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Abstract

Background: Cognitive impairment is common in Parkinson’s disease (PD) and has a 

substantial impact on quality of life. Despite numerous trials targeting various PD features, we 

still lack effective treatments for cognition beyond cholinesterase inhibitors.

Objective: To identify the gaps in recent clinical trials with cognitive outcomes in PD and 

consider areas for improvement.

Methods: We examined recent clinical trials with cognitive outcomes in PD registered on 

ClinicalTrials.gov, excluding trials without cognitive outcomes, non-interventional studies, and 

in atypical Parkinsonian disorders. Included trials were categorized by treatment approach 

(investigational medicinal product, behavioral, physical activity, device-based). Details of trial 

design and outcomes were collected.

Results: 178 trials at different stages of trial completion were considered. 46 trials were 

completed, 25 had available results. Mean follow-up duration was 29.9 weeks. Most common 

cognitive measure was Montreal Cognitive Assessment. Most were performed in North America 

or Europe. Majority of the participants identified as non-Hispanic and White. Only eight trials 

showed improvement in cognition, none showed improvement beyond four months. These 

included trials of international medicinal products, cognitive and physical interventions and 

devices. GRADE certainty levels ranged from Moderate to Very Low. Only mevidalen had a 

Moderate certainty for potential clinical effectiveness.

Conclusions: Amongst a large number of trials for cognition in PD, only a small proportion 

were completed. Few showed significant improvement, with no proven long-lasting effects. Trial 

design, lack of enrichment for at-risk groups, short follow-up duration, insensitive outcome 

measures likely contribute to lack of detectable benefit and should be considered in future trials.
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1. Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative condition, with 

a fast-growing prevalence [1]. Although PD is characterized by motor features, cognitive 

impairment is a common and feared symptom, with dementia six times more common in PD 

than in the general population [2] and affecting around 50% of people with PD within 10 

years of diagnosis [3]. Parkinson’s disease dementia (PDD) is linked with other distressing 

symptoms of visual hallucinations, psychosis and depression [4] and is a cause of significant 

economic burden on the population and the healthcare system [5]. Parkinson’s disease 

with mild cognitive impairment (PD-MCI) can be determined based on gradual decline in 
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cognitive ability, and cognitive deficits on either a global cognitive scale or on at least two 

tests in neuropsychological testing, without significant impact on functional independence 

[6]. In people with PD, MCI can predict the development of PDD, although reversion to 

normal cognition can also occur [7].

Currently, the mainstay of treatment for cognitive impairment in PD (for both PD-MCI 

and PDD) is the use of cholinesterase inhibitors, with level 1 evidence for rivastigmine 

[8,9], and similar efficacy for donepezil in PDD [10,11]. The use of galantamine, which 

is also a cholinesterase inhibitor, is only supported by open-label trials [11]. The NMDA 

receptor antagonist memantine may have some effects on cognition in PDD, but results have 

been mixed [12–14]. There has previously been interest in drugs active at noradrenaline 

receptors, such as atomoxetine and guanfacine [15], with a recent promising meta-analysis 

in Alzheimer’s disease [16]. However, most trials have shown minimal effects in improving 

cognition in PD, especially in people at earlier disease stages with no cognitive involvement 

[17,18]. More recently, other approaches, especially non-pharmacological interventions, 

have begun to be investigated for their potential effects on improving cognition in PD. 

These include physical exercise, non-invasive brain stimulation (including transcranial direct 

current stimulation or repetitive transcranial magnetic stimulation [rTMS]), and invasive 

brain stimulation (DBS), as well as combinations of these.

Here, we reviewed recent clinical trials that examine cognitive outcomes in PD from 

the previous five years, across the range of pharmacological and non-pharmacological 

interventions. Our aim was to identify emerging promising treatments, and to examine trial 

methodology, in order to determine whether there might be learnings to inform and improve 

future clinical trials for cognitive impairment in PD.

2. Methods

We searched ClinicalTrials.gov for clinical trials in the last five years that included cognitive 

outcomes in PD using the following search criteria: Condition: “Parkinson Disease”; Study 

type: “Interventional”; Phase: “Early Phase 1”, “Phase 1”, “Phase 2”, “Phase 3”, “Not 

Applicable”; Status: “Not yet recruiting”, “Recruiting”, “Enrolling by invitation”, “Active, 

not recruiting”, “Suspended”, “Terminated”, “Completed” or “Withdrawn”; Study start date: 

01/01/2016. The search was performed on 24th February 2021. We deliberately used broad 

search criteria to include suspended, terminated or withdrawn trials in order to capture the 

full range of clinical trials attempted for cognition in PD.

We recorded trial title; trial number in ClinicalTrials.gov; start date; projected end date; 

primary completion date; actual end date; intervention name; age range of participants; 

number of participants planned for enrolment; number of study arms; outcome measures; 

availability of study results; type of funding source; sponsor/collaborators; and trial location. 

We then excluded from this list any trials that 1) did not include cognitive measures as 

either primary or secondary cognitive outcomes; 2) were non-interventional studies; 3) 

addressed only non-cognitive symptoms; or 4) assessed atypical Parkinsonian disorders 

(progressive supranuclear palsy, corticobasal degeneration, multiple system atrophy, vascular 

parkinsonism), including when these cases were tested alongside PD cases. As Dementia 
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with Lewy bodies is widely considered to be on a spectrum with PD and PDD [19,20], 

where these cases were part of an analysis, the trial was not excluded. Next, we categorized 

trials according to treatment approach (investigational medicinal product [IMP], behavioral, 

physical activity, device-based, and other). Filtering and categorization were performed 

by three authors independently (EB, LB for the initial run, checked by BT). In cases of 

disagreement, the authors discussed in detail and came to a mutual conclusion for the trials 

they initially disagreed upon. Further information for each trial was gathered regarding 

cognitive status of recruited participants; type of cognitive outcome measure; duration of 

follow-up; geographical location of the trial; ethnicity and race of participants; serious 

adverse effects and availability of results and/or publications. This information was collected 

independently by teams cross-checking reports for consistency (PJ, RB, MG, TP, BT, RG).

We considered Michael J. Fox Foundation guidelines on goals for clinical trials including 

assessing whether people with PD populations, outcome measures, procedures and doses 

were appropriate for the trial aims and whether diversity had been considered for inclusion 

in the trial (www.michaeljfox.org). Once we had collated the trials, we examined trial 

outcomes for those trials where results were available either as peer-reviewed publications 

or directly from ClinicalTrials.gov. All trials were examined for risk of bias using Version 

2 of the Cochrane risk-of-bias tool for randomized trials (RoB 2) [21]. This tool assigns a 

semi-quantitative risk-of-bias assessment (i.e. high, medium, low) based on characteristics 

of the trial and published data. Phase 2 and 3 trials with positive results were then assessed 

using the Grades of Recommendation Assessment, Development and Evaluation (GRADE) 

approach [22].

Baseline demographic and disease-related data from trials with published results were 

reported as mean (standard deviation) or percentage. We accepted a threshold of p < .05 

as significant when considering outcomes of clinical trials, and also considered whether 

correcting for multiple comparisons was performed.

3. Results

3.1. Study selection and characteristics

Our initial search identified 858 clinical trials examining cognitive outcomes in PD from 

the previous 5 years. Based on our exclusion criteria, 680 trials were excluded, bringing 

the total number of included trials to 178. These included trials at varying stages: 16 trials 

were registered but not yet recruiting, 85 were recruiting, 23 were active, 46 were completed 

and 8 were terminated or withdrawn. The total number of trials with published results was 

25 (see below for detailed considerations of their findings). Trials included interventions 

ranging from IMP, cognitive training, physical training and devices (see Fig. 1 for a Prisma 

chart of trial selection).

The 178 trials included a total of 15,657 participants, with a mean number of 88 people with 

PD across the trials. Most studies (n = 141) recruited cognitively normal people with PD; 

18 trials included people with PD-MCI; 15 included people with PDD and four recruited 

people with PD across a range of cognitive states. Geographically, there were only 12 trials 

conducted across multiple continents with most trial sites located in North America (n = 85) 
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and Europe (n = 63), 33 in Asia-Oceania, only five in South America and five in the Middle 

East and Africa.

3.2. Trials with available results

Of the 46 completed trials, 25 had data available for review in either peer-reviewed 

publications or as preprints, of which six were Phase 2 or Phase 3 (Table 1). A total number 

of 1,710 participants (mean number per trial = 68.4) with mean age of 66.3 (standard 

deviation [SD] = 3.19) and mean disease duration of 7.31 (SD = 4.36) years completed these 

studies. Overall, 33.2% (total n = 567) of participants were female. Ten of these studies 

reported information on ethnicity and race of participants (total n = 1,157); only 5.3% of 

the participants (total n = 61) identified as Hispanic. In terms of race, 0.2% (total n = 2) 

identified as American Indian or Alaska Native, 1.3% (total n = 15) as Asian, 1.7% (total 

n = 20) as Black, and 91.5% (n = 1,059) as White. There were minimal differences in 

geographic location with 14 studies undertaken in North America, one in North America and 

Europe, ten in Europe and one in the Middle East and Africa.

Only 15 studies were formal double-blind, placebo controlled randomized controlled trials, 

the gold standard for clinical trials. Follow-up duration in these trials ranged from 1 day to 

104 weeks (mean = 16.9 weeks). Majority of the trials (n = 21) recruited people with PD 

with no cognitive impairment; three recruited people with PD-MCI and one recruited people 

with Lewy body dementia. The most commonly used cognitive measure was the Montreal 

Cognitive Assessment (MoCA) (11/25 studies), with baseline scores ranging from 15.7 to 

28.1 (mean across trials = 25.44, SD = 2.93). Levodopa equivalent daily dose (LEDD) varied 

from 418 mg to 889 mg (mean across trials = 642.8 mg, SD = 239.9).

Only three trials reported study-related serious adverse events and notably, all of these 

were trials involving IMPs. In the allogeneic human mesenchymal stem cell infusion 

study (total n = 20), one participant with a prior history of lymphocytosis was diagnosed 

with asymptomatic chronic lymphocytic leukemia eight months after infusion [23]. In the 

prasinezumab trial (total n = 316), two participants had infusion reactions, one participant 

had influenza-like illness and one participant experienced worsening of PD [24]. In the 

mevidalen trial (total n = 344), one participant died from an unknown cause deemed to be 

related to treatment and 21 participants experienced at least one serious adverse event, most 

pronounced with the 75 mg dose [25]. Four participants experienced cardiovascular serious 

adverse events including congestive heart failure, hypertension, stroke, and hypertensive 

encephalopathy, leading to the discontinuation of the study drug.

3.2.1. IMP-based trials—Of the eight IMP-based trials, three demonstrated significant 

cognitive benefits. The first was four weeks of twice-weekly infusion of young plasma, 

in which baseline phonemic fluency (mean 41.14 (95% CI 34.8–47.5) improved to 44.73 

(95% CI 38.4–51.1), p = .002) as one of two significant differences amongst 28 exploratory 

outcome measures [26]. However, this was primarily a safety and tolerability study that 

included 15 people with PD who all received the treatment and compared cognitive and 

other scores before and after treatment. Therefore, there was no placebo arm and participants 

were not blinded to treatment. The primary outcome was safety, rather than cognitive. Latest 
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follow-up testing was one month after the infusion, so it is not known if effects were 

sustained.

A double-blind randomized placebo-controlled cross-over trial examined the effects of 

varenicline in 34 people with PD [27]. The trial reported improved attention as measured 

by the Sustained Attention Test (without distractor, treatment difference 0.076, 95% CI 

0.0073–0.14, p = .03). However, the certainty for this trial is downgraded due to a moderate 

risk of bias; and further downgraded due to imprecision of results, as we note that only one 

measure of cognition out of 14 cognitive tests showed improvement and this did not survive 

correction for multiple comparisons. Assessments were made three weeks after the treatment 

period and longer-term effects were not assessed, further downgrading the certainty due to 

imprecision. This gives a GRADE score of a Low certainty rating.

Another positive trial was a 12-week placebo-controlled double-blind RCT investigating 

the effect of LY3154207 (Mevidalen; a centrally-acting dopamine D1-receptor positive 

allosteric modulator) on cognition in 344 people with Lewy body dementia [25]. Three 

different doses of mevidalen were trialled. Initial trial data on ClinicalTrials.gov revealed 

a dose-dependent improvement in Alzheimer’s Disease Cooperative Study-Clinical Global 

Impression of Change scale (moderate or better improvement: 30 mg p < .05; 75 mg p 
< .001) but not in Alzheimer’s Disease Assessment Scale-Cognitive Subscale or MoCA. 

However, the number of subjects who dropped out increased with higher dose, due to 

adverse events and physician decisions to withdraw. Using a GRADE approach, this would 

be upgraded due to a dose effect, but lowered due to inconsistency of effect, as no 

improvement was seen for cognitive scales such as the MoCA. Furthermore, higher drop-out 

with increasing effect would reduce the likelihood of this being tolerated for clinical use. 

This would give a Moderate certainty rating.

Other IMP-based trials identified in our search did not show significant improvements in 

cognitive outcomes. These had investigated prasinezumab, an anti-α-synuclein monoclonal 

antibody [24], nabilone, a synthetic cannabinoid [28], mesenchymal stem cells [23], niacin 

[29] and inosine, which increases serum urate [30].

Considering IMP trials, as a group, there is only Moderate to Low certainty for potential 

clinical effectiveness in two Phase 2 trials, downgraded due to imprecision and inconsistency 

of effects.

3.2.2. Cognitive/physical intervention trials—Of the ten cognitive/physical 

intervention trials with available results, two showed positive or potentially positive results. 

In a small (n = 18) single-blinded, randomized-controlled pilot study in early-mid stage 

PD of gait-cognitive training (which involved playing immersive visuospatial and working 

memory games while exercising on a treadmill), intervention group participants showed 

significant improvements in MoCA (p = .007) and symbol digit modalities test (p = 

.01, mean and SD values were not reported) [31]. The effect held after correction for 

comparisons of cognitive tests, although sustained effects beyond the period of testing were 

not examined. Participants were also not blinded to intervention, and the control group had 

no intervention. Using a GRADE approach, this would start as moderate certainty due to the 
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issue of lack of blinding in participants, and further downgrading for imprecision due to the 

small sample size. Further downgrading would be supported by the lack of demonstration of 

sustained effects. This would produce a Very Low certainty rating.

Another small single-blinded, block-randomized, parallel-intervention group study of 11 

people with PD-MCI investigated goal management training adapted for MCI, compared 

with psychoeducation with mindfulness [32]. Both groups showed improvement in 

subjective and objective measures of executive function (p = .033, 95% CI 10.75–15.23), 

but with no controlled intervention. The lack of controlled intervention and proper blinding 

would place this in a Low GRADE rating, with further downgrading due to the small sample 

size to Very Low certainty of effectiveness.

The other eight studies yielded no detectable benefit. These included an open label study 

of twice weekly 90-min art sessions for ten weeks [33]; WebFitForAll, a ten-week program 

of computerized physical training [34]; Qigong [35]; a balance training program [36,37]; 

high cadence cycling [38]; a music-based physical and cognitive multitasking activity, called 

the Ronnie Gardiner Method [39]; an eight-week program of online cognitive training [40]; 

and an eight-week program of computer-based cognitive training [41]. Notably, follow-up 

duration was short in most of these studies (mean across these trials 9.3 weeks, SD = 4.7).

Considering cognitive and physical intervention trials there is Very Low certainty for 

efficacy from the trials recently undertaken, due to design of trials (lack of blinding, small 

numbers and limited follow-up duration).

3.2.3. Device-based trials—Of the seven device-based intervention trials with 

available results, four showed potential effects on cognition in PD. An rTMS trial targeting 

the M1 motor cortical region showed a significant improvement on the MoCA by 3.44 

points (19.11 [SD = 4.3] in the active group, compared with 15.67 [SD 5.16] in the sham 

group, p = .04) and Mini Mental State Examination (MMSE) by 3.21 points (24.64 [SD = 

2.5] in the active group, compared with 21.43 [SD = 2.44] in the sham group, p = .002) 

immediately post stimulation [42]. However, benefits were not detectable at the one, two, 

or three month follow up interval. Although participants were blinded to treatment arm, 

outcome assessors were not blinded. Using a GRADE approach, this would be considered 

moderate evidence due to lack of blinding, with further downgrading due to moderate risk of 

bias. Lack of benefit at 3 months could further downgrade the certainty to Very Low.

Caloric vestibular stimulation (n = 33, double-blind, placebo controlled) also led to 

significant improvement in MoCA scores compared with sham stimulation at 17 weeks 

(improvement of 3, 95% CI 1.5–4.5) [43]. However, the effect dissipated at 32 weeks 

and control cases had a shorter disease duration than those in the active group. This well-

designed trial would therefore be downgraded due to a moderate risk of bias to Moderate 

certainty, with further downgrading to Low certainty considering the lack of detectable 

effect after follow-up.

In a small trial including 23 participants to compare four weeks of virtual reality exergaming 

with more standard exercise therapy, participants in both the exergaming and exercise 
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therapy groups showed improvement in cognitive outcome measures two weeks after the end 

of the sessions [44]. Participants in the exergaming group showed an interaction between 

follow-up time and group, with greater improvement in MoCA of 0.52 points (95% CI 

−2.2–3.2, p =.035), over and above exercise therapy. However, as follow-up extended to only 

two weeks, it is unclear whether the intervention has long term effects on cognition. The trial 

was also not fully blinded: participants were aware of their own intervention, but not aware 

of other groups, and the neurologists and evaluators were blinded, but the physical therapists 

conducting the physical interventions were not blinded. The lack of full blinding (design) 

and the small sample size (imprecision) would downgrade the certainty of effectiveness to 

Low.

Another trial examined delivery of theta rather than gamma stimulation during subthalamic 

nucleus DBS (STN-DBS) [45]. The trial involved 12 participants in a double-blinded cross-

over randomized controlled design and showed improved category verbal fluency (18.0 

(SEM 1.47) for theta stimulation versus 15.5 (SEM 1.47) for gamma stimulation, F (2,22) 

= 3.69, p = .04), but not for other cognitive tests, and without any corrections for multiple 

comparisons. The long-term effects of stimulating at this frequency were not examined. 

The small sample size (imprecision) and lack of long-term follow-up (consistency) would 

downgrade the certainty of this intervention to Low.

Three device-based intervention trials showed no significant effects on cognition. A six-

session TMS trial using theta-burst stimulation over the course of a week targeted at the left 

dorsolateral prefrontal cortex showed a trend toward improving executive function at one 

month [46]. Two STN-DBS studies also showed no significant improvement on cognition. 

One used short compared to conventional pulse-width stimulation in a crossover trial over 

four weeks with STN-DBS devices in situ and failed to improve verbal fluency [47]; the 

other used asymmetric STN-DBS for treatment-resistant axial motor dysfunction but failed 

to show improvements in cognitive measures [48].

In summary, trials of devices for improving cognitive outcomes in PD show Low certainty 

for likely clinical effectiveness due to lack of blinding, small sample sizes and lack of 

follow-up.

3.2.4. Risk of bias—Risk of bias assessment showed that 15 of the 25 trials with 

available results showed low risk of bias; six showed some cause for concern and two had 

high overall risk of bias (Supplementary Figure). Sources of bias included lack of masking 

(n = 7), lack of control comparisons (n = 4) and missing data for uncertain reasons (n = 1).

3.3. Trials without available results

Amongst 153 trials without available outcome data: 16 were not yet recruiting (2 IMP-

based, 8 physical, 6 device-based interventions); 81 were recruiting (27 IMP-based, 8 

cognitive, 20 physical, 26 device-based interventions); 20 were active (10 IMP-based, 5 

physical, 4 device-based interventions, 1 other); 29 were completed but had not published 

results (13 IMP-based, 4 cognitive, 8 physical, 4 device-based interventions) and 7 were 

withdrawn or terminated. For these trials, mean number of targeted participants per trial is 

89 (SD = 129) and mean follow-up duration is 32 weeks (SD = 44).
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4. Discussion

In this paper, we examined recent clinical trials for cognitive impairment in PD performed 

between 2016 and 2021. We found that trials for IMPs, cognitive and physical training 

and devices have been performed. The highest level of certainty for clinical effectiveness 

was for trials of IMPs, which had Moderate to Low certainty of evidence. From the IMPs, 

mevidalen had Moderate certainty of evidence. Higher levels of certainty in IMP trials were 

more likely to be fully double blinded and had higher numbers of participants, giving higher 

precision, than trials of cognitive and physical training and devices. Overall, the lowest level 

of evidence was for trials of cognitive and physical training, mostly due to lack of blinding 

in the trial designs.

We also noted several reports where the interventional arms were not fully balanced in 

demographic or disease-related variables. Follow-up duration was uniformly short, with 

most studies reporting outcomes at less than one month. To detect any effects on long-term 

cognition, trials will need to be designed with longer duration, ideally over 18 months, as is 

the case for trials of disease modifying treatments in dementia [49–51]. Other shortcomings 

in trials described here included missing outcome data, and selective reporting of results, 

both of which are likely to overestimate the beneficial effects of an intervention. The 

most common concern regarding statistical analyses was lack of correction for multiple 

comparisons; and we also noted several trials that described trend results as positive 

outcomes in their publications. Interestingly, despite publication bias generally favoring 

positive results, most of the trials we identified showed negative findings.

A more global concern that emerges from our review is the strong bias for interventional 

trials to be carried out in North America and Europe. This limited geographical diversity 

will impact the diversity of participants likely to be recruited to clinical trials. Lack of 

diversity and inclusion of minority ethnic and racial subjects in trials has recently been cited 

as an unmet need in terms of external validity of outcomes from trials [52]. Our review 

underscores this urgent need, as we observed that in completed trials with available ethnicity 

and race data, more than 90% of the participants self-identified as non-Hispanic and White. 

For potential treatments to have validity across the range of people with PD, it is vital to 

include diverse nationalities and ethnicities in clinical trials. This is reflected in directives 

from groups such as Michael J. Fox Foundation and Aligning Science Across Parkinson’s 

that have taken a more global approach with specific aims to recruit ethnically diverse 

people with PD and involve researchers globally [53]. Adequate representation of sexes and 

genders, which may be affected differently by PD [54,55], is also required to allow the 

applicability of results from clinical trials across all people with PD.

As a field, how can we do better and optimize the design of clinical trials for cognitive 

outcomes in PD, to maximize our chances of success and bring effective treatments into 

clinical practice?

Clinical trials are costly and require huge effort from both researchers and participants. It 

is imperative that they are performed in the best possible way, so that funds and energy 

are directed most effectively. Disease modification remains a focus as we aim to eventually 
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prevent and cure cognitive decline in PD. However, the substantial burden associated with 

this debilitating symptom also supports the study of symptomatic treatments. Translation of 

preclinical trials with promising results to the clinical cohorts are challenging [56]. Thus, 

in the process of developing disease-modifying approaches, research focusing on symptom 

alleviation to maintain quality of life and reduce the burden remains impactful for people 

with PD as well as their caregivers and relatives.

We have identified three key areas that should be considered for any interventional trial for 

cognitive outcomes in PD. These are: 1) optimizing the target population; 2) optimizing trial 

design; and 3) optimizing outcome measures. We argue that by optimizing each of these 

areas, as new treatments for cognitive change in PD emerge, we will have the best possible 

chance of identifying the interventions with the greatest impact for lives of people with PD.

4.1. Optimizing the target population

A key question is which disease stage is the best time to intervene to improve cognitive 

outcomes in PD. Current treatment approaches in the clinic are targeted at people with 

established PDD and PD-MCI (especially the use of cholinesterase inhibitors) [9]. However, 

across the field of neurodegeneration, there is a move to treat people earlier in the disease 

course, before changes become irreversible [57,58]. This is reflected in the trials identified 

in our review, where the majority involved people with PD without cognitive impairment, 

followed by trials targeting PD-MCI, PDD and a mixed of cognitive stages.

A challenge in PD is that cognitive involvement is heterogeneous in timing and presentation 

[3]. Therefore, when designing trials aimed at slowing cognitive impairment in PD, cohorts 

can be enriched for people with PD most likely to develop significant cognitive decline. 

This will improve trial efficiency, as benefits are more likely to be seen in an at-risk group 

for dementia within the trial period. In recent years, clinical algorithms have emerged to 

identify at-risk groups for PDD [59–61]. Key predictors for dementia in PD include older 

age at onset, male sex, depression, REM sleep behavior disorder, axial motor features 

and visual dysfunction in PD [3,62–65]. We therefore recommend that clinical trials 

aimed at improving cognition in PD could be enriched for high-risk groups. A related 

consideration is to include homogenous PD subgroups to improve accuracy of cognitive 

outcomes prediction. Stratifying based on cognitive profile, genetic (presence of APOE4), 

neuroimaging and neuropathological (presence of AD hallmarks) biomarkers could reduce 

misinterpretation of findings due to baseline heterogeneity [66].

To ensure applicability of findings across all people with PD, we also recommend that trials 

specifically target a wider global and ethnic reach [52] and put more effort into recruiting 

ethnoracial minorities as well as sexual and gender minorities. This could be achieved, 

for example, by partnering with centres in wider geographical locations, greater use of 

multi-site studies, and enhancing outreach and educational activities to overcome barriers in 

recruitment of minorities in research.

4.2. Optimizing trial design

Sample sizes in trials in our review ranged between 13 and 298, with a mean of 68.4 across 

trials. Whilst some of these were pilot studies of safety, rather than a Phase 3 or 4 trials, 

Bayram et al. Page 10

Parkinsonism Relat Disord. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



there is clearly a need for interventional trials to be properly powered to detect potential 

outcomes.

A further important consideration is follow-up duration, as highlighted by Guimaraes and 

colleagues when considering trial design for motor outcomes in PD [67]. They have shown 

that longer follow-up duration produces improved power to detect change for a given sample 

sizes. Follow-up duration in trials in our review ranged between 1 day and 104 weeks, with 

a mean of 16.9 weeks. In PDD, cognitive decline is approximately 1.75 points per year 

on the MMSE [68] and this may be even smaller per year at less severe stages. Therefore, 

trials examining cognitive changes using global measures such as the MMSE with durations 

shorter than one year, are highly unlikely to detect any significant differences between 

intervention arms.

Another area of concern is the placebo effect in PD. Placebos stimulate the release of striatal 

dopamine and can alter the activity of dopaminergic neurons in people with PD [69]. This 

effect is common and can be very strong in PD trials. Although less studied then the placebo 

effect in PD, Hawthorne effect can also occur and cause a pre-placebo effect in PD trials 

[70]. Participating in research or awareness of being observed can alter the behavior of 

the participant [71–73]. We therefore recommend careful powering of trial design based on 

likely effect sizes, with samples of sufficient size to detect differences; follow-up duration of 

at least one year and a placebo arm.

4.3. Optimizing outcome measures

The most frequently used outcome measures used in the clinical trials assessed were global 

measures of cognition, specifically, the MoCA [74] and also the MMSE [75]. Whilst both 

can be useful, they have relatively poor sensitivity to detect decline in non-demented people 

with PD over a 1-year interval [76,77]. The MoCA may be preferable as it includes a 

measure of executive function and has been shown to have greater sensitivity than the 

MMSE [76]. More detailed neuropsychological testing including relevant cognitive domains 

would be likely to show greater sensitivity to change in PD, especially in earlier stages [66]. 

There is still a lack of consensus about the best way to measure cognitive change in PD. 

However, a detailed battery of tests across the five cognitive domains (especially executive 

functions, memory and visuospatial domains) will provide more insight to the cognitive 

status [6,78]. Where multiple tests are used, appropriate statistical corrections are required.

The selection of appropriate quantitative, sensitive outcome measures in PD can often be 

the most challenging of all when considering trial design and is an active area of research 

and debate across the spectrum of Lewy body disease [79]. An area of increasing interest 

is the use of biomarkers, including plasma measures, to track disease progression. A range 

of plasma measures are emerging that are beginning to show some potential in PD, such 

as neurofilament light, and plasma phosphorylated tau [80]. So far, imaging markers in 

PD have been less successful, but newer techniques are emerging with potential, including 

measures of brain iron [81]. In future, plasma or imaging biomarkers may be used alongside 

cognitive measures to assess the effects of novel interventions on PD. These could also have 

the beneficial effect of improving trial efficiency, allowing smaller sample sizes or even 

shorter follow-up duration, if they reveal effects before cognitive improvements are seen.
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5. Conclusion

In conclusion, despite a high number of clinical trials for cognitive involvement in PD, 

the level of certainty for clinical effectiveness is Low for almost all trials, and none 

have shown sustained improvement beyond three months. Trials of cognitive and physical 

interventions and devices are hampered by small sample sizes, and the former also by 

the intrinsic limitations that these are challenging to fully blind. We propose that future 

trials for cognitive impairment in PD should enrich for people with PD at risk of cognitive 

impairment, ensure sufficient follow-up duration, and include sensitive outcome measures. 

We also highlight the importance of greater geographical and ethnic diversity for clinical 

trials to ensure their validity for people with PD across the world.
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Fig. 1. Prisma flow chart of trials identified in the search.
Trials were classified by intervention type. IMP: investigational medicinal product.
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