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Abstract
Introduction Mild cognitive impairment (MCI) is common in Parkinson’s disease (PD), but the underlying pathological mech-
anism has not been fully understood. Voxel-based morphometry could be used to evaluate regional atrophy and its relationship
with cognitive performances in early PD-MCI.
Patients and Methods One hundred and six patients with PD were recruited from a larger cohort of patients, the Parkinson’s
Disease Cognitive Impairment Study (PaCoS). Subject underwent a T1-3DMRI and a complete clinical and neuropsychological
evaluation. Patients were divided into PD with normal cognition (PD-NC) and PD-MCI according to the MDS level II criteria–
modified for PD-MCI. A subgroup of early patients with short disease duration (≤ 2 years) was also identified. VBM analysis
between PD-NC and PD-MCI and between early PD-NC and PD-MCI was performed using two-sample t tests with whole-brain
statistical threshold of p < 0.001 uncorrected in the entire PD group and p < 0.05 FWE inside ROIs, in the early PD.
Results Forty patients were diagnosed with MCI and 66 were PD-NC. PD-MCI patients showed significant gray matter (GM)
reduction in several brain regions, including frontal gyrus, precuneus, angular gyrus, temporal lobe, and cerebellum. Early PD-
MCI showed reduction in GM density in superior frontal gyrus and cerebellum. Moreover, correlation analysis between neuro-
psychological performances and GM volume of early PD-MCI patients showed associations between performances of Raven and
superior frontal gyrus volume, Stroop time and inferior frontal gyrus volume, accuracy of Barrage and volume of precuneus.
Conclusion The detection of frontal and cerebellar atrophy, even at an early stage, could be used as an early marker of PD-related
cognitive impairment.

Keywords Parkinson disease . Mild cognitive impairment (MCI) . Magnetic resonance imaging (MRI) . Voxel-based
morphometry (VBM)

Introduction

Parkinson’s disease (PD) is a common and complex neurode-
generative disorder clinically characterized by motor symp-
toms including tremor, rigidity, and bradykinesia and associ-
ated with numerous nonmotor symptoms, some of which pre-
cede motor dysfunction by more than a decade [1]. Cognitive
impairment is one of the most common and relevant nonmotor
symptoms involving a number of cognitive areas belonging to
nonmemory and memory domains [2]. The full continuum of
cognitive impairment can be observed in PD, ranging from
subjective cognitive decline to mild cognitive impairment
(MCI), and even PD dementia (PDD) [3]. The mean preva-
lence of PD-MCI has been estimated to be 26.7% [4], but it
ranges from 20 to 69% depending on recruitment source,
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cognitive batteries used, and cutoff scores to define the im-
pairment [5–7]. The underlying brain pathology leading to
cognitive deficits in PD is still poorly understood.
I n t e r r u p t i o n o f t h e c i r c u i t r y s u b s e r v i n g t h e
striatopallidothalamic network to the dorsolateral prefrontal
cortex, due to striatal dopaminergic deficit, has been sug-
gested to underlie the cognitive impairment occurring in PD
[8]. Voxel-based morphometry (VBM) is a voxel-wise image
processing method that allows investigating differences in
brain anatomy typically starting from a T1-weighted volumet-
ric MRI dataset. Several studies investigated and focused on
neuroanatomical changes in patients with PD and cognitive
impairment, showing widespread atrophy in frontal, parietal,
and temporal lobes [9–11], but also subcortical structures [12,
13], and suggesting that the involvement of the frontal-limbic-
temporal regions could be the main features of cognitive de-
cline in PD [14]. Recently, authors described neuroanatomical
findings considering also PD patients in early stage of disease
[15–19].

The aim of this study was to investigate the different ana-
tomical patterns of atrophy in a relatively large group of PD
patients with and without MCI. Additionally, analysis was
also restricted to PD patients with a short disease duration
(≤ 2 years) in order to find a biological substratum underlying
cognitive abnormalities and correlation with neuropsycholog-
ical performances, occurring in the early stage of the disease.
This study is part of the Parkinson’s Disease Cognitive Study
(PaCoS), a multicenter study involving two centers located in
Southern Italy (Sicily) aimed to evaluate frequency, clinical
features, and biomarkers associated with MCI in a large
hospital-based cohort of PD patients [20].

Methods

Subjects

The study subjects with PD belong to the PaCoS cohort, a
large multicenter, prospective study regarding risk factors
for PD-MCI and predictors for its evolution to PD dementia
[20]. Patients affected by PD diagnosed according to the Brain
Bank criteria [21], who underwent a comprehensive neuro-
psychological assessment and a routine MRI protocol ac-
quired at the same time, were enrolled in the present study.
They were evaluated at the Neurologic Unit of the University
Hospital “Policlinico Vittorio Emanuele” in Catania, and the
Memory and Parkinson’s Disease Center of the “Policlinico
Paolo Giaccone” in Palermo, during a 4-year period (2014–
2017). One hundred and six PD patients were recruited and a
subgroup of early patients with a short disease duration (≤
2 years, 62 patients) was also identified. Patients with mor-
phological abnormalities and vascular and/or intracranial

lesions as well as presence of an MRI pattern suggestive for
normal pressure hydrocephalus were excluded.

Clinical and neuropsychological assessment

Patients underwent a comprehensive neurological examina-
tion performed by movement disorder specialists.
Demographic, clinical, and pharmacological data were record-
ed. PD severity was evaluated with the Unified Parkinson
Disease Rating Scale–Motor Examination (UPDRS-ME)
and the Hoehn-Yahr (HY) scale [22, 23]. Cumulative daily
dosage of dopaminergic drugs was converted using the levo-
dopa equivalent dosage [24]. All patients were evaluated in
practical “off” motor state after an overnight fast. Mild cogni-
tive impairment was diagnosed according to the Movement
Disorder Society (MDS) task force, level II criteria [25],
slightly modified, because not all patients had been tested in
the language domain. The following cognitive domains with
at least two tests were assessed: episodic memory (Rey’s
Auditory Verbal Learning Test and prose recall test with a
delayed recall condition); attention (Stroop color-word test,
Barrage and Trail Making Test part A); executive functioning
(Verbal fluency letter test, Frontal Assessment Battery, and
Colored Raven’s ProgressiveMatrices); visuospatial function-
ing (c l ock drawing t e s t and copy o f f igu re s ) .
Neuropsychological performance was considered as impaired
when subjects scored two standard deviations below normal-
ity cutoff values. All PD subjects underwent neuropsycholog-
ical assessment after a 12-h washout of hypnotic sedatives or
other medications that may affect cognitive performances. For
the current analysis, subjects were divided into PD with nor-
mal cognition (PD-NC) and PD with MCI (PD-MCI).
Additionally, MCI subtypes were identified as follows based
on the number of altered cognitive domains and the involve-
ment of the memory domain: amnestic MCI single domain
(aMCIsd), nonamnestic MCI single domain (naMCIsd),
amnestic MCI multidomain (aMCImd), and nonamnestic
MCI multiple domain (naMCImd) [25].

MRI data acquisition

Brain MRI was performed according to our routine protocol
with a 1.5-T unit (Signa HDxt, GE Medical Systems,
Milwaukee, WI, USA), the same scan model for the two par-
ticipating centers. A 3D T1-weighted high-resolution spoiled
gradient echo (SPGR) sequence with a 1.2-mm slice thickness
and an isotropic in-plane resolution of 0.98 mm was acquired
with the following parameters: repetition time 14.8 ms, echo
time 6.4 ms, flip angle 25°, 115 slices, matrix size 256 × 256,
and a field of view of 24 cm. Additionally, all subjects
underwent a T2-weighted and FLAIR images in order to ex-
clude morphological abnormalities, intracranial lesions, or the
presence of an MRI pattern suggestive of normal pressure
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hydrocephalus (considering the identification of a “DESH”
pattern and Evans’ index > 0.3). Patients with high vascular
lesion load were excluded according to the visual rating scale
proposed by Wahlund and coll [26], considering the presence
of hemispheric white matter confluent lesions or more than
one focal lesion in basal ganglia.

Voxel-based morphometry

We performed a voxel-based analysis investigating GM vol-
ume changes. Data were processed using the SPM8 software
(http://www.fil.ion.ucl.ac.uk/spm), where we applied VBM
implemented in the VBM8 toolbox (http://dbm.neuro.uni-
jena.de/vbm.html) and incorporated the DARTEL toolbox
that was used to obtain a high-dimensional image registration
and normalization. Images were bias-corrected, tissue classi-
fied, and images were registered using linear (12-parameter
affine) and nonlinear transformations, within a unified model.
Subsequently, the warped GM segments were affine trans-
formed into MNI-152 space and were scaled by the Jacobian
determinants of the deformations (modulation). Finally, the
modulated volumes were smoothed with a Gaussian kernel
of 8-mm full width at half maximum (FWHM).

Statistical analysis

Data were analyzed using STATA 12.1 software packages
(StataCorp, College Station, TX, USA). Data cleaning was
performed before the data analysis considering both range
and consistence checks. Quantitative variables were described
using mean and standard deviation. Differences between
means and proportions were evaluated by the t test and the
chi-squared test respectively. In case of not a normal distribu-
tion, appropriate nonparametric tests were performed.

Image analysis

Two-sample t tests were used to compare the GM density
between PD-NC and PD-MCI, and between early PD-NC
and early PD-MCI. The statistical threshold was set at
p < 0.001 uncorrected for multiple comparisons, at whole-
brain level, in order to avoid a priori assumption. A p < 0.05
with a familywise error (FWE) correction inside ROIs was
used for VBM analysis in early PD patients. We considered
as ROIs the regions that showed the most significant GM
changes in the comparisons between PD-NC and PD-MCI.
Age, education, and total intracranial volume (ICV) were in-
cluded in the model as covariates of no-interest. Moreover, to
evaluate a possible association between GM volume changes
and neuropsychological data of early PD-MCI, a correlation
analysis using the multiple regression function of SPM8 was
performed. Whole-brain correlation analyses were performed

employing a statistical threshold of p < 0.05 FWE at cluster
level.

Results

Demographic and clinical characteristics

One hundred six nondemented patients from the PaCoS co-
hort were selected in the present study, among those who had
a complete assessment including MRI and neuropsychologi-
cal evaluation. Of 106 enrolled patients, 40 patients (37.7%)
were diagnosed with MCI and 66 (62.3%) were PD-NC;
among PD-MCI patients, the most common subtype was
aMCImd (42.5%), followed by naMCImd (35%) and
naMCIsd (17.5%), while aMCIsd was found in only 2 patients
(5%). Table 1 shows the demographics and clinical character-
istics of the PD groups. No significant differences were found,
except for PD-MCI who had a significantly lower education
and took more antipsychotic drugs and less antidepressant
treatment in comparison to PD-NC. Thirty-seven PD-NC
and 25 PD-MCI with short disease duration (≤ 2 years) were
identified. There were no significant differences for the main
clinical features between the early PD groups. Supplementary
Table 1 shows neuropsychological performances of early PD
patients.

GM abnormalities in patients with PD
without and with MCI

There was no difference in total GM, WM, and CSF between
PD-NC and PD-MCI. VBM analysis between PD-NC and
PD-MCI showed no significant differences using a whole-
brain threshold of p < 0.05 FWE; on the other hand, there were
significant differences in several brain regions at p < 0.001,
uncorrected for multiple comparisons (Table 2). Patients with
PD-MCI showed reduction in GM density in left superior
frontal gyrus, left precuneus, right superior parietal lobe (an-
gular gyrus), bilateral temporal lobe, left cerebellum (lobules
IV–V), and right cerebellum (lobule III) (Fig. 1).

Interestingly, considering as ROIs the regions that showed
the most significant GM changes in the comparisons between
PD-NC and PD-MCI, VBM analysis between early PD-NC
and early PD-MCI showed GM density decrease only in three
clusters involving superior frontal gyrus (medial) and cerebel-
lum (left lobules IV–V and right lobule III) (p < 0.05 FWE,
inside ROIs) (Table 2 and Fig. 2). No significant findings
were detected considering voxels outside the selected ROIs.

Correlation analysis

Regression analysis performed between neuropsychological
performances and GM volume of PD-MCI with short disease
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Table 1 Demographics, clinical,
and MRI characteristics of PD-
NC, PD-MCI, and the early PD
subgroups

PD-NC

N=66

PD-MCI

N=40

Early PD-NC

N=37

Early PD-MCI

N=25

Age (years) 63.8±10.4 66.6±7.6 63.6±11.3 66.2±7.9

Education (years) 10.6±4.5 8.2±4.3* 10.4±4.6 8.7±4.3

Age at onset (years) 60.8±10.6 63.9±7.8 62.4±11.3 64.9±7.9

Disease duration (years) 2.9±2.5 2.7±2.2 1.1±0.7 1.4±0.6

UPDRS-ME score 28.2±11.0 30.8±9.6 25.4±10.6 28.6±9.2

LED (mg/die) 198.8±340.9 262.5±398.1 53.5±103.4 118.3±214.3

HY stage 2.1±0.5 2.1±0.6 1.9±0.5 2.1±0.4

MMSE 27.5±2.1 26.6±2.1 27.5±2.2 26.1±2.8

BDZs (%) 11/66 (16.6) 12/40 (30) 6/37 (16.2) 7/25 (28)

Antidepressants (%) 16/66 (24.2) 3/40 (7.5)* 8/37 (21.6) 5/25 (20)

Antipsychotics (%) 3/66 (4.5) 9/40 (22.5)* 0/37 (0) 1/25 (4)

MRI features (ml)

GM 534.9±53.8 524.5±55.9 543.5±50.1 524.9±63.1

WM 517.2±56.5 516.7±75.2 515.6±57.0 514.2±71.6

CSF 262.2±43.9 270.8±44.2 265.7±40.5 268.9±37.9

ICV 1314.3±115.3 1311.9±119. 8 1324.8±110.8 1308.0±119.2

Data are means ± standard deviations or percentage. *p < 0.05 for difference between PD-NC and PD-MCI

PD-NC Parkinson’s disease with normal cognition, PD-MCI Parkinson’s disease with mild cognitive impairment,
UPDRS Unified Parkinson’s Disease Rating Scale, LED levodopa equivalent dosage, HY Hoehn and Yahr,
MMSE Mini Mental State Examination, BDZ benzodiazepines, MRI magnetic resonance imaging, GM gray
matter, WM white matter, CSF cerebrospinal fluid, ICV intracranial volume

Table 2 VBM analysis of significant GM cluster in PD-NC vs PD-MCI for the entire PD group and the early PD subgroup

Entire PD group
PD-NC vs PD-MCI
p<0.001 uncorrected

Hemisphere Cluster size Peak activation Peak coordinates

x y z

Superior frontal gyrus (medial) R 170 3.92 2 50 27

Superior frontal gyrus (medial) R 16 3.43 2 39 43

Precuneus L 11 3.69 −18 −49 48

Superior parietal lobe (angular gyrus) R 42 3.69 36 −58 51

Temporal lobe R 46 3.59 38 −40 −5
Temporal lobe L 43 3.36 −39 −40 −2
Cerebellum, lobules IV–V L 67 3.56 −10 −36 −15
Cerebellum, lobules IV–V L 44 3.45 −10 −49 −8
Cerebellum, lobule III R 149 3.52 12 −34 −21
Early PD
ROIs
p<0.05 FWE

Hemisphere Cluster size Peak activation Peak coordinates

x y z

Superior frontal gyrus (medial) R 10 3.94 1 43 28

Cerebellum, lobules IV–V L 91 3.83 −4 −60 −2
Cerebellum, lobule III R 208 3.56 12 −45 −23

Voxels ≥ 10; L, left; R, right. The coordinates x, y, and z refer to the anatomical location, indicating standard stereotactic space as defined by Montreal
Neurological Institute

VBM, voxel-based morphometry; PD-NC, Parkinson’s disease with normal cognition; PD-MCI, Parkinson’s disease with mild cognitive impairment;
GM, gray matter
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duration showed the involvement of salient brain areas related
to specific cognitive domains (Table 3). Specifically, perfor-
mances obtained on the Raven’s Colored Progressive

Matrices were associated with volume of superior frontal gy-
rus (p < 0.05 FWE, r = 0.74); Stroop performances (time)
were negatively correlated with volume of inferior frontal

Fig. 1 Reduced GM volume in PD-MCI compared with PD-NC patients.
Significant clusters are shown. a Superior frontal gyrus, b angular gyrus,
c precuneus, d temporal lobe, e cerebellum. PD-NC Parkinson’s disease

with normal cognition, PD-MCI Parkinson’s disease with mild cognitive
impairment, GM gray matter
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gyrus (p < 0.05 FWE, r = − 0.86). Finally, performances relat-
ed to the Barrage accuracy were negatively associated with
volume of precuneus (p < 0.05 FWE r = − 0.76) (Fig. 3).

Discussion

In this study, we examined GM volume changes in a relatively
large group of PD patients with and without MCI using a
whole-brain structural MRI approach. Although at an uncor-
rected threshold, patients with PD-MCI showed GM atrophy
in different brain regions, involving the frontal, temporal, and
parietal lobes and cerebellar lobules. More interestingly, a
subgroup of PD-MCI with short disease duration showed

GM density decrease in frontal lobe, and cerebellum consid-
ering correction for multiple comparisons.

Structural MRI techniques have been previously applied to
evaluate cognitive impairment in PD patients. Different stud-
ies showed heterogeneous patterns of GM atrophy correlated
with cognitive functions suggesting a gradient of atrophy from
normal cognition to PDD [27–29]. In line with our findings,
MCI in PD seemed to be related to widespread GM reduction
involving the temporal, parietal, and frontal areas [9, 11–13,
16, 28]. Noh and colleagues [30] showed a significant de-
creased GM volume in the precuneus, frontal and temporal
cortices, and cingulate gyrus in PD-MCI compared with PD-
NC, also finding a correlation with cognitive status and par-
ticularly with verbal memory impairment. The authors suggest
that progression of cognitive impairment could reflect the

Fig. 2 Significant cluster of GM atrophy in early PD-MCI compared with
early PD-NC patients. a Superior frontal gyrus (medial), b cerebellum
(left lobules IV–V), c cerebellum (right lobule III). PD-NC Parkinson’s

disease with normal cognition, PD-MCI Parkinson’s disease with mild
cognitive impairment, GM gray matter

Table 3 Correlation analysis between neuropsychological performances and GM density in early PD patients

Neuropsychological test ROIs Emisphere Cluster size Peak activation Peak coordinates

x y z

Raven Superior frontal gyrus (medial) L 26 5.81 −16 49 −3
Stroop Inferior frontal gyrus R 140 8.43 51 15 13

Barrage Precuneus R 29 4.89 2 −49 61

p < 0.05 FWE, voxels ≥ 10. ROIs regions of interests, L left, R right; the coordinates x, y, and z refer to the anatomical location, indicating standard
stereotactic space as defined by Montreal Neurological Institute

PD Parkinson’s disease, GM gray matter
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progression of cortical atrophy from posterior to anterior areas
[30]. The involvement of frontal areas has been showed by
other studies, underlying the importance of frontoparietal net-
works in working memory and executive function [9, 31]. On
the other hand, Segura and colleagues [10] showed significant
cortical thinning in right precuneus in PD-MCI, highlighting
the presence of a posterior atrophy pattern involving also vi-
suospatial and visuoperceptual domains.

Resting-state functional MRI (rs-fMRI) studies showed an
abnormal connectivity in default-mode network (including
temporoparietal and cingulate cortices) and frontoparietal net-
work in absence of structural changes in PD-MCI compared
with PD-NC, suggesting a functional disconnection underly-
ing the cognitive impairment; these authors also suggested
that functional abnormalities could anticipate the presence of
detectable structural changes [32, 33]. Furthermore,
Anderkova and colleagues [34] showed decreased connectiv-
ity in the precuneus which negatively correlated with memory
performance, suggesting the role of a posterior cortical hub of
this brain region tightly interconnected with the hippocampus
and striatum Recently, Chen and colleagues [13] used the
combination of rs-fMRI and VBM techniques, showing func-
tional and structural differences in the prefrontal cortex, tem-
poral gyrus, and medial temporal lobe, as well as the striatum
and cerebellum areas and suggesting that multimodal ap-
proach could be useful for detecting subtle changes in PD-
MCI patients.

An interesting finding of our study is the detection of a
significant frontal GM density reduction also in a group of
PD-MCI patients with short disease duration. Previous studies
examined brain morphometry in early-stage PD-MCI patients.
Pereira and colleagues [16] assessed cortical thickness in a
cohort of drug-naive patients with early (≤ 1 year) PD with
and without MCI showing a widespread pattern of cortical
atrophy associated with MCI; they suggested that the neuro-
degenerative process could be already present at the time of
diagnosis of MCI. Other studies showed regional atrophy in

frontotemporoparietal areas in de novo PD patients [15, 17,
18, 30], suggesting that even in the early stages of PD, there is
evidence of cortical brain atrophy.

Moreover, we showed the involvement of the cerebellum
in PD-MCI at earlier stage. Cerebellar structures have been
mainly showed in relation to working memory tasks [35], but
it may contribute also to other cognitive functions [36].
Indeed, in patients with PD, a significant impairment in atten-
tion and visuospatial functions together with the presence of
freezing of gait has been associated with atrophy of the cere-
bellum [37]. Additionally, a recent fMRI study showed that
the cerebellum might play a role in dual-tasking deficiency
evidenced in PD, suggesting an abnormal connectivity of the
cerebellum itself with cognitive areas, including precuneus
and prefrontal cortex [38].

Furthermore, we identified significant associations be-
tween neuropsychological performance of PD-MCI with short
disease duration and peculiar areas of GM atrophy linked with
specific cognitive domains. In particular, the Raven’s Colored
ProgressiveMatrices [39], which explores executive function-
ing, was associated with atrophy in superior frontal gyrus.
Pereira and colleagues [40] found a disruption in network
connectivity in PD-MCI, mainly in the frontal areas, thus sug-
gesting that the disconnection of these areas from others could
be associated with the dysexecutive syndrome typically de-
scribed in PD patients with cognitive decline.

GM reduction of the inferior frontal gyrus was significantly
associated with performances in the Stroop test, evaluating the
ability to inhibit cognitive interference [41]. It is well known
the role of inferior frontal cortex in inhibition response [42]
and similar results were reported by previous studies, which
showed a significant correlation between attention and
frontotemporal areas in PD-MCI [9], even at an early stage
of the disease and in drug-naive patients [16].

Finally, the accuracy in the Barrage test, assessing attention
and visuospatial domain, was negatively correlated with GM
density in the precuneus. The involvement of the latter area in

Fig. 3 Correlation analysis between neuropsychological performances of early PD patients and global maxima of GM volume clusters. The regression
line and r value are shown. GM gray matter
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visuospatial functioning has been shown in different rs-fMRI
connectivity studies showing that the dorsal precuneus had
greater connectivity with occipital and posterior parietal cor-
tices and was also connected with areas involved in attention
and visuospatial functioning [43].

In conclusion, our findings suggest that the neurodegener-
ative process leading to atrophy of peculiar cortical areas un-
derlies the cognitive abnormalities in PD-MCI, and these
changes are present even at very early stages of the disease.
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