.52

H&Y stage, Hoehn and Yahr stage; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; NA, non-
applicable; PD, Parkinson’s disease.
*Fishers exact test.
Standard deviation is given in parentheses.
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Mild cognitive impairment
MCI was defined according to the criteria proposed by Petersen
et al33: impaired performance (ie, >1K standard deviation (SD)
below the mean of a control group matched with the PDND
group for age, sex and education) on one, two or all three
neuropsychological tests. In addition, information regarding
memory problems or other subjective cognitive deficits was
gathered by means of the care giver-based dementia interview
and the mentation item from the mental subscale of Unified
Parkinson Disease Rating Scale.34 MCI was diagnosed if
cognitive impairment on testing and from the interview was
not severe enough to affect activities of daily living, and thus
the criteria for dementia were not met. For a more detailed
description of the MCI diagnosis, see Janvin et al.7

Control group
Healthy elderly controls were recruited from the local
Parkinson interest group, elderly people from local clubs for
retired people and from relatives of patients with Parkinson’s
disease or other neuropsychiatric disorders. The controls had no
active neurological or psychiatric disorder. They had no
cognitive deficits, and were not taking drugs that could affect
their cognition. A minimum MMSE score of 28 was required.
Written consent was obtained from all patients and controls,
and the study was approved by Regional Committee for Medical
Research Ethics, University of Bergen, Bergen, Norway.

Exclusion criteria
Patients with other known brain disorders apart from
Parkinson’s disease, Parkinsonism due to antipsychotic or
other drugs, or a history of schizophrenia or bipolar disorder
were not included. To avoid inclusion of patients with dementia
with Lewy bodies, patients with clinical signs of cognitive
impairment during the first year after onset of Parkinson’s
disease were excluded according to the International Consensus
Criteria.35 We checked the standard sequences of the MRI scans
(T1, dual fast field echo (FFE) and T2 flair) before the inclusion
of a patient or control, and those who had structural
abnormalities in the brain affecting the grey matter were
excluded from VBM analysis. Patients with marked tremor,
which interferes with the imaging session and produces
movement artefacts, were also excluded.

Magnetic resonance imaging
The subjects were scanned at the Department of Radiology,
Stavanger University Hospital, in the period from December
2001 to June 2005, in a 1.5-T Phillips Gyroscan NT intra release
8.1 (Philips Medical Systems, Best, The Netherlands). The
software of the machine was upgraded in the autumn of 2003,
to Release 10. This has not affected the quality of the images,
which has been stable throughout the study. We performed a
structural MRI series with a T1-weighted three-dimensional
fast, spoiled gradient recalled echo (TR 12.4 ms, TE 4.2 ms, TI
650 ms, matrix 2566192, slice thickness 1.6 mm).

Image analysis
Standard sequences (T1, dual FFE, T2 flair) were examined to
visualise focal lesions of grey matter that might lead to
exclusion of patients from the study. These sequences were
not used for statistical image analysis in this study, but results
on visual rating of white matter hyperintensities can be found
in Beyer et al.36

VBM preprocessing
The optimised VBM protocol of Good et al37 was applied for the
preprocessing of the images, including creating a study-specific
T1 template image (based on all the patients and controls in our

study) and a study-specific grey matter template/prior prob-
ability map. The preprocessing steps have already been
described in detail by others.12 37 The first preprocessing step
includes the creation of the customised templates. T1 images of
each patient were normalised to the T1 template of statistical
parametric mapping (SPM)2 using an affine only cut-off. After
normalising, images were averaged and then smoothed with an
8 mm kernel, creating the T1 template. Normalising the
original images to the customised T1 template using a 25 mm
cut-off created the customised grey matter template. The
normalised images were then segmented and smoothed with
an 8 mm kernel. The smoothed grey matter images were then
averaged, creating the study-specific grey matter template.
These templates were used in the optimised VBM protocol in
the following manner: the original images were segmented and
the grey matter images were normalised to the customised grey
matter template. The resulting normalisation parameters were
used to normalise the original T1 images before the final
segmentation. Segmented images were then smoothed with a
12 mm kernel. The resulting smoothed images were used in the
statistical analysis.

Statistical analyses
The smoothed images from the preprocessing steps were
analysed using SPM2 (Wellcome Department of Cognitive
Neurology, London, UK (http://www.fil.ion.ucl.ac.uk/spm)).
Smoothed images that are used to show regional changes in
grey matter, above that occurring globally, are referred to as
unmodulated images.

The following VBM analyses of grey matter were performed:
for unmodulated images, we statistically assessed differences in
grey matter between groups using one-way analysis of variance
(ANOVA). We also performed analyses where age, sex and
duration of Parkinson’s disease were included as covariates in
analysis of covariance (ANCOVA). For all analyses, the whole
brain was analysed. As we had a prior hypothesis about the
localisation of change, significance levels for t statistics were set
at p,0.001 uncorrected. All the results are presented at the
voxel level.38 In addition, we performed a small volume
correction (SVC) using the WFU PickAtlas software V.2,39 40

and corrected for multiple comparisons using p family-wise
error (FWE) ,0.05. The SVC reduces the number of voxels
entering the statistical computation by defining a region of
interest. The correction for multiple comparisons is based on
the number of voxels in the region of interest.

The coordinates obtained for the peak voxels—that is, the
anatomical location with maximal grey matter loss in each
significant cluster—were transferred into Talairach space using
Matthew Brett’s mni2tal routine (http://www.mrc-cbu.cam.a-
c.uk/imaging/index.html).

The anatomical locations of the peak voxels were then found
using The Talairach Daemon Client.41 The results given by the
Talairach Daemon were verified from the Co-planar stereotaxic
atlas of the human brain.42 Data were analysed on a personal
computer using Windows XP Professional V.5.1 and Matlab
6.5.2 and SPM2 (http://www.fil.ion.ucl.ac.uk/spm).

Group statistics were analysed using SPSS for Windows
V.12.0.1. Differences between groups on continuous variables
with normal distribution were assessed using one-way ANOVA
with retrospective Scheffe’s test to determine group differences.
For the non-parametric data a Kruskal–Wallis test was used,
followed by a retrospective Mann–Whitney U test, or a x2 test,
when appropriate, using p,0.05 as significant.

RESULTS
A total of 56 participants were included: PDD (sample 1, n = 3;
sample 2, n = 13), PDND (sample 1, n = 14; sample 2, n = 6)
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and normal controls (n = 20). Table 1 presents the demographic
and clinical characteristics. We found no significant differences
in age, education, duration of illness or sex between the three
groups. As expected, patients with PDD had a lower MMSE
score and a higher Hoehn and Yahr stage than those with
PDND. The mean duration of dementia in the PDD group was
1.7 (SD 0.8) years. In the PDND group, 12 subjects had normal
cognitive status and 8 had MCI (5 were impaired on 1 test, 2 on
2 and 1 on all 3 tests; table 2). The patients with MCI had a
lower mean duration of education (p = 0.013; table 2) and a
non-significant trend towards higher age (p = 0.057). As
expected, patients with MCI had a lower MMSE (p = 0.007)
compared with those with a normal cognitive status (table 2).

Eight patients were recruited for MRI, but not included in the
study. Two patients became agitated during the scanning, two
patients had movement artefacts, three had clinically unrecog-
nised structural lesions, such as a cortical infarction or a post-
traumatic lesion, and one patient could not be scanned in the
correct head position. One control was excluded because of
claustrophobia. Mean (SD) time between clinical testing and
MRI scanning was 69 (19.8) days for sample 1 and 40
(23.1) days for sample 2.

MRI changes in patients with PDND and PDD
Patients with PDD versus controls
Patients with PDD had reductions in grey matter concentration
in the limbic lobes (amygdala) and both temporal lobes,
compared with the controls. On the left side, there was also
reduced grey matter density in the frontal lobe, limbic lobe
(cingulate and hippocampus) and brain stem red nucleus. On

the right side, there was reduced grey matter density in the
middle occipital gyrus (see supplemental table A at http://
jnnp.bmjjournals.com/supplemental). When we included age,
sex and Parkinson’s disease duration as covariates in ANCOVA,
the results were unchanged. We found no areas where controls
had more grey matter atrophy than patients with PDD. Using
an SVC and correcting for multiple comparisons, the bilateral
reduction in grey matter in the middle temporal gyrus and
amygdala, and also in the left brain stem red nucleus, was
significant at p FWE ,0.05.

Patients with PDD compared with those with PDND
In patients with PDD, there were areas of marked grey matter
reduction in the frontal lobes, limbic, parietal and temporal
lobes bilaterally. On the right side, there was also reduced grey
matter density in the pulvinar of the thalamus (see supple-
mentary table B at http://jnnp.bmjjournals.com/supplemental).
The areas surviving SVC with correction for multiple compar-
isons using FWE are marked with an asterisk in the table. The
results did not change when age, sex and duration of
Parkinson’s disease were included as covariates in ANCOVA.

There were no areas where patients with PDND had more
grey matter atrophy than patients with PDD.

Patients with PDND compared with normal controls
Patients with PDND had a cluster of reduced grey matter in the
right superior temporal gyrus compared with normal controls.
The result was unchanged when covariates were included, but
was not significant after SVC and correction for multiple
comparisons. Normal controls did not have any areas of more
grey matter atrophy than PDND.

Group comparison of patients with PDND with and
without MCI
Patients with Parkinson’s disease with MCI had reduced
cortical grey matter density compared with those with
cognitively intact Parkinson’s disease in the left middle frontal
gyrus, precentral gyrus, left superior temporal lobe and right
inferior temporal lobe (fig 1, table 3). The findings were not
significant after SVC and correction for multiple comparisons.
When we analysed with age and sex as covariates in ANCOVA,
the changes were no longer present, but when analysed with
duration of Parkinson’s disease as covariate the same changes
in grey matter were found as in the ANOVA. Patients with
Parkinson’s disease without MCI did not have any areas of
more grey matter atrophy than patients with Parkinson’s
disease with MCI.

DISCUSSION
We studied grey matter changes in patients with Parkinson’s
disease with MCI and dementia using structural MRI and VBM.

L R L R RL

A B C

Figure 1 Areas of reduced grey matter in the analysis of unmodulated
images of patients with Parkinson’s disease with mild cognitive impairment
(MCI) compared with those who had no cognitive impairment. The figure
shows areas of regional changes in grey matter, above that occurring
globally, in patients with Parkinson’s disease without dementia and MCI.
Significant changes are found in the (A) left superior temporal gyrus, (B) left
frontal lobe (precentral gyrus) and (C) right temporal lobe (inferior
temporal gyrus) and left temporal lobe (superior temporal gyrus) at
p,0.001 uncorrected. L, left side, R, right side.

Table 3 Anatomical location of areas of reduced grey matter in patients with Parkinson’s
disease with mild cognitive impairment compared with no cognitive impairment

Cluster size
Voxel
level Anatomical location x y z T score

420 L Superior temporal 230 21 228 5.31
103 L Precentral gyrus 258 25 11 4.75
75 R Inferior temporal 55 220 221 4.49
79 L Superior temporal 262 222 3 4.27
107 L Precentral gyrus 242 25 56 4.08

L Middle frontal 239 3 58 3.74

L, left; R, right.
The coordinates x, y and z refer to the anatomical location, indicating standard stereotactic space as defined by
Talairach and Tournoux.42 Only clusters .200 mm3 are included. In this table, all reported voxels are p uncorrected
,0.001.
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The main finding was the widespread reduced density of
cortical grey matter in patients with PDD compared with
controls and patients with PDND. Frontal, temporal and limbic
lobes, including the medial temporal cortex, were affected in
patients with PDD, in accordance with our hypothesis. They
also had reduced grey matter concentration in the parietal
cortices and the right thalamus when compared with patients
with PDND. We found grey matter reduction in the hippocam-
pus (right side) and amygdala (bilaterally) in the PDD group.
This confirms the results from previous studies with different
methods of MRI analysis.9 12

Our results are similar to but not identical with, those
reported in a previous study using VBM.12 In that study,
patients with PDD showed bilateral frontal, temporal and
occipital grey matter volume loss relative to controls, whereas
the changes between PDND and PDD groups were confined to
the occipital lobes. There are several possible explanations for
these differences. The patients with PDD in the two studies
were comparable with regard to age and overall severity of
dementia as measured with the MMSE, but the PDD group in
the previous study had a markedly shorter disease duration
compared with our cohort. Thus, that cohort had a later age at
onset of Parkinson’s disease, and an earlier and more rapid
cognitive decline than our cohort. Dementia early in the course
of Parkinson’s disease has often been shown to represent other
brain disorders,43 and preliminary data indicate differential
changes in the brain underpinning dementia occurring within
the first 10 years after the onset of Parkinson’s disease
compared with after .10 years.44 Different underlying changes
in the brain related to differences in the time to develop
dementia may therefore explain the MRI findings in these two
studies. Another possible explanation is the higher statistical
power in the previous study due to a larger sample size (n = 83)
than in our study (n = 56). This hypothesis is supported by a
recent report finding less widespread neocortical atrophy with
an even smaller sample size (n = 42).13 The small sample size of
the groups studied limits the possibility of generalising from
these results.

Another potential explanation for the contrasting results
among these studies may be the differential selection process of
patients; about half of our sample was recruited from a
community-based study and the rest from patients referred to
outpatient clinics, compared with samples based on only
referrals to specialist clinics in the other studies. In line with
this, the patients with Parkinson’s disease in the Spanish
study45 were younger than the patients in our study. There were
also differences in sex distribution, although sex-specific
differences in MRI in Parkinson’s disease have not been
shown. Finally, information of the detailed cognitive profile
in the two studies was not available. Despite similar overall
dementia severity, differences in the cognitive profile—for
example, relative severity of frontal, visuospatial and memory
type cognitive disturbances—were observed in groups of
patients with Parkinson’s disease and PDD,4 46 which may be
related to differences in the severity and distribution of cortical
atrophy.

As motor disease severity in Parkinson’s disease was greater
in the PDD group than the PDND group, the differences
observed in cortical atrophy may be merely associated with the
different motor disease stage. When controlling for Hoehn &
Yahr stage in the analysis of patients with PDND versus those
with PDD, we still found the same areas of atrophy. This
indicates that our findings cannot be explained entirely by the
increased motor disease severity in PDD.

A novel finding was the cortical grey matter reduction in
patients with PDND with MCI compared with patients with
Parkinson’s disease with normal cognition.

Several studies have shown that cognitive impairment, in
particular executive and attentional dysfunction, is common
even in patients with PDND.4 46 In contrast with a previous
study,12 which reported widespread cortical changes also in
patients with PDND, we found only minimal differences in
patients with PDND compared with controls. However, when
the patients with PDND were classified into groups with or
without MCI, we found areas of grey matter atrophy in the MCI
group compared with the cognitively intact group. These results
were in accordance with our hypothesis.

In this study, the grey matter atrophy in Parkinson’s disease
with MCI was found in the ANOVA, and in the ANCOVA with
Parkinson’s disease duration as covariate, whereas the differ-
ences were not present when age was entered as a covariate.
This could be due to the low power with 8 v 12 patients in the
compared groups, and even lower degrees of freedom with a
covariate in the analysis, or that atrophy is due to the age
difference between groups. However, as changes were found in
some of the same areas as in the PDD group, but less
widespread, this may indicate that MCI in Parkinson’s disease
is associated with cortical atrophy and may represent early
dementia. Similar results from other studies using VBM and
volumetry in subjects without Parkinson’s disease with MCI
support our view. Atrophy in areas that are involved early in
Alzheimer dementia, such as the hippocampus and temporal
neocortex,47 48 and in the hippocampal region and cingulate
gyri49 has been reported.

The main limitations of this study is the small sample size,
particularly of patients with Parkinson’s disease with MCI, the
possibility of selection bias, as a proportion of the patients with
Parkinson’s disease were referrals to outpatient hospital clinics,
and the lack of pathological confirmation of the clinical
diagnosis of Parkinson’s disease in most cases.

Future imaging studies and clinicopathological studies with
adequate sample size are needed to further explore the
relationship between specific cognitive deficits and the under-
lying brain correlates in Parkinson’s disease, and to see whether
MRI can contribute in the early diagnosis of dementia in
Parkinson’s disease.
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