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Background. Parkinson’s disease (PD) patients experience cognitive impairment which has been related to reduced quality of life
and functional disability. These symptoms usually progress until dementia occurs. Some studies have been published assessing
the efficacy of cognitive treatments on improving cognition, functional outcome, and producing changes in brain activity.
Objective. A critical review was performed to present up-to-date neurorehabilitation effects of cognitive rehabilitation in PD,
with special emphasis on the efficacy on cognition, quality of life aspects, brain changes, and the longitudinal maintenance of
these changes. Results. After exclusions, 13 studies were reviewed, including 6 randomized controlled trials for the efficacy on
cognition, 2 randomized controlled trials regarding the brain changes after cognitive training, and 5 studies which evaluated the
long-term effects of cognitive treatments. Conclusions. Cognitive rehabilitation programs have demonstrated to be effective on
improving cognitive functions, but more research is needed focusing on the efficacy on improving behavioral aspects and
producing brain changes in patients with PD. Moreover, there is a need of randomized controlled trials with long-term

follow-up periods.

1. Introduction

Parkinson’s disease (PD) is a common neurodegenerative dis-
ease, being most of the cases diagnosed at around 60 years [1].
Traditionally, PD has been considered a motor disorder, and
the core motor symptoms are rigidity, tremor, bradykinesia
(akinesia), and postural instability. In addition, freezing of gait
(difficulty to initiate or continue walking) and flexed posture
have been included in the cardinal motor symptoms of the dis-
ease [2]. Nowadays, it is known that this neurodegenerative
process produces a wide range of motor and nonmotor symp-
toms in PD patients; hence, PD is considered a multiple system
neurodegenerative disorder [3]. Among these nonmotor
symptoms, cognitive impairment is an important nonmotor
symptom due to its prevalence among PD patients (20-50%)
[4, 5]. In addition, PD patients might develop cognitive
impairment from the early stages of the disease [4, 5]. These
cognitive deficits may deteriorate with the progression of the
disease until dementia occurs [6, 7]. The analysis of cognitive

impairment and dementia in PD patients is relevant because
both have shown relationship with reduced quality of life
and functional disability in PD patients [8, 9].

These cognitive impairments in PD have been related to
grey matter (GM) atrophy, white matter (WM) alterations,
brain functional connectivity (FC), and brain activation alter-
ations. PD patients with Mild Cognitive Impairment (MCI)
diagnosis have shown GM volume reduction in the frontal,
temporal, and parietal lobes, but also in the hippocampus,
amygdala, and putamen [10, 11]. Additionally, PD patients
with MCI have shown widespread cerebral WM deterioration
[11-13]. Interestingly, WM alterations have been found to
appear before GM volume reduction in PD patients, which
highlights the importance to explore the relationship between
WM indexes and cognitive impairment [14]. In addition,
cognitive deficits have also been related to functional brain
alterations, showing altered FC and brain activation values
both during resting state and during cognitive tasks inside
the scanner [15, 16].
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With the progression of the disease, cognitive deficits
usually deteriorate until dementia occurs after 10 to 20 years
[6, 17]. A study followed newly diagnosed PD patients over
time and found that after 20 years, dementia was present in
up to 80% of PD patients [6]. In addition, recent studies
showed that the presence of MCI diagnosis in PD patients
contributes to the development of dementia [7], and results
support that MCI could be considered as a prodromal stage
for dementia in PD [18]. Cognitive deterioration is accompa-
nied by GM volume loss [19], WM alterations [20], and func-
tional brain changes [21, 22]. When dementia occurs in PD
patients, cortical degeneration has been extended to frontal,
temporal, parietal, and occipital areas [23].

Due to the relevance of cognitive deficits, therapeutic
strategies are needed to treat cognitive decline. A common
cognitive rehabilitation program could be described as a
behavioral treatment for cognitive impairment which focused
on cognitive abilities and daily living activities, which is based
on the restoration, compensation, and optimization of the
cognitive functions [24, 25]. Cognitive rehabilitation pro-
grams have demonstrated their efficacy on improving cogni-
tion in different studies in PD. Several reviews [26-28] and
meta-analyses [29, 30] have been published in the field. The
efficacy of cognitive rehabilitation on improving cognition
has been shown, but these reviews and meta-analyses high-
light the importance of continuing with research focused on
the efficacy of the cognitive rehabilitation approach in PD.

The main objective of the present study is to perform a
critical review to present up-to-date neurorehabilitation effects
of cognitive rehabilitation in PD. The first objective was to
examine the efficacy of cognitive rehabilitation programs on
cognition and behavioral aspects. The second objective was
to review the evidence of the brain changes found after
cognitive treatments. Finally, the present study analyzed the
long-term effects of cognitive rehabilitation in PD.

2. Methods

2.1. Review Strategy. Studies were included from inception to
December 2017. Focusing on the first objective of this critical
review, which was to analyze those randomized controlled
trials focused on the efficacy of cognitive rehabilitation
programs on cognition, we selected only those studies that
fulfilled the following criteria: (1) randomized controlled
trials; (2) PD patients underwent a cognitive rehabilitation
program; (3) the main objective was to investigate the change
in cognition; and (4) studies including a PD control group.
Among the studies that fulfilled these specific criteria, we also
reported (if included in the studies) the results of the efficacy
on behavioral or mood aspects, such as depression, apathy,
functional disability, and quality of life aspects.

Regarding the second objective of the present review, the
efficacy of cognitive rehabilitation programs in producing
brain changes in PD was determined based on the following
criteria: (1) randomized controlled trials; (2) PD patients under-
went a cognitive rehabilitation program; (3) studies including
a PD control group; and (4) brain changes were evaluated.

Finally, focusing on the last objective of the present
study, the review about the long-term effects of cognitive
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rehabilitation programs was based on the following criteria:
(1) PD patients underwent a cognitive rehabilitation pro-
gram; (2) a longitudinal follow-up evaluation was performed;
and (3) the main objective was to investigate the change in
cognition at follow-up. In this specific section, we included
both randomized controlled trials and nonrandomized trials,
due to the scarce number of published studies and to have a
wider perspective.

Databases included were PubMed, Medline, and Google
Scholar. The search terms were specified to be found in
the title of the studies. The terms were (1) Parkinson’s dis-
ease/Parkinson disease; (2) cognitive rehabilitation/cognitive
training/cognitive remediation; (3) attention rehabilitation/
attention training/attention remediation; (4) executive train-
ing/executive rehabilitation/executive remediation; (5) mem-
ory training/memory rehabilitation/memory remediation; (6)
randomized controlled trial/randomized controlled trial; and
(7) cognition. The search term combinations in the databases
were (1) +(2); (1) +(3); (1) +(4); (1) + (5); and (1) +(6) + (7).

A summary of study selection is shown in Figure 1. The
results of the selected studies were divided into 3 different
sections. First, the studies evaluating the cognitive and
behavioral changes are shown in Table 1. Then, Table 2
shows the studies that assessed the brain changes after cogni-
tive rehabilitation in PD. In addition, the longitudinal effects
of cognitive rehabilitation programs are shown in Table 3. In
Tables 1 and 3, different characteristics of the studies are
shown, such as the sample size, characteristics of the cogni-
tive rehabilitation program used, cognitive domains ana-
lyzed, significant results found, and limitations of each
study. In Table 2, MRI acquisition, preprocessing, and analy-
sis specifications are included for each study, along with the
brain significant results and the study limitations.

3. Results

3.1. Efficacy on Improving Cognition and Behavioral Aspects.
A summary of the included cognitive rehabilitation studies in
PD is shown in Table 1. Studies were included if they followed
guidelines for randomized controlled trials, the intervention
was a cognitive rehabilitation program, and the main objective
of the study was to improve cognition. As previously reported
in other reviews and meta-analyses, cognitive rehabilitation
improves cognition in PD [27, 29, 30]. However, there is a need
for studies with larger samples and double-blind randomized
controlled trials to reach generalized conclusions in PD.

A less studied aspect of cognitive rehabilitation is its
efficacy on improving mood symptoms or functional
disability related to the disease. Following the review-
specific criteria, among the randomized controlled trials
in PD, only five studies have evaluated the change in func-
tionality and mood aspects [31-35] and two of them found
positive effects [31, 32] (Table 1). Petrelli et al. compared a
structured and a nonstructured cognitive training program
in PD patients and found that the symptoms of depression
were reduced only in those PD patients that attended the
nonstructured cognitive program [32]. Pefia et al. found that
functional disability scores were reduced in the experimental
group (3 months of cognitive training) compared to the
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Records identified (n = 139)

Records identified after excluding duplications (# = 51)

Records excluded due to exclusion criteria (7 = 38)
(i) No cognitive rehabilitation program (n = 13)
(ii) No randomized controlled trial (n = 14)
e (iii) No cognitive change as main objective (1 =7)
(iv) Abstract/editor’s comment ( n = 4)

Studies included in this review (n =13)
(i) Included in Table 1 (7 =6)
(ii) Included in Table 2 (n =2)
(iii) Included in Table 3 (n =5)

FIGURE 1: Summary of studies identified and included in the review.

active control group [31]. On the contrary, Paris et al. evalu-
ated the change in quality of life, depressive symptoms, and
activities of daily life after attending a cognitive rehabilitation
program [35]. No significant changes were found in any
scale, and authors related the absence of significant changes
in quality of life to the short time of training (12 sessions in
1 month). In the same line, PD patients in the study of Cerasa
et al. also attended a cognitive training program during 12
sessions and showed no significant changes in mood status
[33]. However, in the study of Edwards et al., PD patients
attended a cognitive training program during a longer period
of time (3 months), but patients showed no changes in
behavioral measures [34]. Among clinical symptoms of the
disease, the change in depressive symptoms has been usually
assessed in cognitive training studies in PD, but despite some
significant changes, the overall results point to the absence of
efficacy in reducing depression symptomatology after treat-
ment [30]. However, these studies excluded patients with
depression diagnosis or with severe symptoms of depression
prior to participation. Therefore, this criterion could have
influenced the absence of significant changes. With all, the
mechanisms that make possible the improvement in quality
of life aspects after a cognitive rehabilitation program are
not clear. The duration of treatment and degree of structura-
tion of the sessions could be two relevant variables to take into
account when assessing transfer effects to clinical variables,
but other variables seem to influence this process. Interest-
ingly, in schizophrenia studies, the presence of a therapist dur-
ing the training sessions and the group format of the training
program have been suggested to influence the results on mood

symptoms [36]. The cognitive sessions carried in a group for-
mat enhance social interactions between participants, and the
presence of a therapist may increase the motivation and give
positive feedback to the patients, which could have an impact
in the affective state of patients. In fact, the two PD studies that
found transfer effects to functional aspects or depressive
symptoms performed a group-based cognitive training, and
the training was guided by a qualified therapist [31, 32].

Moreover, detecting variables that predict the efficacy of
cognitive treatments is an important aspect to take into
account in order to understand the cognitive rehabilitation
process, which could guide researchers to develop more effec-
tive programs and clinicians to personalize treatments for
patients (Table 1). Despite the large amount of studies asses-
sing the efficacy of cognitive rehabilitation in PD, few studies
have investigated the predictors of the efficacy of cognitive
treatments in PD. These PD studies found that lower age at
diagnosis and longer disease duration were predictors of
higher degree of cognitive improvements after rehabilitation
[34], but higher scores in working memory and flexibility at
baseline were related with lower degree of improvements after
rehabilitation [37].

3.2. Changes in Brain Activity after Cognitive Rehabilitation.
Little is known about the neurobiological effects of cognitive
rehabilitation programs in PD. To date, literature is scarce
about the presence of cerebral changes associated with cogni-
tive rehabilitation programs assessed with structural and
functional MRI techniques in PD. Table 2 summarized the
main findings of the two randomized controlled trials in
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Neural Plasticity

evaluating brain changes after a cognitive rehabilitation pro-
gram in PD.

One study evaluated the effects of group-based attention
rehabilitation on brain functional activity in PD patients
[33]. PD patients were included in the trial if they had atten-
tion impairment but no other cognitive domain impaired. At
pre- and post-treatment assessments, patients underwent an
extensive neuropsychological assessment and resting-state
fMRI were acquired. PD patients were randomly divided into
experimental group and active control group. The experi-
mental group received attention rehabilitation using “Reha-
Com” computer program, while the control group attended
in-house software which focused on visuomotor coordina-
tion. The attention rehabilitation consisted in computer-
assisted tasks which trained attention and information pro-
cessing during 6 weeks. Specifically, attention rehabilitation
tasks were focused on concentration and attention tasks
and vigilance program and divided attention from the Reha-
Com software. After rehabilitation, PD patients showed
improvements in attention and processing speed tasks and
increased brain activation in the left dorsolateral prefrontal
cortex (part of the executive resting-state network) and the
left superior parietal cortex (part of the attentional resting-
state network) [33] (Table 2).

Alater study in PD patients evaluated the changes in brain
activity after a 3-month integrative cognitive rehabilitation
program [38]. PD patients underwent an extensive neuropsy-
chological assessment at pre- and post-treatment. Regarding
MRI acquisition, GM and WM changes were analyzed as well
as brain activity changes during resting-state and during a
memory paradigm. The cognitive rehabilitation program
used was the REHACOP, a paper/pencil rehabilitation pro-
gram, which trained attention, processing speed, memory,
language, executive functions, and social cognition during 3
months. PD patients after cognitive rehabilitation showed
increased brain FC between frontal and temporal lobes and
increased brain activation during the memory paradigm in
frontal and temporal areas (see Table 2). No brain structural
changes were found after rehabilitation. These brain FC and
activation values at post-treatment showed correlations with
post-treatment cognitive performance in PD patients from
the experimental group. Specifically, during resting state, FC
values between frontal and temporal lobes at post-treatment
correlated with executive function performance at post-
treatment. Additionally, during the learning fMRI task, the
brain activation values after treatment correlated with the
visual memory performance at post-treatment [38].

These studies suggest that brain activity changes are
possible after a cognitive rehabilitation program in PD.
Further studies are needed to replicate and complement
these findings.

3.3. Long-Term Effects of Cognitive Rehabilitation. Further-
more, the ultimate goal of cognitive treatments is to ensure
that benefits are maintained over long periods of time, but
little is known about the maintenance of cognitive improve-
ments over time in PD patients, and a few studies have
evaluated it [39-42, 45]. A summary of these studies is
shown in Table 3.

The first study to evaluate the long-term effects of cogni-
tive rehabilitation was published in 2004 by Sinforiani et al.
and showed that PD patients attending a cognitive training
program combined with motor training during one month
showed maintenance of the cognitive benefits after 6 months
[39]. However, the study did not include statistical analyses
for the follow-up period. Moreover, this study did not
include a control group; therefore, we cannot conclude that
these possible benefits were related to the cognitive or motor
training or the combination of treatments.

Another study in PD compared three training groups:
“group A” which attended cognitive training, “group B”
which attended cognitive training and transfer training, and
“group C” which attended cognitive, transfer, and motor
training [40] (Table 3). The authors found that the three
groups benefited from training, but those PD patients that
attended cognitive training combined with transfer training
and physical activity benefited significantly more in the short
term. Moreover, over the next 6 months, patients from
“group C” were more motivated to spend more time training
at home compared to the other groups and showed greater
maintenance of cognitive improvements after 6 months
[40]. However, because patients from group C spent more
hours in training at home over the next 6 months compared
to the other groups, these results may be influenced by the
difference of hours spent in training. Finally, this study also
included an intervention therapy with caregivers focusing
on psychoeducation, which helped the patients to continue
the training tasks at home [40] (Table 3).

A later study in PD assessed the long-term effects of cog-
nitive rehabilitation for a longer period of time (12 months)
[42]. At baseline, these PD patients were randomized to a
structured cognitive rehabilitation program (NEUROvitalis),
to a nonstructured cognitive rehabilitation program (men-
tally fit), or to a control group. After 12 months from post-
treatment, PD patients that attended NEUROvitalis training
program showed reduced cognitive performance compared
to post-treatment, but scores were similar compared to base-
line. Moreover, the risk of conversion to MCI was found
higher in the control group than in any of the cognitive train-
ing groups. Regarding depression, the “mentally fit” group
was the only group that showed significant reduction in
depressive symptoms after training, but these changes were
not maintained at follow-up (Table 3). With all, the authors
concluded that a structured cognitive treatment could pre-
vent cognitive decline [42].

Regarding the maintenance of neuroimaging changes, to
date, only one study has been published assessing the longi-
tudinal effects of cognitive rehabilitation [41]. PD patients
attended a 3-month cognitive rehabilitation program and
showed increased brain connectivity and activation in the
frontal and temporal lobes after treatment. These patients
underwent a neuropsychological and neuroimaging assess-
ment after 18 months from post-treatment. The results
showed that not only improvements in cognitive perfor-
mance and functionality were maintained after 18 months
but also increased FC was found at follow-up [41]. In addi-
tion, PD patients also showed maintenance of the increased
brain activation during the memory paradigm at long-term
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compared to baseline, but the level of activation at long-term
was reduced compared to post-treatment. This study showed
promising findings regarding the maintenance of brain
changes in a neurodegenerative disease; however, the sample
size was small, and the control group was not evaluated in the
long term. The results need to be replicated.

These few studies suggest the maintenance of cognitive
improvements after attending a cognitive rehabilitation pro-
gram in PD patients (Table 3). However, literature is scarce
in this pathology and more research needs to be done, espe-
cially including neuroimaging assessment at follow-up.

4. Discussion

The studies on the efficacy of cognitive rehabilitation pro-
grams in PD suggest that cognitive rehabilitation programs
are effective in improving cognition but further research is
needed in this field to clarify its efficacy on functional disabil-
ity and brain activity changes. Also, very little is known about
the long-term maintenance of cognitive changes after reha-
bilitation. There are few cognitive rehabilitation studies in
PD which followed the Consolidated Standards of Reporting
Trials (CONSORT) guidelines for randomized controlled tri-
als. These make more difficult to find conclusive findings.
Future studies should implement these guidelines in order
to improve the research quality and validity of findings.

All randomized controlled trials in PD for cognitive reha-
bilitation programs point to the efficacy in improving cogni-
tion. However, most of them highlighted the small sample
size as a limitation, which makes it difficult to generalize
the findings. Additionally, all of them used different types
of cognitive training programs, with different duration and
type of exercises. One of the future steps to be taken towards
understanding the efficacy of cognitive rehabilitation is iden-
tifying the characteristics that make an integrative cognitive
rehabilitation program effective against cognitive impair-
ment. A review of cognitive rehabilitation concluded that
better results may be obtained in a group-based format com-
pared to an individual format [28]. However, while most of
the rehabilitation studies in PD are group-based, this ques-
tion has not been directly addressed. In addition, a recent
meta-analysis compared the efficacy of standardized with tai-
lored (individualized) cognitive interventions, but found that
there were insufficient studies for a statistical comparison
[29]. Furthermore, other variables are also to be defined, such
as the most appropriate number of sessions, their frequency,
and the duration of the treatment. Also, the number of cog-
nitive domains trained may also influence the results. More-
over, predictors of the efficacy of cognitive treatments are
useful in the disease to adequate cognitive treatment to the
patient. Very few studies have evaluated this aspect, and
research is needed in the field.

Regarding patients’ characteristics, most of the random-
ized controlled trials in PD have been performed with PD
patients at the early Hoehn and Yahr stages of the disease.
Future studies should also include PD patients at more
advanced stages to evaluate whether cognitive treatments
could also benefit these patients. Interestingly, a study proto-
col was recently published addressing the efficacy of a

Neural Plasticity

cognitive rehabilitation in PD patients with dementia, but
results are pending [43].

Moreover, transfer effects to clinical aspects have been
found in some cognitive rehabilitation studies in PD; how-
ever, other studies found no significant changes. The mecha-
nisms that make possible to transfer benefits to clinical
variables are unknown. There is an urgent need of studies
analyzing this subject. The last goal of cognitive rehabilita-
tion programs is to improve quality of life of patients. Future
studies should also include clinical and functionality scales in
pre- and post-treatment neuropsychological assessments.

On the other hand, promising findings have been found
regarding brain changes after treatment in PD, which support
the efficacy of cognitive rehabilitation programs in the disease.
Results showing brain connectivity and activation increments
after a cognitive treatment of less than 3 months in patients
with a neurodegenerative disease are relevant in the field of
neurorehabilitation. Future studies should include the MRI
acquisition as part of the protocol assessment to evaluate brain
changes after treatment and replicate the findings.

All these changes have been analyzed at follow-up, and
some studies found maintenance of these improvements.
Future randomized controlled trials should include follow-
up periods in order to replicate previous findings and assess
whether the improvements after training could be main-
tained over time. It would be also interesting to examine
the maintenance of these changes in PD patients with and
without booster sessions.

Another aspect to be taken into account during the
rehabilitation process of the patient is the role of the care-
giver. Some cognitive rehabilitation studies have included
an intervention which focused on psychoeducation with
the caregivers of the PD patients [40, 44]. The psychoedu-
cation usually addresses aspects of the disease, patients’
care management, information about help aids, and the
importance of the self-care [40, 44]. These studies found
that the caregivers gain self-confidence and felt more con-
fident to take care of the person with the disease.

In conclusion, cognitive rehabilitation programs have
demonstrated to be effective in improving cognitive func-
tions and may also improve functional disability and produce
brain changes in patients with PD. In addition, to provide a
complete or integrative treatment, the combination of cogni-
tive training with other types of trainings or the intervention
with the caregivers should be further analyzed. More research
should be performed in the field, with a view to reaching gen-
eralized conclusions and including cognitive rehabilitation in
the standard of care of PD patients.
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