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Abstract: Introduction. Individuals with Parkinson’s disease (PD) exhibit general impairments, par-
ticularly non-motor symptoms that are related to language, communication, and cognition pro-
cesses. People with this disease may undergo a surgical intervention for the placement of a deep 
brain stimulation device, which improves their motor symptoms. However, this type of intervention 
leads to a decline in their linguistic and cognitive abilities that becomes increasingly noticeable as 
the disease progresses. Objective. The objective of this research was to compare the performance and 
linguistic–cognitive profile of individuals with Parkinson’s disease who underwent deep brain stim-
ulation treatment based on the stage of the disease. Method. A total of 60 participants who were 
diagnosed with PD by their reference hospital were selected. These participants were divided into 
three groups based on the stage of the disease that they were in, forming three groups: a Stage I 
group (n = 20), a Stage II group (n = 20), and a Stage III group (n = 20). The linguistic–cognitive 
profile was assessed using the MoCA, ACE-III, and MetAphas tests. The design of this study was 
established as a quasi-experimental, cross-sectional investigation, and statistical analysis was per-
formed using MANOVA to compare the scores between the study groups. Results. The results indi-
cate that individuals in Stage I exhibit better linguistic and cognitive performance compared to the 
other groups of participants in Stage II and Stage III, with statistically significant differences (p < 
0.05). Conclusion. In conclusion, the progression of PD leads to significant linguistic and cognitive 
decline in individuals with this disease who have a deep brain stimulation device, greatly limiting 
the autonomy and quality of life for people with PD. 
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1. Introduction 
Parkinson’s disease (PD) was first described in 1817 by James Parkinson, who defined 

it as a progressive degeneration of the substantia nigra, accompanied by a set of motor 
features that present early on as a triad: bradykinesia, rigidity, and resting tremor [1]. This 
definition remains relevant today in describing the symptomatology of PD [2]. While the 
causes of this disorder remain a topic of debate on and research in PD, the study of the 
behavioral and cognitive manifestations of Parkinson’s continues to be of the utmost im-
portance. With the aging population in industrialized countries, the prevalence of age-
related diseases is increasing, with an estimated rise from 6.9 million diagnosed individ-
uals in 2015 to 14.2 million in 2040 [3]. This situation creates a specific need to understand 
the manifestations of PD in order to carry out personalized diagnoses and establish 
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treatments that are tailored to the individual beyond the treatment of motor symptoms. 
This is because the manifestations, in addition to the classic triad, extend to other areas 
such as sleep, gastrointestinal problems, mental health, cognitive processes, and language 
[4]. 

People with Parkinson’s disease (PwPD) commonly exhibit heterogeneous symp-
toms, resulting from the involvement of different neural systems that, as mentioned be-
fore, are not yet fully defined [5] but are responsible for the impairment of various func-
tions that are categorized into two major groups: motor (e.g., tremor and dystonia) and 
non-motor symptoms, which can manifest from the early stages of the disease. Among the 
non-motor symptoms, we can mention sleep problems, gastrointestinal issues, and nota-
bly, cognitive impairments that have a significant impact on patients’ quality of life [6]. 
These cognitive impairments include mental health alterations (such as depression and 
dementia), sensory alterations (such as hyposmia and pain), and problems related to lan-
guage and communication. All of these manifestations represent the main therapeutic tar-
gets in PD [7]. 

The available treatments for this disorder are varied. The most common ones focus 
on the treatment of dementia through the use of cholinesterase inhibitors [6–8], selective 
norepinephrine reuptake inhibitors for depression such as atomoxetine [7,8], cognitive 
training [8], or neurostimulation. Within this latter type of interventions, deep brain stim-
ulation (DBS) is one of the most recent ones. It involves the implantation of a series of 
electrodes in areas of the brain such as the thalamus, pallidum, or subthalamic nucleus to 
provide symptomatic relief from the motor manifestations of PD through the generation 
of electrical impulses. It is important to note that neurosurgery always carries risks, par-
ticularly for elderly individuals. However, DBS also presents evident advantages, such as 
personalized adjustment to each patient’s characteristics, the possibility of readjustment 
after the surgery, controllability, and, above all, reversibility, as the electrical stimulation 
can be activated or deactivated by the patient [6–8]. While this technique is relatively new, 
it is currently expanding and being applied to other disorders such as epilepsy or obses-
sive–compulsive disorders [9]. However, the underlying mechanisms of its functioning 
and the true extent of its therapeutic potential beyond motor symptoms are still being 
studied. Therefore, it is crucial to investigate how PwPD who have undergone DBS re-
spond to this type of intervention beyond motor manifestations and explore its effects on 
other behavioral manifestations of the disorder. In light of the above, the objective of this 
study is to analyze the cognitive–linguistic profile of a group of PwPD with DBS devices. 
This objective is of interest because while the benefits of DBS in terms of the motor mani-
festations of PD have been confirmed, the evidence regarding its effects on the cognitive 
or linguistic areas is still under development [10,11]. Among the aspects that deserve fur-
ther in-depth study is how DBS affects patients throughout the etiological course of PD, 
as this disorder exhibits clear differences between the first stage and the subsequent two 
stages. 

In Stage I, motor symptoms are generally mild, and no significant changes in lan-
guage are observed. However, some patients may experience slight decreases in speech 
clarity, reduced vocal modulation, or subtle changes in speech rhythm [12]. As the disease 
progresses, speech- and language-related issues may become more evident. In Stage II of 
Parkinson’s disease, motor symptoms intensify, and speech and language problems be-
come more prominent. Difficulties such as dysarthria, which affects speech articulation 
and clarity, and hypophonia, characterized by a weak and barely audible voice, may arise 
[13]. Additionally, there may be a decrease in verbal fluency, and handwriting may be-
come smaller (micrographia). In advanced stages of PD (i.e., Stage III), speech and lan-
guage problems tend to be more pronounced [14]. Speech may become unintelligible, and 
phenomena such as palilalia (involuntary repetition of words or phrases) and echolalia 
(repetition of previously heard words or phrases) may occur. There may also be difficul-
ties in finding the right words, implying a reduction in expressive vocabulary. 
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Furthermore, limitations in following complex instructions or maintaining a coherent con-
versation may be present [4]. 

On the other hand, existing research supports the notion that PwPD in Stage I have 
better cognitive competence compared to those in more advanced stages. The findings 
from various studies have confirmed this observation [15,16]. As the disease progresses, 
alterations in cognitive processes have been identified in different phases of the disease. 
In the early stages of PD, cognitive impairments tend to be subtle and may go unnoticed 
[17]. However, it has been observed that some individuals may experience difficulties in 
tasks involving sustained attention, processing speed, and working memory. These symp-
toms can affect the ability to multitask and maintain concentration for extended periods 
[18]. As the disease advances to the intermediate phase, more pronounced cognitive im-
pairments are likely to occur. Difficulties in memory, particularly in episodic memory and 
recognition memory, are observed [19]. Additionally, executive function can be affected, 
manifesting as difficulties in planning, organizing, and problem solving. Difficulties in 
cognitive processing speed and selective attention may also arise. In the advanced stages 
of PD, cognitive changes can be more significant, and symptoms of Parkinson’s dementia 
may develop [20]. Parkinson’s dementia is characterized by significant cognitive decline 
in areas such as memory, attention, and executive functions [21]. The symptoms can be 
similar to those observed in Alzheimer’s disease, such as long-term memory loss and spa-
tial and temporal disorientation [15,22,23]. 

Within the symptomatology of PD, the study of linguistic impairments is often not a 
priority. This is typically because the most severe symptoms tend to manifest in the ad-
vanced stages of the disease or because they may be masked by cognitive and/or mental 
health issues. However, for authors like Murray [23], language takes on great importance 
in highlighting the functioning of individuals who are diagnosed with Parkinson’s dis-
ease, as the neuroanatomical evidence of language-related alterations in PwPD is becom-
ing increasingly conclusive and significant. For example, it has been discovered that 
PwPD exhibit a decrease in gray matter in regions that are associated with language, such 
as the middle frontal gyrus (MFG), the opercular part of the inferior frontal gyrus (IFG), 
the transverse temporal gyrus (TTG), and the planum temporale (PT). 

Linguistic function can be affected in PwPD due to difficulties being encountered in 
tasks such as finding the right words, forming sentences fluently, and maintaining a nor-
mal conversational rhythm. As these impairments worsen, the effectiveness of communi-
cation can be compromised in various aspects. 

Altmann and Troche [24] assert that PwPD exhibit deficiencies in the production of 
complex language, such as reduced informational content, deteriorated grammaticality, 
interrupted fluency, and reduced syntactic complexity. On the other hand, Montemurro 
et al. [25] suggest that specific aspects of pragmatics, both in production and comprehen-
sion, may be affected in PwPD. Yokoi et al. [26] found that PwPD used fewer morphemes 
in a sentence compared to healthy individuals. 

Hochstadt et al. [27] state that a difficulty in understanding sentences in PwPD may 
be linked to deficits in task switching, verbal working memory, and cognitive flexibility. 
In another study, Miller et al. [28] found that PwPD exhibited various impairments in their 
functional communication, resulting in difficulties in following a conversation, expressing 
opinions or emotions, and contributing to the conversation with relevant topics. 

Language disorders can also manifest without an association with dementia, which 
requires special attention from speech–language pathologists during the initial evalua-
tion. In this regard, Tremblay et al. [29] and Prieto et al. [30] found deficits in understand-
ing metaphors and irony in this population, as well as difficulties in social cognition or 
Theory of Mind that compromised the quality of exchanges in the context of conversation. 
In a recent study, Hoz et al. [31] concluded that PwPD may present deficits in lexical-
semantic processing, syntactic organization, and fluency. 

Tremblay et al. [29] found deficiencies in the comprehension of metaphors and irony 
in this population, as well as difficulties in social cognition or Theory of Mind, which 
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compromised the quality of exchanges in the context of conversation in PwPD without 
other more evident cognitive limitations. Cano Villagrasa et al. [32] conducted a descrip-
tive study, aimed at understanding the clinical–epidemiological profile of PD and the co-
existence of different types of symptoms. The results concluded that PwPD present symp-
toms that can be classified as motor symptoms (MSs), non-motor symptoms (NMSs), and 
speech and language symptoms (SLSs). The latter include limitations in vocal, respiratory, 
expressive, and receptive language functions, as well as swallowing difficulties (dyspha-
gia). This leads speech–language pathologists to propose the use of different strategies 
that involve physical, cognitive, and pragmatic efforts, requiring self-awareness or self-
perception on the part of the PwPD regarding their symptoms and a conscious use of 
resources to improve them. 

PD causes alterations in front-subcortical neurological functioning, which is why 
cognitive symptoms can vary widely in terms of type and impact. Some authors indicate 
that around 80% of PwPD may experience some form of mild cognitive impairment (MCI). 
Cummings [33] and Bayles and Tomoeda [1] consider that dementia may affect 20–40% of 
PD cases. PwPD and their caregivers often report that cognitive decline is one of their 
major concerns. MCI affects approximately 20–50% of people with PD, and longitudinal 
studies reveal dementia in up to 80% of PD cases [34]. 

Regarding the causes, neuroimaging studies in PwPD have detected cortical volume 
loss in the posterior, parietal, and frontal cortices, as well as atrophy in the hippocampus, 
insula, and cingulate gyrus, which correlates with alterations in cognitive and mnemonic 
processes [35]. Another aspect related to cognition, such as executive functioning (higher 
cognitive skills that allow us to set goals, make decisions, regulate our behavior, and solve 
problems), may be compromised, leading to difficulties in switching between tasks, inhib-
iting automatic responses, or solving complex problems [34]. These neuroanatomical al-
terations may be associated with cognitive manifestations that are linked to difficulties in 
executive function or memory, which have a significant impact on patients [1]. These dif-
ficulties have negative effects on attention and task switching, resulting in limitations in 
engaging in efficient conversations by being unable to follow the flow of the conversation. 
Aracil-Bolaños et al. [36] corroborate that cognitive impairment is a significant disabling 
feature in PD, although not all PwPD will experience these symptoms. Some common 
cognitive symptoms associated with PD include alterations in attention and concentration, 
memory impairments, slowed cognitive processing, and executive dysfunction. 

Thus, communication limitations in PwPD may be related to cognitive impairments 
such as decreased attention and concentration. PwPD may have difficulties maintaining 
attention and focusing on specific tasks, which can affect their ability to complete complex 
tasks or engage in lengthy conversations. Hochstadt et al. [27] state that memory can be 
affected in PD, especially working memory, which involves the ability to temporarily re-
tain and manipulate information. Difficulties in episodic memory, which refers to the abil-
ity to recall specific events and autobiographical details, may also be present. Addition-
ally, PD can slow down information processing, resulting in increased difficulty in think-
ing quickly, making decisions, and responding efficiently to stimuli [18,19]. Executive dys-
function in PwPD, due to the characteristic neurological alterations of the disease, can 
have significant repercussions in various aspects of language and communication. A dif-
ficulty in planning and organizing may result in problems accessing the right words dur-
ing conversation, a phenomenon known as “verbal blocking.” Likewise, a lack of cognitive 
flexibility can contribute to speech rigidity and a reduced ability to adapt to changes in 
conversation topics. Furthermore, impairment in decision making may influence the abil-
ity to express thoughts clearly and coherently. The interplay between executive functions 
and language underscores the complexity of cognitive and communicative challenges in 
PD. A comprehensive approach to addressing these areas becomes essential for providing 
effective interventions and enhancing the quality of life for those affected [37]. Under-
standing these connections not only enables more precise symptom management but also 



Eur. J. Investig. Health Psychol. Educ. 2024, 14 389 
 

 

lays the groundwork for designing therapeutic strategies that holistically address the cog-
nitive and communicative needs of PwPD [28]. 

PwPD may have difficulties in planning and organizing tasks, which can affect their 
ability to carry out action sequences or meet deadlines. It is important to note that the 
severity and extent of cognitive symptoms can vary from person to person and through-
out the progression of the disease. Some PwPD may experience mild cognitive symptoms 
that do not significantly impact their daily lives, while in other cases, the symptoms may 
be more pronounced and require specific intervention and support. It is expected that 
when PwPD experience advanced cognitive decline, linguistic symptoms become more 
prominent, and there are more pronounced limitations in lexical access, sentence struc-
ture, or comprehension of complex texts [28–31]. 

In PD, language disorders that are associated with executive functioning impair-
ments can be detected. In some cases, linguistic symptoms are associated with mild cog-
nitive impairment or dementia. These alterations can affect the complex processes under-
lying pragmatic function, as well as sentence comprehension and lexical–semantic pro-
cessing [38]. According to Chaudhuri and Schapira [18], perceptual impairments, cogni-
tive decline, and affective–behavioral changes (anxiety, depression, apathy) will have a 
significant impact on communication and language. 

Recent research has studied the interrelation between cognitive deficits and commu-
nication in PwPD [39–41]. Symptoms such as depression and sleep disorders seem to have 
a negative impact on the linguistic functioning of PwPD, particularly affecting prosody 
and hypophonia [33]. Therefore, there is a relationship between different groups of symp-
toms. Additionally, other studies have shown that symptoms like depression can affect 
the overall functioning of PwPD [42], which can consequently impact the quality of com-
munication. 

Clarifying these questions allows for the development of an appropriate intervention 
plan and the definition of the most suitable courses of action. Unfortunately, speech and 
language symptoms may manifest even before assessment scores fall outside the normal 
ranges [43]. Furthermore, their presence can be very subtle and may not be perceived by 
the patient, such as in the case of dysphagia or cognitive and language impairments. Car-
doso and Luchesi [44] propose that individuals with neurodegenerative diseases may per-
ceive changes in communication, social isolation, lack of motivation, and loss of self-es-
teem. These changes can lead them to withdraw from contact with others, alter their be-
havior, and avoid society in general or situations that expose them in any way. 

Thus, the evaluation process should be seen as complex, dynamic, and continuous. It 
is complex in the sense that each PwPD will present a unique profile of functioning asso-
ciated with numerous factors such as the age of onset of PD, effectiveness of medication, 
access to non-pharmacological therapies, comorbidity with other conditions (depression, 
respiratory disorders, cardiovascular diseases, among others), and treatment adherence. 
It is dynamic because the profile of functioning will be modified by the inevitable progres-
sion of the disease or health complications, requiring ongoing adjustments in care. And it 
is continuous because PwPD require comprehensive attention that ensures communica-
tive functionality and the best possible quality of life in the various stages of PD. 

Taking this approach into consideration, the main objective of the present study was 
to compare the cognitive and linguistic profile across stages in three groups of PwPD who 
have undergone treatment through deep brain stimulation. Specific objectives were also 
established: (I) to explore difficulties in language and communication skills among the 
participants, and (II) to observe alterations in cognitive abilities in this population. Finally, 
two research hypotheses were determined: the first research hypothesis posited that per-
formance in language and communication tasks would be better in PwPD in Stage I com-
pared to Stage II, and in turn, better in Stage II compared to Stage III. On the other hand, 
the second research hypothesis suggested that PwPD in Stage I would demonstrate better 
cognitive performance than those in Stages II and Stage III. 
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2. Materials and Methods 
2.1. Participants 

This study included a total of 60 participants (31 males and 29 females), ranging in 
age from 60 to 79 years (M = 69.4; SD = 8.43), who were diagnosed with PD at different 
stages and had a deep brain stimulation device. Based on this, three groups were estab-
lished: a group of participants in Stage I (n = 20), a group of participants in Stage II (n = 
20), and a group of participants in Stage III of PD (n = 20). All participants were evaluated 
at a reference hospital, where they received the diagnosis and underwent rehabilitation 
processes through the services of physiotherapy, speech therapy, neuropsychology, and 
occupational therapy. The degree of disability was assessed at the participant’s reference 
healthcare center through national disability and dependency assessment scales. 

This study established inclusion and exclusion criteria that were tailored to different 
stages of PD. In Stage I, a confirmed diagnosis by a public medical team, active participa-
tion in multidisciplinary interventions, the use of a deep brain stimulation device, the abil-
ity to communicate clearly in everyday situations, and basic cognitive functions without 
significant deficits were required. In Stage II, additional criteria included the ability to 
address potential language difficulties, orientation in time and space, and the presence of 
non-significant memory loss. In Stage III, an advanced ability to maintain fluid conversa-
tions and comprehend instructions was highlighted, with minimal competence in cogni-
tive tasks such as planning and decision making. Exclusion criteria encompassed the pres-
ence of severe sensory impairment, intellectual disability limiting participation, residence 
in a nursing home, and current employment. These criteria were designed to ensure ho-
mogeneity within the groups, allowing for an equitable representation of the specific char-
acteristics of each stage of PD and facilitating a precise analysis of linguistic and cognitive 
variables in the study. Furthermore, individuals with comorbidities of neurological or 
neurodegenerative damage along with Parkinson’s disease were excluded. 

With these criteria in mind, the sample selection was carried out through an initial 
survey in which a total of 173 participants were collected. Out of the total, 63 were ex-
cluded for not meeting the established inclusion and exclusion criteria. From the remain-
ing 110 participants, 27 were further excluded due to a lack of technological means to 
perform the assessments, and 23 participants did not provide signed informed consent. 
Thus, the three experimental groups were formed. 

Table 1 presents the main sociodemographic characteristics of the participants in-
cluded in the study. 

Table 1. Sociodemographic and individual characteristics of study participants. 

 n Percentage 

Sex 
Men 31 51.6 

Women 29 48.4 

Diagnosis 
Stage I 20 33.3 
Stage II 20 33.4 
Stage III 20 33.3 

Years of treatment 
0–5 years 13 21.7 
5–10 years 34 56.6 

10–15 years 13 21.7 

Grade of incapacity 
Less than 33% 0 0 

Between 33% and 66% 47 78.3 
More than 66% 13 21.7 

Medication 
Levodopa 52 86.7 

Dopamine agonist 4 6.7 
MAO-B enzyme inhibitors 2 3.3 
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Catechol-O-methyltransferase 
inhibitors 

2 3.3 

Years since diagnosis 

14–18 years 21 35 
9–13 years 19 31.7 
4–8 years 18 30 
1–3 years 2 3.3 

Carer 
No 0 0 
Yes 60 100 

2.2. Instruments 
Montreal Cognitive Assessment (MoCA) [44]. The MoCA test is a cognitive screen-

ing tool that is used to assess the cognitive profile of individuals suspected of cognitive 
impairment. This test consists of eight tasks that evaluate orientation, short-term memory, 
executive function/visuospatial abilities, language skills, abstraction, animal naming, at-
tention, and clock drawing test. The maximum score is 30. Its psychometric characteristics 
describe a high level of reliability and validity, with a sensitivity of 87% and a specificity 
ranging from 90% for mild cognitive impairment (MCI), using a cutoff score of <26, and a 
sensitivity of 87% for Alzheimer’s dementia with a specificity of 100%, using a cutoff score 
of <18. In this test, only the variables of naming, abstraction, deferred recall, and orienta-
tion were selected. 

Addenbrooke’s Cognitive Examination III (ACE-III) [45]. The ACE-III consists of 21 
questions, with a total score of 100. The maximum score for the language area is 26 points. 
It assesses six cognitive domains, with a maximum score of 100 points: orientation (10 
items), attention (8 items), memory (35 items), verbal fluency (14 items), language (28 
items), and visuospatial abilities (5 items). One point is assigned for each correct response. 
According to the authors of the Spanish version, the sensitivity and specificity of the exam 
are reported as 90% and 86%, respectively, using a cutoff score of 68 points. The thresholds 
describe the score at which a diagnosis of cognitive impairment should be considered and 
are usually 82 or 88/100. For this research, only the subtests of fluency, language, attention, 
memory, and visuospatial abilities were used. 

MetAphAs Test [46]. Through the application of this test, it is possible to define the 
metalinguistic performance of individuals with cognitive impairment and identify differ-
ential metalinguistic profiles, which serve as a starting point for planning individualized 
interventions. This test includes 40 items distributed across six sections as follows: (1) In-
ner language, inhibition ability, and discourse. (2) Simultaneous control of semiotic pro-
cedures. (3) Paraphrasing skills and associated phenomena. (4) Reported speech and as-
sociated phenomena. (5) Monitoring ability. Contextualization marks. (6) Use of displaced 
language and Theory of Mind (ToM). For this research, only the final section (Section 5) 
was recorded, which helps assess fundamental skills for information exchange related to 
describing an absent (or hidden) object or situation, temporal displacement I (recent past), 
temporal displacement II (remote past), temporal displacement III (near future), interpret-
ing a scene, searching for antonyms, reading emotions, using fictional language, ability to 
lie, and capacity to understand irony. Section 6 is used to evaluate different functions re-
lated to Theory of Mind. All functions are evaluated with a score ranging from 0 to 4, with 
a score of 0 to 2 considered an indicator of poor performance. 

2.3. Procedure 
This study was approved by the ethics committee of the International University of 

Valencia (VIU), with the code CEID2023_08. The data collection process involved evaluat-
ing the participants in a single session lasting 1 h and 30 min. The language assessment 
tests consisted of administering tasks related to naming skills, verbal fluency, and lexical 
access. Likewise, the tests for cognitive evaluation involved word detection, memorization 
of elements, and performing mathematical calculations. The participants were 
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accompanied throughout the process by a family member or primary caregiver. The data 
from the measurement instruments were stored in protected databases, which were sub-
sequently analyzed by the research team members to verify the fulfillment of the research 
hypotheses. 

2.4. Design 
In this quasi-experimental, cross-sectional study, various statistical analyses were 

conducted. First, the Shapiro–Wilk test was used to confirm the assumption of normality 
for the dependent variables that make up the study groups. Next, Multivariate Analysis 
of Variance (MANOVA) was used to examine the relationship between the variables re-
lated to the participants’ cognitive and linguistic profile. In this way, differences in the 
mean scores among the three groups that make up the sample were analyzed. Subse-
quently, Analysis of Covariance (ANCOVA) tests were conducted to observe the individ-
ual differences of each variable in the three groups. In this study, only the variables from 
the assessment instruments that corresponded to the cognitive and linguistic sections 
were selected. Variables that did not record these types of skills were discarded, as well as 
any repeated variables in the instruments, with a summation performed among the ob-
tained direct scores. Finally, to control for Type I error, Holm–Bonferroni correction was 
applied. 

3. Results 
3.1. Differences in the Linguistic Profile among the Groups 

The ANCOVA that was conducted to assess differences in linguistic profile measures 
among Stage 1 (G1), Stage 2 (G2), and Stage 3 (G3) revealed the presence of statistically 
significant differences (Wilks’ Lambda = 0.028, F(6,52) = 19.016, p < 0.001, η2P = 0.832). As 
shown in Table 2, the variables in which significant differences were found were fluency, 
language, Item 1, Item 2, Item 3, Item 4, Item 5, Item 6, Item 7, Item 8, Item 9, and Item 10. 
The results of the ANCOVAs related to the linguistic profile are presented in Table 2 and 
Figure 1. 

 
Figure 1. Mean scores of measures related to language skills. 

Table 2. Differences among the measures of the groups—Stage I (G1), Stage II (G2), and Stage III 
(G3)—in the linguistic profile obtained from the ACE III test and Section VI of the MetAphas test. 

Profile 
Linguistic 

G1 
(n = 20) 

G2 
(n = 20) 

G3 
(n = 20) F (6,52) η2P 

Differences be-
tween Groups 

M SD M SD M SD 
ACE—III 

0

1

2

3

4

5

6

G1 G2 G3
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Fluency 5.05 0.75 3.00 0.79 1.60 0.94 86.34 * 0.75 G3 < G2 < G1 
Language 4.95 0.68 2.80 0.69 1.15 1.13 96.93 * 0.77 G3 < G2 < G1 

Section 6 of the MetAphAs test 
Item 1 3.45 0.51 3.05 0.94 1.65 1.30 18.70 * 0.39 G3 < G2 < G1 
Item 2 3.50 0.51 2.90 0.85 1.75 1.20 19.36 * 0.40 G3 < G2 < G1 
Item 3 3.65 0.48 2.95 0.75 1.65 1.13 29.31 * 0.50 G3 < G2 < G1 
Item 4 3.60 0.50 3.05 0.88 1.60 1.09 28.60 * 0.50 G3 < G2 < G1 
Item 5 3.65 0.48 2.95 0.88 1.20 1.10 42.51 * 0.59 G3 < G2 < G1 
Item 6 3.25 0.44 2.85 0.87 2.10 1.02 10.19 * 0.26 G3 < G2 < G1 
Item 7 3.55 0.51 2.90 0.85 1.15 1.08 42.53 * 0.59 G3 < G2 < G1 
Item 8 3.55 0.78 3.30 0.80 1.55 1.14 32.15 * 0.53 G3 < G2 < G1 
Item 9 3.40 0.50 2.85 0.74 1.45 0.88 38.03 * 0.57 G3 < G2 < G1 

Item 10 3.55 0.51 3.05 0.82 1.80 1.10 22.53 * 0.44 G3 < G2 < G1 
Note. G1 = Stage I; G2 = Stage II; G3 = Stage III. * p < 0.05. 

The post hoc analysis indicates that the group of participants diagnosed with PD at 
Stage I performed significantly better in linguistic scores compared to the group at Stage 
II and the group at Stage III (p < 0.05). The group at Stage II also showed significantly 
better scores compared to the group at Stage III. 

3.2. Differences in the Cognitive Profile among the Groups 
The ANCOVA that was conducted to assess differences in cognitive profile measures 

among Stage 1 (G1), Stage 2 (G2), and Stage 3 (G3) revealed statistically significant differ-
ences (Wilks’ Lambda = 0.036, F(6,52) = 31.034, p < 0.001, η2P = 0.810). As shown in Table 3, 
the variables that yielded significant differences were attention, memory, visuospatial 
abilities, identification, abstraction, delayed recall, and orientation. The results of the AN-
COVAs related to the cognitive profile are presented in Table 3 and Figure 2. 

 
Figure 2. Mean scores of measures related to cognitive skills. 

Table 3. Differences among the groups—Stage I (G1), Stage II (G2), and Stage III (G3)—in the cog-
nitive profile obtained from ACE-III and MoCA tests. 

Profile 
Cognitive 

G1 
(n = 20) 

G2 
(n = 20) 

G3 
(n = 20) F (6,52) η2P Differences be-

tween Groups 
M SD M SD M SD 

Attention  4.35 0.48 2.95 0.82 1.25 1.07 69.99 * 0.711 G3 < G2 < G1 
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Memory  4.25 0.44 3.00 0.91 2.85 0.74 50.55 * 0.639 G3 < G2 < G1 
Visuospatial 4.40 0.50 2.57 1.09 1.50 1.10 50.54 * 0.639 G3 < G2 < G1 
Identification 4.35 0.48 3.00 0.85 1.45 1.23 61.14 * 0.682 G3 < G2 < G1 
Abstraction  4.12 0.43 3.25 0.78 1.25 1.25 79.69 * 0.737 G3 < G2 < G1 

Deferred recall 4.70 0.47 2.95 0.75 1.30 1.17 61.80 * 0.684 G3 < G2 < G1 
Orientation 4.55 0.51 3.05 0.82 1.50 1.14 55.97 * 0.663 G3 < G2 < G1 

Note. G1 = Stage I; G2 = Stage II; G3 = Stage III. * p < 0.05. 

The post hoc analysis indicates that the group of participants diagnosed with PD in 
Stage I showed higher cognitive performance compared to the group in Stage II, followed 
by the group in Stage III, with statistically significant differences (p < 0.05). 

4. Discussion 
As previously stated, the main objective of this study was to analyze the cognitive–

linguistic profile and compare it based on the stage of PD in which individuals were di-
agnosed. Accordingly, a series of specific objectives were selected, which included explor-
ing the difficulties in language and communication skills of participants who were diag-
nosed with PD, as well as observing the alterations in cognitive abilities within this pop-
ulation. 

The results of our study confirm the first research hypothesis, which stated that the 
performance of language tasks would be better in participants who were diagnosed with 
PD in the early stages (Stage I) compared to those in the later stages (Stages II and III). In 
the present study, participants in Stage I of the disease showed higher scores on language 
tasks compared to those in Stage II, followed by those in Stage III. These findings indicate 
that the linguistic profile of PwPD is better preserved in Stage I than in more advanced 
stages of the disease. In this stage, motor symptoms are typically mild, and significant 
changes in language are not observed. However, some patients may experience slight de-
creases in speech clarity, reduced vocal modulation, or subtle changes in speech rhythm. 
As the disease progresses, speech and language problems may become more evident. 
Common linguistic symptoms in this stage include dysarthria, hypophonia, decreased 
verbal fluency, and micrographia. Finally, in the advanced stages of PD, speech and lan-
guage problems are typically more pronounced. Common linguistic changes include un-
intelligible speech, palilalia, echolalia, as well as decreased vocabulary and difficulty find-
ing the right words, along with limitations in following complex instructions or maintain-
ing coherent conversation [47]. 

These findings align with results obtained in studies such as that by Bocanegra et al. 
[48], who used different language tests and assessments. The researchers found significant 
differences in linguistic impairment between patients with idiopathic PD and patients 
with genetic parkinsonism. These differences were observed in areas such as speech flu-
ency, verbal production, and language comprehension. Similarly, in the study by Nishi-
waki et al. [49], the researchers used a computerized semantic association test to evaluate 
participants’ language skills. This test involved presenting a target word and asking par-
ticipants to generate associated words within a specific time frame. Both the quantity and 
quality of the provided responses were analyzed. The results revealed that PwPD showed 
significant impairments in the evaluated language skills compared to a control group. 
PwPD had difficulties generating appropriate responses and exhibited reduced verbal flu-
ency and word variety. 

Regarding the second research hypothesis, which posited that PwPD in Stage I would 
exhibit better cognitive competence than those in more advanced stages, the results ob-
tained in this study confirm it. PwPD experience cognitive changes as they progress 
through the stages of the disease. In the early stages of PD, cognitive alterations are often 
subtle and may go unnoticed. However, it has been observed that some individuals may 
have difficulties in tasks that require sustained attention, processing speed, and working 
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memory. These symptoms can affect the ability to multitask and maintain focus over pro-
longed periods [19]. As PD advances to the intermediate phase, more pronounced cogni-
tive impairments are likely to occur. Difficulties in memory, particularly in episodic 
memory and recognition memory, may become more evident [20]. Additionally, executive 
function may be affected, resulting in difficulties in planning, organizing, and problem 
solving. There may also be difficulties in cognitive processing speed and selective atten-
tion. Lastly, in the advanced stages of PD, cognitive changes can be more significant and 
may include the onset of Parkinson’s dementia [21]. The dementia in PD is characterized 
by significant cognitive impairment in areas such as memory, attention, and executive 
functions. The symptoms can be similar to those observed in Alzheimer’s disease, such as 
long-term memory loss and spatial and temporal disorientation [24]. The results obtained 
in this study are consistent with other research, such as that by Pedersen et al. [49], whose 
findings revealed that approximately half of the participants showed cognitive stability 
during the study period, without significant deterioration in the evaluated cognitive func-
tions. Around one-third of the participants experienced significant cognitive decline, in-
dicating progression from mild cognitive impairment to dementia. Additionally, a small 
percentage of participants showed an improvement in cognitive functions, surpassing the 
criteria for a mild cognitive impairment diagnosis at baseline. 

The information provided above regarding linguistic and cognitive impairments in 
PD at different stages is relevant to DBS in PwPD. In the early stages of PD, cognitive 
alterations are often subtle and may go unnoticed. However, as the disease progresses to 
more advanced stages, difficulties in memory, executive function, and cognitive pro-
cessing speed can become more pronounced. Additionally, symptoms of dementia in PD, 
which involve significant cognitive decline, may emerge. When it comes to DBS therapy, 
both positive and negative effects on the linguistic and cognitive abilities of PwPD have 
been observed. Some studies have reported improvements in speech fluency and lan-
guage comprehension in patients treated with DBS, which may be related to the reduction 
in motor symptoms. However, adverse effects have also been observed in some individu-
als, such as difficulties in speech fluency, changes in voice, and alterations in memory and 
attention. These findings suggest that DBS therapy can influence linguistic and cognitive 
abilities variably in each individual. The response to DBS can be unpredictable and de-
pends on factors such as the precise location of the electrodes and the stimulation of adja-
cent areas. Therefore, it is essential to conduct a comprehensive assessment and closely 
monitor to identify any changes in these abilities and adjust the treatment accordingly. 

5. Conclusions 
In summary, PwPD experience language impairments such as problems with verbal 

fluency, lexical access, and deterioration in the content and form of conversation, as well 
as cognitive difficulties including memory, attention, and executive function deficits. 
These impairments worsen as the disease progresses through its stages. All of these factors 
significantly impact their quality of life and interfere with the proper performance of basic 
daily activities. 

This study had a main limitation regarding the small number of participants that 
were selected. The characteristics of the sample chosen for this research were quite limited 
and difficult to access. Although the aim of our study was solely to compare the stages of 
PD in participants who had undergone surgery for DBS electrode placement, future stud-
ies should expand the sample and compare this same group with other participants with 
PD who do not use DBS. 

The implementation of early diagnostic tests in neurodegenerative diseases, such as 
Parkinson’s, becomes crucial in the context of DBS. Advanced cognitive tools, such as 
ACE-III, MoCA, and MetAphAs, not only enable a comprehensive evaluation of different 
cognitive domains but also allow for the detection of anomalous patterns that may indi-
cate cognitive decline in preclinical stages. In Parkinson’s patients undergoing DBS, a dual 
dynamic is evident: while deep brain stimulation has been proven to be effective in 
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controlling motor symptoms, it has also been observed that, in some cases, it may impact 
cognitive functions. Early identification of cognitive changes through specialized tests be-
comes critical for adjusting intervention and rehabilitation strategies. The key aspect lies 
in the fact that early diagnosis not only enables the timely application of interventions and 
rehabilitation, improving the patient’s quality of life, but that it may also play a role in 
slowing down the progression of cognitive impairments. Early intervention encompasses 
everything from cognitive therapies to environmental adaptations and stress manage-
ment strategies. In the realm of DBS for Parkinson’s, a comprehensive evaluation that in-
cludes cognitive tests, clinical information, medical history, and periodic neurological as-
sessments is essential. The interpretation of these results should be entrusted to special-
ized healthcare professionals who can design personalized intervention plans and closely 
monitor the patient’s progress. The combination of early diagnostic tests with comprehen-
sive care and early intervention strategies is essential to optimize the management of cog-
nitive complications in Parkinson’s patients, especially those who have undergone DBS. 
This approach not only positively impacts the patients’ quality of life but also provides 
the opportunity to maximize the benefits of deep brain stimulation. 

Therefore, this research serves as a starting point to further explore language and 
cognitive impairments in PwPD. Consequently, there is a need to continue working on 
research lines that shed light on the linguistic and cognitive characteristics of this popula-
tion, with the goal of determining their limitations and developing optimal assessment 
and intervention protocols for individuals with this condition. Additionally, it is essential 
to propose investigations that determine the benefits and drawbacks for PwPD who have 
undergone surgical intervention for DBS, in order to establish the degree to which success 
in the proper performance of basic daily activities can be guaranteed. 

Author Contributions: Conceptualization, A.C.-V.; Methodology, A.C.-V., M.L.-Z., L.R.-M., and 
B.V.-G.; Validation, A.C.-V., M.L.-Z., and B.V.-G.; Formal analysis, A.C.-V. and M.L.-Z.; Investigation, 
A.C.-V.; Data curation, A.C.-V. and L.R.-M.; Writing—review and editing, M.L.-Z. All authors have 
read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: This study was conducted according to the guidelines of 
the Declaration of Helsinki and approved by the Ethics Committee of Universidad Internacional de 
Valencia (protocol code CEID2023_08 at 6 June 2023). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: Participant data is not available due to the data protection and privacy 
policies carried out in the development of this study. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Bayles, K.; Tomoeda, C. Cognitive-Communication Disorders of Dementia; Plural Publishing: San Diego, CA: 2007. 
2. Kalia, L.V.; Lang, A.E. Parkinson’s disease. Lancet 2015, 386, 896–912. https://doi.org/10.1016/S0140-6736(14)61393-3. 
3. Dorsey, E.R.; Bloem, B.R. The Parkinson Pandemic-A Call to Action. JAMA Neurol. 2018, 75, 9–10. 

https://doi.org/10.1001/jamaneurol.2017.3299. 
4. Pringsheim, T.; Jette, N.; Frolkis, A.; Steeves, T.D. The prevalence of Parkinson’s disease: A systematic review and meta-analysis. 

Mov. Disord. 2014, 29, 1583–1590. https://doi.org/10.1002/mds.25945. 
5. Borghammer, P.; Van Den Berge, N. Brain-First versus Gut-First Parkinson’s Disease: A Hypothesis. J. Park. Dis. 2019, 9, S281–

S295. https://doi.org/10.3233/JPD-191721. 
6. Onder, H.; Dilek, S.S.; Bahtiyarca, Z.T.; Comoglu, S. Analyses of the clinical factors and freezing of gait in association with the 

quality-of-life indexes in Parkinson’s disease subjects with and without STN-DBS therapy. Neurol. Res. 2024, 46, 207–212. 
https://doi.org/10.1080/01616412.2023.2265250. 

7. LaHue, S.C.; Ostrem, J.L.; Galifianakis, N.B.; San Luciano, M.; Ziman, N.; Wang, S.; Racine, C.A.; Starr, P.A.; Larson, P.S.; Katz, 
M. Parkinson’s disease patient preference and experience with various methods of DBS lead placement. Park. Relat. Disord. 2017, 
41, 25–30. https://doi.org/10.1016/j.parkreldis.2017.04.010. 



Eur. J. Investig. Health Psychol. Educ. 2024, 14 397 
 

 

8. Sauerbier, A.; Jenner, P.; Todorova, A.; Chaudhuri, K.R. Non motor subtypes and Parkinson’s disease. Park. Relat. Disord. 2016, 
22 (Suppl. 1), S41–S46. https://doi.org/10.1016/j.parkreldis.2015.09.027. 

9. Benabid, A.L. Deep brain stimulation for Parkinsonʹs disease. Curr. Opin. Neurobiol. 2003, 13, 696–706. 
https://doi.org/10.1016/j.conb.2003.11.001. 

10. Mallet, L.; Mesnage, V.; Houeto, J.L.; Pelissolo, A.; Yelnik, J.; Behar, C.; Gargiulo, M.; Welter, M.L.; Bonnet, A.M.; Pillon, B.; et al. 
Compulsions, Parkinsonʹs disease, and stimulation. Lancet 2002, 360, 1302–1304. https://doi.org/10.1016/S0140-6736(02)11339-0. 

11. Benabid, A.L.; Chabardes, S.; Mitrofanis, J.; Pollak, P. Deep brain stimulation of the subthalamic nucleus for the treatment of 
Parkinson’s disease. Lancet Neurol. 2009, 8, 67–81. https://doi.org/10.1016/S1474-4422(08)70291-6. 

12. Parsons, T.D.; Rogers, S.A.; Braaten, A.J.; Woods, S.P.; Tröster, A.I. Cognitive sequelae of subthalamic nucleus deep brain stim-
ulation in Parkinson’s disease: A meta-analysis. Lancet Neurol. 2006, 5, 578–588. https://doi.org/10.1016/S1474-4422(06)70475-6. 

13. Jankovic J. Parkinsonʹs disease and movement disorders: moving forward. Lancet Neurol. 2008;7(1):9-11. doi:10.1016/S1474-
4422(07)70302-2 

14. Goetz, C.G.; Tilley, B.C.; Shaftman, S.R.; Stebbins, G.T.; Fahn, S.; Martinez-Martin, P.; Poewe, W.; Sampaio, C.; Stern, M.B.; Dodel, 
R.; et al. Movement Disorder Society-sponsored revision of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS): Scale 
presentation and clinimetric testing results. Mov. Disord. 2008, 23, 2129–2170. https://doi.org/10.1002/mds.22340. 

15. Hauser, R.A.; Zesiewicz, T.A. Advances in Parkinsonʹs disease. Park. Relat. Disord. 2011, 17, S1–S2. 
16. Fahn, S.; Jankovic, J.; Hallett, M. (Eds.) Principles and Practice of Movement Disorders, 2nd ed.; Elsevier: Madrid, Spain, 2015. 
17. Shulman, L.M.; Tanner, C.M. Parkinson’s Disease: Diagnosis and Clinical Management, 2nd ed.; Demos Medical Publishing: Lon-

don, UK, 2017. 
18. Chaudhuri, K.R.; Schapira, A.H. Non-motor symptoms of Parkinson’s disease: Dopaminergic pathophysiology and treatment. 

Lancet Neurol. 2009, 8, 464–474. https://doi.org/10.1016/S1474-4422(09)70068-7. 
19. Kehagia, A.A.; Barker, R.A.; Robbins, T.W. Cognitive impairment in Parkinson’s disease: The dual syndrome hypothesis. Neuro-

Degener. Dis. 2013, 11, 79–92. https://doi.org/10.1159/000341998. 
20. Williams-Gray, C.H.; Foltynie, T.; Brayne, C.E.; Robbins, T.W.; Barker, R.A. Evolution of cognitive dysfunction in an incident 

Parkinsonʹs disease cohort. Brain A J. Neurol. 2007, 130 Pt 7, 1787–1798. https://doi.org/10.1093/brain/awm111. 
21. Muslimovic, D.; Post, B.; Speelman, J.D.; Schmand, B. Cognitive profile of patients with newly diagnosed Parkinson disease. 

Neurology 2005, 65, 1239–1245. https://doi.org/10.1212/01.wnl.0000180516.69442.95. 
22. Aarsland, D.; Andersen, K.; Larsen, J.P.; Lolk, A.; Kragh-Sorensen, P. Prevalence and characteristics of dementia in Parkinson 

disease: An 8-year prospective study. Arch. Neurol. 2003, 60, 387–392. 
23. Murray, L.L. Language and Parkinsonʹs disease. Annu. Rev. Appl. Linguist. 2008, 28, 113–127. 
24. Altmann, L.J.; Troche, M.S. High-level language production in Parkinson’s disease: A review. Park. Dis. 2011, 2011, 238956. 

https://doi.org/10.4061/2011/238956. 
25. Montemurro, S.; Mondini, S.; Signorini, M.; Marchetto, A.; Bambini, V.; Arcara, G. Pragmatic Language Disorder in Parkinson’s 

Disease and the Potential Effect of Cognitive Reserve. Front. Psychol. 2019, 10, 1220. https://doi.org/10.3389/fpsyg.2019.01220. 
26. Yokoi, K.; Iribe, Y.; Kitaoka, N.; Tsuboi, T.; Hiraga, K.; Satake, Y.; Hattori, M.; Tanaka, Y.; Sato, M.; Hori, A.; et al. Analysis of 

spontaneous speech in Parkinson’s disease by natural language processing. Park. Relat. Disord. 2023, 113, 105411. 
https://doi.org/10.1016/j.parkreldis.2023.105411. 

27. Hochstadt, J.; Nakano, H.; Lieberman, P.; Friedman, J. The roles of sequencing and verbal working memory in sentence com-
prehension deficits in Parkinson’s disease. Brain Lang. 2006, 97, 243–257. https://doi.org/10.1016/j.bandl.2005.10.011. 

28. Miller, N.; Noble, E.; Jones, D.; Burn, D. Life with communication changes in Parkinson’s disease. Age Ageing 2006, 35, 235–239. 
https://doi.org/10.1093/ageing/afj053. 

29. Prieto, F.; Radanovic, M.; Schmitt, C.; Barbosa, E.R.; Mansur, L.L. Compreensão de sentenças na doença de Parkinson. Dement. 
Neuropsychol. 2007, 1, 386–391. 

30. Hoz, M.; Garrido Del Águila, D.; García Retamero, R. Alteraciones lingüísticas en pacientes con deterioro cognitivo leve. Rev. 
Neurol. 2021, 72, 67–76. 

31. Tremblay, C.; Vachon-Joannette, J.; Chantal, S.; Langlois, M.; Monetta, M. Is there an Association between Pragmatic Language, 
Social Cognition and Executive Deficits in Parkinsonʹs Disease? Procedia-Soc. Behav. Sci. 2012, 61, 185–186. 

32. Cano Villagrasa, A.; Suárez Torres, M.; Valles-González, B. Diagnósticos Fonoaudiológicos y Síntomas no Motores en Pacientes 
con Enfermedad de Parkinson. Areté Rev. Fonoaudiol. 2020, 20, 63–71. 

33. Cummings, N.A. Emergence of the mental health complex: Adaptive and maladaptive responses. Prof. Psychol. Res. Pract. 1988, 
19, 308–315. https://doi.org/10.1037/0735-7028.19.3.308. 

34. Goldman, J.G.; Vernaleo, B.A.; Camicioli, R.; Dahodwala, N.; Dobkin, R.D.; Ellis, T.; Galvin, J.E.; Marras, C.; Edwards, J.; Fields, 
J.; et al. Cognitive impairment in Parkinson’s disease: A report from a multidisciplinary symposium on unmet needs and future 
directions to maintain cognitive health. NPJ Park. Dis. 2018, 4, 19. https://doi.org/10.1038/s41531-018-0055-3. 

35. Aarsland, D.; Creese, B.; Politis, M.; Chaudhuri, K.R.; Ffytche, D.H.; Weintraub, D.; Ballard, C. Cognitive decline in Parkinson 
disease. Nature reviews. Neurology 2017, 13, 217–231. https://doi.org/10.1038/nrneurol.2017.27. 

36. Aracil-Bolaños, I.; Sampedro, F.; Marín-Lahoz, J.; Horta-Barba, A.; Martínez-Horta, S.; Botí, M; Izquierdo, C. A divergent break-
down of neurocognitive networks in Parkinson’s Disease mild cognitive impairment. Hum. Brain Mapp. 2019, 40, 3233–3242. 

37. Herrera Gómez, E.; Cuetos Vega, F. Alteraciones Cognitivas y Lingüísticas en la Enfermedad de Parkinson. Ph.D. Thesis, Uni-
versidad de Oviedo, Oviedo, Spain, 2013. 



Eur. J. Investig. Health Psychol. Educ. 2024, 14 398 
 

 

38. Cilia, R.; Tunesi, S.; Marotta, G.; Cereda, E.; Siri, C.; Tesei, S.; Zecchinelli, A.L.; Canesi, M.; Mariani, C.B.; Meucci, N.; et al. 
Survival and dementia in GBA-associated Parkinson’s disease: The mutation matters. Ann. Neurol. 2016, 80, 662–673. 

39. Dashtipour, K.; Johnson, E.; Kani, C.; Kani, K.; Hadi, E.; Ghamsary, M.; et al. ; Chen, J.J. European Parkinson�s Disease Associa-
tion. In Life with Parkinson´s: Non-Motor Symptoms; EPDA: Brussels, Belgium, 2010. 

40. Stegemöller, E.L.; Hibbing, P.; Radig, H.; Wingate, J. Therapeutic singing as an early intervention for swallowing in persons 
with Parkinsonʹs disease. Complement. Ther. Med. 2017, 31, 127–133. https://doi.org/10.1016/j.ctim.2017.03.002. 

41. Wengel, S.P.; Bohac, D.; Burke, W.J. Depression in Parkinson’s Disease. In Parkinson’s Disease; CRC Press: Boca Raton, FL, USA, 
2004; pp. 329–338. https://doi.org/10.1201/9780203508596-41. 

42. Hatcher, J.M.; Pennell, K.D.; Miller, G.W. Parkinson’s disease and pesticides: A toxicological perspective. Trends Pharmacol. Sci. 
2008, 29, 322–329. 

43. Cardoso, T.T.; Luchesi, K.F. The difficulties in the care of the patient with neurodegenerative diseases: The speech-language 
therapist and the multi-professional team. Audiol. Commun. Res. 2019, 24, e2063. 

44. Pedraza, O.L.; Salazar, A.M.; Sierra, F.A.; Soler, D.; Castro, J.; Castillo, P.; Hernández, A.; Piñeros, C. Confiabilidad, validez de 
criterio y discriminante del Montreal Cognitive Assessment (MoCA) test, en un grupo de adultos de Bogotá. Acta Médica Colomb. 
2016, 41, 221–228. 

45. Matias-Guiu, J.A.; de Bobadilla, R.F.; Escudero, G.; Pérez-Pérez, J.; Cortés, A.; Morenas-Rodríguez, E.; Matías-Guiu, J. Validación 
de la versión española del test Addenbrooke’s Cognitive Examination III para el diagnóstico de demencia. Neurologia 2015, 30, 
545–551. 

46. Rosell Clari, V.Y.; Hernández Sacristán, C. MetAphAs. Protocolo de Exploración de Habilidades Metalingüísticas Naturales en la Afasia; 
Nau Llibres: Valencia, Spain, 2014 

47. Bocanegra, Y.; García, A.M.; Lopera, F.; Pineda, D.; Baena, A.; Ospina, P.; Gómez, F. Differential linguistic impairment in patients 
with Parkinson’s disease and genetic Parkinsonisms. J. Neurolinguistics 2021, 60, 101003. 

48. Nishiwaki, H.; Ito, M.; Ishida, T.; Hamaguchi, T.; Maeda, T.; Kashihara, K.; Tsuboi, Y.; Ueyama, J.; Shimamura, T.; Mori, H.; et 
al. Meta-Analysis of Gut Dysbiosis in Parkinson’.s Disease. Mov. Disord. 2020, 35, 1626–1635. https://doi.org/10.1002/mds.28119. 

49. Pedersen, K.F.; Larsen, J.P.; Tysnes, O.B.; Alves, G. Natural course of mild cognitive impairment in Parkinson disease: A 5-year 
population-based study. Neurology 2017, 88, 767–774. https://doi.org/10.1212/WNL.0000000000003634. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 


