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A B S T R A C T

Introduction: Parkinson's Disease (PD) is frequently associated with cognitive dysfunction ranging from Mild
Cognitive Impairment (PD-MCI) to dementia. Few electrophysiological studies are available evaluating potential
pathogenetic mechanisms linked to cognitive impairment in PD since its initial phases. The objective of the study
is to analyze electrocortical networks related with cognitive decline in PD-MCI for identifying possible early
electrophysiological markers of cognitive impairment in PD.
Methods: From the PaCoS (Parkinson's disease Cognitive impairment Study) cohort, a sample of 102 subjects
including 46 PD-MCI and 56 PD with normal cognition (PD-NC) was selected based on the presence of a neu-
ropsychological assessment and at least one EEG recording. EEG signal epochs were analysed using Independent
Component Analysis LORETA and spectral analysis by computing the Power Spectral Density (PSD) of site-
specific signal epochs.
Results: LORETA analysis revealed significant differences in PD-MCI patients compared to PD-NC, with a de-
creased network involving alpha activity over the occipital lobe, an increased network involving beta activity
over the frontal lobe associated with a reduction over the parietal lobe, an increased network involving theta and
delta activity over the frontal lobe and a reduction of networks involving theta and delta activity in the parietal
lobe. Quantitative EEG analysis showed a significant decrease of alpha PSD over the occipital regions and an
increase of delta PSD over the left temporal region in PD-MCI as compared to PD-NC.
Conclusion: Electrocortical abnormalities detected in PD-MCI patients may represent the instrumental coun-
terpart of early cognitive decline in PD.

1. Introduction

Parkinson's Disease (PD) is frequently associated with cognitive
dysfunction ranging from Mild Cognitive Impairment (PD-MCI) to
Dementia (PDD) [1]. Mechanisms underlying progressive cognitive
decline in PD are not yet completely understood. The main pathological
marker associated with PDD is the presence of Lewy bodies inclusions
in the cortex and specifically in the limbic system, as suggested by
Braak [2]. Other mechanisms, however, may also contribute, including
deposition of amyloid plaques, tau protein aggregates as well as vas-
cular alterations, involving not only the dopaminergic system, but also
the cholinergic (basal Meynert nucleus), noradrenergic (locus

coeruleus) and serotoninergic (dorsal nucleus of rafe) circuits; these
multiple neural involvements may justify the heterogeneous pattern of
cognitive alterations observed in PD [3]. In particular, the early dys-
function of the nigrostriatal dopaminergic system, affecting frontos-
triatal and parallel mesocorticolimbic circuits could be responsible for
the impairment of executive functioning including impaired working
memory often observed in PD [3]. On the other hand, the involvement
of other neurotransmitters and brain sites, including the temporal lobe,
would instead be responsible for the impairment of visuospatial and
semantic abilities [4].

MCI affects up to 50% of non-demented parkinsonian patients [5,6]
and about 30% of newly diagnosed patients [7] representing an
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important risk factor for the subsequent development of dementia. The
most common subtype in PD is the non-amnesic single and multiple-
domain MCI in which memory is spared, but executive functions are
involved [8]. Although the clinical phenotype of PD-MCI is widely
known, there is a growing interest in the research of early instrumental
markers which can be used to support the diagnosis.

Imaging studies may provide information on the anatomical and
functional alterations of brain structures involved in cognitive degen-
eration. Magnetic resonance imaging (MRI) studies demonstrated a
reduction of cortical and subcortical volumes and white matter altera-
tions of the parietal, frontal and hippocampal lobes in PD-MCI [9].
Positron Emission Tomography (PET) studies, on the other hand,
showed a glucose metabolism reduction in the parietal, temporal,
frontal and cingulate cortex [10].

Electrophysiological studies may also provide additional informa-
tion concerning cortical physiopathology involved in PD with cognitive
decline. Quantitative EEG (qEEG) analysis of electrocortical activity
demonstrated that a decrement of the background rhythm frequency
(alpha rhythm) together with an increase of the slow-frequency activity
(delta and theta) [3] can be associated with the degree of cognitive
decline in PD [11].

Functional studies of brain connectivity can be helpful for identi-
fying significant alterations in PD with cognitive dysfunction.
Variations in the quantity and quality of the connections between brain
regions appear in fact to be related to neuropsychological performances
[12]. In PD patients with normal cognition (PD-NC), there is an increase
in the local integration of information and connections that are created
between brain areas, which is however associated with a reduction in
their efficiency [13]. The cause is still unclear, but probably lies in the
degeneration of subcortical structures that influence the formation of
these networks. In people with cognitive deficit, there is instead evi-
dence of a significant reduction in these connections, especially within
the alpha band [12].

Most of available studies focused on patients with clinically-estab-
lished PDD, failing to identify a potential early marker of cognitive
impairment in PD since its initial phases, which would be the most
important goal to achieve in order to investigate its pathophysiological
mechanisms and to search for new therapeutic strategies.

This study is part of The Parkinson's disease Cognitive impairment
Study (PaCoS), a multicenter study involving two centers located in
south Italy (Sicily) aimed to evaluate frequency, clinical features and
biomarkers associated with MCI in a large hospital-based cohort of PD
patients [7].

The main objective of the present study was to analyze, by means of
low-resolution electromagnetic tomography (LORETA) and qEEG ana-
lysis, the electrocortical networks possibly related with cognitive dys-
functions in PD-MCI.

2. Materials and methods

2.1. Study population

Patients affected by PD diagnosed according to the Brain Bank cri-
teria [14] attending the Movement Disorder Center and the Neurologic
Clinic of the “Policlinico Vittorio Emanuele” in Catania and the Memory
and Parkinson's disease Center of the “Policlinico Paolo Giaccone” in
Palermo, over a four-year period (2013–2016) were retrospectively
selected as part of the PaCoS cohort. From the original cohort of non-
demented 659 patients, a sample of 102 patients (46 PD-MCI and 56
PD-NC) was included in the present study based on the following cri-
teria: a comprehensive neuropsychological assessment and at least one
artefact-free EEG recording. We excluded all the patients who had a
different diagnosis during follow-up and those who satisfied the diag-
nostic criteria for PDD [15]. A group of PD patients with a disease
duration of one year or less (“early” PD patients) has been also iden-
tified.

The clinical-instrumental assessment was part of the routinely di-
agnostic work-up of PD patients.

All participants provided their written informed consent prior to
entering the study, which was approved by the local medical Ethics
Committees and it was in accordance with the Declaration of Helsinki.

2.2. Clinical and neuropsychological assessment

All patients underwent a comprehensive neurological examination
performed by movement disorder specialists. Demographic, clinical and
pharmacological data were recorded. PD severity was evaluated in ac-
cordance with the Unified Parkinson Disease Rating Scale - Motor
Examination (UPDRS-ME) [16] and the Hoehn and Yahr (HY) [17]
scales. Cumulative daily dosage of dopaminergic drugs was converted
using the Levodopa Equivalent Dosage (LED) [18]. Patients were
evaluated in practical “off” motor state after an overnight fast. All PD
subjects underwent a comprehensive neuropsychological and beha-
vioural assessment when in “on” state, considered as the condition of
pharmacological response to dopaminergic drugs. The following five
cognitive domains were evaluated: episodic memory, attention, ex-
ecutive function, visuospatial function, and language. MCI subtypes
were defined as follows: Amnestic MCI Single Domain (aMCIsd), Non
Amnestic MCI Single Domain (naMCIsd), Amnestic MCI Multi Domain
(aMCImd), Non Amnestic MCI Multiple Domain (naMCImd). Diagnosis
of PD-MCI was made according to the Movement Disorder Society
Taske Force Level II criteria [6].

Details about the neuropsychological assessment used in the PaCoS
sample have been extensively explained elsewhere [7].

2.3. EEG recordings

In all subjects participating in the study a resting (eye-closed task)
EEG recording was performed in “on” state using 19 electrodes placed
according to the international 10–20 International System (Fp2, F4, C4,
P4, O2, F8, T4, T6, Fz, Cz, Pz, Fp1, F3, C3, P3, O1, F7, T3, T5), with
unipolar derivation and common reference (G2) located between Fz
and Cz (acquisition system: SystemPLUS ver.1.02.1109 for BRAIN-
QUICK BQ132 S, Micromed). The impedance of the EEG signal was kept
between 2 and 10 kΩ at the homologous sites. The signal underwent
NOTCH and bandwidth filtering (1.6 and 30 Hz) being digitized using
the default sampling rate. Five visually selected epochs of 4-s artefacts-
free EEG signal of clear-cut wakefulness, excluding the EEG activity of
drowsiness, for each patient were randomly selected by an expert
electroencephalographist (LG) to ensure quality of samples and data
generalizability.

2.4. LORETA analysis

LORETA (Low Resolution Brain Electromagnetic Tomography) is a
method by which the non-invasive measurement of electrical potentials
carried out by EEG can be used to estimate the distribution of neuronal
electrical activity. Signal epochs were analysed to evaluate the presence
of networks between brain regions with similar electrical activity. In
this study, we focused on the Independent Components Analysis (ICA),
which is a technique to separate linearly mixed sources. The im-
plementation of ICA in the LORETA software allows for decomposition
of cortical electrical activity which is non-Gaussian into independent
components in different frequency bands. It assumes that brain activity
is organized and structured to create network connections between
functionally connected brain regions. Within the same network, dif-
ferent brain regions activate together and at the same frequencies [19].
The networks processed using the standardized LORETA method were
represented by images (one for each frequency band). In this study the
following frequency bands were considered: delta (1–3 Hz), theta
(4–7 Hz), alpha (8–12 Hz) and beta (13–30 Hz). Within each image,
algebraic and statistical differences between the groups were shown
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through a colour scale, and localization was expressed in anatomical
terms, specifying the lobe, the gyrus and the Brodmann area of the
abnormality. A maximum number of seven networks was tested.

2.5. qEEG analysis

To perform spectral analysis, A Welch's periodogram (50% overlap
between 1-s Hamming windowed segments) was applied to the 4-s ar-
tefacts-free electroencephalographic signal epochs recorded from spe-
cific homologous pairs of electrodes over each hemisphere (F3/4, F7/8,
T3/4, P3/4, O1/2) based on a standardized protocol [20]. Welch's
method is an improvement of the standard periodogram spectrum to
reduce noise caused by imperfect and finite data. The method consists
of dividing the time series data into overlapping segments, computing a
modified periodogram of each segment, and then averaging the PSD
estimates. The averaging of modified periodograms tends to decrease
the variance of the estimate relative to a single periodogram estimate of
the entire data record [21]. Power Spectral Density (PSD) of sampled
signals epochs over each homologous site was computed for each se-
lected frequency band (delta, theta, alpha and beta). Signal analysis
was performed for all selected epochs of the EEG recordings through an
ad hoc created script [20]. Test-retest reliability analysis of resting-EEG
PSD values per frequency band and site of recording over the five re-
corded EEG samples was tested before performing any statistical in-
ference to ensure data reproducibility. The computed Intraclass Corre-
lation Coefficients showed high test-retest reliability among PSD values
obtained from the five selected samples for each frequency band and
site of recording (please see Supplementary Material). Frequency band-
specific PSD values obtained for each coordinate from the five selected
epochs of EEG signal for each patient were averaged to be used for the
statistical inference.

2.6. Statistical analysis

Data have been analysed using STATA 12.1 software packages. Data
cleaning has been performed before the data analysis considering both
range and consistence checks. Quantitative variables are described
using mean and standard deviation (SD) or median and interquartile
range (IQR) as appropriate, categorical variables as frequency and
percent. Data have been tested for normality using Shapiro-Wilk test.
Parametric independent-samples t-test for parametric data or Mann-
Whitney test for non-parametric data were used for comparisons be-
tween means and medians respectively while chi-square test has been
used for used to study categorical variables. For LORETA analysis,
student t-test for independent groups has been carried out to compare
PD-MCI versus PD-NC datasets. A p < 0.05 was set as level of sig-
nificance.

Finally, a stratified analysis was carried out for PD patients with a
disease duration of one year or less (“early” PD patients).

3. Results

102 patients were selected from the PaCoS Cohort and enrolled in
the present study. Of these 46 (45.1%) PD patients fulfilled the Level II
MDS diagnostic criteria for PD-MCI. Baseline characteristics of the se-
lected study population are shown in Table 1A. Baseline characteristics
(sex, age, disease duration, education, age of onset, UPDRS-ME, Hoehn
and Yahr stage, LED) of the sampled population were not significantly
different with respect to the original cohort of the PaCoS study [7] that
consisted of 659 PD patients.

In the investigated population, PD-MCI patients had a significantly
longer duration of the disease (2 ± 7 vs 1 ± 2; p= 0.02) and fewer
years of education (5 ± 6.5 vs 8 ± 8; p= 0.01) as compared to PD-
NC. The PD-MCI group presented more patients with naMCImd, fol-
lowed by aMCImd, whereas PD-MCI single domain (both amnestic and
non amnestic) accounted for only 15.2% of patients (Table 1A).

For sub-groups analysis, the sample was further divided into two
groups according to disease duration: patients with a disease length of
one year or less (“early” PD=55) and patients with a disease length of
more than one year (PD=47). The clinical characteristics of the sub-
group of early PD are shown in Table 1B. No significant differences were
evident for the examined clinical variables between PD-NC and PD-
MCI.

3.1. LORETA analysis

LORETA analysis revealed significant differences in the PD-MCI
group compared to PD-NC, with a decreased alpha activity over the
occipital lobe (lingual gyrus, Brodmann area 17) (Fig. 1A), an increased
beta activity over the frontal lobe associated with a reduction over the
parietal lobe (precuneus, Brodmann area 7) (Fig. 1B), an increased
theta and delta activity over the frontal lobe (superior and middle
frontal gyrus respectively, Broadmann area 11) (Fig. 1C and E) and
delta activity over the frontal lobe (middle frontal gyrus, Brodmann
area 11), and a reduction of theta and delta activity in the parietal lobe
(postcentral gyrus Brodmann area 7) (Fig. 1D and F).

Regarding the subgroup of early PD patients when compared with
PD-NC, we found an increased beta activity over the frontal lobe with a
reduction over the parietal lobe (precuneus, Brodmann area 7) (Fig. 2A)

Table 1
Clinical characteristics of study patients.

(A) All patients PD-NC PD-MCI

N=102 N=56 N=46

Sex (males) 54 (52.9%) 29 (52%) 25 (54.4%)
Age (years) 65.7 ± 8.4 65.4 ± 8.7 66.13 ± 8.1
Disease duration (years)a 1 ± 4b 1 ± 2b 2 ± 7b

Education (years)a 8 ± 8b 8 ± 8b 5 ± 6.5b

Age of onset (years) 62.3 ± 9.3 62.7 ± 9.3 61.9 ± 9.5
UPDRS-ME score 29 ± 10.9 27.7 ± 11.6 30.5 ± 9.8
Hoehn & Yahr stage 2 ± 0.5b 2 ± 0.5b 2 ± 0.5b

LED (mg/die) 270.8 ± 404.7 274.2 ± 568.4 335.6 ± 423.4
MCI subtypes
aMCIsd (n,%) – – 3 (6.5)
aMCImd (n,%) – – 12 (26.1)
naMCIsd (n,%) – – 4 (8.7)
naMCImd (n,%) – – 27 (58.7)

(B) All patients PD-NC PD-MCI
N=55 N=36 N=19

Sex (males) 31 (56.4%) 17 (47.2%) 14 (73.7%)
Age (years) 65 ± 9.1 64.5 ± 9.3 66.1 ± 8.8
Disease duration (years) 1 ± 0b 1 ± 0b 1 ± 0b

Education (years) 8 ± 8b 8 ± 8b 8 ± 8b

Age of onset (years) 64.3 ± 9.2 63.7 ± 9.5 65.4 ± 8.8
UPDRS-ME score 26.6 ± 10.3 25.2 ± 10.1 20 ± 10.4
Hoehn & Yahr stage 2 ± 0b 2 ± 0b 2 ± 0b

LED (mg/die) 80.7 ± 218 86.8 ± 255.4 69.2 ± 124.4
MCI subtypes
aMCIsd (n,%) – – 1 (5.3)
aMCImd (n,%) – – 6 (31.6)
naMCIsd (n,%) – – 2 (10.5)
naMCmd (n,%) – – 10 (52.6)

Data are frequency (percent) and mean ± standard deviation. (A) Study po-
pulation. (B) “early” PD.
Abbreviation: PD-NC, Parkinson disease with normal cognition; PD-MCI,
Parkinson disease with Mild Cognitive Impairment; LED, Levodopa Equivalent
Dosage; aMCIsd, amnestic Mild Cognitive Impairment single domain; aMCImd,
amnestic Mild Cognitive Impairment multiple domain; naMCIsd, non-amnestic
Mild Cognitive Impairment single domain; naMCImd, non-amnestic Mild
Cognitive Impairment multiple domain.

a Statistically significant differences between PD-NC and PD-MCI
(p < 0.05).

b Described as median ± interquartile range.
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and an increased delta activity over the frontal lobe (superiorfrontal
gyrus, Brodmann area 11) (Fig. 2B) with a significant reduction of delta
activity in the parietal lobe (postcentral gyrus, Brodmann area 7)
(Fig. 2C).

For all comparisons no differences between left and right hemi-
sphere have been found.

3.2. qEEG analysis

The comparison of the PSD values for each frequency band over all
the recorded electrodes showed significant differences between PD-MCI
and PD-NC, specifically PD-MCI group exhibited a significant decrease
of alpha PSD average values over the occipital region O1 (p= 0.02) and
O2 (p= 0.01), and a borderline significant increase of delta PSD over
the left temporal region (T3; p= 0.05), as shown in Fig. 3.

4. Discussion

PD is the most common neurodegenerative disease after Alzheimer's
disease, accounting for 0.3% of the total population in western coun-
tries [22]. It is mainly a movement disorder, however various and
disabling non-motor symptoms are associated with the disease [23].
Among these, cognitive impairment greatly contributes to the disability
and reduction of quality of life of these subjects. Many studies are fo-
cusing their attention on this condition [24], recently defined as a
specific diagnostic entity by a Task Force of the Movement Disorders
Society [6]. The objective is to identify patients with cognitive im-
pairment early enough to provide adequate treatments. Moreover, the
study of the initial phases of cognitive impairment can allow obtaining
insights on the pathophysiological mechanisms of these deficits with
the aim of searching for new therapeutic strategies.

In our study, the EEG recordings of 102 patients with PD were
analysed with the aim of identifying distinctive features in their cortical
electrical activity that would differentiate PD-NC from PD-MCI. We
used a bimodal approach by exploring topographical localization of
potentially involved electrocortical networks using LORETA, as well as
by computing quantitative parameters using qEEG analysis in order to
detect potential biomarkers of cognitive impairment in PD, even at an
early stage of the disease.

We found a significant reduction in the alpha band over the occi-
pital lobes bilaterally in PD-MCI patients, a finding widely known in the
literature. In fact, various studies have already demonstrated a slow-
down in the background activity in PD patients with cognitive im-
pairment [11,25]. Furthermore, the reduction of alpha activity espe-
cially in the posterior regions has been identified as one of the
parameters that can discriminate between PD-NC and PD-MCI [11].

In our study, to differentiate PD patients with normal cognition
from those with MCI based on their cortical electrical activity, the brain
networks of the two groups of subjects analysed by means of ICA were
compared. In PD-MCI patients we found a reduction of the alpha
(8–12 Hz) component at the level of the lingual gyrus in the occipital
lobe. Significant alterations of the alpha band have been already
showed by numerous studies investigating cortical connections [11]. In
particular, a study comparing the cerebral networks of PD patients with
cognitive impairment of different severity through the “EEG source
connectivity method” revealed a reduction in connectivity within both
alpha 1 (8–10 Hz) and alpha 2 (10–13 Hz) bands even when cognitive
deficits are still mild [26]. The alpha rhythm is the dominant rhythm
during relaxed wakefulness and reflects the attentional ability of the
subject and the integration of sensory-motor information mediating the
activation of cortico-thalamic and cortico-cortical connections. There-
fore, its alteration in patients with cognitive impairment is not

Fig. 1. LORETA ICA showing increased (red) and decreased (blue) regional electrocortical activity based on specified frequency bands for six identified functional
networks. Presented data have a statistical significance of p < 0.05 using a z-score threshold of 3.0. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)
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surprising.
Concerning the beta band, we found an increase of its frontal re-

presentation in patients with MCI and a reduction in the region of
precuneus. In our precedent work, using quantitative indices, we de-
tected a greater lateralization in beta band frontal electrocortical ac-
tivity of de novo PD subjects as compared to controls, suggesting that
this behaviour could be the results of disease-related oscillatory

networks between the cortex and specific subcortical regions [21].
Connections between brain regions within the beta band appear to be
altered in PD patients; in fact, an increase in cortico-cortical con-
nectivity was found especially in the range of 10–35 Hz in PD patients,
which was related with the worsening of the disease [27]. In another
study, a similar alteration involving the fronto-occipital network was
found in PDD compared to subjects with PD-NC [28]. It can be hy-
pothesized that this “hyper-synchronization" would be expression of a
pathophysiological mechanism of PD and that cognitive decline is also a
manifestation of this mechanism [27]. On the other hand, the pre-
cuneus is an associative area involved in episodic memory, visuospatial
processing and aspects of consciousness [29]. This area has been found
to be compromised in PD-NC and PD-MCI patients by functional-MRI
studies [30]. In particular, PD patients may present an inverse activa-
tion/deactivation pattern of the precuneus, expression of the reduction
of attention and visuospatial abilities, typical of PD patients [31].

As complementary result, the slower frequency components of EEG
were found to be increased over the frontal regions in PD-MCI patients
both within the delta and theta bands. Until now, there are no similar
findings in the literature comparing PD-MCI to PD-NC, but significant
differences have already been demonstrated comparing PD-NC patients
with PDD subjects [32].

A subgroup of patients with a disease duration of less than one year
(“early PD”) was also analysed from the whole sample, in order to
highlight the alterations which occur early in patients with MCI. The
majority of the data found in the entire sample have been confirmed in
this group, highlighting the hypothesis that the found abnormalities can
be an early marker of cognitive decline in PD patients. However, new
evidences are needed to better understand our findings, trying to dis-
cover new parameters that can be used as early markers of cognitive
decline in PD patients.

Certainly, it would have been of interest to evaluate if the differ-
ences found in our study are specific of the different subgroups, am-
nestic or non amnestic, depending on the functional brain areas in-
volved. However, we were not able to compare subjects with different
subtypes of MCI because the sample sizes of the single groups were too
small to allow comparisons. Moreover, we did not adjust for the effect
of age on EEG activities, usually slower in older subjects. Despite of this,
we did not find significant differences among PD patients with normal
cognition and PD patients with MCI regarding age, excluding a possible
confounding effect of age on the PSD values differences that we found
between the two groups.

We are aware of the intrinsic limitations of the LORETA ICA
method, due to its poor resolution in terms of anatomical definition.

Fig. 2. LORETA ICA showing increased (red) and decreased (blue) regional
electrocortical activity based on specified frequency bands for three identified
functional networks (A: alpha, B and C: delta) in the subgroup of early PD pa-
tients. Presented data have a statistical significance of p < 0.05 using a z-score
threshold of 3.0. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)

Fig. 3. Heatmaps showing mean Power Spectral Density (PSD) values (μV2/Hz) of selected site-specific frequency bands in PD-NC and PD-MCI. Heatmap visually
represents by a chromatic scale the individual values of PSD contained in the constructed sites-by-frequency band matrixes for both PD-NC and PD-MCI groups,
giving a representation of the frequency bands distribution over the different sites of recording.

G. Mostile, et al. Parkinsonism and Related Disorders 64 (2019) 156–162

160



However, the particular form of used standardization allows for exact
localization albeit with low spatial resolution. It should be also noted
that all the presented data of LORETA analysis are those who reached
the level of statistical significance of p < 0.05, among all the different
outputs. In our opinion, this could increase the validity of the results,
despite the limitation implicit in the used method.

In conclusions, in this study we aimed to analyze, by LORETA and
qEEG analysis, the electrocortical networks possibly related with cog-
nitive functioning in patients with PD-MCI. We found reduced occipital
resting-state alpha rhythms and enhanced frontal low-frequency elec-
trocortical networks in PD-MCI as compared to PD-NC, confirming si-
milar findings obtained with different techniques such as magne-
toencephalography [33]. Our findings on electrocortical alterations in
PD-MCI patients, obtained through the use of different methodologies,
were in overlap, confirming their validity and giving more strength to
the obtained results.

The results of our study may be useful for better understanding
pathogenetic mechanisms underlying cognitive impairment in PD-MCI
as well as for proposing possible instrumental biomarker related to
cognitive dysfunction in such patients. They could in fact be integrated
in recently developed predictive algorithms which seem to provide a
reliable score for the prediction of future cognitive impairment in pa-
tients with PD [34].
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