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Background: Cognitive impairment is common in Parkinson’s disease (PD) but has limited treatment options. Medication has
shown some benefts but accompanied by risk of adverse events. We aimed to investigate efectiveness and feasibility of
nonpharmacological interventions for people with PD and cognitive impairment on patient-centred outcomes.
Methods: Systematic searches of fve databases (MEDLINE, Embase, CINAHL, PsycINFO and Web of Science) were performed
for studies evaluating nonpharmacological interventions for people with PD and cognitive impairment, reporting health-related
quality of life, function (activities of daily living) or wellbeing outcomes, published up to 15 May 2023. Two reviewers in-
dependently assessed full-text articles and one reviewer extracted data, with a second reviewer reliability checking all data
extraction. Randomised controlled trials (RCTs) were synthesised through meta-analysis using a random-efects meta-analysis
with restricted maximum likelihood method pooled estimate and observational studies through narrative synthesis.
Results: Eleven RCTs and three noncontrolled studies were included, studying a range of interventions: cognitive training,
cognitive stimulation, cognitive rehabilitation, physical and cognitive exercise, goal management training, psychoeducation with
mindfulness, broader rehabilitation programs and a psychological intervention. Feasibility was demonstrated. Te majority
showed efectiveness for their primary outcome. Meta-analysis showed no signifcant improvement in HrQoL (seven RCTs:
pooled efect, standardised mean diference, −0.20 [−0.57−0.18]) or function (four RCTs: 0.08 [−0.36, 0.52]), and wellbeing
measurement was infrequent and indirect. Quality of evidence was judged as very low, limiting the conclusions drawn.
Conclusion: Whilst nonpharmacological trials for cognitive impairment in PD have shown promise, we found no evidence of
efectiveness on HrQoL, function or wellbeing. However, this is based on very low-quality evidence from a small number of
diverse studies, not powered for these outcomes. Feasibility of a range of interventions has been demonstrated in both PD-mild
cognitive impairment and PD-dementia. Tere is a need for more robust, adequately powered studies.

1. Introduction

Parkinson’s disease (PD) is a multifaceted neurodegenera-
tive condition, traditionally seen as a motor disorder, but
with increasing recognition of nonmotor features such as

depression, cognitive impairment, gastrointestinal symp-
toms and sleep disturbance [1]. Cognitive symptoms in PD
exist across a spectrum of severity [2]: subjective cognitive
decline to mild cognitive impairment (PD-MCI) to de-
mentia (PDD) with diagnostic criteria set out by the
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Movement Disorders Society (MDS) [3, 4]. Research in
PD-MCI and PDD is limited, particularly regarding
management [5].

Severity of nonmotor symptoms and impairment of
activities of daily living (ADLs) have been shown to be
independently associated with worse health-related quality
of life (HrQoL) in people with PD [6]. Tere is evidence that
cognitive impairment contributes to poor HrQoL in PD
[7–9]. Te presence of dementia signifcantly decreases
HrQoL, and overall functional impairment progresses with
cognitive decline [8]. Education may be protective, poten-
tially due to increased cognitive reserve, and the impact on
HrQoL lessens with time, potentially mediated by adjust-
ment and coping [10].

Most medical treatments (pharmacological or surgical)
for PD target motor disturbances [11], leaving nonmotor
aspects to continue to cause deterioration in daily life. Tis
highlights the importance of complementary approaches to
improve HrQoL. Regarding management, cholinesterase
inhibitors and memantine improve cognition, global func-
tion, ADLs and neuropsychiatric symptoms, but with an
increased rate of adverse events, compared to placebo, so are
recommended for use in PDD [12], although the role of
medication in PD-MCI is less clear. Cognitive impairment is
seen as an unfavourable factor in selection for PD surgical
treatments, such as deep brain stimulation for a variety of
reasons, mostly related to increased risk [13]. However,
nonmedical management options are not well established.

Cognitive interventions include cognitive training,
cognitive stimulation and cognitive rehabilitation. Cognitive
training is the guided practice of tasks targeting particular
cognitive domains, aiming to improve those cognitive
functions [14]. Cognitive stimulation is engagement in
a range of activities and discussions (usually in a group)
aimed at the general enhancement of cognitive and social
functioning [15]. Cognitive rehabilitation is a personalised,
goal-directed problem-solving approach, aimed at im-
proving functioning in everyday life, utilising enhanced
learning methods and compensatory strategies [16]. Tese
interventions have been explored in dementia more broadly
[14–16], with some positive fndings, but poor quality evi-
dence frequently noted. Tere is also a dearth of evidence
regarding the efect of these interventions in MCI [17–19].
Tere is a suggestion that physical activity and cognitive
exercise may improve some cognitive functions for people
with MCI, but more research is needed [20].

In PD, there is a paucity of studies evaluating nonmedical
interventions for those with cognitive impairment [21]. A
systematic review of nonpharmacological therapies for the
enhancement of cognitive function in PD identifed studies of
cognitive training; exercise and physical therapies; combined
cognitive and physical interventions; and brain stimulation
techniques [22]. Improvements were seen for a range of
cognitive domains in most studies, some compared to con-
trols and some of pre–post design, but most participants were
not cognitively impaired, and none had dementia. Quality of
studies was generally low, and publication bias was suspected.
Amore recent review of cognitive training for people with PD
and dementia or MCI found no good evidence that this

intervention is helpful, but studies were considered small and
fawed [23]. Research has focussed on improvements in
cognitive performance on neuropsychological tests, but the
ultimate aim of these interventions is a meaningful beneft for
patients in their daily lives. Whether nonpharmacological
interventions can improve patient-centred outcomes, in-
cluding HrQoL, wellbeing and day-to-day function in this
population has not been established.

Te primary aim of this review was to establish the
efectiveness of nonpharmacological interventions in people
with PD and cognitive impairment from a patient-centred
perspective: focussing on HrQoL, wellbeing and function
(ADLs) outcomes. Te secondary aim was to investigate
feasibility of interventional studies in this population.

2. Materials and Methods

2.1. Source of Data and Search Strategy. Te Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines [24] were followed. Te review pro-
tocol was registered on PROSPERO: CRD42023213998.

Online database searches were conducted in MEDLINE,
Embase, CINAHL, PsycINFO and Web of Science from
inception to 26 April 2020 and an updated search was
conducted 15 May 2023, with forwards and backwards ci-
tation searching. Searches were not restricted by language or
date of publication.

Te search strategy involved a combination Parkinson’s
terms; AND Cognitive impairment terms; AND support
intervention terms; AND quality of life, wellbeing and
function outcome terms. Te full search strategy is available
in the supplementary materials.

2.2. Inclusion and Exclusion Criteria. Peer-reviewed original
quantitative research studies were eligible. Expert opinions,
letter to the editor, case reports and case series, reviews,
editorials, conference abstracts without full report and ex-
clusively qualitative studies were excluded. Table 1 shows the
full inclusion and exclusion criteria. We included studies
where caregivers participated, but addressed patient out-
comes. Articles were excluded if the full text was not
available in the English language.

2.3. Study Selection. Title and abstracts were screened for
inclusion by one reviewer (NT or JP), with a 10% sample
screened independently by the other for reliability. Full texts
were reviewed independently by both reviewers (NTand JP).
Any discrepancies were discussed and resolved with a third
reviewer (MA or AS).

2.4. Data Extraction. JP extracted data and conducted the
quality assessment; all checked for accuracy by other authors
(MA and NT). Data were extracted into a standardised form,
including lead author, publication date, country; population;
study design; intervention type; sample size, participant age,
PD stage and cognition; primary outcomes; and results for
measures of interest for this review.
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2.5. Data Synthesis. Meta-analysis was conducted for the
randomised controlled trials (RCTs) that had sufcient
homogeneity (similar aims, interventions and outcomes).
Data were synthesised for the immediate postintervention
outcome and if there was 3–6months postintervention
outcome. We estimated the standardised mean diference
(Hedges’ g) and standard error from each study, then used
random-efects meta-analysis with restricted maximum
likelihood (REML) to estimate the pooled estimate. Authors
of the primary studies were contacted for any missing data.
Heterogeneity was quantifed using the I2 statistic and was
investigated through post hoc subgroup analyses. Statistical
analyses were conducted using Stata 17.0 [25]. A narrative
synthesis approach was taken for those not included in the
meta-analysis.

2.6. Quality. Te GRADE method [26] was applied for
reporting quality of evidence for each outcome. Potential
bias within RCTs was assessed using the Cochrane Risk of
Bias 2 (RoB2) tool [27]. Nonrandomised studies of in-
terventions (NRSIs) were assessed using the ROBIN-I
tool [28].

 . Results

3.1. Study Selection. As shown in Figure 1, the online da-
tabase search yielded 6450 articles in 2020 and 2823 in 2023.
A total of 14 studies were included following screening.

3.2. Study Characteristics. Eleven RCTs (two using a cross-
over design) and three noncontrolled studies were included.
Five hundred and eighty participants with PD and cognitive
impairment (or with > 70% of the study sample having
cognitive impairment), plus 25 participants with DLB, are
included across the RCTs, with a further 78 participants with
PD and cognitive impairment in the non-RCTs. Most studies
were small or had small subgroups with cognitive impair-
ment. Cognitive function of participants varied between
studies due to the diferent inclusion criteria (Table 2) and

refected in the objective cognitive assessments where re-
ported (see Supporting Information (available here)). Te
MDS diagnostic criteria were frequently applied, with others
using cognitive symptoms or assessments to distinguish
those with cognitive impairment.

Te selection of outcome measures and control arms
varied greatly. No studies used our outcomes of interest as
their primary outcome and were therefore not powered for
these outcomes. Te results of the primary outcomes and
outcomes of interest for the RCTs are presented in Table 2.

3.3. Interventions. Various interventions were evaluated:
cognitive training (four studies; one of which included it
with and without transcranial direct current stimulation
(tDCS), one combined it with physical rehabilitation);
cognitive stimulation (two studies); cognitive rehabilitation
(three studies; one combined it with strategy training; one
was multimodal combining cognitive training, psychomotor
training and transfer training); combined cognitive and
physical exercise (one study); goal management training and
psychoeducation with mindfulness (one study with two
intervention arms); broader rehabilitation programs (two
studies); and a psychological intervention (one study). Te
interventions are described in Table 3, detailing the com-
ponents using the TIDieR checklist [45].

Where specifed, sessions ranged from 30min to 2 h in
duration (mean 63min) at a frequency between once
a week to 10 times a week. Te mean total number of
sessions was 16, but ranged from 5 to 39, with some also
involving ‘homework’ tasks in addition. Total ‘dose’ ranged
from 375 to 2700min (where ranges were given the
midpoint has been used), with a mean of 955min. In-
tervention duration ranged from 4 to 14 weeks, with one
further adding a continuation at home phase [39]. Delivery
of interventions also varied: Five were computer-based
(including one virtual reality device), four were group-
based, four were in-person individual therapist-delivered,
and one was delivered by care partners at home. Many of
the interventions had been tailored or adapted to PD,
though others did not specify this.

Table 1: Inclusion and exclusion criteria.

Inclusion Exclusion

Population

Adults with idiopathic PD and cognitive impairment (of any
severity), with or without their carers

PD data not distinguishable from other conditions.
Atypical or symptomatic parkinsonism.

Where studies included broader samples of Lewy body
dementias (including DLB as well as PDD) or a spectrum of
cognitive function (inclusive of PD with normal cognition),
we required >70% of the sample to be those with PD and

cognitive impairment

Intervention Support or therapeutic interventions

Pharmacological interventions; invasive medical or surgical
interventions (e.g., deep brain stimulation, transcranial

stimulation)
No intervention described

Comparator Any Nil

Outcome Measures of QoL/HrQoL, function/ADLs and/or wellbeing Absence of QoL/HrQoL, function/ADLs and/or
wellbeing outcome measures
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3.4. Comparators. Diferent comparators were included in
the RCTs: Nine used active controls (physical activity or
rehabilitation; one including psychoeducation; relaxation
therapy; cognitive training) and four used treatments as
usual (two multiarm trials used both). Two noncontrolled
studies used a pre–post design and one trial compared
participant groups (PD with cognitive impairment and PD
with normal cognition), and therefore, only pre–post
fndings for the cognitively impaired sample are included as
relevant to this review.

3.5. Quality Assessment. According to the RoB-2 tool, two
RCTs were deemed to have low risk, three had some con-
cerns, and six were assessed as high risk of bias.Te source of
bias was frequently attributable to blinding of participants,
personnel and outcome assessors, especially since these
outcome measures are predominantly participant-reported.
Concerns of potential bias arising from randomisation
procedures or potential carryover in crossover trials were
raised for fve RCTs. Heterogeneity was moderate to

substantial, and precision of efect estimates was generally
low. Publication bias was suspected based on asymmetry of
the funnel plots, though unfortunately, full data were not
available for all studies. See Supporting Information for
details of the risk of bias assessment and GRADE evaluation
of evidence.

3.6. Efectiveness of Interventions. Te evidence is sum-
marised using the GRADE approach in Table 4 and indi-
vidual RCT fndings in Table 2.

Although none of the studies used our outcomes of
interest as their primary outcome, the majority (10 out of 11)
showed efectiveness or feasibility according to their aim.
Tree of the four RCTs investigating cognitive training
interventions evaluated cognition as the primary outcome,
all being efective [29, 32, 33], and the other did not specify
a primary outcome but also showed improvements in
cognition [31]. Te two RCTs investigating cognitive
stimulation, both including participants with PDD, were
pilot studies primarily evaluating feasibility and were found

Records identified from:
Medline (2020 n = 1297; 2023 n = 489)
Embase (2020 n = 3160; 2023 n = 1520)
CINAHL (2020 n = 460; 2023 n = 37)
Web of Science (2020 n = 1010; 2023 n = 556)
PsychINFO (2020 n = 523; 2023 n = 221)
Total 2020 (n = 6450)
Total 2023 (n = 2823)

Records removed before screening:
Duplicate records removed

2020 (n = 1608)
2023 (n = 917)

Records removed for other reasons
(n = 0)

Records screened 2020
(n = 4842)
Records screened 2023
(n = 1906)

Records excluded 2020
(n = 4785)
Records excluded 2023
(n = 1869)

Reports sought for retrieval
(n = 97)

Reports not retrieved
(n = 4)

Reports assessed for eligibility (n = 93)
+ one further through citation screening 

Reports excluded (n = 79)
Nature of article (n = 8)
Case report or case series,
commentary, protocol
Not PD/no distinguishable PD group
/< 70% PD within a mixed Lewy body
dementias sample (n = 9)
Not cognitively impaired/< 70%
cognitively impaired/
indistinguishable cognition (n = 51)
No intervention (n = 3)
No QoL, wellbeing or functional
outcome measures (n = 4)
Additional duplicate (n = 2)

Studies included in review
(n = 14)
Reports of included studies
(n = 15)

Identification of studies via databases and registers
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Figure 1: Prisma fowchart for search results. Abbreviations: PD, Parkinson’s disease; QoL, quality of life.
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to be feasible, though neither showed signifcant efects on
cognition [34–36]. Cognitive rehabilitation and multimodal
interventions combining physical and cognitive components
used more varied primary outcome measures: goal attain-
ment and satisfaction [37], cognition [39], balance [40] and
social participation [38]. Te frst three of these were ef-
fective on their selected outcome compared to controls; the
last of these was not signifcant, though was compared to an
active control (cognitive training).Temultimodal cognitive
rehabilitation intervention showed the superiority of the
three-component intervention (cognitive training, transfer
training and psychomotor training) over both control
groups, and superiority of the cognitive training plus
transfer training control group compared to a cognitive
training only control group, as well as pre–post improve-
ments for the cognitive training only control group, sug-
gesting a beneft from all three components [39]. One RCT
compared two active interventions, goal management
training and psychoeducation with mindfulness, showing
signifcant pre–post improvement in executive function for
both but no signifcant diference between them.

3.6.1. HrQoL. All 11 RCTs measured HrQoL, with four
reporting a signifcant improvement. One RCT found
a signifcant efect of cognitive training on HrQoL compared
to controls (6-arm study) [33]. One RCT found a signifcant
efect of cognitive rehabilitation on QoL and HrQoL
compared to active and inactive controls [37]. One RCT
found signifcant efect of a multimodal (cognitive, transfer
and psychomotor training) intervention on six of eight

domains of HrQoL (mobility, ADLs, emotional perception,
stigma, social support and cognition), compared to the
active control arms [39]. Another RCT showed signifcantly
improved HrQoL following psychoeducation with mind-
fulness compared to goal management training (no control
arm) [41]. Te other RCTs did not report signifcant efects
of cognitive training [29–32], cognitive rehabilitation [38],
cognitive stimulation [34, 35] and combined physical and
cognitive exercise [40] on HrQoL compared to controls. Te
other two showed signifcant pre–post improvements: one
for improved coping following computer-assisted virtual
reality rehabilitation [43] and the second showed improved
disability following a self-directed internet-based psycho-
logical course for chronic neurological conditions (PD
subgroup) [44].

Meta-analyses were conducted on seven RCTs to eval-
uate the efect of the intervention on HrQoL immediately
postintervention. As shown in the forest plot (Figure 2),
there was no evidence of efectiveness postintervention with
regard to HrQoL, with pooled efects and Hedges’ g [95%
confdence interval] of −0.20 [−0.57–0.18] (negative in-
dicates improvement). Follow-up times varied, but fve RCTs
were included in the meta-analysis of medium-term follow-
up (3–6months postintervention), which similarly did not
show a signifcant pooled efect: −0.25 [−0.73, 0.23] (forest
plot provided in Supporting Information).

3.6.2. Function. Seven RCTs measured function with one,
evaluating cognitive training, reporting signifcant im-
provement, compared to controls (6-arm study) [33]. For

Table 4: GRADE summary of evidence table.

Nonpharmacological interventions for people with Parkinson’s and cognitive impairment
Population: People with idiopathic Parkinson’s disease and cognitive impairment
Setting: Any
Intervention: Nonpharmacological interventions (only cognitive interventions represented by meta-analysis)
Comparison: Control arm (varied comparators: Usual care; physical activity/rehabilitation; cognitive training)
Outcomes
Immediately postintervention
(up to 2 weeks post end of
intervention)

Comparative risks:
Standardised mean
diference (95%Cis)

No. of
participants
(studies)

Quality of the
evidence
(Grade)

Comments

Health-related quality of life
PDQ-39, PDQ-8, Qualidem −0.20 [−0.57, 0.18] 235 (7∗) ⊕⃝⃝⃝

Very lowa,b,c,d

Negative values indicate improved
health-related quality of life (signs
reversed for Qualidem to match

direction of efect).
Function/Activities of daily Living
Bayer ADLs, BAFQ, UPDRS Part
II, pill questionnaire

0.14 [−0.23, 0.51] 200 (5∗) ⊕⃝⃝⃝
Very lowa,b,c,d

Positive values indicate worsened
function.

Wellbeing
Relatives stress scale, brief
resilience scale, generalised
efcacy scale

See comment 105 (2) ⊕⃝⃝⃝
Very low

Outcomes address diferent aspects
of wellbeing rather than a unifed
construct and so not considered

suitable for meta-analysis.
∗One study is divided into two independent intervention arms, with the control group halved for inclusion in the meta-analysis.
aDowngraded by one point due to the risk of bias of included studies: risk about randomisation in two trials, risk from crossover (carryover) in one, risk about
outcome measurement due to lack of blinding (expected due to nature of interventions) in 5 of the 7 trials included in HrQoL analysis, and 2 of the 4 for
function analysis.
bDowngraded by one point due to inconsistency: moderate heterogeneity. Some can be accounted for by subgroup analysis by intervention type, comparator
type and cognitive diagnosis of participants.
cDowngraded by one point due to imprecision: confdence intervals cross two possible interpretations (beneft and harm).
dDowngraded by one point due to detection of publication bias on funnel plot where possible and extrapolated when too few studies for funnel plot.
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the noncontrolled studies, two measured functions: One
showed improved disability following a self-directed
internet-based psychological course for chronic neurologi-
cal conditions (PD subgroup) [44].

Meta-analyses were conducted on fve RCTs to evaluate
the efect of the intervention on function immediately
postintervention (Figure 3), showing no signifcant pooled
efect: Hedges’ g 0.14 [−0.23, 0.51] (positive indicates
worsening). Meta-analyses of four RCTs evaluating a 3- to 6-
month follow-up were similarly nonsignifcant: Hedges’ g

−0.16 [−0.51, 0.18] (forest plot provided in supporting
information).

3.6.3. Wellbeing. No RCTs measured wellbeing, though
some measured related constructs (Table 2). For the non-
controlled studies, one showed signifcant pre–post im-
provements for improved coping following computer-
assisted virtual reality rehabilitation [43].

3.7. Heterogeneity of the RCTs. Tere may be moderate
heterogeneity: I2 � 48% and 36% for HrQoL and function,
respectively, for immediately postintervention measure-
ments, and 52% and 0% for follow-up. To investigate
heterogeneity, subgroup analyses were performed (forest
plots provided in the supporting information). Tis
showed diferences by intervention type (cognitive
training, cognitive rehabilitation and cognitive stimula-
tion) and comparator type (active vs. inactive controls),
but group diferences were not statistically signifcant.
Results were more consistent (showing no efect) for
HrQoL outcomes for studies including participants with
MCI, but those including participants with dementia had
mixed results (though note these also include diferent
interventions).

3.8. Feasibilityof InterventionStudies. Recruitment appeared
nonproblematic for PD-MCI, but somewhat more chal-
lenging for PDD. Recruitment rates (calculated as partici-
pants assessed at baseline/potential participants
invited—participants not meeting inclusion criteria) ranged
from 39% to 75% for those including PDD [34–37], with one
not recruiting the planned sample size [37], but 67%–100%
for PD-MCI (reported in 5 studies [29, 32, 33, 38, 41]).
Retention was generally good across the studies (> 70% for
all), with the lowest being in a study inclusive of participants
with dementia (26% attrition) [35]; retention in all others
was > 80%. Where reported, concordance (see Table 3) and
acceptability of interventions in this population were good.
Insufcient concordance with the intervention such that the
recommended dose was not achieved was reported for the
intervention delivered at home by caregivers, to a mixed
sample of PD-MCI, PDD and DLB [35].

4. Discussion

Tis systematic review identifed 11 RCTs of non-
pharmacological interventions for people with cognitive
impairment in PD. Te paucity of studies including par-
ticipants with PDD (only three) is notable, especially given
the relative wealth of evidence in dementia more broadly
(nonspecifed type or Alzheimer’s disease) [14–16, 18].

Overall, whilst the majority showed efectiveness on the
selected primary outcome, often a cognitive measure, there
was no signifcant efect of cognitive interventions on
HrQoL or function detected postintervention (seven and
four RCTs, respectively), nor at 3- to 6-month follow-up
(fve and four RCTs, respectively). Wellbeing was only in-
directly reported in two RCTs, preventing conclusions re-
garding the efects of nonpharmacological interventions on
participant wellbeing.
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Hindle (2018)
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Overall
Heterogeneity: τ2 = 0.13, I2 = 48.21%, H2 = 1.93

Test of θi = θj: Q (7) = 12.92, p = 0.07
Test of θ = 0: z = –1.02, p = 0.31 
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Figure 2: Forest plot for HrQoL immediately postintervention.
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Te included studies were generally small, of low quality
and highly diverse in terms of intervention type, dose and
delivery as well as studies using varied samples, timepoints
and comparators. Diferent targets were used, some focus-
sing on improving cognitive function, others targeting the
impact of cognitive impairment. Some interventions were
multimodal, whereas others used cognitive training alone.
Meta-analyses therefore need to be treated with caution.
Since HrQoL, function and wellbeing outcomes were not the
primary outcomes, none of the studies appear to have been
powered to detect change in these measures. Larger trials are
needed, powered to detect change in these patient-centred
measures.

Our subgroup analyses, conducted to investigate het-
erogeneity rather than being a priori planned analyses, did
not show statistically signifcant diferences according to
intervention type, control (active or inactive) or sample
(PD-MCI and PDD combined, or PD-MCI alone). How-
ever, heterogeneity was lessened, suggesting that these
factors play a role. With regard to intervention type, the
cognitive training group in particular showed reduced
heterogeneity when separated from other intervention
types and fndings were consistent with a systematic review
and meta-analysis of cognitive training in PDD and PD-
MCI, which found no good evidence of benefcial efects,
reporting on cognitive and function outcome measures
[23]. Tey similarly concluded that studies were small and
fawed. Cognitive training is designed to target cognitive
function specifcally (in some cases domain-specifc).
Whilst cognitive impairment is associated with disability
and reduced HrQoL in PD [8], the relationship between
cognitive improvement and function and HrQoL is less
clear. Other cognitive interventions, such as cognitive
stimulation and cognitive rehabilitation, take a broader
approach with more person-centred targets. Tese were
evaluated by fewer studies with more heterogeneous results
and have similarly not provided clear evidence of benefcial
efects, but there appears a greater tendency towards beneft

in the HrQoL outcomes. Tis is interesting considering
fndings from the dementia feld more broadly (across
dementia subtypes, but dominated by Alzheimer’s disease),
in which cognitive training has been seen to have benefcial
efects on cognitive performance, but with insufcient
evidence for the efect on disease severity or function [14].
However, there is evidence for cognitive stimulation for
improving both cognitive performance and QoL. Tere is
also evidence for the efectiveness of cognitive re-
habilitation in terms of goal attainment, self-efcacy and
some cognitive domains, but insufcient evidence re-
garding QoL and functional outcomes, though the evidence
base is much smaller for cognitive rehabilitation [16].

Other interventions that could not be included in the
meta-analysis included psychological interventions, goal
management training (overlapping with cognitive re-
habilitation) and combined physical and cognitive exercise.
Tere was a suggestion of beneft for psychological in-
terventions: psychoeducation with mindfulness being su-
perior to goal management training [41] and pre–post
improvement following a course integrating cognitive
behavioural therapy with compensatory cognitive re-
habilitation therapy [44]. In PD more broadly (not cognitive
impairment), physical exercise has been shown to have
benefcial efects not only onmotor function but also onQoL
[46]. A systematic review of group-based arts therapies,
including dance, singing, music and theatre, found efec-
tiveness on patient-centred outcomes including QoL and
function, suggesting a more holistic approach may be
benefcial [47]. Social aspects were incorporated in many of
the included studies though less explicitly: through psy-
chosocial or social cognition as targets, or through group
delivery. It seems likely that interventions combining
physical, cognitive, psychological and social components
would be more likely to improve QoL, which is a multidi-
mensional concept, though of course cost may become
a barrier with greater intensity and complexity of
intervention.
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Figure 3: Forest plot for function immediately postintervention.
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Studies varied in terms of timing of assessments and
interventions varied in duration. Most interventions were
relatively short (all 4–14weeks; one added a continuation at
home phase [39]) which may limit their efectiveness. In-
terventions rely on brain plasticity [48], and plastic changes
are experience-dependent [49, 50] and relate to the activities
being carried out and the state of brain health.Tese changes
will therefore take time to be established (especially in the
context of cognitive impairment in PD), so short-duration
interventions are less likely to achieve or sustain the re-
quirement changes. It is interesting to note that pilot studies
of active theatre therapy in PD (not cognitive impairment
specifcally) had a long duration of intervention (1.5 years
and 3 years) and were seen to be efective on patient-centred
outcomes [51, 52].

Variation was seen in relation to the nature of the
comparator used by the studies. Some RCTs lacked clear
control arms, limiting comparisons between studies.
However, as noted above, active control arms do ofer the
potential for blinding of participants, if they do not know
which intervention is the one under primary investigation.
We suggest that active dose-equivalent control arms that do
not contain components suspected to mediate efect for the
intervention of interest are most valuable in evaluating ef-
fect, and inactive controls allow greater potential for com-
parison and pooling of data between studies—for example,
Hindle et al. used a relaxation therapy control arm in ad-
dition to a usual care control arm [37].

Despite the limited evidence of efectiveness, these
studies are useful in illustrating feasibility of studying the
efect of nonpharmacological interventions in patients with
PD and cognitive impairment. Studies involving participants
with PD-MCI showed high recruitment and retention as well
as high concordance with the interventions. Studies
appeared more challenging when including participants
with PDD and DLB, with lower recruitment and retention
rates; however, only one did not recruit the intended sample
size [37], and only one reported not meeting the recom-
mended ‘dose’ [35]. Tese were however pilot studies. Of
note, the latter was an intervention delivered by care
partners in their own homes with telephone support, rather
than being delivered by professionals, which may perhaps
have contributed to the low concordance. Tough it is only
one study with many factors difering from the others, this
raises the question of whether professional delivery may
confer greater concordance, which has associated cost im-
plications. Caregiver-delivered cognitive stimulation has
been shown to be both deliverable and efective compared to
usual care in dementia (not PDD-specifc) [53], but we are
not aware of any evidence comparing efectiveness between
delivery methods.

4.1. Strengths and Limitations. Te reproducible and robust
methodology, following PRISMA guidelines, involving
multiple databases and extensive search terms, and two
independent reviewers are strengths of this review. Te
broad research question allows for expansive oversight of
patient-important outcomes with a comprehensive overview

of interventions, but the downside is the resulting hetero-
geneity of studies and interventions, limiting quantitative
synthesis. Funnel plots for RCTs raise concern regarding
publication bias, with possible overrepresentation of small
positive studies. Overall, the quality of the evidence is poor,
limiting interpretation of fndings.

4.2. Implications. Further large high-quality RCTs are
needed to evaluate the efectiveness of nonpharmacological
interventions for people with PD and cognitive impairment,
which appear to be feasible in this population. Areas for
specifc consideration in future trials should be the in-
volvement of an active control arm to facilitate participant
blinding. Concordance in intervention delivered via remote
methods warrants further investigation. Regarding patient-
centred outcomes, we recommend that cognitive stimula-
tion, cognitive rehabilitation and multimodal interventions
be further investigated. It would also be helpful to investigate
interventions of longer duration and dose responses to
elucidate the active components of complex interventions, as
well as to inform the optimal dose for subsequent cost-
efectiveness evaluation.

5. Conclusions

Tis review found no evidence that cognitive in-
terventions (training, stimulation or rehabilitation) lead
to improved HrQoL, function or wellbeing for people with
PD and cognitive impairment. However, this conclusion
is based on very low-quality evidence from a small
number of highly diverse studies. Insufcient evidence
was available for other nonpharmacological interventions.
However, a range of interventions have been demon-
strated to be feasible for both participants with PD-MCI
and PDD. Tere is a need for more robust, adequately
powered studies before conclusions can be drawn about
the efectiveness of nonpharmacological interventions for
this population.
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