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Abstract.
Background: Physical exercise interventions are known to improve quality of life, motor and non-motor symptoms in people
with Parkinson’s disease (PD). However, systematic reviews and meta-analyses on cognitive outcomes are rare.
Objective: To perform a systematic review and meta-analysis of physical exercise intervention effects compared with passive
and active control groups (CGs) on global cognition in people with PD.
Methods: A literature search was performed for randomized controlled trials (RCTs) on physical exercise interventions in
PD using nine databases. We included RCTs reporting global cognition outcomes. A meta-analysis was performed using
random-effects models and standardized mean differences (SMDs) with 95% confidence intervals (CIs). Bias was assessed
with the revised Cochrane Risk of Bias tool and the certainty of evidence was rated using the GRADE approach.
Results: Seventeen studies (ten with passive, seven with active CGs) were included in the systematic review. Exercise
interventions varied considerably between studies. The meta-analysis included nine studies with 236 people with PD (seven
with passive, two with active CGs). The SMD was 0.33 (95%CI 0.00; 0.65) demonstrating a small effect (p = 0.05) in favor
of physical exercise. Compared with passive CGs, physical exercise had a small non-significant effect (SMD = 0.22, 95%CI
–0.14;0.58, p = 0.24). Compared with active CGs, physical exercise had a medium significant effect (SMD = 0.72, 95%CI
0.12;1.33, p = 0.02).
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Conclusions: Physical exercise may increase global cognition in people with PD, but the evidence is very uncertain. Further
large-scale RCTs are needed to confirm this finding and to identify the most effective type of physical exercise for improving
cognition.

Keywords: Parkinson’s disease, physical exercise, neuropsychology, cognition, mental status and dementia tests

INTRODUCTION

Cognitive dysfunction is a frequent and highly
debilitating symptom of Parkinson’s disease (PD).
The prevalence of mild cognitive impairment in PD
(PD-MCI) is reported to be 25–30%, with 10–20% of
people with newly diagnosed PD fulfilling the PD-
MCI diagnostic criteria [1]. A recent meta-analysis
indicated that the global pooled PD dementia (PDD)
prevalence was 26.3% [2], and evidence suggests
that at least 75% of people with PD who sur-
vive for more than 10 years will develop PDD [3].
Data from another meta-analysis showed that 25%
of people with PD and normal cognition converted
to PD-MCI within 3 years and that 20% of those
with PD-MCI converted to PDD [4]. Moreover, even
if cognitive dysfunction is subclinical and cannot
be detected using neuropsychological assessments,
changes referred to as subjective cognitive impair-
ment have been reported in 28.1% of individuals with
newly diagnosed PD [5]. Although non-amnestic
PD-MCI (particularly executive dysfunction) may
be more frequent than amnestic PD-MCI, memory
is also frequently affected, and all other cognitive
domains including attention, visuocognition, and lan-
guage may also have deteriorated [6]. In addition,
cognitive dysfunction in PD is associated with indi-
vidual, societal, and health-economic consequences.
It has a negative impact on quality of life for people
with PD and their families and leads to greater care-
giver burden, a higher probability of nursing home
admission, and increased mortality rates [7].

The burden of cognitive dysfunction in PD under-
lines the need for effective prevention and treatment
strategies. While the acetylcholinesterase inhibitor
rivastigmine is approved for PDD and memantine is
under investigation [8], there are currently no phar-
macotherapies to either treat PD-MCI or prevent
cognitive decline in people with PD who have normal
cognition or subjective cognitive impairment. How-
ever, non-pharmacological interventions have been
identified as promising approaches for treatment and
prevention, and key stakeholders, including people
with PD and healthcare professionals, have identi-

fied physical exercise and cognitive interventions as
particular research priorities [9].

While meta-analyses have provided robust evi-
dence for the positive effects of cognitive training on
global cognition and other cognitive outcomes [10,
11], less evidence is available on the effects of physi-
cal exercise interventions. Data suggest that physical
exercise enhances neuroplasticity and brain health in
both motor and cognitive circuits in people with PD
[12]. In addition, a systematic review of studies in
people with PD suggested that physical exercise may
lead to changes in various markers of neuroplasticity,
as indicated by improvements in brain function and
structure [13]. Accordingly, randomized controlled
trials (RCTs) that investigated the effects of tread-
mill training [14], aerobic exercise [15], and dance
[16] reported cognitive benefits in people with PD.
However, few systematic reviews of physical exer-
cise interventions in PD have considered cognition
as an outcome, and these studies focused on specific
types of physical exercise interventions [17–19]. One
recent comprehensive network meta-analysis of the
effects of physical exercise in PD included cognition
as an outcome but did not differentiate between global
cognition or any cognitive (sub)domain [20]. The
authors concluded that physical exercise (resistance
training in particular) may benefit cognition. How-
ever, this study did not differentiate between effects
in studies with passive versus active control groups
(CGs). Such an analysis would allow more specific
conclusions to be made on the possible effects of
physical exercise.

Consequently, this study aimed to use established
Cochrane standards to systematically review evi-
dence on the effects of physical exercise interventions
compared with passive and active CGs on cognition
in people with PD and, where possible, to per-
form a meta-analysis. We intended to consider both
global cognition and further cognitive (sub-)domains.
However, due to its relevance for research and rou-
tine clinical practice and the high heterogeneity of
considered cognitive (sub-)domains and assessment
instruments, we set a focus on global cognition oper-
ationalized by cognitive screening instruments in
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people with PD. We hypothesized that physical exer-
cise interventions have a positive impact on global
cognition in people with PD.

MATERIALS AND METHODS

This study is a follow-up to the Cochrane sys-
tematic review and network meta-analysis comparing
the effects of different physical exercise interven-
tions on the severity of motor signs, quality of life,
freezing of gait, and functional mobility in people
with PD [21]. In the study reported here, we focused
on cognition as an outcome. This systematic review
was pre-registered in the international database of
prospectively registered systematic reviews in health
and social care (PROSPERO; CRD42021262162)
and adheres to the PRISMA guidelines for reporting
systematic reviews and meta-analyses [22].

Search strategy

The search methods for this review were described
in detail in the Cochrane review [21]. An updated
search with no language restrictions was con-
ducted by an experienced information specialist
on May 10, 2022, using the databases CEN-
TRAL, EMBASE, CINAHL, MEDLINE, PEDro,
SPORTDiscus, REHABDATA, and the trial registries
clinicaltrials.gov and the International Clinical Trials
Registry Platform (ICTRP). Supplementary Table 1
outlines the full search strategy for MEDLINE Ovid
as an example.

Eligibility criteria

Study design
We considered RCTs, including cross-over ran-

domized trials, examining the effects of physical
exercise interventions compared with passive and/or
active CGs on cognition in people with PD for
this review. Only full-text articles published in
peer-reviewed journals were included. However, con-
ference abstracts and trial registers, if available, were
incorporated to provide further information regarding
the included trials.

Participants
Studies that included adults (≥18 years) of all sexes

with a confirmed clinical diagnosis of idiopathic PD
were eligible; no specific PD diagnostic criteria had
to be reported. There were no restrictions on PD
duration or severity, dopaminergic medication sta-

tus, or cognitive state; i.e., people without cognitive
dysfunction and those with PD-MCI or PDD were
considered. Studies involving people with atypical
parkinsonism or Lewy body dementia were excluded.

Intervention and control groups
Trials examining the effects of various structured

physical exercise interventions composed of at least
five supervised sessions were eligible for this review.
There was no focus on a specific type of physical
exercise. Thus, interventions using different train-
ing methods and devices that were delivered in
either individual or group settings were considered.
Home-based interventions were only eligible if super-
vision by a physical exercise instructor was provided.
Hence, the interventions considered for this review
included aqua-based training, dance, endurance
training, flexibility training, gait/balance/functional
training, exergaming approaches, Lee Silverman
Voice Treatment (LSVT) BIG, mind-body train-
ing, multi-domain training, and strength/resistance
training [21]. When different non-pharmacological
approaches were combined within a single interven-
tion program (e.g., physical exercise and cognitive
training), physical exercise had to be the main com-
ponent of the intervention. If a study intervention
included motor as well as cognitive components, two
authors (AKF, ME, RG, NC) with expertise in phys-
ical as well as cognitive interventions discussed the
trials and its match regarding the eligibilty criteria
until consensus was reached.

Studies comparing exercise interventions with
either passive or active CGs were included. Passive
CGs were defined as those receiving no struc-
tured intervention, i.e., usual care, no intervention,
or wait-list control. Active CGs were defined as
those with structured non-pharmacological treatment
approaches (e.g., health education, communication
training, or leisure activities) [21]. However, studies
comparing two interventions of the same type (i.e.,
two physical exercise approaches) were not consid-
ered for this review as they could not be included in
the meta-analysis.

Outcomes
We searched for studies that included at least

one standardized and validated paper-and-pencil
or digital neuropsychological instrument to assess
cognition. We then categorized the cognitive
domains assessed based on the instruments used
(i.e., global cognition, memory, executive func-
tion, working memory, attention, visuocognition,
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and language) according to an established com-
pendium of neuropsychological tests [23] and the
authors’ neuropsychological expertise. Only studies
reporting global cognition were included in the meta-
analysis. In addition, only short-term effects were
integrated (i.e., assessments conducted ≤ 6 weeks
post-intervention) due to limited data and high het-
erogeneity in the timing of follow-up assessments.

Study selection and data extraction

One review author (ME) initially screened and
removed titles that did not meet the inclusion cri-
teria. Then, two review authors (AKF, ME, RG, or
NC) independently screened the titles and abstracts
and reviewed the full-text articles for eligibility. Data
extraction was then performed by the same authors
using a standardized data extraction form and all
extracted data was double-checked. If discrepancies
were found, the two authors discussed the issue or
consulted another author to reach a consensus. If data
were missing, the first and senior authors of the study
in question were contacted via e-mail. Reminder
e-mails were sent if necessary. The extracted data
consisted of general study information (author/s, pub-
lication date, country), study characteristics (trial
design, number of trial arms), patient characteristics
(baseline sociodemographic and clinical data includ-
ing severity of motor signs and cognitive state, num-
ber of people with PD recruited/allocated/evaluated),
information about the intervention (type, dose, fre-
quency, and length) and CG (type, dose, frequency,
and length), and cognitive outcomes (instruments
used, assessment timings, type of analysis).

Risk of bias

Methodological quality was analyzed indepen-
dently by two authors (AKF, ME, RG, or NC) for
all studies included in the meta-analysis using the
revised Cochrane Risk of Bias tool (RoB 2) for RCTs
[24]. If discrepancies were found, the two authors
discussed the issue or consulted another author until
a consensus was reached. Five RoB domains were
addressed that can affect RCT results including bias
arising from the randomization process, bias due to
deviations from intended interventions, bias due to
missing outcome data, bias in the measurement of
the outcome, and bias in the selection of the reported
results. Based on answers to signaling questions for
each RoB domain, the tool assesses the risk as ‘low’,
‘high’, or ‘some concern’.

Data analysis

Review Manager (RevMan Version 5.4; Cochrane
Collaboration) was used to perform the meta-analysis
of the effect of physical exercise versus passive or
active CGs on post-intervention global cognition as
well as to create a forest plot. Data required for the
meta-analysis were post-intervention means, stan-
dard deviations (SDs), and the number of people with
PD included in the intervention and CG arms of each
trial [25]. If the study reported only standard errors or
confidence intervals (CIs), SDs for group means were
determined according to recommendations from the
Cochrane Handbook for Systematic Reviews of Inter-
ventions [25]. If a trial included multiple physical
exercise treatment arms, these arms were combined
and compared with the CG. In studies involving both
intention-to-treat (ITT) and per-protocol (PP) analy-
ses, only the ITT data were used in the meta-analysis.
In trials reporting no ITT data, PP data were uti-
lized. If data were missing, the study’s corresponding
author was contacted via e-mail and, if necessary,
reminder e-mails were sent.

One meta-analysis was performed that included
two subgroup analyses, one to compare physical
exercise intervention with passive CGs and the sec-
ond to compare intervention with active CGs. We
used a random-effects model with inverse variances
to calculate standardized mean differences (SMDs)
because of the diverse PD populations and differ-
ent instruments used to assess global cognition, and
because the studies were expected to have differ-
ent effect sizes. For the statistical analyses, SMDs
and 95% CIs were computed to compare effect sizes
between intervention groups and CGs. Effects from
0.2 to <0.5 were categorized as small, effects from 0.5
to <0.8 were categorized as medium, and effects ≥0.8
were categorized as large [26]. The alpha level was
set at 0.05 for all analyses. The p-value from the Chi2

test, generalized I2 statistic, and Tau2 were used to
address the heterogeneity and inconsistency of the
included studies. We interpreted the heterogeneity
of the I2 statistic as recommended in the Cochrane
Handbook for Systematic Reviews of Interventions
[25], whereby 0–40% indicated unimportant/low
heterogeneity, 30–60% indicated moderate hetero-
geneity, 50–90% indicated substantial heterogeneity,
and 75–100% indicated considerable heterogeneity.
Additionally, a sensitivity analysis was conducted
using a fixed-effects model and results from the
random- and fixed-effects analyses were compared
to test the robustness of the effects. A funnel
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plot was generated to identify potential publication
bias.

Certainty of evidence

The GRADE approach [27] was used to assess the
certainty of evidence showing the effect of physical
exercise interventions on improving global cogni-
tion. This approach considers the following five
dimensions: study limitations (RoB), unexplained
heterogeneity and inconsistency of effect, impreci-
sion, indirectness, and publication bias. The evidence
from RCTs was initially rated as high quality and we
then downgraded the evidence quality when impor-
tant limitations were identified. The GRADE system
uses the following criteria for assigning grades of
evidence: high (we are very confident that the true
effect lies close to that of the estimate of the effect);
moderate (we are moderately confident in the effect
estimate: the true effect is likely to be close to the esti-
mate of effect, but there is a possibility that it is sub-
stantially different); low (our confidence in the effect
estimate is limited: the true effect may be substan-
tially different from the estimate of the effect); and
very low (we have very little confidence in the effect
estimate: the true effect is likely to be substantially
different from the estimate of effect). The formula-
tion of a statement on the certainty of evidence and the
creation of a summary of findings table followed the
GRADE recommendations by Santesso et al. [28].

RESULTS

In total, 3,481 records were identified during
the updated database searches. After screening,
3,218 records were excluded, leaving 263 full-text
articles to be assessed for eligibility. Of these, 246
articles were excluded, resulting in the inclusion
of 17 studies in this systematic review. Ten studies
compared an exercise intervention with a passive
CG, and seven studies used active CGs. Nine studies
were included in the meta-analysis, of which seven
compared physical exercise with a passive CG and
two used an active CG. Figure 1 shows the PRISMA
flow diagram and Table 1 presents the characteristics
of all studies included in this systematic review.

Characteristics of studies with passive CGs

Two of the 10 studies [29, 30] were RCTs with
delayed-start designs, while the other trials were stan-
dard RCTs. The number of participants in studies

with passive CGs ranged from 18 [31] to 76 [32].
The mean age of participants in the intervention arms
ranged from 62.8 [15] to 74.9 years [33], with an
average age of 63–70 years. Six studies included
more male than female participants and three studies
did not report the sex ratio [15, 29, 31]. All studies
reported on clinical diagnoses of their study partici-
pants; in four studies PD diagnoses according to UK
Brain Bank Criteria were available for the included
participants [15, 30, 34, 35]. Disease severity was
mild to moderate in all trials, with mean Hoehn and
Yahr stages ranging from 1.9 [33] to 2.5 [34]. Only
four studies reported the Levodopa equivalent daily
dose (LEDD) of the included participants [16, 32,
35, 36] ranging from 481.1 [16] to 852.9 mg [36]; in
seven studies a stable PD medication status of the peo-
ple with PD was required as a precondition for study
participation [15, 16, 29, 30, 31, 34, 36]. Mean disease
duration ranged from 4.0 [33] to 9.7 years [34].

Four studies did not define any cognitive inclusion
or exclusion criteria for the study population [30–32,
36], while the study by Avenali et al. [34] only consid-
ered people with PD-MCI. In four studies, cognitive
dysfunction was defined as an exclusion criterion
using Mini-Mental State Examination (MMSE) cut-
off scores from <24 to 26 points [15, 16, 29, 33, 35].
The relatively high cognitive performance level of the
included individuals was also reflected in the mean
total baseline cognitive screening scores, except in the
study by Avenali et al. [34]. These authors included
people with PD who had clearer signs of cognitive
dysfunction, with mean Montreal Cognitive Assess-
ment (MoCA) scores of 18.8 ± 3.0 and 18.0 ± 1.5 for
the intervention and control arms, respectively.

In three of 10 studies, two physical exercise
study arms were compared with one passive con-
trol arm [15, 32, 33]. All other studies compared
a single experimental arm with one passive CG.
In five studies, the intervention arms involved mul-
timodal exercise. These included stretch-balance
groups [15], physical therapy [34], “multidomain
exercise” associated with cognitive tasks with inten-
sity levels ranging from “fairly light” to “somewhat
hard” [33], goal-based multimodal training (PD-
SAFExTM) [32], and a combination of resistance
and stretching elements with a progressively increase
of the difficulty level [35]. Three studies exam-
ined the effects of endurance training with moderate
to vigorous exercise intensities that were increased
throughout the intervention period [15, 30, 32], while
three investigated the impact of a dance intervention
[16, 31, 36]. Finally, one study examined the effects
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Fig. 1. PRISMA flow diagram.

of a mindfulness-based approach using Hatha yoga
[29].

The total duration of the exercise ranged from
720 [31] to 2,880 minutes [33]. Treatment duration
ranged from 4 [34] to 24 weeks [33], with a frequency
ranging from twice per week [16, 31, 33, 36] to six
times per week [34]. Session duration ranged from
20–45 minutes [15] to 90 minutes [16, 35].

All studies assessed cognitive function pre- and
post-intervention. Four studies included additional
follow-up assessments at 6 weeks [30] to 6 months
[29, 34] post-intervention. Global cognition was mea-
sured in seven of 10 studies [15, 16, 29, 30, 34–36],
mostly using the MoCA, but also the MMSE and
the Mattis Dementia Rating Scale (MDRS). Six stud-
ies used various instruments to operationalize other
cognitive domains, including memory (three stud-
ies: [31, 32, 36]), executive function (six studies:
[15, 31, 32–34, 36]), working memory (two studies:

[15, 32]), fluid intelligence (two studies: [33, 34]),
attention (five studies: [15, 31, 32, 34, 36]), visuocog-
nition (two studies: [31, 32]), and language (three
studies: [15, 31, 32]) (for details see Supplementary
Table 2). Since all studies used a passive comparator,
people in these control arms received treatment as
usual.

Characteristics of studies with active CGs

One of the seven studies with an active CG used
a cross-over RCT design [37]; all other studies were
standard RCTs. The number of participants in studies
with active CGs ranged from 13 [38, 39] to 152 [40].
The mean age of participants in the intervention arms
ranged from 64.1 [41] to 75.5 years [39]. Five stud-
ies included more male than female participants and
one study did not report the sex ratio [39]. All studies
reported on clinical diagnoses of their study partici-
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pants; in three studies PD diagnoses according to UK
Brain Bank Criteria were available for the included
participants [14, 40, 41]. Disease severity was mild
to moderate in all trials, with mean Hoehn and Yahr
stages ranging from 1.7 [40] to 2.5 [39, 41]. Only
four studies reported the Levodopa equivalent daily
dose (LEDD) of the included participants [38, 40,
41, 42] ranging from 458.3 [42] to 875.9 mg [41]; in
four studies a stable PD medication status of the peo-
ple with PD was required as a precondition for study
participation [14, 37, 39, 42]. Mean disease duration
ranged from 4.5 [42] to 11.2 years [14].

One study did not define any cognitive inclusion or
exclusion criteria for the study population [37]. All
other studies included people with PD with no cog-
nitive dysfunction or MCI, which was defined, for
example, by cut-off scores from cognitive screening
instruments. Cognitive status was reflected by base-
line scores from cognitive screening, which ranged
from 20.8 [41] to 27.0 [39] on the MoCA, and from
27.7 to 28.2 on the MMSE in the intervention and
control arms of the RCT conducted by Gobbi et al.
[40].

In two of the seven studies, two physical exercise
study arms were compared with one active control
arm [40, 41], all other studies used a single experi-
mental arm and one active CG. Three studies assessed
the effects of balance and gait training [14, 38, 42] and
two investigated the benefits of multimodal training
[37, 40]. Dance [39] and resistance training [41] were
each investigated in one study. Most studies reported
on a progressively increase of the difficulty level with
each intervention session [39] or throughout the inter-
vention period [37, 38, 41, 42].

The total duration of the exercise ranged from 540
[14] to 3,840 minutes [40]. Treatment duration ranged
from 4 [14] to 32 weeks [40], with frequencies rang-
ing from once per week [39] to three times per week
[14, 37]. Session duration was 45 [14] to 90 minutes
[37].

All studies assessed cognitive function pre- and
post-intervention. One study also assessed mid-
intervention effects after 16 weeks of a 32-week
intervention [40]. No studies conducted follow-up
assessments. Global cognition was measured in five
of seven studies [14, 37, 39–41]; four used the MoCA,
and one [40] used the MMSE. Four studies used vari-
ous test instruments to test other cognitive functions,
including memory (three studies: [38, 40, 42]), execu-
tive function as well as working memory and attention
(four studies: [14, 38, 40, 42]), fluid intelligence (one
study: [40]), visuocognition (two studies: [38, 40]).

Language was not assessed in any study (for details
see Supplementary Table 2).

All studies used an active comparator. Various
approaches were used in the active CGs, including
speech and communication training [38, 42], a men-
tal/leisure program [40], health education [37], a talk
therapy support group [39], a lifestyle program [14],
and bingo and PD-associated education [41].

Meta-analysis of the effects of physical exercise
on global cognition

The meta-analysis of the short-term effects of
physical exercise versus CGs on global cognition
included nine studies with a total of 236 people with
PD (Fig. 2). The SMD was 0.33 (95% CI 0.00–0.65)
demonstrating a small effect (p = 0.05) in favor of
physical exercise. Heterogeneity was low (I2 = 29%).
The sensitivity analysis, which used a fixed-effects
model, confirmed the robustness of this result (Sup-
plementary Figure 1). Thus, physical interventions
may have a positive impact on global cognition in
people with PD, but the evidence is very uncertain.

Subgroup analyses examining different types of
CGs revealed that physical exercise had a small, non-
significant effect (p = 0.24) compared with passive
CGs. The analysis included seven studies and 184
people with PD (SMD = 0.22; 95% CI 0.14–0.58).
Heterogeneity was again low (I2 = 30%). The com-
parison of physical exercise with active CGs included
two studies with 52 people with PD and showed that
exercise had a medium significant effect (p = 0.02).
The SMD was 0.72 (95% CI 0.12–1.33) and no
heterogeneity was detected (I2 = 0%). Both sub-
group analyses showed robustness when comparing
the random- and fixed-effects models in a sen-
sitivity analysis (Supplementary Figure 1). When
converting the SMD into mean differences (MD) in
MoCA scores (range 0–30 points with higher scores
indicating better global cognition), a clinically mean-
ingful difference, which has been defined as ≥1.73
points [43], was demonstrated (MD = 1.87; 95% CI
0.31–3.46).

Risk of bias

Evaluation of the studies for bias using the RoB 2.0
tool is shown in Fig. 4 and Supplementary Figure 2.
Four studies were judged to have a high risk of bias
[15, 34, 35, 39] and four caused some concerns for
bias [16, 30, 36, 41]. One [29] of the nine was judged
to have a low risk of bias. In three cases, the high risk
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Fig. 2. Short-term effects of physical exercise interventions vs. passive and active control groups on global cognition. MDRS, Mattis
Dementia Rating Scale; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment.

Fig. 3. Funnel plot: Physical exercise vs. passive and active control
groups.

of bias was driven by deviations from the intended
interventions due to high dropout rates (>10%) and
the lack of ITT analyses [15, 34, 35]. These findings
led to some concerns about the risk of bias due to
missing outcomes data. Three studies did not report
an ITT analysis, but since dropout rates were ≤10%
there was only some concern for risk of bias [16, 30,
36]. In six studies, the reporting of the randomization
process and the allocation concealment was inappro-
priate [15, 16, 34, 35, 39, 41]; however, only one
study had baseline differences between the interven-
tion and control arms that suggested a randomization
problem [39]. No risk of bias in terms of measurement
of the outcome (standardized and validated cognitive
screening instruments were used to operationalize
global cognition in all studies) or selection of the
reported result was identified in any of the nine studies
included in the meta-analysis.

Publication bias

No evidence of publication bias was found, and the
funnel plot appeared reasonably symmetrical (Fig. 3).

Certainty of evidence

For both subgroup analyses (physical exercise
interventions versus passive and active CGs, respec-
tively) we assessed the short-term effects (<6 weeks
post-intervention) on global cognition operational-
ized with standardized, validated cognitive screening
instruments (MDRS, MMSE, and MoCA). Since all
included studies were RCTs, we started the assess-
ment with high certainty for evidence. As a high risk
of bias was evident in three of seven studies with pas-
sive CGs, and in one of two studies with active CGs,
the certainty of evidence was downgraded by one
level for both comparisons. Although the I2-statistic
revealed low heterogeneity for the comparison of
physical exercise and passive CGs, the forest plot
suggested substantial heterogeneity between study
effects. Thus, we downgraded one level for inconsis-
tency in the passive CG analysis. Due to particularly
small study populations in the two subgroup analyses
(ranging from 13 to 46 people with PD) we down-
graded the certainty of evidence by two levels for
both. No problems were observed regarding the indi-
rectness of the effects or potential publication bias.
Table 2 provides a summary of these findings.

DISCUSSION

The aim of this study was to perform a systematic
review and meta-analysis of the effects of physical
exercise interventions on global cognition in peo-
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Table 1
Study characteristics

Study
Study design
Participants
(N)
Country

Sample size
(n); Sex ratio
(F:M)

Age (years) H&Y;
UPDRS-
motor; LEDD;
duration of
disease (years)

Cognitive
eligibility
criteria

Cognitive
screening
results at
baseline

Intervention and control
group(s)

Frequency and
duration

Total
treatment
minutes

Cognitive outcome
domains;
measurement time
points

Physical exercise intervention vs. passive control group (N = 10)
Altmann
2016 [15]
RCT
Randomized:
N = 37
Analyzed:
N = 30
USA

Arm 1: n = 11;
NR

Arm 1:
62.8 ± 8.6

Arm 1: I–III;
23.7 ± 8.7;
NR; NR

Exclusion:
MCI &
dementia
(MMSE < 25
points)

Arm 1: MDRS
141.3 ± 1.7

Arm 1: Aerobic
exercise/treadmill training
(start: 50% maximal HR;
increased by 5% per week
to 75% HR)

20–45 min
3×/week
16 weeks
1,560 min

• Global cognition,
executive function,
working memory,
attention, language

• Pre- and
post-interventionArm 2: n = 9;

NR
Arm 2:
63.3 ± 7.3

Arm 2: II–III;
17.5 ± 6.4;
NR; NR

Arm 2: MDRS
141.3 ± 2.1

Arm 2: Stretch-balance
group (most performed
while sitting)

Arm 3: n = 10;
NR

Arm 3:
67.8 ± 9.8

Arm 3: I–III;
20.6 ± 11.5;
NR; NR

Arm 3: MDRS
139.9 ± 4.0

Arm 3: Passive CG N/A

Avenali 2021
[34]
RCT
Randomized:
N = 40
Analyzed:
N = 34
Italy

Arm 1: n = 15;
8 : 7

Arm 1:
73.2 ± 7.1

Arm 1:
2.5 ± 0.5;
33.7 ± 10.2;
NR; 9.7 ± 5.4

Inclusion:
PD-MCI
according to
Litvan criteria

Arm 1: MoCA
18.8 ± 3.0

Arm 1: Individualized
physical therapy
including different
exercise modalities (e.g.,
aerobic exercises,
treadmill training)

60 min
6×/week
4 weeks
1,440 min

• Global cognition,
executive function,
attention, fluid
intelligence

• Pre- and
post-intervention;
6-month FUArm 2: n = 19;

5 : 14
Arm 2:
71.6 ± 6.0

Arm 2:
2.3 ± 0.6;
34.1 ± 4.0;
NR; 9.5 ± 1.7

Arm 2: MoCA
18.0 ± 1.5

Arm 2: Passive CG N/A

Cheung 2018
[29]
Delayed-start
RCT
Randomized:
N = 20
Analyzed:
N = 20
USA

Arm 1: n = 10;
NR

Arm 1:
63.5 ± 8.5

Arm 1:
2.0 ± 0.8;
25.6 ± 6.9;
NR; range:
1–15 years

Exclusion:
“significant
cognitive
impairment”
(MMSE < 26
points)

Arm 1: MoCA
26.9 ± 2.2

Arm 1: Hatha yoga
program including yoga
postures, breathing
techniques & mindfulness
meditation

60 min
2×/week
12 weeks
1,440 min

• Global cognition
• Pre- and

post-intervention;
6-month FU

Arm 2: n = 10;
NR

Arm 2:
65.8 ± 6.6

Arm 2:
2.0 ± 0.8;
24.4 ± 7.2;
NR; range:
1–10 years

Arm 2: MoCA
26.1 ± 2.4

Arm 2: Wait-list CG N/A

(Continued)
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Study
Study design
Participants
(N)
Country

Sample size
(n); Sex ratio
(F:M)

Age (years) H&Y;
UPDRS-
motor; LEDD;
duration of
disease (years)

Cognitive
eligibility
criteria

Cognitive
screening
results at
baseline

Intervention and control
group(s)

Frequency and
duration

Total
treatment
minutes

Cognitive outcome
domains;
measurement time
points

de Oliveira
2017 [33]
RCT
Randomized:
N = 24
Analyzed:
N = 23
Brazil

Arm 1: n = 7;
3 : 4

Arm 1:
74.9 ± 5.1

Arm 1:
2.3 ± 0.7; NR;
NR; 4.4 ± 2.8

Excluded:
“dementia of
any kind”
according to
MMSE cutoff
points
followed by
neurologist
diagnosis

Arm 1: MMSE
25.1 ± 2.8

Arm 1: Individualized
multi-domain exercise
associated with cognitive
tasks (Borg scale scores
between 11 [fairly light]
and 14 [somewhat hard])

60 min
2×/week
24 weeks
2,880 min

• Executive function,
fluid intelligence

• Pre- and
post-intervention

Arm 2: n = 8;
2 : 6

Arm 2:
74.5 ± 9.4

Arm 2:
2.1 ± 0.7; NR;
NR; 4.3 ± 1.5

Arm 2: MMSE
26.3 ± 2.9

Arm 2: Group
multi-domain exercise
associated with cognitive
tasks (Borg scale scores
between 11 [fairly light]
and 14 [somewhat hard])

Arm 3: n = 8;
5 : 3

Arm 3:
68.4 ± 6.3

Arm 3:
1.9 ± 0.6; NR;
NR; 4.0 ± 1.1

Arm 3: MMSE
24.9 ± 2.4

Arm 3: Passive CG N/A

Harvey 2019
[30]
Delayed-start
RCT
Randomized:
N = 20
Analyzed:
N = 18
UK

Arm 1: n = 10;
6 : 4

Arm 1:
68.0 ± 7.8

Arm 1: I–III;
NR; NR; NR

None Arm 1: MoCA
22.9 ± 3.6

Arm 1: High-intensity
interval training on Speed
flex machines (≥85%
maximal HR; adapted
according to individual
performance)

45 min
3×/week
12 weeks
1,620 min

• Global cognition
• Pre- and

post-intervention;
6-week FU

Arm 2: n = 10;
6 : 4

Arm 2:
69.0 ± 6.0

Arm 2: I–III;
NR; NR; NR

Arm 2: MoCA
25.1 ± 3.5

Arm 2: Wait-list CG N/A

Pohl 2013
[31]
RCT
Randomized:
N = 18
Analyzed:
N = 16
Sweden

Arm 1: n = 12;
NR

Total:
68.2 ± 5.1

Total:
2.4 ± 0.7; NR;
NR; 8.8 ± 3.8

None NR Arm 1: Ronnie Gardiner
Method (group-based)

60 min
2×/week
6 weeks
720 min

• Memory, executive
function, attention,
visuocognition,
language

• Pre- and
post-intervention

Arm 2: n = 6;
NR

NR Arm 2: Passive CG N/A
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Pohl 2020
[36]
RCT
Randomized:
N = 51
Analyzed:
N = 46
Sweden

Arm 1: n = 26;
7 : 19

Arm 1:
69.7 ± 7.0

Arm 1: I–III;
34.0 ± 12.9;
727.7 ± 327.3;
6.0 ± 4.4

None Arm 1: MoCA
25.5 ± 2.8

Arm 1: Ronnie Gardiner
Method (group-based)

60 min
2×/week
12 weeks
1,440 min

• Global cognition,
memory, executive
function, attention

• Pre- and
post-intervention;
3-month FU

Arm 2: n = 20;
7 : 13

Arm 2:
70.4 ± 6.0

Arm 2: I–III;
28.6 ± 10.4;
690.0 ± 231.0;
6.8 ± 3.6

Arm 2: MoCA
25.0 ± 3.3

Arm 2: Passive CG N/A

Silveira 2018
[32]
RCT
Randomized:
N = 76
Analyzed:
N = 58
Canada

Arm 1: n = 22;
3 : 18

Arm 1:
70.6 ± 9.3

Arm 1: NR;
25.4 ± 8.1;
710.63 ± 425.70;
6.0 ± 5.1

None Arm 1: MoCA
25.2 ± 4.5

Arm 1: Aerobic (i.e.,
ergometer) training (start:
40–50% maximal HR;
increased to 60–70%HR)

60 min
3×/week
12 weeks
2,160 min

• Memory, executive
function, working
memory, attention,
visuocognition,
language

• Pre- and
post-intervention

Arm 2: n = 21;
9 : 12

Arm 2:
69.8 ± 8.3

Arm 2: NR;
27.6 ± 9.7;
482.91 ± 342.67;
6.1 ± 4.2

Arm 2: MoCA
24.6 ± 4.0

Arm 2: Goal-based
multimodal training (PD
SAFExTM); progressively
increase of the difficulty
level

Arm 3: n = 15;
4 : 11

Arm 3:
67.6 ± 8.3

Arm 3: NR;
21.8 ± 9.2;
759.70 ± 560.19;
5.6 ± 5.7

Arm 3: MoCA
25.8 ± 5.0

Arm 3: Passive CG N/A

Solla 2019
[16]
RCT
Randomized:
N = 20
Analysed:
N = 19
Italy

Arm 1: n = 10;
4 : 6

Arm 1:
67.8 ± 5.9

Arm 1:
2.1 ± 0.6;
13.7 ± 7.2;
481.1 ± 213.1;
4.4 ± 4.5

Inclusion:
MMSE ≥ 24
points

Arm 1: MoCA
25.0 ± 4.0

Arm 1: Sardinian folk
dance

90 min
2×/week
12 weeks
2,160 min

• Global cognition
• Pre- and

post-intervention

Arm 2: n = 10;
3 : 7

Arm 2:
67.1 ± 6.3

Arm 2:
2.3 ± 0.4;
14.7 ± 7.0;
487.5 ± 198.5;
5.0 ± 2.9

Arm 2: MoCA
25.7 ± 2.8

Arm 2: Passive CG N/A

Youm 2020
[35]
RCT
Randomized:
N = 23
Analyzed:
N = 17
Korea

Arm 1: n = 10;
4 : 6

Arm 1:
68.0 ± 6.8

Arm 1:
2.4 ± 0.3;
40.4 ± 10.9;
561.0 ± 274.6;
6.4 ± 3.6

Inclusion:
MMSE > 24
points

Arm 1: MMSE
26.6 ± 2.8

Arm 1: Progressive trunk
resistance and stretching
exercise program (RPE
was increased every 3
weeks from 2–3 to 5–6)

60–90 min
3×/week
12 weeks
2,700 min

• Global cognition
• Pre- and

post-intervention

Arm 2: n = 7;
3 : 4

Arm 2:
72.1 ± 6.0

Arm 2:
2.3 ± 0.4;
44.4 ± 8.8;
852.9 ± 564.4;
8.0 ± 4.0

Arm 2: MMSE
27.6 ± 1.3

Arm 2: Passive CG N/A

(Continued)
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Study
Study design
Participants
(N)
Country

Sample size
(n); Sex ratio
(F:M)

Age (years) H&Y;
UPDRS-
motor; LEDD;
duration of
disease (years)

Cognitive
eligibility
criteria

Cognitive
screening
results at
baseline

Intervention and control
group(s)

Frequency and
duration

Total
treatment
minutes

Cognitive outcome
domains;
measurement time
points

Physical exercise intervention vs. active control group (N = 7)
Albrecht 2021
[42]
RCT
Randomized:
N = 95
Analyzed:
N = 65
Sweden

Arm 1: n = 34;
14 : 20

Arm 1:
70.3 ± 5.8

Arm 1:
2.1 ± 0.3;
31.6 ± 12.9;
610.50 ± 355.83;
5.7 ± 4.6

Inclusion:
MoCA ≥ 21
points

Arm 1: MoCA
26.1 ± 2.6

Arm 1: Group-based
balance and gait training
(HiBalance) + home
exercise; progressively
increase of the difficulty
level

60 min
2×/week
10 weeks
&
60 min
homework
1×/week
1,800 min

• Memory, executive
functions, working
memory, attention

• Pre- and
post-intervention

Arm 2: n = 31;
11 : 20

Arm 2:
70.5 ± 6.1

Arm 2:
2.2 ± 0.4;
28.0 ± 10.0;
458.30 ± 293.26;
4.5 ± 3.5

Arm 2: MoCA
25.9 ± 2.4

Arm 2: Group-based
speech and
communication training
(HiCommunica-
tion) + home exercise;
progressively increase of
the difficulty level

Gobbi 2021
[40]
RCT
Randomized:
N = 152
Analyzed:
N = 107
Brazil

Arm 1: n = 42;
19 : 23

Arm 1:
68.8 ± 9.5

Arm 1:
1.7 ± 0.4;
25.4 ± 8.8;
557.9 ± 413.3;
6.3 ± 4.5

Exclusion:
“Cognitive
impairment
assessed by
the MMSE”

Arm 1: MMSE
28.2 ± 1.5

Arm 1: Multimodal
program

60 min
2×/week
32 weeks
3,840 min

• Global cognition,
memory, executive
function, working
memory, attention,
visuocognition

• Pre- and
post-intervention;
intermediate
assessment after 4 of
8 intervention months

Arm 2: n = 33;
16 : 17

Arm 2:
69.8 ± 7.5

Arm 2:
1.7 ± 0.5;
23.7 ± 9.9;
552.3 ± 385.2;
5.5 ± 2.7

Arm 2: MMSE
28.0 ± 2.1

Arm 2: Functional
mobility program
(conduct of tasks at
individual maximum)

Arm 3: n = 36;
21 : 15

Arm 3:
68.9 ± 7.6

Arm 3:
1.7 ± 0.5;
24.5 ± 8.9;
605.8 ± 376.1;
6.0 ± 3.5

Arm 3: MMSE
27.7 ± 2.0

Arm 3: Mental/leisure
program
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Hasegawa
2020 [37]
Cross-over
RCT
Randomized:
N = 94
Analyzed:
N = 86
USA

Total: n = 86;
28 : 58

Total:
68.8 ± 7.6

Total: I-IV;
42.3 ± 12.2;
NR; 6.5 ± 5.0

None Total: MoCA
25.6 ± 3.5

Arm 1: Agility Boot
Camp with Cognitive
Challenges (ABC-C)
intervention;
progressively increase of
the difficulty level

90 min
3×/week
6 weeks
1,620 min

• Global cognition
• Pre- and

post-intervention

Arm 2: Health education 90 min
1×/week
6 weeks
640 min

Johansson
2020 [38]
RCT
Randomized:
N = 13
Analyzed:
N = 12
Sweden

Arm 1: n = 7;
1 : 6

Arm 1
(Median,
min–max):
72.0 (60–78)

Arm 1
(Median,
min–max): 2
(2–3); 35.0
(24–46); 700
(380–920);
10.0 (3–13)

Inclusion:
MoCA ≥ 21
points

Arm 1
(Median,
min–max):
MoCA 27.0
(26–30)

Arm 1: Group-based
balance and gait training
(HiBalance) + home
exercise; progressively
increase of the difficulty
level

60 min
2×/week
10 weeks
&
60 min
homework
1×/week
1,800 min

• Memory, executive
function, working
memory, attention,
visuocognition

• Pre- and
post-intervention

Arm 2: n = 6;
3 : 3

Arm 2
(Median,
min–max):
67.5 (63–70)

Arm 2
(Median,
min–max): 2.5
(2–3); 32.5
(22–52); 765.5
(525–1171);
7.0 (3–11)

Arm 2
(Median,
min–max):
MoCA 26.5
(21–28)

Arm 2: Group-based
speech and
communication training
(HiCommunica-
tion) + home exercise;
progressively increase of
the difficulty level

Michels 2018
[39]
RCT
Randomized:
N = 13
Analyzed:
N = 13
USA

Arm 1: n = 9;
NR

Arm 1:
66.4 ± NR

Arm 1:
2.1 ± 0.3;
27.6 ± 11.6;
NR; NR

Exclusion:
“significant
cognitive
impairment”
(MoCA < 24
points)

Arm 1: MoCA
27.0 ± 2.2

Arm 1: Individualized
dance therapy; adapted to
individuals’ capacity

60 min
1×/week
10 weeks
600 min

• Global cognition
• Pre- and

post-intervention

Arm 2: n = 4;
NR

Arm 2:
75.5 ± NR

Arm 2:
2.5 ± 1.0;
40.8 ± 8.7;
NR; NR

Arm 2: MoCA
25.3 ± 1.5

Arm 2: Traditional talk
therapy support group

Picelli (2016)
[14]
RCT
Randomized:
N = 17
Analyzed:
N = 17
Italy

Arm 1: n = 9;
4 : 5

Arm 1:
71.2 ± 9.2

Arm 1: III;
NR; NR;
11.2 ± 5.6

Inclusion:
MMSE < 24
points

Arm 1
(Median,
IQR): MoCA
24.0
(18.5–27.0)

Arm 1: Treadmill training
(increase of speed
1.0 km/h up to 2.0 km/h in
each session)

45 min
3×/week
4 weeks
540 min

• Global cognition,
executive function,
working memory,
attention

• Pre- and
post-interventionArm 2: n = 8;

4 : 4
Arm 2:
71.6 ± 7.2

Arm 2: III;
NR; NR;
10.8 ± 4.1

Arm 2
(Median,
IQR): MoCA
23.0
(20.25–26.0)

Arm 2: Regular social
interactions according to
a lifestyle program

(Continued)
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Study
Study design
Participants
(N)
Country

Sample size
(n); Sex ratio
(F:M)

Age (years) H&Y;
UPDRS-
motor; LEDD;
duration of
disease (years)

Cognitive
eligibility
criteria

Cognitive
screening
results at
baseline

Intervention and control
group(s)

Frequency and
duration

Total
treatment
minutes

Cognitive outcome
domains;
measurement time
points

Silva-Batista
2018 [41]
RCT
Randomized:
N = 39
Analyzed:
N = 39
Brazil

Arm 1: n = 13;
3 : 10

Arm 1:
64.1 ± 9.1

Arm 1:
2.5 ± 0.5;
43.7 ± 13.4;
835.8 ± 287.0;
9.6 ± 3.9

Inclusion:
“not having
cognitive
impairment”
(MMSE < 23
points)

Arm 1: MoCA
21.8 ± 4.3

Arm 1: Resistance training;
training load progressed from
high-volume low-intensity to
low-volume high intensity
loads throughout the 12
weeks

50 min
2×/week
12 weeks
1,200 min

• Global cognition
• Pre- and

post-intervention

Arm 2: n = 13;
3 : 10

Arm 2:
64.2 ± 10.6

Arm 2:
2.5 ± 0.4;
45.1 ± 8.2;
875.9 ± 223.4;
10.5 ± 4.1

Arm 2: MoCA
20.8 ± 3.2

Arm 2: Resistance training
with instability; training
load progressed from
high-volume low-intensity to
low-volume high intensity
loads throughout the 12
weeks

Arm 3: n = 13;
4 : 9

Arm 3:
64.2 ± 8.3

Arm 3:
2.5 ± 0.4;
43.4 ± 8.6;
796.7 ± 151.3;
10.7 ± 6.1

Arm 3: MoCA
22.7 ± 5.7

Arm 3: Bingo &
PD-associated education

60 min
1×/week
12 weeks
720 min

CG, control group; F, female; FU, follow-up; H&Y, Hoehn and Yahr; HR, heart rate; IQR, interquartile range; LEDD, Levodopa equivalent daily dose; M, male; MCI, mild cognitive impairment;
MDRS, Mattis Dementia Rating Scale; MMSE, Mini-Mental Status Examination; MoCA, Montreal Cognitive Assessment; NR, not reported; PD, Parkinson’s disease; RCT, randomized controlled
trial; RPE, rating of perceived exertion; UPDRS, Unified Parkinson’s Disease Rating Scale.
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Fig. 4. Risk of bias summary.

ple with PD. The main findings are as follows. (i)
Few RCTs investigating physical exercise in people
with PD have included cognitive outcomes (specifi-
cally global cognition); consequently, only 10 studies
with passive CGs and seven with active CGs were
included in our systematic review. Of these, seven
and two studies, respectively, were included in the
meta-analysis. (ii) The studies had high heterogene-
ity regarding type of intervention, exercise intensity,
frequency and duration, and cognitive outcomes. (iii)
The MoCA was the most frequently used instru-
ment for assessing global cognition. (iv) Compared
with passive CG, physical exercise interventions had
a small non-significant effect on global cognition,
while the comparison with active CGs showed a
medium significant effect favoring physical exer-
cise that was clinically meaningful. (v) According
to GRADE guidance, physical exercise interventions
may have a positive impact on global cognition in
people with PD, but the evidence is very uncertain.

Cognitive outcomes are rarely considered in phys-
ical exercise intervention trials. In contrast, the
Cochrane review by Ernst et al. [21] included 71 stud-
ies with data on the severity of motor signs and 55
studies with quality-of-life outcomes in a network
meta-analysis. Here, an updated search including a
further year of research that was not covered by the
Cochrane review revealed only 17 studies for inclu-
sion in the systematic review and only nine for the
meta-analysis.

When comparing physical exercise interventions
with passive CGs, the meta-analysis showed a small

(but non-significant) effect on global cognition favor-
ing physical exercise. However, there was high
heterogeneity in the effects reported between stud-
ies. This might be linked to combining different
physical exercise approaches with different exercise
intensities as well as frequency and duration of the
intervention conduct in this meta-analysis. Further-
more, the total number of participants in all seven
trials was 184, suggesting that these studies were
underpowered. Therefore, it is likely that findings
from a future large-scale RCT could have a consider-
able impact on this result, suggesting that our results
should be interpreted with caution.

The analysis of the effect of physical exercise inter-
ventions compared with active CGs was based on
only two studies including a total of 52 people with
PD. While this again shows that these trials were
underpowered, it also highlights the striking effect
size in these very small trials (large in one and moder-
ate in the other). This suggests that future large-scale
trials have a high probability of finding convincing
effects.

We could only identify a significant effect on
cognition in the meta-analysis comparing physi-
cal exercise interventions with active CGs (but not
passive CGs). This might be again linked to the
high heterogeneity of physical exercise types, inten-
sities, as well as frequencies and durations. One
possible explanation might be that, for example,
vigorous intensity endurance training or physical
exercise approaches including specifically cogni-
tive tasks might have a greater impact on cognitive
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Table 2
Summary of findings comparing physical exercise interventions with passive and active control groups including assessment of the certainty

of evidence

Patient or population: people with PD
Interventions: physical exercise interventions including endurance training, balance/gait/functional training, resistance training, dance,

mind-body training, multimodal training approaches
Comparison: passive and active CGs
Outcomes: global cognition assessed with cognitive screening instruments (minimally clinically meaningful difference: 1.73 points for

the MoCA total score [43]∗)
Settings: not specified (i.e., outpatient and inpatient care; home-based)
Outcome Anticipated absolute Estimated

absolute
effects on
global
cognition
(SMD and
95% CI)

Number of
patients and
studies

Quality of the
evidence
(GRADE)

Comments
effects (95% CI)

Risk in the
CG∗∗

Risk in the
intervention
group∗∗∗

Global cognition,
short-term effects (<6
weeks post-intervention)
vs. passive CG assessed
with the cognitive
screening instruments
MoCA, MMSE, and
MDRS

m = 23.7 (5
studies)

MD = 0.57
(95% CI 0.36;
1.51)

SMD = 0.22
(95% CI 0.14;
0.58)

n = 184
7 RCTs Very lowa,b,c

Physical exercise
interventions
compared to passive
CGs may increase
global cognition in
people with PD, but
the evidence is very
uncertain.

Global cognition,
short-term effects (<6
weeks post-intervention)
vs. active CG assessed
with the cognitive
screening instrument
MoCA

m = 22.35 (2
studies)

MD = 1.87
(95% CI 0.31;
3.46)

SMD = 0.72
(95% CI 0.12;
1.33)

n = 52
2 RCTs Very lowa,c

Physical exercise
interventions
compared to active
CGs may increase
global cognition in
people with PD, but
the evidence is very
uncertain.

CG: Control group; CI: Confidence interval; MD: Mean differences; MDRS: Mattis Dementia Rating Scale; MMSE: Mini-Mental State
Examination; MoCA: Montreal Cognitive Assessment; PD: Parkinson’s disease; RCT: Randomized controlled trials; SMD: Standardized
mean differences. ∗A difference of 1.73 points or larger in the MoCA total score is indicative for a clinically meaningful difference [43].
MoCA scores range between 0 and 30 points with higher scores indicating better global cognition. ∗∗Weighted mean (post-intervention) of
the studies that measured global cognition with the MoCA. ∗∗∗Scores were rescaled from SMDs to MD of the MoCA total score using a SD
of 2.6 (pooled from the MoCA total score baseline SDs used in by Krishnan et al. [43]). Reasons for downgrading the quality of evidence
(GRADE): aDowngraded by one level for risk of bias as the majority of studies was judged to be at high risk of bias (cf. Fig. 4). bDowngraded
by one level for inconsistency as heterogeneity was present (cf. Fig. 2). cDowngraded by two levels for imprecision as sample sizes were
small (ranging from 13 to 46 people with PD per study).

outcomes than low or moderate intensity exercise
approaches.

There is a large body of evidence demonstrating
that physical exercise intervention can improve cog-
nition in other target groups. For example, a recent
systematic review and meta-analysis including 71 tri-
als with 5,606 participants who were either healthy
older individuals or people with MCI or dementia
showed that all types of exercise helped people to
increase or maintain global cognition [44]. It was
found that resistance exercise was likely to be the
most effective intervention in slowing the decrease
in global cognition, memory, and executive func-
tion in people with cognitive dysfunction. Another
systematic review and meta-analysis of 21 physical
exercise studies in people with multiple sclerosis also

reported positive effects on cognitive outcomes for
this type of intervention [45]. The authors found a
small but significant effect on overall cognition and
memory. More generally, evidence both from animal
and human studies demonstrates the broad effects of
exercise on brain plasticity, brain health, and cog-
nition in PD [46, 47]. Taken together, the evidence
underlines the potential of physical exercise to target
not only motor symptoms in PD [21] but also non-
motor symptoms like cognition. Further research is
needed.

Strengths and limitations

This is one of the first systematic reviews and
meta-analyses to examine the effects of physical exer-
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cise intervention on cognition in people with PD. A
strength of our study is the differentiation between
passive and active comparators in the meta-analysis.
A further strength is the high methodological qual-
ity following Cochrane standards and the GRADE
approach. Furthermore, a broad literature search was
conducted using nine scientific databases. Also, a
detailed summary of cognitive outcomes in physical
exercise intervention trials was performed (see Sup-
plementary Table 2), which could serve as a database
for decision-making processes regarding the choice
of cognitive domains and test instruments in future
studies.

Several limitations should be considered when
interpreting the results of this study. One factor is the
small number of studies of physical exercise interven-
tions that included cognitive outcomes. These studies
had small sample sizes and high heterogeneity in
terms of physical exercise type, duration and fre-
quency, and cognitive outcomes. Also, due to the
small number of studies no conclusions can be drawn
on any differential effects between the various physi-
cal exercise types (e.g., gait/balance vs. endurance vs.
resistance training) and exercise intensities. Besides,
there is still lack of evidence of exercise types that
may have the potential to strengthen cognition (e.g.,
Tai chi [48]). Once sufficient evidence is available
for the effects on cognition of different types of
physical exercise for people with PD, network-meta-
analyses will be able to inform about the superiority
of specific intervention approaches. Since the study
participants had mild-to-moderate PD, no conclu-
sions can be drawn for people with advanced PD. The
same holds for the cognitive state of the participants;
conclusions for people with advanced cognitive dys-
functions are not possible. Additionally, most studies
lacked a thorough characterization of the cognitive
state, i.e., patients were not grouped according to
PD-MCI, PDD, or no cognitive dysfunction follow-
ing established diagnostic criteria [49, 50] and some
studies had no cognitive eligibility criteria at all. Fur-
ther, since the Cochrane Handbook for Systematic
Reviews of Interventions [25] recommends the gen-
eration of forest plots for meta-analyses including
≥10 studies, our funnel plot of nine studies should
be interpreted with caution.

Conclusion

Physical exercise interventions may increase
global cognition in people with PD, but the evidence
is very uncertain. Given the importance of cogni-

tive dysfunction and dementia in people with PD
and the considerable potential of physical exercise
interventions to improve cognition, large-scale RCTs
that include global cognition and other cognitive out-
comes are needed. Future trials, meta-analyses, and
network-meta-analyses should differentiate between
types of physical exercise interventions, and analyze
the best training regimes to improve cognition in peo-
ple with PD.
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Scarfone I, Berg D, Dams J, Balzer-Geldsetzer M, Hilker
R, Oberschmidt C, Witt K, Schmidt N, Mollenhauer B,
Trenkwalder C, Spottke A, Roeske S, Wittchen HU, Riedel
O, Dodel R (2016) Subtypes of mild cognitive impairment
in patients with Parkinson’s disease: Evidence from the
LANDSCAPE study. J Neurol Neurosurg Psychiatry 87,
1099-1105.

[7] Aarsland D, Batzu L, Halliday GM, Geurtsen GJ, Ballard C,
Ray Chaudhuri K, Weintraub D (2021) Parkinson disease-
associated cognitive impairment. Nat Rev Dis Primers 7,
47.

[8] Sun C, Armstrong M (2021) Treatment of Parkinson’s dis-
ease with cognitive impairment: Current approaches and
future directions. Behav Sci (Basel) 11, 54.

[9] Bogosian A, Rixon L, Hurt CS (2020) Prioritising target
non-pharmacological interventions for research in Parkin-
son’s disease: Achieving consensus from key stakeholders.
Res Involv Engagem 6, 35.
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