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Abstract: Cognitive deficits influence the quality of life of Parkinson’s disease (PD) patients. In order
to reduce the impact of cognitive impairment in PD, cognitive rehabilitation programs have been
developed. This study presents a systematic review and meta-analysis regarding the effectiveness
of cognitive rehabilitation in non-demented PD patients. Twelve articles were selected according
to PRISMA guidelines. The systematic review showed that attention, working memory, verbal
memory, executive functions and processing speed were the most frequently improved domains.
Meta-analysis results showed moderate effects on global cognitive status (g = 0.55) and working
memory (g = 0.50); small significant effects on verbal memory (g = 0.41), overall cognitive functions
(g = 0.39) and executive functions (g = 0.30); small non-significant effects on attention (g = 0.36),
visual memory (g = 0.29), verbal fluency (g = 0.27) and processing speed (g = 0.24); and no effect on
visuospatial and visuoconstructive abilities (g = 0.17). Depressive symptoms showed small effect
(g = 0.24) and quality of life showed no effect (g = −0.07). A meta-regression was performed to
examine moderating variables of overall cognitive function effects, although moderators did not
explain the heterogeneity of the improvement after cognitive rehabilitation. The findings suggest
that cognitive rehabilitation may be beneficial in improving cognition in non-demented PD patients,
although further studies are needed to obtain more robust effects.

Keywords: Parkinson’s disease (PD); cognitive rehabilitation; intervention; cognition

1. Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disease after
Alzheimer’s disease [1]. PD is associated with motor (bradykinesia, rigidity and tremor)
and non-motor symptoms such as cognitive impairment, neuropsychiatric symptoms,
sensory abnormalities, sleep disorders and autonomic disturbances [1,2].

Cognitive deficits are usually associated with PD [3], with 40% of PD patients devel-
oping mild cognitive impairment (MCI) during the course of the disease [4], and with
attention, executive functions, visuospatial abilities and memory being the most affected
domains [5,6]. In turn, the risk of dementia increases with the deterioration of cognitive
deficits and disease progression [7], with 83% of PD patients with cognitive impairment
presenting dementia after 20 years [8].

Non-pharmacological interventions have been developed [9] with the aim of inter-
vening on the cognitive and functional impairment of PD, with cognitive rehabilitation
being one of the strategies suggested for personalized medicine [10]. Several systematic
reviews [11–16] and meta-analyses [17–19] have reviewed and analyzed the effect of cogni-
tive rehabilitation in PD, suggesting that this intervention may be potentially beneficial
in increasing cognitive performance or maintaining cognitive levels over time, especially
when treatment is applied before dementia has set in [12]. As far as the authors are aware,
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there have only been three meta-analyses that analyze the effectiveness of cognitive rehabil-
itation in PD to date. Specifically, Leung and colleagues conducted the first meta-analysis
published in 2015 [18], focused on the analysis of seven randomized controlled trials
(RCTs), in which they showed improvements in working memory, executive functions and
processing speed. Later, in 2017, Lawrence and colleagues [17] examined the effectiveness
of cognitive rehabilitation along with non-invasive brain stimulation interventions, and
found improvements in attention/working memory, memory and executive functions.
Orgeta and colleagues [19] published the latest meta-analysis in 2020, which covered the
effects of cognitive rehabilitation from seven RCTs in PD patients with MCI or dementia
(excluding PD patients without MCI or dementia), and found no evidence of cognitive
improvement after cognitive rehabilitation [19].

It is important to emphasize that there is an increasing number of studies that examine
the effects of cognitive rehabilitation in PD patients without dementia. Therefore, it is
essential to conduct an updated review of the literature to include and analyze the effect
sizes that have been published to date. In addition, variables related to the characteristics
and progression of the disease could interfere on the benefit of rehabilitation in people with
PD [20]. The possible influence of rehabilitation characteristics (modality (paper/pencil
or computer-based exercises), the duration of the entire program, and the frequency and
duration of the sessions) should also be investigated. However, none of the meta-analyses
published in PD performed moderator analyses to analyze the existence of possible factors
that may influence the cognitive rehabilitation process. Therefore, the aim of this systematic
review and meta-analysis was to conduct a critical review of the effectiveness of cognitive
rehabilitation in PD and to analyze whether cognitive rehabilitation improves cognition,
functionality, depressive symptoms and quality of life in people with PD. In addition, we
analyzed the influence of age and years of education, variables related to intervention,
baseline global cognitive scores and PD patient-related features on the effectiveness of
cognitive rehabilitation in PD.

2. Materials and Methods
2.1. Search Strategy

A systematic review and meta-analysis of published research papers that focus on
cognitive rehabilitation in PD patients was conducted according to the guidelines of “Pre-
ferred Information Elements for Systematic Reviews and Meta-Analysis” (PRISMA) [21].
This systematic review protocol was registered in the International Prospective Register
of Systematic Reviews, PROSPERO (CRD42021243716). The bibliographic search was
conducted in December 2020 and April 2021. PubMed database was used and the specific
terms used for searching, identifying and selecting studies were: (1) Parkinson’s disease
and Parkinson disease; (2) cognitive rehabilitation/training/remediation/stimulation;
(3) attention; (4) working memory; (5) memory; (6) executive functions and (7) rehabilita-
tion/training/remediation/stimulation. The terms were combined in order to conduct a
more comprehensive search: (1) + (2); (1) + (3) + (7); (1) + (4) + (7); (1) + (5) + (7); and (1) +
(6) + (7). The search was filtered by title or abstract. In addition, we performed a citation
search of the reference lists from the meta-analyses [17–19] of cognitive rehabilitation in PD
published to date. For a detailed description of the search strategy applied and the number
of results obtained, see Supplementary Material Table S1.

2.2. Eligibility Criteria

The inclusion criteria for studies were: (1) patients with a diagnosis of idiopathic
PD, (2) PD patients receiving structured cognitive rehabilitation, (3) analysis of the effects
on cognition and (if included in the studies) on functionality, depression and quality
of life, (4) study design (parallel controlled trials), (5) studies that compared structured
cognitive intervention with a control group receiving no specific cognitive intervention or
unstructured cognitive intervention and (6) studies assessing outcomes immediately after
the intervention period. As for the exclusion criteria, these were: (1) review papers, (2)



J. Pers. Med. 2021, 11, 429 3 of 20

single case studies, (3) conference abstract or presentation, (4) PD patients diagnosed with
dementia, (5) brain stimulation studies, (6) only neuroimaging data, (7) lack of available
data for effect size estimation, (8) lack of PD control group and (9) article language, as those
written in any language other than English were excluded.

2.3. Quality Assessment and Risk of Bias in the Included Studies

The risk of bias in the included studies was assessed using the Cochrane Manual
for Systematic Reviews of Interventions for RCTs (RoB 2 tool) [22] and non-randomized
trials (ROBINS-I tool) [23]. This tool evaluated different aspects of the trial design, conduct
and report, in order to obtain information about the characteristics of the trial relevant
to the risk of bias [24]. Moreover, the methodological quality of the randomized studies
was assessed using the Physiotherapy Evidence Database (PEDro-P) Rating Scale [25],
comprising 11 items. For this purpose, the evaluation of the quality and risk of bias of the
studies was evaluated independently by two reviewers (I.S.-L. and Y.B.-B.), obtaining an
inter-rater reliability of 83.56%. The risk of bias was classified as low, unclear or high (See
Table S2).

2.4. Data Extraction

Specific information was extracted for the systematic review from the studies selected,
which included: (1) first author and year of publication; (2) sample size of the study; (3)
characteristics of the sample; (4) characteristics of the disease; (5) type of intervention;
(6) format of the intervention; (7) duration of the intervention; (8) cognitive domains
trained and (9) variables in which improvements have been obtained after cognitive
rehabilitation. In the meta-analysis, all effect sizes were calculated from the means and
standard deviations, and/or F scores. Effect sizes were calculated for overall cognitive
functions, global cognitive status and eight specific cognitive subdomains: attention,
working memory, verbal memory, visual memory, verbal fluency, executive functions,
visuospatial and visuoconstructive abilities, and processing speed. The effect sizes of the
overall cognitive functions were calculated based on the mean of the global cognitive status
and cognitive subdomains obtained from this meta-analysis. For this purpose, studies
included in this meta-analysis that had reported at least two cognitive domains were
selected. Moreover, the effect sizes of depressive symptoms and quality of life were also
calculated. The tests included were classified according to the domain assessed by the test
itself (See Table S3). For the moderator or meta-regression analyses, the following were
selected: specific scores of the age and years of education, variables related to intervention
time, the modality of delivering the cognitive training (pencil and paper or computer),
baseline global cognitive scores and PD patient-related features (disease duration, the
Unified Parkinson’s Disease Rating Scale (UPDRS) part III [26] and the Hoehn and Yahr
scale (H&Y) [27]).

2.5. Statistical Analysis

In this meta-analysis, we estimated the effect sizes of 12 articles in order to analyze
the differences in the effects of cognitive rehabilitation programs on PD patients compared
to control groups. We calculated the standardized mean difference (SMD), using Cohen’s
d formula [28] first, to estimate all the different outcomes. SMD values were calculated
with a 95% confidence interval (CI) from the means and standard deviations, and the F
scores provided by the studies, and were corrected using Hedges’ g small sample size
bias adjustment formula [29]. For those studies that provided the necessary data, the
change score to estimate the effects sizes was calculated based on the assumption that the
correlation between measures at pretest and posttest times is zero. This is a conservative
approach that was previously used in Orgeta and colleagues’ meta-analysis [19]. A random-
effects model was used to perform all meta-analysis estimations. We did not detect or
remove any effect size as an outlier. Effect sizes were considered small ≥0.20, moderate
≥0.50, or large ≥0.80. Heterogeneity across the studies was estimated using Cochrane’s Q
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test (Q) and I2 indexes, where the I2 index can indicate low (25%), medium (50%), or high
(75%) heterogeneity [30].

We examined the possible influence of different predictor variables on the effect sizes
obtained in overall cognitive functions, using multiple meta-regression analyses with the
rma function and the dmetar package available in RStudio [31]. These moderator analyses
were conducted using the mixed-effects model [32].

Publication bias refers to the tendency to submit or accept articles for publication
based only on the positive findings [33], and is a concern in meta-analyses as it can influence
the validity of the analyses conducted [34]. Therefore, publication bias was assessed for the
different studies using funnel plots and the Egger regression test [35]. Finally, sensitivity
analyses were conducted to assess possible changes in the previously obtained results, with
only RCTs included.

All the effect size calculations and analyses were conducted using the Practical Meta-
Analysis Effect Size Calculator, Review Manager (RevMan, Version 5.4, Cochrane, London,
UK), and the meta and metafor packages in RStudio (Version 1.3.1093, RStudio, PBC,
Boston, MA, USA).

3. Results
3.1. Study Selection

Initially, 1472 articles were identified in PubMed database. Four hundred and fifty-two
articles were excluded because they were duplicates. From the remaining 1020 articles,
994 were removed following initial screening based on their title and abstract. Twenty-
six articles were assessed for eligibility and 15 of those studies were excluded due to
the inclusion and exclusion criteria. Additionally, three studies were selected by citation
searching, of which two were excluded. Finally, 12 articles were selected for the systematic
review and the meta-analysis (see Figure 1).

3.2. Study Characteristics

Twelve studies with a total of 512 participants with PD were included in the systematic
review and meta-analysis. Selected studies were published between 2004 and 2020, with
the number of participants involved in the studies ranging from 15 to 75. Eleven of
the 12 studies found no differences at baseline in demographic variables, whereas one
study showed significant differences in age, sex, and years of disease progression, so the
subsequent analyses were adjusted. The disease stage score assessed by H&Y was between
1 and 3 in most studies. The frequency of the interventions ranged from twice a week to
five times a week, with a maximum duration of 90 min, over a period of time that varied
from three weeks to six months. Two different methods of intervention were used; four
studies conducted cognitive rehabilitation activities using a pencil and paper format, and
five studies with a computer-based format. Three studies also used both methods (pencil
and paper and computer-based activities) in their cognitive rehabilitation sessions. Six
studies conducted the intervention in a group format, while another study conducted
the intervention individually. Most of the research focused on cognitive outcomes and
reported improvements, although there was diversity in the number of cognitive domains
showing improvement, ranging from a single domain to six. A summary of the studies
included in cognitive rehabilitation for PD is shown in Table 1.
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Table 1. Summary of cognitive rehabilitation studies for PD.

Authors Sample Characteristics of
the Sample H&Y Stages Intervention Format Duration Domains Trained Outcomes

Sammer et al.,
2006 [36]

26 PD
12 PD-CR

14 PD-ACG

Age:
70.8 PD-CR

68.5 PD-ACG
Years of

education:
-

2–3

CR: Executive
Function Training (Paper)
ACG: Standard Treatment

(Occupational
Therapy, Physical Therapy

and
Treatment)

(Paper)

Group 10 sessions
30 min/session

-Working memory
-Executive functions

Improvements in
PD-CR:

-Executive functions

París et al., 2011
[37]

28 PD
12 PD-CR
16 PD-CG

Age:
64.7 PD-CR
65.4 PD-CG

Years of education:
9.8 PD-CR
9.5 PD-CG

1–3 “SmartBrain Tool”
(Paper + Computer) Group + home

12 sessions
3 times/week

4 weeks
45 min/session

-Attention
-Memory

-Psychomotor speed
-Executive functions
-Visuospatial abilities

-Language
-Calculation abilities

Improvements in
PD-CR:

-Attention
-Processing speed
-Visual memory

-Visuospatial and
visuoconstructive abilities

-Semantic fluency
-Executive functions

Edwards et al.,
2013 [38]

74 PD
32 PD-CR
42 PD-CG

Age:
69.4 PD-CR
68.2 PD-CG

Years of education:
14.8 PD-CR
15.4 PD-CG

1–3 “Insight Software”
(Computer) Home

36 sessions
3 times/week

3 months
60 min/session

-Processing speed
Improvements in

PD-CR:
-Processing speed

Naismith et al.,
2013 [39]

50 PD
35 PD-CR
15 PD-CG

Age:
68.5 PD-CR
64.9 PD-CG

Years of education:
14.9 PD-CR
14.0 PD-CG

1–3

Cognitive training
(Neuropsychological

Educational Approach to
Remediation (NEAR)) +

Psychoeducation
(Computer)

Group

14 sessions
7 weeks

2 times/week
60 min of CR

60 min
psycho-education

-Memory
-Psychomotor speed

-Mental flexibility
-Verbal fluency

Improvements in
PD-CR:

-Verbal memory

Cerasa et al.,
2014 [40]

15 PD
8 PD-CR
7 PD-CG

Age:
61.1 PD-CR
58.3 PD-CG

Years of education:
8 PD-CR
8 PD-CG

1–3

CR: “Rehacom”
CG: Simple visuomotor

coordination tapping task
(Computer)

Group (CR) +
Individual (CG)

6 weeks
2 times/week

60 min/session

-Attention
-Information

processing task

Improvements in
PD-CR:

-Attention/ Processing speed
-Working memory

Increased functional brain
activity:

-Left dorsolateral prefrontal
cortex

-Superior left parietal cortex
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Table 1. Cont.

Authors Sample Characteristics of
the Sample H&Y Stages Intervention Format Duration Domains Trained Outcomes

Costa et al., 2014
[41]

17 PD-MCI
9 PD-CR
8 PD-CG

Age:
66.1 PD-CR
70.9 PD-CG

Years of education:
11.2 PD-CR
10.6 PD-CG

1–3

CR: Cognitive change
training

CG: Breathing training
(Paper)

-
4 weeks

3 times/week
45 min/session

-Shifting abilities
(Verbal fluency and
Trail Making Test)

Improvements in
PD-CR:

-Verbal fluency
-Trail Making Test

-Prospective memory
procedures

Peña et al., 2014
[42]

42 PD
20 PD-CR

22 PD-ACG

Age:
67.7 PD-CR

68.1 PD-ACG
Years of education:

10.5 PD-CR
10.2 PD-ACG

1–3

CR: “REHACOP”
ACG: Occupational

activities
(Paper)

Group

39 sessions
13 weeks

2 times/week
60 min/session

-Attention
-Memory

-Language
-Executive functions

-Social cognition
-Processing speed

Improvements in
PD-CR:

-Processing speed
-Visual memory
-Social cognition

-Functional disability

Petrelli et al.,
2014 [43]

65 PD
22 PD-NV
22 PD-MF
21 PD-CG

Age:
69.2 PD-NV
68.8 PD-MF
69.1 PD-CG

Years of education:
13.1 PD-NV
13.6 PD-MF
12.8 PD-CG

1–3

NV: “NEUROvitalis”
(Computer)

MF: “Mentally fit”
(Paper)

Group + Individual

12 sessions
6 weeks

2 times/week
90 min/session

NV
-Attention

-Verbal memory
-Visual memory

-Executive functions
MF

-Attention
-Memory

-Creativity

Improvements in
PD-NV versus

PD-CG:
-Working memory

-Verbal memory
Improvements in

PD-MF versus
PD-CG:

-Depressive symptoms
Improvements in

PD-NV versus
PD-MF:

-Working memory

Angelucci et al.,
2015 [44]

15 PD-MCI
7 PD-CR
8 PD-CG

Age:
67.6 PD-CR
71.9 PD-CG

Years of education:
11.7 PD-CR
10.6 PD-CG

-

CR: Cognitive change
training

CG: Simple cognitive tests
(Paper)

-

12 sessions
4 weeks

3 times/week
45 min/session

-Executive functions
Improvements in

PD-CR:
-Executive functions

Fellman et al.,
2018 [45]

52 PD
26 PD-CR

26 PD-ACG

Age:
64.8 PD-CR

65.5 PD-ACG
Years of education:

5.3 PD-CR
5.5 PD-ACG

-

CR: Working memory
ACG: Online quiz task

“Älypää”
(Computer)

Home
3 weeks

3 times/week
30 min/session

-Working memory

Improvements in
PD-CR:

-Working memory
-Depressive symptoms
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Table 1. Cont.

Authors Sample Characteristics of
the Sample H&Y Stages Intervention Format Duration Domains Trained Outcomes

Bernini et al.,
2020 [46]

53 PD
18 PD-CCT
12 PD-PCT
18 PD-CG

Age:
74.6 PD-CCT
69.8 PD-PCT
69.3 PD-CG

Years of education:
9.5 PD-CCT
8.0 PD-PCT
7.6 PD-CG

≤3
CCT: “CoRe” (Computer)

PCT: “CoRe” (Paper)
CG: Unstructured activities

Group
3 weeks

4 times/week
45 min/session

-Logical executive
functions

-
Attention/processing

speed
-Working memory

-Episodic long-term
memory

Improvements in
PD-CCT versus

PD-PCT:
-Global cognition
Improvements in

PD-CCT versus CG:
-Global cognition

-Attention/processing
speed

Ophey et al.,
2020 [47]

75 PD
37 PD-CR
38 PD-CG

Age:
64.0 PD-CR
63.8 PD-CG

Years of education:
15.0 PD-CR
15.5 PD-CG

2–3 CR: “NeuroNation”
(Computer) Individual + home

5 weeks
5 times/week

30 min/session
-Working memory

Improvements in
PD-CR:

-No improvements
Assesment after 3 months:
-Verbal working memory

-Visuoconstructive abilities

PD = Parkinson’s disease; CR = cognitive rehabilitation; ACG = active control group; CCT = computer cognitive training; PCT = paper-pencil cognitive training; CG = control group; H&Y = Hoehn and Yahr scale;
MCI = Mild cognitive impairment
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3.3. Effectiveness of Cognitive Rehabilitation
3.3.1. Overall Cognitive Functions

The effect size of overall cognitive functions was based on the mean of global cog-
nitive status and cognitive subdomains from 10 studies reporting at least two cognitive
variables. The random-effects model showed a small and statistically significant effect size
(g = 0.39, p = 0.01) with a 95% CI (0.23 to 0.55). The heterogeneity test showed low levels of
heterogeneity across the studies (Q = 4.04, p = 0.91; I2 = 0%) (Figure 2).
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Four studies analyzed changes in global cognitive status after cognitive rehabilitation
using global cognitive screening tests. The random-effects model showed a moderate and
not significant effect size (g = 0.55, p = 0.12) with a 95% CI (−0.26 to 1.36). The heterogeneity
test showed moderate levels of heterogeneity (Q = 5.89, p = 0.12; I2 = 49%) (Figure 3).
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3.3.3. Attention

Five studies analyzed changes in attention after cognitive rehabilitation. The random-
effects model showed a small and not significant effect size (g = 0.36, p = 0.09) with a 95%
CI (−0.10 to 0.82). The heterogeneity test showed low levels of heterogeneity (Q = 5.57,
p = 0.23; I2 = 28%) (Figure 4).
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Six studies analyzed changes in working memory after cognitive rehabilitation. The
random-effects model showed a moderate and statistically significant effect size (g = 0.50,
p = 0.02) with a 95% CI (0.12 to 0.89). The heterogeneity test showed low levels of hetero-
geneity (Q = 6.64, p = 0.25; I2 = 25%) (Figure 5).
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3.3.5. Verbal Memory

Seven studies reported verbal memory measures after cognitive rehabilitation. The
random-effects model showed a small and statistically significant effect size (g = 0.41,
p = 0.00) with a 95% CI (0.17 to 0.65). The heterogeneity test showed low levels of hetero-
geneity (Q = 4.20, p = 0.65; I2 = 0%) (Figure 6).
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3.3.6. Visual Memory

Five studies reported visual memory measures after cognitive rehabilitation. The
random-effects model showed a small and not significant effect size (g = 0.29, p = 0.08)
with a 95% CI (−0.07 to 0.66). The heterogeneity test showed low levels of heterogeneity
(Q = 3.47, p = 0.48; I2 = 0%) (Figure 7).
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3.3.7. Verbal Fluency

Six studies measured verbal fluency after cognitive rehabilitation. The random-effects
model showed a small and not significant effect size (g = 0.27, p = 0.11) with a 95% CI (−0.09
to 0.63). The heterogeneity test showed low levels of heterogeneity (Q = 5.20, p = 0.39;
I2 = 4%) (Figure 8).
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3.3.8. Executive Functions

Seven studies reported executive function measures. The random-effects model
showed a small and statistically significant effect size (g = 0.30, p = 0.04) with a 95% CI
(0.02 to 0.59). The heterogeneity test showed low levels of heterogeneity (Q = 4.43, p = 0.62;
I2 = 0%) (Figure 9).
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Figure 9. Effectiveness of cognitive rehabilitation in executive functions.

3.3.9. Visuospatial and Visuoconstructive Abilities

Four studies analyzed changes in visuospatial and visuoconstructive abilities after
cognitive rehabilitation. The random-effects model showed no effect size (g = 0.17, p = 0.11)
with a 95% CI (−0.04 to 0.38). The heterogeneity test showed low levels of heterogeneity
(Q = 0.51, p = 0.92; I2 = 0%) (Figure 10).



J. Pers. Med. 2021, 11, 429 12 of 20

J. Pers. Med. 2021, 11, x FOR PEER REVIEW 13 of 22 
 

 

 
Figure 9. Effectiveness of cognitive rehabilitation in executive functions. 

3.3.9. Visuospatial and Visuoconstructive Abilities 
Four studies analyzed changes in visuospatial and visuoconstructive abilities after 

cognitive rehabilitation. The random-effects model showed no effect size (g = 0.17, p = 0.11) 
with a 95% CI (−0.04 to 0.38). The heterogeneity test showed low levels of heterogeneity 
(Q = 0.51, p = 0.92; I2 = 0%) (Figure 10). 

 
Figure 10. Effectiveness of cognitive rehabilitation in visuospatial and visuoconstructive abilities. 

3.3.10. Processing Speed 
Seven studies reported processing speed outcomes. The random-effects model 

showed a small and not significant effect size (g = 0.24, p = 0.09) with a 95% CI (−0.06 to 
0.54). The heterogeneity test showed low levels of heterogeneity across the studies (Q = 
5.87, p = 0.44; I2 = 0%) (Figure 11). 

 
Figure 11. Effectiveness of cognitive rehabilitation in processing speed. 

3.3.11. Others: Functionality, Depressive Symptoms and Quality of Life 
Functionality was only reported in two studies, and so a meta-analysis could not be 

performed. Seven studies evaluated depressive symptoms after cognitive rehabilitation. 
Depressive symptoms showed a small and not significant effect size (g = 0.24, p = 0.08) 

Figure 10. Effectiveness of cognitive rehabilitation in visuospatial and visuoconstructive abilities.

3.3.10. Processing Speed

Seven studies reported processing speed outcomes. The random-effects model showed
a small and not significant effect size (g = 0.24, p = 0.09) with a 95% CI (−0.06 to 0.54). The
heterogeneity test showed low levels of heterogeneity across the studies (Q = 5.87, p = 0.44;
I2 = 0%) (Figure 11).
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Figure 11. Effectiveness of cognitive rehabilitation in processing speed.

3.3.11. Others: Functionality, Depressive Symptoms and Quality of Life

Functionality was only reported in two studies, and so a meta-analysis could not be
performed. Seven studies evaluated depressive symptoms after cognitive rehabilitation.
Depressive symptoms showed a small and not significant effect size (g = 0.24, p = 0.08)
with a 95% CI (−0.04 to 0.52). The heterogeneity test showed low levels of heterogeneity
(Q = 5.87, p = 0.44; I2 = 0%) (Figure 12).
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Figure 12. Effectiveness of cognitive rehabilitation in depressive symptoms.

Only three studies reported quality of life outcomes. The random-effects model
showed no effect size (g = −0.07, p = 0.64) with a broad 95% CI (−0.68 to 0.53). The
heterogeneity test showed low levels of heterogeneity across the studies (Q = 0.88, p = 0.64;
I2 = 0%) (Figure 13).
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3.4. Moderator Analyses

Moderator analyses were performed to explore possible parameters that may explain
the differences between the effect sizes obtained. The mixed-effects model meta-regression
analyses were conducted with the overall cognitive function effect sizes estimated as
previously shown in Figure 2, and with the following predictor variables: participants’
age and years of education, variables related to intervention time (number, frequency, and
duration of sessions), the modality of delivering the cognitive training (pencil and paper
or computer), baseline global cognitive scores and PD patient-related features (disease
duration, UPDRS III [26] and H&Y scale [27]) (See Table 2).

Table 2. Results of overall cognitive function meta-regression analyses.

Model
Number Predictor Variables k df Fmoderator Qresidual R2 β p

1 Age of participants 10 8 3.96 2.70 0% 0.04 0.08

2 Years of education 9 7 4.45 4.45 0% −0.03 0.07

3 H&Y 8 6 2.03 2.79 0% 0.66 0.20

4 Duration of PD (years) 9 7 1.10 2.36 0% 0.01 0.32

5 Baseline global cognitive scores 10 8 0.30 3.90 0% 0.00 0.60

6 Total number of conducted sessions 10 8 0.02 4.03 0% −0.00 0.89

7 Training session duration (min) 10 8 0.02 4.03 0% 0.01 0.87

8 Frequency of weekly sessions 9 7 1.72 2.19 0% −0.08 0.23

9 UPDRS-III 8 6 0.03 2.4 0% 0.01 0.87

10 Tools for cognitive training (pencil &
paper or computer) 10 7 1.71 2.71 0% −0.12 0.24

11 Age × Years of education 9 5 2.71 1.04 0% 0.01 0.15

12 Duration of PD × H&Y 8 4 1.70 1.64 0% −0.06 0.30

13 H&Y × UPDRS-III 6 2 0.43 1.05 0% −1.54 0.75

14 Total number of sessions conducted
× Training session duration (min) 10 6 4.04 1.33 0% 0.00 0.07

15 Total number of sessions conducted
× Frequency of weekly sessions 9 5 4.41 0.75 0% −0.02 0.04 *

16 Training session duration (min) ×
Frequency of weekly sessions 9 5 2.21 1.17 0% 0.01 0.20

Note: k = number of studies; Fmoderator = test of moderators; Qresidual = test for residual heterogeneity; R2 = amount of heterogeneity
accounted for; β = estimate; * = p < 0.05; PD = Parkinson’s disease; H&Y = Hoehn and Yahr scale; UPDRS-III = Unified Parkinson’s Disease
Rating Scale-part III.

No significant effects were found among the main effects of the predictor variables
(models 1 to 10). We also tested the interaction between predictor variables (models 11 to
16) through a meta-regression analysis. Models 11, 12, 13, 14 and 16 showed no significant
interactions. In contrast, the interaction between the number of sessions conducted and fre-
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quency of weekly sessions (model 15) was statistically significant and negatively associated
with the overall cognitive function effect sizes (F (3, 5) = 4.4; β = −0.02; p = 0.04). These
results indicated that the number of sessions in a cognitive rehabilitation programme could
influence the effect sizes obtained when the weekly frequency of these sessions is also
taken into account. Nonetheless, this interaction did not explain the possible heterogeneity
between the different effect sizes (R2 = 0%).

3.5. Publication Bias

Funnel plots and Eggers regression test were performed to analyze the presence of
publication bias.

The funnel plot of overall cognitive functions, global cognitive status, cognitive sub-
domains, depressive symptoms and quality of life showed no evidence of asymmetry
(see Figure S1). In addition, the results obtained from Egger’s regression test were not
significant for most of the variables (p > 0.15), although a significant result was found in the
attention domain (p = 0.01). However, Egger’s test does not provide sufficient information
for global cognitive status, cognitive subdomains, depressive symptoms and quality of life,
as there are fewer than 10 studies in each of the domains [48]. Additionally, although most
of the results indicate low levels of publication bias, it is necessary to consider the levels in
isolation and to consider the presence of certain levels of publication bias.

3.6. Sensitivity Analyses

Sensitivity analyses were conducted to examine whether the previously obtained
results would change if Naismith and colleagues’ non-randomized study [39] was excluded
from the analyses. Therefore, the analyses were carried out on the verbal memory, verbal
fluency, executive function and processing speed cognitive subdomains. The sensitivity
analyses showed small changes in the effect sizes of verbal memory (from g = 0.41, p = 0.00;
to g = 0.37, p = 0.01), verbal fluency (from g = 0.27, p = 0.11; to g = 0.32, p = 0.11) and
executive function (from g = 0.30, p = 0.04; to g = 0.30, p = 0.03) domains. Despite this,
the exclusion of the non-randomized study did not significantly change the size nor the
significance of the previous domains. The exception was observed in the processing speed
cognitive domain, which, regardless of continuing to have a small effect size (from g = 0.24
to g = 0.31), becomes marginally significant (from p = 0.09 to p = 0.06) (see Figure S2).

4. Discussion

The aim of this study was to conduct a systematic review and meta-analysis of
the literature regarding the effectiveness of cognitive rehabilitation in PD, not only at a
cognitive level but also in functionality, depressive symptomatology and quality of life.

The systematic review indicated that the cognitive domains that most frequently
improved after cognitive rehabilitation in PD were attention, working memory, verbal
memory, executive functions and processing speed. Despite the considerable diversity and
variability in intervention strategies, studies revealed cognitive improvements in at least
one cognitive domain. Thus, cognitive rehabilitation has a positive impact on the cognition
of PD patients, regardless of intervention method, duration and frequency [11].

The main results obtained from the meta-analysis showed moderate improvements
in global cognitive status (g = 0.55) and working memory (g = 0.50). Small but significant
improvements were found in verbal memory (g = 0.41), overall cognitive functions (g = 0.39)
and executive functions (g = 0.30). Attention (g = 0.36), visual memory (g = 0.29), verbal
fluency (g = 0.27) and processing speed (g = 0.24) showed a small non-significant effect and
visuospatial and visuoconstructive abilities (g = 0.17) showed no effect. However, it should
be noted that small effect sizes also report improvements after cognitive rehabilitation.

It is important to highlight that there was a moderate effect on global cognitive status
after cognitive rehabilitation, and so it could be interesting to include global screening tests
as outcome measures in the rehabilitation studies and not only to report them at baseline,
in order to evaluate the differences between groups. On the other hand, the small effect size
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of overall cognitive functions showed in this meta-analysis may be due to the data analysis
criteria applied in the article, which was based on the average of the global cognitive status
and the cognitive subdomains of studies that had reported at least two cognitive variables.

Memory was one of the most frequently trained domains during the cognitive reha-
bilitation (5 of 12 studies), and was usually trained with a general approach, rather than
being divided into verbal and visual memory domains. However, working memory was
trained independently in some of the studies (four studies) and the results obtained from
our meta-analysis showed a moderate and significant effect in this cognitive subdomain.
In the case of the verbal memory and visual memory domains, 7 of the 12 studies included
reported verbal memory measures and five reported visual memory. However, only four
studies (two for verbal memory and two for visual memory) found significant improve-
ments after rehabilitation. In this meta-analysis, we analyzed the effect sizes of verbal
and visual memory independently, obtaining a small and significant effect size for verbal
memory, although a small but non-significant effect size was found for visual memory. A
meta-analysis performed in PD patients with MCI or dementia also obtained small effect
sizes in verbal and visual memory [19]. Other meta-analyses analyzed improvements in
memory using a general memory domain in which they also found a small effect after
cognitive rehabilitation [17,18]. Regarding executive functions and processing speed, both
domains were also two of the most frequently trained functions in cognitive rehabilita-
tion (6–7/12 studies). The results obtained from our meta-analysis showed a small and
significant effect size on executive functions, while processing speed showed a small and
non-significant effect size. However, the small and significant effect size obtained in execu-
tive functions, and the small and not significant effect size in processing speed, may be due
to the fact that executive functions and processing speed were two of the domains with
the greatest variability among the assessment measures used. The effect sizes obtained
in executive functions were similar to the meta-analysis performed in PD patients with
MCI or dementia [19]. However, the meta-analyses conducted, respectively, by Leung and
Lawrence [17,18] obtained moderate effect sizes in executive functions and small sizes in
processing speed. This is the first meta-analysis of cognitive rehabilitation in PD that has
analyzed the effects of verbal fluency after intervention and our results showed a small
effect size in this domain. These results may have been obtained because although six stud-
ies reported verbal fluency measures, only one study showed improvements, specifically
in semantic fluency.

Furthermore, changes in functionality, depressive symptoms and quality of life are also
reported via transference effects [14], even though these functions have not been directly
trained. A systematic review showed that one study has reflected the benefits of cognitive
rehabilitation on the depressive symptomatology of people with PD. The small effect size
(g = 0.24) obtained in the meta-analysis supports the results obtained from the systematic
review, in which most of the studies that assessed depressive symptoms reported that the
patients with PD obtained similar scores to those obtained at the beginning of the cognitive
intervention. Regarding quality of life, no evidence was found after cognitive training.
Therefore, further studies that include quality of life, functionality and mood as outcome
variables need to be conducted.

There were low levels of heterogeneity and publication bias in most of the outcomes
analyzed. Besides, we carried out moderator analyses only for the overall cognitive func-
tions, and the results suggest that the interaction between the number of sessions conducted
and the frequency of sessions in a cognitive training program could be relevant variables
to take into account when applying and designing a cognitive rehabilitation program.
However, none of them could explain the differences between the effect sizes obtained.

There are several limitations in this systematic review and meta-analysis study. First,
the small number of studies that met the inclusion criteria for this meta-analysis limited
the precision of the publication bias. In addition, the lack of data or the use of different
methods in the analyses limits the possibility of making a comparison between all the
studies included in the systematic review. On the one hand, the variability of trained
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cognitive functions allows studies divided by different cognitive domains to be compared,
although not all the cognitive domains were trained in all the studies and so, in some
cases, the comparison would be limited. On the other hand, some of the studies measured
the cognitive domains differently. Therefore, when the specific cognitive domains were
grouped according to the tests used, only studies that reported those tests independently
could be included.

5. Importance of Cognitive Rehabilitation in Personalized Medicine

Personalized medicine refers to the idea that treatment strategies could be influenced
by age, personality, lifestyle, genetic factors, pharmacoeconomics, pharmacogenetics and
comorbidity [10,49]. Personalized medicine seeks to consider these aspects in order to
develop individualized treatment strategies for each person with PD [10,49]. In this
line, cognitive rehabilitation is proposed as an option in personalized medicine strategy
to manage cognitive impairment [10,49], and it can be administered, along with other
pharmacological therapies, to improve cognitive impairment [50].

This systematic review and meta-analysis showed the effectiveness of cognitive re-
habilitation in PD. It is important to analyze the variables that influence the cognitive
rehabilitation process itself in order to elucidate which are the best components of a success-
ful cognitive rehabilitation program. Some of these variables are: age, years of education,
the variables related to the time of intervention (number, frequency and duration of ses-
sions), the modality of the cognitive training (pencil and paper or computer), the baseline
global cognitive scores and PD patient-related features (disease duration, UPDRS and H&Y
stages). However, in the regression analysis of our meta-analysis, none of these variables
showed a percentage of variance accounted for in the effect sizes. Studies should continue
reporting the specific methodology used and provide as much detailed information as
possible to further investigate these aspects. Regarding age, studies in neuropsychiatric
diseases such as schizophrenia showed that younger participants obtained a greater benefit
from cognitive rehabilitation [51,52]. In PD studies, the groups that perform cognitive
rehabilitation activities usually have a similar average age, which allows for more accurate
comparison between groups. However, further studies are needed that analyze the age
factor, because the age at the time of the diagnosis, the cognitive impairment associated
with age and the age at the time of the intervention are all variables that could influence
the cognitive rehabilitation process. In addition, it is important to start cognitive rehabili-
tation as early as possible in order to manage the cognitive deficits in PD patients. Most
studies focus on participants at the early stages of the disease (H&Y stages ≤3), since the
application of treatment before the onset of dementia could increase or maintain cognitive
outcomes over time [12]. However, few studies focus on analyzing the impact of cognitive
rehabilitation in more advanced stages of the disease, including patients with PD dementia.
Previous meta-analyses [17,18], as well as our meta-analysis, focused on analyzing the
impact of cognitive rehabilitation in PD without dementia and found evidence of cognitive
improvement. In PD patients with dementia, no evidence of improvement has been found
after cognitive rehabilitation [19]. Therefore, it is very important to start the cognitive inter-
vention before the appearance of cognitive deterioration. However, it would be interesting
to continue investigating the effects of cognitive rehabilitation in PD-MCI and dementia,
and to observe whether, despite the presence of dementia, it is possible to maintain or
reduce the progression of cognitive deficits.

Active lifestyle and personality are two determining factors in the cognitive rehabil-
itation process. Participating in a specific cognitive rehabilitation program requires the
availability of sufficient time for attending sessions and performing cognitive activities
at set times. A proactive, active lifestyle and a positive attitude can help in increasing
attendance and participation in cognitive rehabilitation sessions and achieving positive
results. A study conducted in older adults at risk of dementia analyzed the relationship be-
tween self-reported lifestyle and cognitive changes associated with cognitive and physical
rehabilitation [53]. The authors showed that individuals with a more active lifestyle demon-
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strated a favorable change in cognitive performance during the study period compared
to individuals with a less active lifestyle, regardless of the group to which they belonged
(experimental or control groups) [53]. In addition, the personality of each individual may
also influence participation in their rehabilitation program, as well as how comfortable
they feel with therapy (group or individual). A common component regarding PD patients’
personal factors is whether intervention groups should be homogeneous or heterogeneous.
Homogeneous groups can facilitate the integration of each participant more easily because
all members experience similar conditions. However, it is sometimes necessary to consider
that heterogeneous groups can encourage companionship and prompt people to help
each other.

Finally, another important variable to consider in personalized medicine is genetics. In
our meta-analysis, the included studies were focused on idiopathic PD, without mentioning
genetic variants of PD. However, PD is a heterogeneous disease in which 3–5% of cases are
affected by a genetic variant [54], which contributes to clinical variability, in some cases also
including a predisposition to cognitive impairment and dementia [55]. Therefore, further
studies should be conducted to analyze the effect of cognitive rehabilitation in genetic PD,
especially in patients with a mutation known to cause a higher predisposition to cognitive
impairment.

6. Conclusions

The review of available studies along with the effect sizes obtained in the meta-
analysis would seem to support the fact that cognitive rehabilitation may be beneficial
in improving cognitive functions in PD patients. However, there are not many studies
that assess functionality and quality of life after cognitive rehabilitation. Therefore, more
studies are needed to analyze the effectiveness of cognitive rehabilitation in patients with
PD at the cognitive level and on the instrumental activities of daily living, functionality
and quality of life. In addition, it would be interesting to analyze individual factors such
as age, lifestyle, personality and genetic factors, which may be applicable to personalized
medicine, in order to design more specific and individualized interventions. On the other
hand, cognitive impairment, dysfunctionality and disease progression in people with
PD are determining factors in the quality of life of patients and their family caregivers,
resulting in major changes in their lives and creating a future need for long-term care. This
care is usually provided by a family member [56], leading to possible physical, emotional
and psychosocial problems for the caregivers themselves [57]. It is necessary to include
treatment that takes a holistic approach to the disease, and thus, incorporating systems of
psychoeducation and measurement of clinical symptoms may be beneficial for people with
PD and their family caregivers.
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22. Sterne, J.A.C.; Savović, J.; Page, M.J.; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, l4898. [CrossRef] [PubMed]
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