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Supplementary Material 1. Classification of considered outcome measures. 

Global outcome measures (OM) 

A 2016 publication analysed four measures of global severity in PD: Hoehn and Yahr 

(HY), Clinical Global Impression of Severity (CGI-S), Clinical Impression of Severity 

Index (CISI-PD), and Patient Global Impression of Severity (PGI-S). The authors 

concluded that all four scales were moderately to strongly related between them, that 

the clinician-based assessments correlated higher than patient-reported ones, and that 

the CISI-PD showed the greatest association with all PD measures (motor, non-motor, 

disability, and patient-reported HR-QoL) [1]. 

However, the CISI-PD has been less frequently used in PD studies (7 trials in 

clinicaltrials.gov as of October 11th, 2022), when compared with the CGI-I (77 studies) 

and the CGI-S (40 studies), so the last two are more comparable to data from previous 

studies. 

We have also included the change in Levodopa-Equivalent Daily Dose (LEDD) (8) for 

trials including PD patients on antiparkinsonian medications. 

 

Clinical Global Impression Scale (CGI) – Improvement (CGI-I) and Severity (CGI-S) 

The CGI is a clinician-rated instrument to determine the progress and treatment 

response of patients, originally developed in Psychiatry, but currently used in other 

disciplines. Two of its components are the CGI severity (CGI-S) and improvement 

(CGI-I) scales [2]. 

The CGI-I is classified as Supplemental – Highly Recommended by the NINDS-CDE 

version 2.0, and the CGI-S is classified as Supplemental by that initiative. 
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Strengths 

Both the CGI-I and the CGI-S are very brief and thus, extremely easy to complete. They 

consist of just one question each, to be answered in a 7-point categorical scale (level of 

improvement/worsening and severity of illness, respectively). They provide a global 

vision on the participant’s situation, and there are participant-reported versions of both 

(PGI-I and PGI-S). Furthermore, they can be administered remotely. The CGI-S 

correlates well with other global assessment tools, such as the Clinical Impression of 

Severity Index scale [1].  

Limitations 

Despite its relatively wide use in PD clinical studies, there are no comprehensive 

clinimetric assessments of the CGI-I in non-psychiatric conditions. Furthermore, in both 

the CGI-I and the CGI-S, there is no clear guidance on how to apply this tool, and the 

language utilised is subjective and open to interpretation. 

 

Levodopa-Equivalent Daily Dose (LEDD) 

The LEDD consists of a calculation of the total daily dose of antiparkinsonian 

medications in a given PD patient [3]. 

The LEDD is not included in the NINDS-CDE version 2.0. 

Strengths 

The LEDD is brief, easy to calculate, and gives an overall indirect estimation of a 

patient’s severity through their medication requirements. The change in LEDD has been 

widely used as an endpoint in PD studies, including disease-modifying clinical trials 

[4]. 
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Limitations 

Different methods have been described in the literature to calculate the LEDD, although 

standardised formulae have been suggested [3].  

 

 

Motor scales 

The NINDS-CDE version 2.0 include the Hoehn and Yahr (H&Y) scale, the UPDRS 

and the MDS-UPDRS as Core elements. The authors advise to “select either MDS-

UPDRS (for studies focused on all severities and especially on mild/moderate 

participants) or UPDRS (for studies focused preferentially on advanced PD 

participants)”. We also included the H&Y and the MDS-UPDRS in this list. 

Other scales included in this section are also considered within the NINDS-CDE 

version 2.0, and their degree of recommendation of each instrument is listed in its 

corresponding subsection. 

 

MDS-UPDRS (motor and non-motor components) and UPDRS  

The Movement Disorders Society-sponsored revision of the Unified Parkinson’s 

Disease Rating Scale (MDS-UPDRS) [5], a revision of the Unified Parkinson’s Disease 

Rating Scale (UPDRS), is currently the gold standard outcome measure in most PD 

trials [5]. It is divided into four sections: non-motor experiences of daily living (parts IA 

and IB), motor experiences of daily living (part II), motor examination (part III), and 

motor complications (part IV). Of those, parts IB and II are patient-completed, whereas 
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parts III and IV are clinician-administered. The NINDS-CDE classifies the MDS-

UPDRS and the UPDRS as Core outcome measures in PD.  

Strengths 

This scale is comprehensive and covers a wide range of motor and non-motor features 

and medication-related complications of PD. It is partly patient reported, has good 

clinimetric properties and is widely available and used. It has already been used in 

disease-modifying trials in PD (part III more frequently in “off” than in “on” status). 

Since it assesses various aspects of PD, including motor and non-motor, it is clinically 

meaningful for both patients and clinicians, and the fact that it is widely used, includes 

patient-reported subscales and has well establish clinimetric properties makes it likely to 

be acceptable to regulatory bodies.  

The clinimetric properties of the MDS-UPDRS are strong. In the original paper [5] it 

showed excellent internal consistency (Cronbach’s alpha – 0.79-0.93), is strongly 

correlated with the UPDRS, and adequate test-retest reliability has been reported in the 

Spanish version of the scale [6]. The MDS-UPDRS has adequate test–retest reliability 

(all but two subscores showed k > 0.60) [6]. To the best of our knowledge, there is no 

published data on the MDS-UPDRS inter-rater reliability, but there is information on 

the within-subject reliability of this scale over one year [7]. Furthermore, there is 

extensive data on the UPDRS and the MDS-UPDRS development resolved ambiguities 

and corrected inconsistencies in the UPDRS, inferring greater inter-rater reliability. For 

the motor part of the UPDRS, a study with three experienced neurologists indicated 

good-to-excellent agreement for speeded repeated movements, resting tremor, arising 

from a chair, and gait; moderate agreement for action tremor, rigidity, posture, postural 

stability, and bradykinesia; and poor agreement for speech disorder and facial 

immobility [8]. Another group reported substantial agreement between neurologists and 
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advanced practice nurses on the mean ratings of the motor section of the UPDRS (ICC 

= 0.65), and moderate agreement for ascertaining whether all items of that UPDRS part 

were normal (kappa = 0.53) [9]. A further study on the agreement between nurse 

practitioners, residents in neurology, junior and senior movement disorders specialists 

on the motor UPDRS scores reported good inter-rater and intra-rater reliability for the 

majority of individual UPDRS motor items and for the sum score of the motor section 

[10]. Nevertheless, there were considerable differences between the senior specialist 

and the other raters, with the latter assigning higher scores, with mean between 1.7 and 

5.4 and broad limits of agreement. The authors conclude that disagreement between 

raters, including the extent of their biases, should be quantified prior to starting PD 

clinical trials. In another small study, inter-rater reliability between movement disorder 

neurologists and PD specialist nurses measured using the intra-class correlation 

coefficient revealed ICC 0.95 for part III and 0.96 for part IV. The greatest was found 

for gait (ICC = 0.746; P<.0001) and the lowest, for postural stability (ICC = 0.918; 

P<.0001) [11]. It has been suggested that some items pose a greater challenge than 

others in regards to inter-rater reliability [8], that mild PD is more likely to receive 

heterogeneous scores across raters, and that appropriate teaching is key to minimising 

inter-rater variability [12]. 

Clinically meaningful cut-offs have been established for each of the scale’s parts, and 

they differentiate between mild/moderate PD and moderate/severe PD [13]. 

It provides information on presence (all parts), impact (I, II, IV) and severity (all parts) 

of symptoms. 

Limitations 

Permission for use from the MDS is required and there are costs associated with 

commercial studies. Raters need to obtain an MDS-UPDRS Training Certificate via the 
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MDS website. It is relatively long to complete in its entirety (around 30-40 minutes). 

There is no statistical support for the combination of part III with other parts of the 

MDS-UPDRS [14]. However, the combination of parts I and II has already been studied 

as an outcome measure, and clinimetric properties for this combination are relatively 

favourable [15].  

 

Remote UPDRS 

A modified version of the motor section of the UPDRS (mUPDRS) without rigidity and 

retropulsion pull testing that could be administered remotely was presented some years 

ago, along with data on its reliability and validity [16]. The NINDS-CDE has not yet 

classified the Remote UPDRS in its system, but all digital health outcome measures are 

still considered Exploratory. 

Strengths 

The mUPDRS showed to be cross-sectionally (ICC = 0.92) and longitudinally (ICC = 

0.92) reliable when compared with the motor part of the UPDRS. Furthermore, it 

demonstrated high internal consistency (Cronbach’s alpha = 0.96) and high concurrent 

validity with the standard UPDRS (r = 0.93, p < 0.0001). 

Limitations 

This scale could replace the motor part of the UPDRS in those instances when face-to-

face assessments are impossible. However, apart from those scenarios, this measure is 

exploratory for the moment and priority should be given to face-to-face assessments 

with the standard MDS-UPDRS. It is particularly unsuitable for PD patients with 

postural instability and gait disturbance (PIGD), as well as patients with a rigidity-

predominant phenotype, since these features cannot be assessed through this scale and 
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hence progression or improvement are not detected. Furthermore, with exclusion of 

bradykinesia the scale becomes more heavily weighted towards the items on tremor. 

The mUPDRS has not been used in disease-modifying trials in PD. Apart from patient 

and clinician’s burden (necessary video access, etc.) and the absence of data on 

sensitivity to change, this scale is not as meaningful as the full motor part of the 

UPDRS or MDS-UPDRS, and therefore is less likely to be accepted by regulators. 

 

Remote MDS-UPDRS 

A feasibility study on administration of the whole MDS-UPDRS via video conference 

has also been published [17], and it seems to be a useful measure of overall symptom 

severity over time, but technical constraints and the burden on patients (video 

conference, etc.) supports the utilisation of the classical MDS-UPDRS instead. 

As with the remote UPDRS, the NINDS-CDE has not yet classified the Remote MDS-

UPDRS in its system, but all digital health outcome measures are still considered 

Exploratory, and similar limitations exist as for the remote UPDRS. 

 

8-item Remote MDS-UPDRS 

Recently, an 8-item version of the MDS-UPDRS has been developed, which can be 

administered remotely [18]. This version was selected through an exhaustive search and 

analysis of all possible subsets of the 50 MDS-UPDRS items. The scale comprises the 

following items: (1.13) fatigue, (2.5) dressing, (2.10) tremor, (2.12) walking and 

balance, (3.2) facial movement, (3.4) finger tapping, (3.9) arising from chair, and (4.3) 

time spent in the off state. 

Strengths 
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This subset was the most highly correlated to the MDS-UPDRS full score (Pearson’s r 

0.919, p-value <0.0001), and had an explained variance score of 0.844, while still being 

administrable remotely. The high agreement of this subset with the total MDS-UPDRS 

supports its use in situations where practicalities limit the application of the full MDS-

UPDRS. 

It is brief, reducing the burden for patients and clinicians, and as a remote measure, it is 

more feasible than other instruments. Since it includes items from all 4 parts of the 

MDS-UPDRS, it gives a global estimation of the patient’s status. 

Limitations 

Since it has been very recently published, this scale has not yet been used in disease-

modifying trials in PD, which limits its acceptability to regulators.  

Consequently, this subscore now will need validation in other PD cohorts and a full 

clinimetric analysis, but the results from the original developers are promising. 

 

MDS-UPDRS Gait-axial score 

This outcome measure comprises the sum of the gait and axial components of the MDS-

UPDRS motor examination. It was identified through factor analysis of the UPDRS part 

III, which revealed that a combination of 7 items relating to gait and axial measures 

accounted for the greatest variance both cross-sectionally (in the ‘on’ and ‘off’ state) 

[19,20] and longitudinally (over a mean (SD) follow-up of 5.5 (1.4) years) [21]. 

Although originally defined based on the original UPDRS, the 7 items are retained 

within the MDS-UPDRS and the score can be similarly derived from this scale. The 

component items include speech (item 3.1), facial expression (3.2), rising from chair 

(3.9), gait (3.10), postural stability (3.12), posture (3.13), and body bradykinesia (3.14). 
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The NINDS-CDE has not yet classified the MDS-UPDRS Gait-Axial score in its 

system. 

Strengths 

Although this score was first defined over 20 years ago, it has been slow to be adopted 

into clinical trials, but it is now being used in a disease-modifying trial of azathioprine 

for PD (AZA-PD, ISRCTN14616801). It is as feasible as the MDS-UPDRS, but of 

considerably shorter duration, hence the burden for both patients and clinicians is low. It 

does however require MDS-UPDRS rater training. Its reliability can be inferred from 

that of the MDS-UPDRS part III and it has shown a good relative validity when 

compared with a self-rated assessment of day to day symptoms and symptom severity 

[22], to Hoehn and Yahr stage, and to the Schwab and England independence scale [19]. 

Akin to the MDS-UPDRS, this scale is interpretable at the level of presence and 

severity of motor signs. A key strength of this score is its sensitivity to change: a factor 

analysis indicated that this gait-axial component of the UPDRS accounts for the greatest 

proportion of variance in longitudinal change in UPDRS part III [21]. Another 

advantage is that speech, posture, gait, postural stability and rising from sitting, which 

together account for a large proportion of this score, are considered ‘dopa-resistant’ 

[23]. As such, this subscore may be less confounded by increases in dopaminergic 

medication than is the case for the total MDS-UPDRS III, thus rendering it particularly 

suitable for employment in trials of putative disease-modifying agents. Indeed, the 

‘dopa resistant’ axial score showed high sensitivity to change over time in an incident 

longitudinal cohort followed for a mean of 5 years [24]. A similar UPDRS axial score 

(comprising rising from chair, gait, postural stability, and posture), was also shown to 

be predictive of a poor 5-year outcome in 2 incident cohorts [25].  

Limitations 
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There is currently little experience of using this measure in a clinical trial setting, and 

formal clinimetric testing of this subscore has not been carried out, although both the 

UPDRS and the MDS-UPDRS have extensive data on clinimetric properties, and this 

measure is embedded within them. Its acceptability to regulators may be lower than 

other scales as it is dependent solely on motor examination and does not include patient-

reported components. Nevertheless, given its solid rationale, wider use in different 

settings and a formal clinimetric validation will likely lead to the MDS-UPDRS gait-

axial score being adopted as an outcome measure in trials other than AZA-PD in the 

near future. 

 

Hoehn and Yahr (H&Y) scale 

The H&Y scale categorises PD patients according to their functional disability in 5 

stages (1-5): 1 = unilateral involvement, with minimal or no functional disability; 2 = 

bilateral or midline involvement without impairment of balance; 3 = bilateral 

involvement with impaired postural reflexes, physically independent; 4 = severely 

disabling disease, still able to walk or stand unaided; 5 = confined to bed or wheelchair 

unless aided [26]. A modified version of the H&Y was created but it showed weaker 

clinimetric properties so the MDS encourages the use of the original H&Y [27]. 

Strengths 

Having been developed in 1967, there is abundant experience with this scale, which is 

also PD-specific, brief to administer, and has shown excellent clinimetric properties, 

especially reliability and convergent validity with other OM in PD [27]. Axial 

symptoms (e.g., balance, gait), which are known to be less dopa-responsive, are a 

component of this scale, which could make it attractive for disease-modifying trials, 
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helping reduce the confounding effect of dopaminergic therapy. The progression to 

stage 3 has been defined as an important event in the course of the condition [27], and 

recording the H&Y stage can be potentially useful in the development of milestone-

based OM. 

Limitations 

Its lack of granularity and brevity make the H&Y a less responsive scale to change than 

other instruments, and on its own it would not suffice as a motor OM in a disease-

modifying trial. Being a categorical rather than a continuous scale, a minimal clinically 

important difference (MCID) cannot be established for the H&Y [27]. 

 

Unified Dyskinesia Rating Scale (UDysRS) 

The Unified Dyskinesia Rating Scale (UdysRS) was developed by the MDS and 

presented in 2008 [28], including its clinimetric properties. It has four parts: I: 

Historical Disability (patient perceptions) of On-Dyskinesia impact (maximum 44 

points); II: Historical Disability (patient perceptions) of Off-Dystonia impact (maximum 

16 points); III: Objective Impairment (dyskinesia se- verity, anatomical distribution 

over seven body regions, and type (choreic or dystonic) based on four activities 

observed or video-recorded (28 points); IV: Objective Disability based on Part III 

activities (maximum 16 points). At the time of the latest MDS critique paper on 

dyskinesia scales, there was only evidence to classify the UDysRS as “Suggested” [29], 

but its use has increased since then and with it, the experience of its performance in 

clinical trials in PD. 

The NINDS-CDE version 2.0 has classified the UdysRS as Supplemental – Highly 

Recommended. 
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Strengths 

The UdysRS has been used in both symptomatic and disease-modifying trials in PD. It 

is brief (15 minutes to complete), widely available, and has excellent reliability: in its 

original paper, both subjective (I and II) and objective (III and IV) sections showed high 

internal consistency (Cronbach’s alpha: 0.915, 0.971) acceptable interrater and intra-

rater reliability, and reliable factor structures were found [28].  

The minimally clinical important difference (MCID) for the historical parts of the 

UdysRS have already been calculated [30], which further aids interpretation of results 

along a clinical trial. It is useful in treated PD patients, who might experience 

dyskinesias, and it is interpretable at the level of presence and severity of dyskinesias. 

Regarding responsiveness of the UdysRS, in a randomised clinical trial of amantadine 

versus placebo using four different dyskinesia rating scales, the UDySRS Total Score 

showed the greatest effect size (η2 =0.138) for detecting treatment-related change [31]. 

Limitations 

The UdysRS requires a physical assessment and clinician training, which implies a 

moderate burden for both patient and clinician. As mentioned above, the UdysRS was 

classified as “Suggested” by the MDS [29] because sensitivity to change had not yet 

been tested, and it had not yet been studied by other groups. Both of those issues have 

now been overcome, which would make the UdysRS qualify as Recommended. As 

opposed to the UdysRS, the other promising dyskinesia rating scale on the MDS 

critique paper [29], the Parkinson Disease Dyskinesia Scale (PDYS-26), has not had, to 

our knowledge, its sensitivity to change tested, and has been scarcely used. 

 Although the Rush Dyskinesia Scale and the Abnormal Involuntary Movements 

(AIMS) Scale were initially “Recommended” by the MDS [29], caveats on both of 
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them, especially on the AIMS Scale, were already mentioned in that paper. 

Furthermore, they are less commonly used in PD trials and in the case of the AIMS, to 

our knowledge, it has not been used in disease-modifying trials. 

 

 

Specific scales on especially bothersome motor symptoms 

As described above, we extracted information from the results of a Parkinson’s UK 

survey on people with PD and carers [32], and the responses from an internal 

questionnaire in our PPIE Working Group on the most impactful symptoms of the 

condition. A combination of the results indicated that the most relevant symptoms for 

people with PD are the following: fatigue, pain, sleep problems, psychological problems 

(depression, apathy, hallucinations/psychosis), gait/balance/falls and 

speech/swallowing. Of those, the latter two are motor symptoms and thus specific rating 

tools for them are reviewed below.  

 

Gait, balance and falls 

In the latest MDS review of instruments to assess balance, gait and posture, the 

following were classified as “Recommended”: 1) Rating scales: UPDRS-derived 

Postural Instability and Gait Difficulty score; 2) Scales requiring equipment: Berg 

Balance Scale, Mini-BESTest, and Dynamic Gait Index; 3) Questionnaires: Freezing of 

Gait Questionnaire, Activities-Specific Balance Confidence Scale, Falls Efficacy Scale, 

Survey of Activities, and Fear of Falling in the Elderly–Modified; and 4) Tests: 6-

minute and 10-m walk tests, Timed Up and-Go, and Functional Reach. 
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Some of these tools are reviewed below. Nevertheless, the authors concluded that there 

is no single instrument that reviews all PD-specific gait features with a satisfactory 

clinimetric profile, and no scales with separate scores for balance and gait that shows 

good content validity in PD [33]. Furthermore, none of the above-mentioned 

instruments has been formally classified by the NINDS-CDE initiative. In a more recent 

systematic review of functional mobility measures in PD, the authors concluded that 

only the Timed Up and Go test met criteria to be recommended [34].  

A systematic review of tools to measure balance and predict risk of falls in PD 

concluded that, out of 68 outcome measures, only the following 6 have acceptable 

psychometric properties: Mini-Balance Evaluation Systems Test (Mini-BESTest), Berg 

Balance Scale, Timed Up and Go test, Falls Efficacy Scale International, Activities-

Specific Balance Confidence scale, and the Motor Examination of the UPDRS [35]. Of 

those, the MDS-UPDRS is reviewed above, and the Timed Up and Go has been 

described under “Quantitative motor measures”. 

The NINDS-CDE v2.0 includes no specific gait or balance measurement tools. 

Apart from the quantitative motor measures described below in the document (e.g., 

Timed Up and Go) and the digital measures which assess gait, in this section we have 

included a brief definition of falls, 2 measurement tools which require additional 

materials, and 2 scales which can potentially be administered remotely. 

 

Prevention of Falls Network Earth (ProFaNE) Definition of a Fall 

We recommend including a question about falls since last visit as a Core measure for 

disease-modifying PD trials, and present the ProFaNE definition of a fall [36] as an 

example of this mainly due to its conciseness. It is simply one question for patients: “In 



 15 

the past n months, have you had any fall including a slip or trip in which you lost your 

balance and landed on the floor or ground or lower level?” 

Strengths 

It is very brief, administrable remotely and used widely, and the timeframe (i.e., number 

of months) can be adapted depending on the study’s scope. 

Limitations 

It is less detailed than some of the below instruments (e.g. does not include frequency or 

cause of falls), and it is also not PD-specific. Furthermore, it enquires about loss of 

balance, which might lead to under-reporting of falls due to other PD-related causes 

(e.g. freezing of gait). 

 

Mini-Balance Evaluation Systems Test (Mini-BESTest) 

Strengths 

The Mini-BESTest is a shorter version of the BESTest [37]. It includes 14 items to 

assess gait, stability, and posture, and takes about 10-15 minutes to complete. It is 

overall a good measure. 

Limitations 

This test requires many additional accessories (stopwatch, measuring tape, chair, item to 

pick from floor, stepping stool), which makes it less feasible depending on the setting 

[33]. 

 

Berg Balance Scale 

Strengths 
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The Berg Balance Scale assesses functional balance initially validated in an elderly 

population. It comprises 14 tasks which evaluate both dynamic and static balance. It is 

brief and easy to administer in different settings [38]. It has been shown to have good 

internal consistency, test-retest reliability, validity and responsiveness. 

Limitations 

Similar to the Mini-BESTest, it requires several accessories (foam block, chair, ramp, 

obstacle, stopwatch, and a 6-m walkway), which can potentially reduce its applicability 

in some settings [33]. 

 

Falls Efficacy Scale International (FES-I) 

Strengths 

This is a 10-item questionnaire assessing the fear of falling and ability of the respondent 

to avoid falls in daily life activities [39]. It only takes 5 minutes to complete.  

Limitations 

Some activities are not included in the questionnaire, and it must be considered that 

fluctuations due to medication status can impact the score [33]. 

Activities-Specific Balance Confidence (ABC) Scale 

Strengths 

The ABC scale, as mentioned in its name, evaluates the confidence of the respondent in 

their balance [40]. It has 16 items, takes 5 to 20 minutes to complete, and has good 

clinimetric properties.  

Limitations 
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As with the Falls Efficacy Scale, the results may vary depending on medication status, 

and some items are culture-specific [33]. 

 

Speech and swallowing 

Speech impairments are covered in several outcome measures outlined below. 

Regarding swallowing, the most recent MDS review and critique paper on 

dysautonomia rating scales [41] includes dysphagia assessment tools. The authors 

concluded that the videofluoroscopic swallow study (VFSS) is the ‘‘gold standard’’ for 

the diagnosis of dysphagia in PD, and that no scales met criteria to be “Recommended” 

(namely, to be considered valid, reliable, and sensitive, to be reported in clinical studies 

beyond the group that developed it, and to be applied to PD populations). However, two 

dysphagia scales met criteria to be “Suggested”: The Swallowing Disturbance 

Questionnaire (SDQ) and the Generic Scale for Dysphagia-Related Outcomes (Quality 

of Life) (SWAL-QOL). Of those, the latter showed greatest promise given its good 

results in clinimetric testing in varied dysphagia populations. The SWAL-QOL has been 

used in 7 PD clinical trials registered in clinicaltrials.gov, and the SDQ, in 8 studies, 

none of which are disease-modifying. 

A 2017 systematic review of dysphagia measures [42] identified another speech and 

swallowing instrument apart from the SDQ: the Radboud Oral Motor Inventory for 

Parkinson’s Disease [43].  

The NINDS-CDE version 2.0 has classified all 3 measures as Supplemental in PD. 

 

Generic Scale for Dysphagia-Related Outcomes (Quality of Life) (SWAL-QOL) 

Strengths 
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The SWAL-QOL is a dysphagia-specific quality of life questionnaire, completed by 

patients, which aims to detect the usefulness of therapeutic interventions. It was 

developed for patients with mechanical or oropharyngeal dysphagia of different 

aetiologies [44–47]. 

It comprises 10 domains with 44 items in total, to be answered in a 5-point scale (1-5).  

It has robust clinimetric properties and correlates well with generic measures. It is 

acceptable, patient-reported, and has a low burden despite taking longer than 10 minutes 

to complete [41]. 

Limitations 

The SWAL-QOL was validated in a mainly English-speaking population, and in static 

dysphagia, which compromises its interpretability in a progressive and fluctuating 

condition such as PD [41]. 

To the best of our knowledge, the SWAL-QOL has not been formally validated in PD 

[48], but it is widely used in this condition [49,50]. 

 

Swallowing Disturbance Questionnaire (SDQ) 

The SDQ is a PD-specific 15-question screening tool for dysphagia [48]. At the time of 

the MDS review and critique paper, it was “Suggested” because it had only been tested 

in a single PD population, and only some clinimetric data had been reported. However, 

since then, the SDQ has been validated in various languages and used by different 

groups [51–54], which would make it “Recommended”. 

Strengths 
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Due to its brevity, it has a low burden on patients [41]. It combines 4-point Likert scale 

and dichotomous (yes/no) items [42]. 

Limitations 

Although validated in PD, internally consistent, several clinimetric aspects were not 

reported, and the validation sample was small. 

 

Radboud Oral Motor Inventory for Parkinson’s Disease (ROMP) 

Since that review was published, another interesting measure for speech, swallowing 

and drooling problems in PD has been developed: the Radboud Oral Motor Inventory 

for Parkinson’s Disease (ROMP) [43].  

Strengths 

It is a patient-reported measure of speech, swallowing and saliva control, with 23 items 

(7 of them in the swallowing domain) that must be answered on a 5-point Likert scale 

[42,43], and its swallowing domain has been rated as of high quality in a recent 

systematic review of dysphagia patient-reported outcome measures [42]. Its clinimetric 

testing was satisfactory, with high internal consistency (0.95 for the total ROMP and 

0.87 to 0.94 for the 3 subscales), high reproducibility (ICC 0.94 for the total scale, 0.83 

to 0.92 for the subscales), and substantial-to-good construct validity (correlations: 0.36 

to 0.82). It also showed good sensitivity to change (differentiating significantly between 

patients in need of speech therapy and those who were not) and to PD stages (mild, 

moderate and severe based on Hoehn and Yahr (HY)). Interestingly, this scale exists in 

Dutch as well [42], and has already been translated to Brazilian Portuguese, showing 

excellent reliability and validity [55]. Furthermore, a recent review on drooling rating 

scales in PD showed that the only tool with solid evidence of its clinimetric profile and 
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data in PD was the ROMP-saliva [56], further strengthening the arguments to select this 

self-reported scale as a screening tool of speech, swallowing and drooling problems in 

PD. 

According to the 2009 MDS review of dysphagia scales [41], the ROMP meets criteria 

to be “Recommended”: it has been validated showing good clinimetric properties [43], 

used beyond the original investigators (3 studies in clinicaltrials.gov are using the 

ROMP), and used in different PD populations [55]. 

Limitations 

Being a more recent scale, its use in PD clinical trials is more limited. 

 

 

Diaries and other fluctuation questionnaires 

The MDS review and critique paper on wearing-off scales in PD [57] classified them as 

“Recommended” if they met the following three conditions: to have been applied in PD, 

to have been used beyond the original authors, and to have had their screening 

properties tested. According to those criteria, the following tools met the conditions to 

be “Recommended”: among screening questionnaires, the 19-item and the 9-item 

Wearing-OFF Questionnaires (WOQ-19 and WOQ-9) and among scales, Motor 

Fluctuation Diaries (of which the most common is the Parkinson’s Disease Diary, 

developed by Hauser and colleagues), and the Core Assessment Program for Surgical 

Interventional Therapies in Parkinson’s Disease (CAPSIT-PD) Diaries. All four of them 

are covered in more detail below. 

Diaries can be used for health economic analysis, either as diaries, or as information 

collected at time intervals (e.g., 3 months), or from records, or a combination of all 
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three. They allow for the collection of more detailed data, with less risk of recall bias if 

they are collected very frequently. However, as with HR-QoL measures, the burden of 

diaries in the case of patients and carers is medium to high due to their potential length 

and the required frequency of completion, and minimisation of the gathered data is 

warranted to reduce the burden. 

 

PD Home Diary (Hauser Diary) 

The Parkinson’s Disease Home Diary [58,59] is a self-reported measure of motor 

fluctuations, i.e., time in “on”, ”on with non-troublesome dyskinesia”, ”on with 

troublesome dyskinesia”, ”off”, and “asleep”. The patient chooses one of those five 

options every 30 minutes during the day.  

A Hauser diary with pictograms and a visual analogue scale to rate severity of 

dyskinesia in each diary entry has also been developed, with a training video for 

patients previous to completion of the diary [60]. 

Given the greater background evidence, this section focuses on the traditional PD Home 

Diary [58]. 

The NINDS-CDE version 2.0 has classified the Hauser Motor Fluctuation Diary as 

Supplemental – Highly Recommended in PD (indicated for studies assessing motor 

fluctuations). 

Strengths 

The Hauser diary has been frequently used in clinical trials in PD, including trials of 

disease-modifying agents, and is widely available. As a patient-reported outcome which 

details motor fluctuations, it is clinically meaningful to both patients and clinicians, and 
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is likely to be accepted by regulatory bodies. Since it is a self-reported measure, the 

burden on the clinician is low.  

Regarding its clinimetric properties, the mean percentage of the awake day with “good 

on” is a very stable parameter over time. It is highly reliable (Cronbach’s alpha in 

consecutive completion days: 2 days, r = 0.806; 3 days, r =0.868; 4 days, r =0.918; 5 

days, r =0.934; 6 days, r =0.946) has good test–retest reliability, which increases as does 

the number of diary days. Its intraclass correlation coefficient (ICC) is greater than 0.70 

(0.715, 95% one-sided lower limit: 0.710) and the results are not influenced by age, sex, 

or country [59]. The Hauser diary was reported to have good predictive validity by its 

original authors [59], but this was only moderate when estimating the strength of 

association with 5 visual analogue scale items (R = 0.36–0.57) [57]. It is interpretable at 

the level of presence and severity of symptoms. 

Limitations 

As a self-reported patient measure which requires completion every 30 minutes, it 

imposes a considerable burden on patients, and consequently it has been described that 

compliance diminishes beyond 3 days [59]. Fluctuation diaries like the Hauser diary 

require and assume an understanding of the different motor states of PD by the patient, 

to ensure accurate reporting. Since the diary’s sensitivity to change depends on the 

number of days that it is filled by the patient [59], compliance problems are a relevant 

caveat for this measure. 

 

CAPSIT-PD On/Off Diary 
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Both the Hauser and the CAPSIT-PD diaries were “Recommended” in the last MDS 

critique paper on wearing-off scales in PD, although the latter was reported to have 

caveats [57]. 

Akin to the Hauser diary, the CAPSIT-PD diary measures motor fluctuations, i.e., time 

in “on”, “on with dyskinesias”, “partial off” and “off”, daytime every 30 minutes. 

The NINDS-CDE version 2.0 has classified the CAPSIT-PD as Supplemental – Highly 

Recommended in PD (indicated for studies assessing motor fluctuations). 

Strengths 

Similar to the Hauser diary, the CAPSIT-PD diary is a clinically meaningful measure 

and since it is patient-reported, it is also likely acceptable by regulators. As a self-

reported measure, clinician burden is low, implying at most training of patients to 

ensure full understanding of the different motor states before diary completion. 

In terms of clinimetric properties, the overall patient–clinician agreement of the 

CAPSIT-PD diary during a 4-hour period was good (k = 0.62; weighted k = 0.84). 

Agreement for individual diary categories was good for “off” and “on with dyskinesias” 

(k ≥ 0.72) [61]. 

The CAPSIT-PD diary showed good predictive properties in data extracted from a 1-

week period for all items except for “partial off” [57,61]. 

Limitations 

Unlike the Hauser diary, to the best of our knowledge, the CAPSIT-PD diary has not 

been used in disease-modifying trials in PD, and it is used less frequently in PD trials in 

general than the Hauser diary. 
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The patient burden is again relevant, as it requires filling out every 30 minutes to fully 

understand the various response options. 

Patient-clinician agreement of the diary was only moderate for “partial off” and “on” 

states (k = 0.49), and “partial off” could not be properly predicted even with two weeks’ 

data [61]. 

 

WOQ-9 and WOQ-19 

The 9- and 19-item Wearing-Off Questionnaires (WOQ-9 [62], WOQ-19 [63]) are 

shorter versions stemming from the original 32-item Wearing-Off Questionnaire 

(WOQ-32) [64]. Both of them were “Recommended” as wearing-off scales by the MDS 

[57]. Interestingly, there is also the QUICK questionnaire (QQ), a Spanish validated 

version of the WOQ-19 [65]. 

The NINDS-CDE version 2.0 has classified the WOQ as Supplemental – Highly 

Recommended in PD. 

Strengths 

Both WOQ-19 and WOQ-9 have good sensitivity [57] which was also confirmed in a 

recent systematic review of both questionnaires (sensitivity = 0.81-1) [66].  

For the WOQ-19, both a 1 positive item and a 2 positive items cut-off have been 

described [66], the latter displaying a sensitivity of 0.881 and a specificity of 0.674. 

Regarding test-retest reliability, the ICC of number of positive items of the WOQ-19 

has been reported to be 0.858 for wearing-off-related symptoms as a whole [67]. 

The WOQ-9 has been used in several studies in PD, including disease-modifying trials.  
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Both scales are clinically meaningful, constitute patient-reported outcomes, and the 

burden on both clinicians and patients is low, although it requires patient understanding 

of the different PD motor states and in the case of the WOQ-19, it is a longer 

questionnaire. 

There is a significant correlation between the Italian version of the WOQ-19 and the 

UPDRS motor section and Hoehn and Yahr (HY) scores [68]. 

In terms of responsiveness, there is one clinical trial with cathecol-O-methyltransferase 

(COMT) inhibitors, in which Cohen’s effect size for the QQ was 0.5 [69]. 

Limitations 

The WOQ-9 lacks specificity (0.1-0.69) [57,66], and in the case of the WOQ-19, it is 

variable (0.39-0.8), probably due to combination of studies with a 1-item and a 2-item 

cut-off [66]. 

On the other hand, the WOQ-19 has been only rarely used in PD trials, and so the 

experience with it in this setting is scarcer than that of the WOQ-9. 

 

 

Non-motor scales and questionnaires 

 

Non-Motor Symptoms Questionnaire (NMSQ) 

The Non-Motor Symptoms Questionnaire (NMSQ) is a 30-item self-completed 

questionnaire on non-motor symptoms of PD, which can be grouped into relevant 

domains [70]. Both the NINDS-CDE and NINDS-CDE version 2.0 have classified the 

NMSQ as Supplemental for use as an outcome in PD patients. 
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Strengths  

The NMSQ is available through the MDS, although costs incur if it is used in clinical 

studies and trials. As a patient-reported measure, it is clinically meaningful for both 

patients and clinicians, and the burden for both parties is low as the questionnaire is 

short and easy to complete (yes/no questions). 

Overall, it provides an overview of the presence of specific non-motor symptoms in PD 

patients, and additionally clinically meaningful grading scores for the NMSQ total 

scores have been suggested for the NMSQ (0 = No NMS; 1–5 = Mild; 6–9 = Moderate; 

10–13 = Severe; and >13 = Very severe) [71]. 

There is good reliability data on the original English version, as well as the Italian and 

Chinese versions of the questionnaire [71–73]. 

The questionnaire is relevant for all PD patients and can be useful to identify specific 

clusters of PD symptoms depending on the non-motor phenotype, and it is interpretable 

at the level of presence of non-motor symptoms, with possible answers being “yes”, 

“no” and “don’t know” [70]. 

In a systematic assessment of its sensitivity and specificity, the NMSQ proved to be 

effective for screening most non-motor complaints, but for some (such as somnolence, 

olfactory loss and apathy), the sensitivity was suboptimal [74]. 

Limitations 

To our knowledge, the NMSQ has not been used in disease-modifying trials in PD, and 

it lacks some reliability data on the original English version. Moreover, the 

questionnaire only scores presence or absence of non-motor symptoms and, therefore, 

does not inform about severity of specific symptoms or non-motor burden in general. 
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For those reasons, among others, it is less likely to be accepted by regulators than other 

more widely used non-motor scales. 

 

Non-Motor Symptom Scale (NMSS) 

The Non-Motor Symptom Scale (NMSS) is a rater-administered tool that comprises 30 

items across nine non-motor domains: cardiovascular, sleep/fatigue, mood/cognition, 

perceptual problems, attention/memory, gastrointestinal, urinary, sexual function, and 

miscellaneous [75]. 

The NINDS-CDE version 2.0 has not included the NMSS, and has replaced it with its 

updated version, the Movement Disorder Society-sponsored Non-motor Rating Scale 

(MDS-NMS). However, it fulfils the criteria used in several MDS Critique and Review 

papers for classification as “Recommended” instrument [33]: it has been used in PD 

patients, validated, and applied by research groups beyond its original creators.  

Strengths 

The NMSS has been used in disease-modifying trials in PD, and in over 100 original 

research studies in PD [76]. The scale is clinically meaningful to patients and clinicians 

and is potentially acceptable to regulatory bodies. It provides information on presence, 

severity and frequency of specific non-motor symptoms (NMS) and of overall non-

motor burden [75]. It is available through the MDS, although costs incur if it is used in 

clinical studies and trials. The NMSS is relevant for all PD patients and can be useful to 

identify specific PD clusters depending on the non-motor phenotype. The scale has 

negligible to no floor or ceiling effects, has good clinimetric properties in general, and 

correlates strongly with self-administered NMS questionnaire items [76]. The burden 

for both patients and clinicians is low, and it has an acceptable to good reliability [75]. 
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Clinically meaningful cut-offs have been suggested for this scale, dividing the NMS 

burden into: no NMS (0 points), mild (1-20 points), moderate (21-40 points), severe 

(41-70 points) and very severe (71 points and higher) [76]. 

Limitations 

Some domains of the scale group unrelated symptoms together, especially the 

“miscellaneous” domain, grouping weight change, hyperhidrosis, change in smell/taste 

and pain together, and hence making interpretation of the scoring of this domain 

difficult [76]. 

Furthermore, there might be floor effects in less prevalent symptoms of the NMSS, and 

it has low internal consistency for some domains, including perceptual problems 

(hallucinations) and sexual function. The NMSS has a low correlation with both disease 

duration and motor scores [76]. The latter is however not surprising as increasing 

evidence is showing that NMS have a non-linear progression and high NMS burden can 

already be present in early stages, or even prodromal stages, of the disease. The non-

linear association with other scales might pose some difficulties, but as this appears to 

be inherent to NMS presentation in PD patients this is unlikely to be addressed by other 

holistic non-motor scales [76,77]. 

 

Movement Disorder Society-sponsored Non-motor Rating Scale (MDS-NMS) 

The Movement Disorder Society-sponsored Non-motor Rating Scale (MDS-NMS) is 

the updated version of the NMSS, developed with the support of the International 

Parkinson and Movement Disorder Society (IPMDS) [78]. The scale has 52 items, 

grouped into 13 domains (depression, anxiety, apathy, psychosis, impulse control and 

related disorders, cognition, orthostatic hypotension, urinary, sexual, gastrointestinal, 
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sleep and wakefulness, pain, and other (unintentional weight loss, decreased smell, 

physical fatigue, mental fatigue, and excessive sweating)) [79]. Items are scored for 

frequency and severity, and then multiplied to obtain the total score [79]. 

Part of the MDS-NMS constitutes the Non-Motor Fluctuations (NMF) subscale. It has 

eight items related to these fluctuations: depression, anxiety, thinking or cognitive 

abilities, bladder symptoms, restlessness, pain, fatigue, and excessive sweating. It is 

scored for typical degree of change from “on” to “off” periods, and the sum of changes 

is multiplied by the amount of time spent in the “off” state with non-motor symptoms 

(‘’non-motor off’’)[79]. 

The NINDS-CDE version 2.0 has classified the MDS-NMS as Supplemental – Highly 

Recommended in PD. 

Strengths 

The MDS-NMS is available through the MDS, although costs incur if it is used in 

clinical studies and trials. Similar to the NMSS, it is clinically meaningful to both 

patients and clinicians, includes patient-reported outcomes, and implies a low burden 

for both parties, all of which make it a good candidate for approval by regulatory 

bodies. It is relevant for all PD patients and can be useful to identify specific PD 

clusters depending on the non-motor phenotype. 

Regarding clinimetric properties, it has acceptable internal consistency (MDS-NMS and 

NMF total score’s average Cronbach’s alpha = 0.66 and 0.84, respectively); excellent 

interrater reliability (ICC >0.95); and test-retest reliability (ICC = 0.84 for MDS-NMS 

and 0.70 for NMF), and precision was found to be excellent for the MDS-NMS and fair 

for NMF [79]. 

Limitations 
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To the best of our knowledge, and probably due to its recent development, the MDS-

NMS has not yet been included in disease-modifying trials in PD, but it is being used in 

other clinical trials. 

Likewise, no solid data on sensitivity to change are available on this scale due to the 

lack of longitudinal cohort studies using the MDS-NMS, nor are there clinically 

meaningful cut-offs available yet. A moderate floor effect was present in patients for 

most MDS-MNS domains, with some components showing weak internal consistency, 

but there were no floor or ceiling effects of the total MDS-NMS score and its internal 

consistency was high. [79]. 

 

 

Scales for specific non-motor symptoms 

Guided by the input of our Patient and Public Involvement and Engagement Working 

Group (PPIE WG) and by previous patient and carer input on the importance of 

different PD symptoms [32], we selected the NMS reported to be the most important 

(fatigue, pain, sleep, mood (depression, apathy, psychosis)) and looked into specific 

scales for these. As recently highlighted, there is no suitable scale for the screening of 

psychosis in PD, and a specific one should be implemented [80]. The other symptoms 

have recommended scales that are reviewed in more detail below. 

 

Fatigue 

 

Fatigue Severity Scale (FSS) 
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The Fatigue Severity Scale (FSS) includes 9 items involving motivation; physical 

function; responsibilities; work, family or social life; exercise; how easily fatigued; 

frequency of problems; and priority of symptoms. Each item is graded 1 to 7 and the 

total score is the mean of the 9 scores. It measures the interference of fatigue with daily 

life [81,82]. 

In its last critical review of fatigue scales, the FSS was “Recommended” by the MDS, 

both for screening and for severity rating [83]. 

The NINDS-CDE version 2.0 has classified the FSS as Supplemental in PD. 

Strengths 

The FSS has been used in disease-modifying trials in PD, and the burden of this scale 

on both patients and clinicians is low, since it is self-administered and takes 

approximately five minutes to complete [83]. As a patient-reported outcome, it is likely 

to be accepted by regulators. It gives information on the presence of fatigue and its 

functional impact [83]. The list of score items and the scale are available in the original 

FSS article [81], and although copyrighted, it is freely available from its developers 

[83]. 

In non-PD populations, floor or ceiling effects are low, the score distribution is normal, 

and it has a good association with the visual analogue scale (VAS) and various other 

fatigue rating scales, as well as with scales measuring related items (e.g., depression). 

The FSS has a high internal consistency (Cronbach’s alpha > 0.80), and there are 

acceptable item-total and intraclass correlation coefficients [82,83]. 

In PD, the FSS has good psychometric properties as well, and it has been widely used 

by different groups. Sensitivity to change has already been demonstrated in clinical 

trials.  
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A cut-off of 4 and a time frame covering the past 2 weeks have been frequently used by 

the developers and other groups [81], but other cut-offs have been suggested and used 

as well, such as a cut-off of 5 instead of 4 for high fatigue in the Norwegian version of 

the FSS [84]. 

Limitations 

The FSS does not provide a definition of fatigue, and although extensive clinimetric 

testing is available for other conditions, this is relatively scarce in PD [83]. 

Furthermore, the MCID of the FSS in PD has not yet been established. 

 

Pain 

 

King’s Parkinson’s Pain Scale (KPPS) 

The King’s Parkinson’s Pain Scale (King’s PD Pain Scale, KPPS) is a rater-interview–

based scale composed of 14 questions grouped into seven domains (musculoskeletal 

pain, chronic pain, fluctuation-related pain, nocturnal pain, orofacial pain, 

discolouration/swelling, and radicular pain), covering pain occurring over the last 

month, each item rated by severity and multiplied by frequency, the sum of which gives 

the total score [85].  

In its critique paper on rating scales for pain, the MDS classified the KPPS as 

“Recommended” for rating pain intensity and “Suggested” for syndromic pain 

classification [86]. 

The NINDS-CDE has classified the KPPS as Supplemental in PD. 

Strengths 
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The KPPS is widely available, easy to complete, provides patient-reported outcomes 

and has been used by multiple investigators [86], including in disease-modifying PD 

trials, which makes it likely acceptable to regulatory bodies. It provides information 

about the presence, severity, and frequency of pain. In addition, several key 

interventional pain trials have used the KPPS as an outcome [87]. 

Furthermore, the KPPS is the only pain scale with clinimetric assessment in PD [86]. 

There are clinimetric data on overall ratings of the KPSS, which show adequate internal 

consistency and inter-rater and test-retest reliability. Its validity is inferred by its 

moderate correlation with pain items from the EQ-5D-3L, the 8-Item Parkinson’s 

Disease Questionnaire (PDQ-8), and the NMSS; and moderate/strong correlations with 

PD severity, quality of life and mood measures were also found [85,86]. 

The following cut-offs have been suggested for the Persian version of the KPPS: no 

pain (0 points), mild pain (1-17 points), moderate pain (18-68 points) and severe pain 

(69 or more points), with a sensitivity of 0.80 [88]. 

Limitations 

The KPPS has significant floor effects [88], and due to the brief description of the 

different types of pain, it can be difficult for raters to classify a patient’s description of 

pain, and rater  training is warranted before administering the scale [86].  

 

Sleep 

The 2010 MDS review and critique paper on sleep rating scales, the following 

instruments were recommended: Parkinson’s Disease Sleep Scale (PDSS), Pittsburgh 

sleep quality index (PSQI), the Scales for Outcomes in Parkinson’s Disease – Sleep 

(SCOPA-Sleep), and the Epworth Sleepiness Scale (ESS) [89]. 
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After the publication of this review, a revised version of the PDSS was validated: the 

PDSS-2 [90]. This scale, along with the ESS and the SCOPA-Sleep, are classified as 

Supplemental – Highly Recommended, by the NINDS-CDE version 2.0. 

In this toolbox, we have incorporated a generic sleepiness screening tool, the ESS, and a 

PD-specific one, the PDSS-2. The latter is more widely used in PD studies than the 

SCOPA-Sleep (12 and 42 studies on clinicaltrials.gov as of October 12th 2022, 

respectively). 

 

Parkinson’s Disease Sleep Scale 2 (PDSS-2) 

The Parkinson’s Disease Sleep Scale 2 (PDSS-2) is the revised version of the PDSS. It 

is a patient-completed questionnaire with 16 questions on sleep-related items and 5 

categories of possible responses for each question (Likert type scale), addressing the 

frequency of each item [90]. It includes important items not captured by the initial 

PDSS version, such as nocturnal akinesia, pain and sleep apnoea, and has a more 

accurate description on items related to restless leg syndrome (RLS) [91]. On the other 

hand, the PDSS-2 focused on nocturnal symptoms, and removed items like daytime 

sleepiness, which were present in the original PDSS [90,91]. 

Strengths 

The PDSS-2 is widely available, has been used in trials of disease-modifying agents in 

PD, is brief and self-administered, and constitutes a patient-reported outcome. 

It has been validated across the whole spectrum of PD severity and has shown 

satisfactory internal consistency and reproducibility. Regarding convergent validity, the 

PDSS-2 was closely correlated with the MOS sleep scale and with the PDQ-39 

summary index [91].  
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As recently reported in a review [91], the PDSS-2 has negligible floor and ceiling 

effects, and it has also demonstrated good sensitivity [90] and responsiveness [92,93]. A 

clinically relevant cut-off of 18 points has been suggested for the PDSS-2 [94]. 

Although it was developed after the last MDS critique paper on sleep scales in PD, in 

which the PDSS was “Recommended”, the PDSS-2 also fulfils the criteria to be 

classified as “Recommended” [89,91]. 

Limitations 

The correlation of the PDSS-2 with the UPDRS sections III and IV and the Global 

Impression of severity was weak to moderate [91]. However, as both scales measure 

different domains of Parkinson’s symptoms (motor symptoms with the UPDRS and 

sleep with the PDSS) this is less relevant. 

 

Epworth Sleepiness Scale (ESS) 

The Epworth Sleepiness Scale (ESS) is a screening tool for sleepiness developed for the 

general population. It consists of 8 items which reflect daily life situations each of them 

with a 4-point scale (0-3) to answer regarding the likelihood of falling asleep on each of 

them [95].  

Strengths 

It is widely available, brief (taking less than 5 minutes to complete), self-administered 

and hence a patient-reported outcome. There is broad experience in its usage, and it has 

been extensively translated into other languages. 

Limitations 
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It only captures the tendency towards “falling asleep”, so drowsy or sleepy participants 

who do not fall asleep completely may score within the normal range; nor does it 

capture sleep attacks. For both reasons, in a PD population it would be best 

administered along with a PD-specific scale such as the PDSS-2. 

 

Depression 

In the latest MDS review of scales to assess depression in PD [96], no definite 

recommendations were made; the NINDS-CDE version 2.0 includes the Geriatric 

Depression Scale-15 (GDS-15) as Supplemental – Highly Recommended. However, a 

comparison of nine tools to assess depression in PD concluded that the GDS-30 may be 

the most efficient depression screening scale in PD [97].  

We are aware of the complexity of depressive symptoms and the difficulty to capture it 

with a single scale. However, this OM toolbox does not aim to be a comprehensive 

review of measures to diagnose and monitor depressive symptoms (e.g., MADRS, 

CSDD, BDI, HAM-D, etc.), but rather a set of recommendations for suitable OM in 

each PD domain.  

 

Geriatric Depression Scale (GDS) 

The Geriatric Depression Scale-30 (GDS-30) is the 30-item version of the GDS [98]. It 

is a short, self-administered screening scale for depression originally developed for the 

elderly, but also used in PD [96]. Its main focus is psychological items rather than 

somatic ones, and each item is answered dichotomously (“yes”: 1 point/”no”: 0 points) 

[96,98]. 
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The NINDS-CDE version 2.0 has not included the GDS-30 but the 15-item version of 

the GDS (GDS-15) is classified as Supplemental – Highly Recommended in PD. 

Strengths 

The GDS has been used in disease-modifying trials in PD, is widely available and lacks 

copyright protection [97], is brief (taking as little as 3 minutes to complete [97]), and 

self-administered, thus providing patient-reported outcomes and implying a low burden 

to both patients and clinicians.  

It has excellent clinimetric properties, with sensitivity ranging from 0.72 to 0.81, 

specificity 0.82-0.85, positive predictive value (PPV) 0.58-0.84 and negative predictive 

value (NPV) 0.79-0.94, and a Cronbach’s alpha value of 0.92 [97,99,100], and has also 

been shown to be sensitive to change in some studies [101]. 

In a review of depression scales for PD, a cut-off point of 10 or more points was 

determined as achieving an optimal sum of sensitivity and specificity, but the authors 

specified that this was not intended as a recommendation for clinical practice [97]. In 

this review, the GDS-30 was reported as having the best combination of clinimetric 

characteristics and easiness to complete [97]. Previous to that, a cut-off score of 9/10 

was suggested, yielding a sensitivity of 0.809, a specificity of 0.837, a PPV of 0.584, 

and an NPV of 0.939 [100]. 

The GDS-30 is not affected by patient characteristics, which supports its use in all PD 

patients [97]. Although the GDS was validated on subjects age 55 and older [96], a 

study on potential effects of age on GDS-15 performance reported comparable validity 

of the scale in PD patients of all ages [102]. 

Limitations 
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Although initially devised for general elderly populations [98], there is growing 

evidence that the GDS-30 is a good rating scale for depression in PD patients of all ages 

[97,99,100]. 

 

9-item Patient Health Questionnaire (PHQ-9) 

The 9-item Patient Health Questionnaire (PHQ-9) is the module of the Primary Care 

Evaluation of Mental Health Disorders dedicated to assess depression [103]. It scores 

each of the 9 criteria for depression included in the Fourth Edition of the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-IV) from 0 to 3 according to frequency. It 

is classified as Supplemental in the second version of the NINDS-CDE. 

Strengths 

The PHQ-9 is a patient-reported outcome, and it is also brief (approximately 3 minutes 

to complete) and can be administered in person or remotely. It has already been used in 

disease-modifying PD trials [4]. 

Limitations 

The PHQ-9 is not a PD-specific OM and its sensitivity to change is lower than other 

depression tools [104]. 

 

Columbia Suicide Severity Rating Scale (C-SSRS) 

The Columbia Suicide Severity Rating Scale (C-SSRS) is not strictly a measure of 

depression, but one that assesses suicidal ideation and behaviours [105]. It is classified 

as Core as a general CDE recommendation and as Supplemental – Highly 

Recommended in PD in the second version of the NINDS-CDE. 
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The scale is administered as a clinical interview to detect suicidal ideation and suicidal 

behaviour. Four constructs are measured: severity of ideation (“severity subscale”, rated 

on a 5-point ordinal scale), intensity of ideation (“intensity subscale”, with 5 items, each 

rated on a 5-point ordinal scale), behaviour subscale (5-category nominal scale), and 

lethality subscale (6-point ordinal scale). 

Strengths 

The C-SSRS is a very brief (up to 5 minutes to complete) scale which can be 

administered remotely. It is clinician-administered tool, but it also has a self-report 

version. The C-SSRS has been extensively used and has excellent clinimetric 

properties: a publication reviewing the results of three multisite studies showed that the 

C-SSRS has convergent, divergent, and predictive validity; as well as good sensitivity 

to change; sensitivity and specificity [106]. In the same publication, the intensity 

subscale was reported to have good internal consistency. 

Limitations 

The C-SSRS is not a PD-specific measure. Training is recommended when the C-SSRS 

is used in academic research and usually required commercially sponsored trials. 

 

Apathy 

 

Apathy Scale (AS) 

In a past review, the International Parkinson and Movement Disorder Society (MDS) 

Task Force recommended only the Apathy Scale (AS) to assess apathy in PD, although 

more recent reviews have shown other scales as potentially having better psychometric 
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properties, including the Lille Apathy Rating Scale (LARS) and the Starkstein Apathy 

Scale (SAS) [107–109]. The AS contains 14 items rated on a 4‐point Likert scale (0 – 

not at all to 3 – a lot). Total scores can range from 0 to 42, with higher scores 

representing greater levels of apathy. The NINDS-CDE version 2.0 has included the AS 

and classifies it as Supplemental – Highly Recommended in PD.  

Strengths 

The AS is widely available and relatively brief to complete. It has been used in several 

studies aiming to determine its usefulness and capability in determining various aspects 

of apathy in PD patients [110–112]. Regarding its clinimetric properties, the AS has 

good internal consistency, interrater and test-retest reliability; and moderate item-total 

correlations. It seems that the AS can be decomposed into two factors reflecting 

Motivation‐Interest‐Energy on the one hand and Indifference symptoms on the other. 

These factors are differentially associated with clinical variables, including cognition 

and independent activities of daily living [112]. 

Limitations 

As mentioned above, it seems likely that the AS can be decomposed into two factors, 

each associated with different aspects of apathy, indicating the importance of evaluating 

apathy from a multidimensional perspective and possibly limiting the use of AS as a 

comprehensive apathy scale in PD patients, despite its popularity.  

 

Apathy Evaluation Scale (AES) 

 

The Apathy Evaluation Scale (AES) [113] is a generic apathy scale, validated in de 

novo PD, PD with dementia and depression, PD with mild cognitive impairment (MCI) 
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and PD with deep brain stimulation of the subthalamic nucleus (DBS-STN). The rating 

varies in its 3 available versions: patient (self-reported, AES-S), clinician (AES-C), and 

informant (AES-I). It has 18 items and is one of the first instruments to quantitatively 

assess apathy in neurological populations [114]. 

In the latest MDS critique paper on apathy and anhedonia scales in PD, only the 

UPDRS and the Apathy Scale (AS) were Recommended, and the AES was only 

classified as ‘’suggested’’ because it lacked sufficient clinimetric testing in PD [109], 

but this has changed since then, hence now meeting criteria for “Recommended”. 

The NINDS-CDE version 2.0 has not included the AES in its last classification, and 

classifies the AS Supplemental – Highly Recommended in PD. 

Strengths 

The AES-C is widely available, relatively brief to complete (20 minutes) [114], and 

adaptable to each individual situation, as it can be completed by clinicians, patients or 

informers. 

It is currently being used [114], and has previously been used, in numerous PD studies.  

Regarding its clinimetric properties, the AES-C has good internal consistency, interrater 

and test-retest reliability; and moderate item-total correlations [114]. Moreover, the 

AES-I and AES-P have good convergent validity [114]. The AES is the apathy scale 

with the highest sensitivity and specificity: both 90%, as reported in a validation study 

in de novo untreated PD patients [115]. 

Limitations 

The AES-I and AES-P have a weak concurrent validity with the Neuropsychiatry 

inventory-apathy (NPIa) subscale [114]. 
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There is scarce data on the AES’ sensitivity to change and responsiveness to 

interventions in PD, although its high sensitivity and specificity are a good preamble. A 

longitudinal study on apathy and cognitive impairment in untreated newly-diagnosed 

PD patients showed stable mean overall AES scores, in line with the hypothesis that 

apathy is a persistent PD feature [101]. Nevertheless, when factoring in cut-off scores 

and clinical criteria for apathy, diagnosis of clinically relevant apathy changed over two 

years in several participants of the study, which supports the good sensitivity to change 

of the AES despite the persistency of apathy throughout the course of the condition 

[101]. 

 

Lille Apathy Rating Scale (LARS) 

The LARS [116] is a PD-specific apathy scale, validated in a cohort with and without 

dementia. It includes 33 items grouped into 9 domains, to be answered either with a 5-

point Likert scale or as “yes” or “no”. 

In the latest MDS critique paper on apathy and anhedonia scales in PD [109], the LARS 

was only classified as ‘’suggested’’ because it had not been used in PD beyond its 

original developers, but this has changed since then, hence now meeting criteria for 

“Recommended”. 

The NINDS-CDE version 2.0 has classified the LARS as Supplemental – Highly 

Recommended in PD. 

Strengths 

The LARS has a favourable clinimetric profile (internal consistency, test–retest 

reliability, interrater reliability, and item-total correlations), and has shown good 

sensitivity and specificity.  
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Limitations 

The LARS is longer to administer than other apathy scales, increasing the burden, 

although it can be completed in about 10 minutes. 

 

Psychosis 

The last MDS review on psychosis measurement instruments [117] concludes that no 

one scale can fully assess psychosis but, for clinical trials, recommended the 

Neuropsychiatric Inventory (NPI) (if cognitive impairment or if a caregiver is needed), 

the Scale for the Assessment of Positive Symptoms (SAPS), and the Positive and 

Negative Symptom Scales (PANSS). The authors also recommend combining a tool 

which measures clinical change over time (e.g., CGI-S) with a specific psychosis scale 

(e.g., NPI, SAPS). 

The NINDS-CDE version 2.0 classifies the Scale for the Assessment of Positive 

Symptoms in PD (SAPS-PD (SAPS-PD) as Supplemental and its enhanced version 

(eSAPS-PD) as Supplemental – Highly Recommended. 

 

Scale for the Assessment of Positive Symptoms in PD (SAPS-PD) 

The SAPS-PD is a modified version of the SAPS, which was initially created to assess 

psychosis in schizophrenia [118]. The SAPS-PD has nine items (Auditory 

hallucinations, Voices conversing, Somatic or tactile hallucinations, Visual 

hallucinations, Global rating of severity of hallucinations, Persecutory delusions, 

Delusions of jealousy, Delusions of reference, and Global rating of severity of 

delusions) evaluated with a 6-point Likert scale (0-5) [119]. 
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Strengths 

The SAPS-PD maintains the reliability, sensitivity to change, and effect size of SAPS 

but is adapted to PD and briefer to administer [119]. It has been deemed effective as an 

outcome measure in clinical trials, and a clinically meaningful change has been 

established as 2.33 points (defined as a 1-unit change in clinical global impression). 

Interestingly, the authors report no significant difference in scores between PD patients 

with and without cognitive impairment, although the authors established a Mini-Mental 

State Examination (MMSE) cut-off of 24 points and admit that below 21 points, there 

may be a change in symptoms between both populations. 

Limitations 

The SAPS-PD does not include some relevant items, such as illusions and olfactory 

hallucinations. It may not be suitable in cognitively impaired participants, although this 

trial will not include PD patients with dementia at the time of recruitment. 

 

Enhanced Scale for the Assessment of Positive Symptoms in PD (eSAPS-PD) 

The eSAPS-PD is a more comprehensive version of the SAPS-PD, which also includes 

questions about olfactory, gustatory, and minor hallucinations, as well as about less 

common delusions. It consists of and a global rating and 30 items in the following 4 

domains: hallucinations (7 items), delusions (13 items), bizarre behaviour (5 items), and 

positive formal thought disorder (9-items) [120]. 

Strengths 

The eSAPS-PD is very brief, taking 1-2 minutes to complete in asymptomatic 

individuals and up to 10 if symptoms are present [120]. It is the expansion of the 
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already validated SAPS-PD scale and includes items which are overlooked by that 

scale.  

Limitations 

To our knowledge, the eSAPS-PD has not been validated in PD nor used beyond their 

original developers, so further experience and formal validation would be warranted 

before recommending its use, despite its promising results in the original publication 

[120]. 

 

Autonomic dysfunction 

There are two relatively recent MDS reviews of autonomic scales in PD. The earlier, in 

2009, focused on sialorrhea, dysphagia, and constipation, but also included global scales 

and classified the Scales for Outcomes in PD-Autonomic (SCOPA-AUT) and the Non 

Motor Symptoms Questionnaire for PD (NMSQuest) as Recommended [41]. Another 

review in 2011, which focussed on orthostatic hypotension, also reported the SCOPA-

AUT to be Recommended, and although the authors also classified the Composite 

Autonomic Symptom Scale (COMPASS) as Recommended, they mention that it had 

not been validated in a PD population and needed further assessment in this condition 

[121]. 

The NINDS-CDE version 2.0 include two autonomic scales: The Composite Autonomic 

Symptom Scale (COMPASS-31) as Supplemental – Highly Recommended, and the 

SCOPA-AUT as Supplemental. 

Nevertheless, the SCOPA-AUT is a PD-specific autonomic scale and has been more 

widely used in PD studies than the COMPASS-31 (25 studies versus 3 studies in 

clinicaltrials.gov as of October 11th 2022, respectively). 
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For the above reasons, we have selected the SCOPA-AUT for consideration as a tool to 

measure autonomic dysfunction in our trial. 

 

Scales for Outcomes in Parkinson’s Disease – Autonomic Dysfunction (SCOPA-AUT) 

The SCOPA-AUT [122] is a 25-item questionnaire which covers 6 domains: 

gastrointestinal (7 items), urinary (6), cardiovascular (3), thermoregulatory (4), 

pupillomotor (1), and sexual dysfunction (2 items for men and 2 items for women). 

Strengths 

It is a comprehensive, PD-specific scale, which correlates with disease severity, has 

good test-retest reliability, its total score did not show floor or ceiling effect in an 

independent validation study [123]. Although heterogeneous, it showed acceptable 

internal consistency, with Cronbach’s alpha coefficients between 0.64 (cardiovascular 

and thermoregulatory subscales) to 0.95 (Sexual dysfunction in women).  

Most importantly, it is highly correlated with specific HR-QoL and functional measures 

(rS = 0.52–0.56) [123]. 

Limitations 

The SCOPA-AUT has shown ceiling effects in some items (gastrointestinal, urinary), 

and includes some relatively non-specific items, such as swallowing, which may be 

impaired by causes other than autonomic dysfunction, including motor function. It lacks 

items such as fatigue, but this can be addressed by including one of the recommended 

fatigue-specific scales as suggested within the EJS ACT-PD initiative. In line with other 

comprehensive scales, the SCOPA-AUT is heterogeneous in its content, thus weakening 

its clinimetric properties. 
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Cognitive measures – Global 

The 2018 MDS review and critique paper on cognitive scales in PD classified 

instruments as “Recommended” if they had been used in PD, by groups different than 

the creators of the scale, and if they underwent satisfactory clinimetric testing 

(reliability, validity, sensitivity to change). Accordingly, the review identified the 

following “Recommended” scales for cognitive screening in PD: Montreal Cognitive 

Assessment (MoCA), the Mattis Dementia Rating Scale Second Edition (DRS-2), and 

the Parkinson’s Disease-Cognitive Rating Scale (PD-CRS) [124]. 

 

Montreal Cognitive Assessment (MoCA) 

The NINDS-CDE version 2.0 has classified the MoCA as Core in PD. 

Strengths 

The MoCA [125] has been widely used in PD research, including disease-modifying 

trials [126]. It is widely available, and although it requires training, it takes 10 minutes 

to complete, which means that the burden for both patients and clinicians is low. 

It has good reliability with internal test-test accuracy, and inter-rater reliability [127]. It 

has been shown to be superior to the MMSE in detecting PD-MCI and PDD [128,129], 

with less of a ceiling effect. 

Clinically meaningful cut-offs have been proposed of  <26/30 [129,130] or <24 for PD-

MCI [131], and <21/30 for PDD [129,131]. 
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The MoCA has also proven to be sensitive to change [132,133], and can be used for all 

PD patients across the spectrum of cognitive impairment including those with PD-MCI 

and PDD. The MoCA has  been proposed as the most useful instrument in PD-MCI, 

when compared with the MMSE, the Frontal Assessment Battery (FAB) and the Mattis 

Dementia Rating Scale [130]. 

It is classified as “Disease Supplemental – Highly Recommended” by the NINDS-CDE. 

Limitations 

The main limitation of the MoCA is that it is a measure of global cognition, with only 

limited sensitivity for each cognitive domain. Most patients score between 18-30, 

giving low variability in scores. This can limit sensitivity to detecting change over time, 

and in detecting relationships with other disease-related measures. 

 

Mattis Dementia Rating Scale (DRS-2) 

The Mattis Dementia Rating Scale-2 gives an overall scoring of cognitive function 

based on 5 subscales (attention, initiation/perseveration, construction, conceptualisation, 

and memory) [134].  

It provides a minor refinement compared with the earlier version, with the tasks and 

stimuli unchanged, but allowing a wider age range; and a lower floor so that more 

impaired individuals can also be assessed. 

The NINDS-CDE version 2.0 has classified the Mattis Dementia Rating Scale (MDRS) 

as Supplemental in PD. The authors explain that “although the MoCA and Mattis DRS-

2 scored equally high on rating scale usage, only the MoCA is classified as “Core” 

given its more extensive use in PD and its significantly shorter administration time”.  
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Strengths 

As with MoCA, the DRS-2 has already been used in PD disease-modifying trials [135]. 

It has good validity and reliability, and clinically meaningful cut-offs have been 

suggested: ≤ 132/144 for PDD; ≤ 139/144 or 140 for PD-MCI [134,136].  

Furthermore, it has shown to be sensitive to change [137]. 

Limitations 

The DRS-2 is copyrighted, and has costs associated with its use. It also requires training 

and takes 30 minutes to complete, which makes it slightly more inconvenient than the 

MoCA or MMSE. 

 

Parkinson’s Disease-Cognitive Rating Scale (PD-CRS) 

The NINDS-CDE version 2.0 has classified the PD-CRS as Supplemental in PD. 

Strengths 

The PD-CRS is widely available, and although it requires training, it takes only 20 

minutes to complete, making its burden for both patients and clinicians low/moderate. 

It has shown good validity and reliability, and cut-offs have been suggested for PD-MCI 

(<81 [138]) and PDD (<62 or 64 [139,140]). Moreover, it is sensitive to change [138]. 

Limitations 

The PD-CRS has already been used, to our knowledge, in at least one disease-

modifying PD trial (MOVES-PD trial, NCT02906020), but in general it is used less 

widely in PD studies than the MoCA and the DRS-2 (clinicaltrials.gov search). 
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Addenbrooke’s Cognitive Examination-III (ACE-III) 

The NINDS-CDE version 2.0 has classified the ACE-III as Supplemental in PD. 

Strengths 

The ACE-III is currently being used in disease-modifying trials in PD [141], is widely 

available, and although it requires training, it takes 20 minutes to complete, making its 

burden for both patients and clinicians low/moderate. It is composed of five cognitive 

domains (attention, memory, language, verbal fluency, and visuospatial abilities) and 

allows for generation of domain subscores. 

The previous version of the ACE, the ACE-Revised (ACE-R), is reliable and has shown 

good validity for both PD-MCI [142] and for PDD [143,144]. It has also shown 

sensitivity to change [145] and clinically meaningful cut-offs have been suggested: <89 

for PD-MCI [142,144]; <82 for dementia [146], <83 for PDD [144]. 

The ACE-R is no longer available for use due to copyright issues relating to inclusion 

of MMSE items within the scale. It has been replaced by the ACE-III, which substitutes 

the MMSE items for similar items. The ACE-III has been validated against the ACE-R 

and demonstrated high sensitivity and specificity in Alzheimer’s and frontotemporal 

dementia, with similar cut-offs as for the ACE-R [147]. Although the psychometric 

properties of the ACE-III have not been studied specifically in PD, its similarity with 

the ACE-R suggests that these can be inferred from ACE-R data.  

Limitations 

It is limited in assessment of executive functioning. 

 

Alzheimer’s Disease Assessment Scale–Cognitive Subscale (ADAS-Cog) 
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The NINDS-CDE version 2.0 has classified the ADAS-Cog [148] as Supplemental in 

PD. 

Strengths 

The ADAS-Cog has already been used in several disease-modifying trials in PD, is 

widely available, and has shown good reliability and validity [149]. 

Limitations 

The ADAS-Cog is copyrighted, and has costs associated with its use. It also requires 

training and takes 30 minutes to complete, which makes it more inconvenient than other 

shorter global cognition scales. 

Furthermore, there is less data on the ADAS-Cog than on other cognitive scales in PD, 

and thus there is just limited information on its sensitivity to change and, to our 

knowledge, no clinically meaningful cut-offs. 

 

Mini-Mental State Examination (MMSE) 

The NINDS-CDE version 2.0 has classified the MMSE [150] as Supplemental in PD. 

Strengths 

The MMSE is one of the most commonly used cognitive instruments, and has been used 

in several disease-modifying trials in PD. It takes only 10 minutes to complete and has 

good reliability. 

A cut-off of <26 points for PDD has been suggested [151]. 

Limitations 

The MMSE is now copyrighted, has costs associated with its use 

(https://www.parinc.com/), and requires training. 

https://www.parinc.com/
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Furthermore, shortcomings of the MMSE in PD include the lack of assessment of 

executive function and limited assessment of visuospatial abilities, both of which are 

commonly affected in PD. 

There are mixed results on its validity, and is not sensitive in detecting mild impairment 

[152] or mild change [128]. 

 

Mini-Mental Parkinson (MMP) 

The MMP was “Recommended with caveats” in the latest MDS review of cognitive 

scales [124]. 

The NINDS-CDE has not included the MMP in its last classification of outcome 

measures in PD. 

This scale has been adapted from the MMSE and was designed for use in PD as a 

screening tool for cognitive change [153]. 

Strengths 

It is quick to perform (15 minutes) and has good reliability [153], with a moderate 

correlation with the MMSE [154]. It is publicly available.  

Limitations 

The MMP lacks assessment of executive functions [124] and we lack information on 

how sensitive this scale is to change. 

 

Scales for Outcomes in Parkinson’s Disease-Cognition (SCOPA-COG) 

This scale was also designed as a PD-specific tool to assess cognition. It takes 

approximately 15 minutes to perform and is available in the public domain.  
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The SCOPA-COG was “Recommended with caveats” in the latest MDS review of 

cognitive scales [124]. 

The NINDS-CDE version 2.0 has classified the SCOPA-COG as Supplemental in PD. 

Strengths 

It is reliable and correlates with other widely used cognitive measures in PD [155].  

Limitations 

It has not yet been shown to have sensitivity to change, and in one longitudinal study, 

scores did not change over 4 years of follow-up [102]. It is more strongly weighted to 

memory rather than other cognitive domains.  

Supplementary Table 2, adapted from the NINDS-CDE version 2.0 Cognitive Subgroup 

Summary document [156], summarises some of the most relevant cognitive scales. 

 

 

Cognitive measures – Specific domains 

A large number of assessment tools are available to assess specific domains of cognition 

which are of relevance in PD. However, the NINDS-CDE has not included any domain 

specific cognitive measures in its last classification of outcome measures in PD, and it is 

unlikely that inclusion of a comprehensive battery of domain-specific tests in a clinical 

trial protocol would be feasible given the time required for completion.  

However, targeted testing of specific domains or tests may be considered, for domains 

that are known to be affected early in PD, or to have high predictive value for future 

cognitive decline. For example, verbal fluency (semantic) is quick to administer and has 

previously been shown to be highly predictive of future PD dementia [157]. Visuo-
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spatial deficits are also emerging as predictive for cognitive decline [157–159]. These 

can be detected with tasks such as pentagon or cube copying, clock-drawing (as a 10-

point test); the Judgement of Line Orientation [160], or Hooper’s Visual Organisation 

Test [161], which are also not time consuming to perform. Tests of executive function 

such as the Trails test or the Stroop may also be considered, have low burden for both 

patients and clinicians, and are frequently impaired in early PD, but are less clearly 

predictive of later dementia. 

 

 

Disability measures 

In the MDS Critique paper on disability rating scales [162], these were classified as 

“Recommended” if they met the following criteria: to have been used in PD, to have 

been applied beyond their original developers, and to have undergone satisfactory 

clinimetric testing both in non-PD and in PD. In accordance to those criteria, the 

“Recommended” scales were: the Functional Status Questionnaire (FSQ), the Lawton-

Brody Activities of Daily Living (LBADL), the Nottingham Activities of Daily Living 

(NEADL), the Schwab and England Activities of Daily Living (S&E ADL), the Self-

Assessment PD Disability (SPDDS), the Short Parkinson’s Evaluation or Scale/Scales 

for Outcomes in PD (SPES-SCOPA), the Unified PD Rating Scale (UPDRS)–II: 

Activities of Daily Living, the Movement Disorders Society UPDRS (MDS-UPDRS) 

Motor Experiences of Daily Living, and the PROMIS and Neuro-QoL Physical 

Function.  

After searching on clinicaltrials.gov to estimate the frequency of use of each of those 

nine rating scales in PD studies, the three most commonly used as outcome measures in 
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PD studies, excluding the MDS-UPDRS part II and the UPDRS part II (already 

discussed above), were the FSQ, the Schwab and England ADL, and the 

PROMIS/Neuro-QoL. All three of them have been used in disease-modifying trials in 

PD, and therefore we have considered those in this toolbox of OM. However, we have 

classified the PROMIS/NeuroQoL under “HR-QoL: Generic” below.  

Of note, in a recent systematic review of ADL measures in PD, only the MDS-UPDRS 

(either the full scale or part II alone) and the Schwab and England Activities of Daily 

Living Scale (S&E ADL) were recommended [163]. 

 

Schwab and England ADL Scale (S&E ADL) 

The S&E ADL [164] measures the level of functional independence in 10 levels of 

ability to perform various chores, distributed in 10% intervals from 0% (“Bedridden”) 

to 100% (“Completely independent”) [162].  

The NINDS-CDE version 2.0 has classified the S&E ADL as Supplemental – Highly 

Recommended in PD. 

Strengths 

The S&E ADL scale is widely available, brief to complete, and broadly used in PD, 

including in disease-modifying trials. It can be administered by clinicians, staff or be 

self-completed by patients [165]. 

This scale has high interrater reliability between patient and physician ratings (ICC = 

0.82), good validity can be deducted from studies using the S&E ADL as a benchmark 

for other scales, and it has shown responsiveness to change over 1 and 4 years [162]. 

The S&E ADL scale has also shown to be remarkably responsive to change over time 
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[166] and regarding longitudinal validity, changes in this scale correlate with H&Y 

changes [167]. 

Limitations 

At the time of the MDS review, there was a lack of direct assessments of the S&E 

ADL’s validity, hence it being inferred from studies in which it was used as benchmark 

for other scales [162]. Nevertheless, test-retest (ICC = 0.70) and absolute reliability 

(standard error of the mean (SEM) = 4.45) were calculated for the S&E ADL after the 

MDS review was published [168]. 

 

Functional Status Questionnaire (FSQ) 

The FSQ [169] is a self-administered questionnaire of six summary scales (basic and 

intermediate activities of daily life (ADLs), mental health, social activity, work 

performance, and quality of interaction), and six single-item scores. The items must be 

answered in either 4- (1-4) or 6-point (1-6) scales. 

The FSQ is not included in the NINDS-CDE version 2.0. 

Strengths 

The FSQ has been validated in PD, with good internal consistency, (Cronbach’s alpha = 

0.92), content validity, and convergent validity in comparison to the UPDRS ADL, 36-

item Short Form Health Survey (SF-36), and Schwab and England (S&E) scales [170]. 

More importantly for a disease-modifying trial, it has demonstrated sensitivity to 

change in both PD and non-PD populations [171,172]. A review of the reliability and 

validity of the FSQ in different non-PD populations also yielded good results [173]. 

Limitations 
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The FSQ was initially developed for primary care settings, and its use in disease-

modifying trials in PD (e.g., ADAGIO follow-up study, NCT00936676) is less frequent 

than that of the PROMIS/NeuroQoL or the S&E ADL. 

 

 

Capability measures 

 

ICEpop CAPability measures (ICECAP) 

The ICEpop CAPability measures (ICECAP) aim to capture broader wellbeing than 

health and focus on issues important to patients beyond their health-related quality of 

life, in order to allow more meaningful economic assessment of interventions that take 

place across health and social care. The ICECAP-A for adults [174] has five questions 

covering five dimensions: stability, attachment, achievement, autonomy, and 

enjoyment; and the ICECAP-O for older people [175], covers these five dimensions: 

attachment, security, role, enjoyment, and control. This suite of measures has scoring 

tariffs that have been developed using preferences, but the scores calculated using the 

tariffs are not utility weights and cannot be used to construct quality-adjusted life-years 

(QALYs) as there is no anchor of zero being equivalent to death, and this is a 

requirement for the construction of utility weights that are used to calculate QALYs. 

Strengths 

Brief and easy to complete. Provides an assessment of what is important to patients in 

terms of being able to enjoy life. The ICECAP-O in particular has previously been used 

in this and similar patient populations. 
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Limitations 

Cannot be used in standard cost-utility analysis (i.e., involving QALYs) as the tariff 

preference weighting does not use the zero anchor at death so does not produce utility 

weights.  

 

 

Carer burden measures 

 

Carers quality-of-life questionnaire for parkinsonism (PQoL Carers) 

The 26-item Parkinsonism Carers Quality of Life (PQoL Carers) is a self-completed 

questionnaire enquiring about various aspects of the wellbeing of people caring for 

people with parkinsonism (e.g., social activities, relationship to the patient, stress, 

mood), from which a summary index is calculated [176]. 

Strengths 

It has high internal consistency (Cronbach’s alpha = 0.96), as well as good convergent, 

concurrent, and discriminant validity [176], the latter being especially helpful in a 

disease-modifying trial, and has been shown to have good psychometric properties in 

Rasch analysis. It has been validated in carers of patients with parkinsonism [176] and it 

has been used in clinical trials in PD (personal communication, AS). 

Limitations 

This scale includes a question comparing the current level of health to that of 12 months 

ago, a relatively long timespan, which increases the risk of recall bias.  
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29-item Parkinson Disease Questionnaire for Carers (PDQ-Carer) 

The 29-item Parkinson Disease Questionnaire for Carers (PDQ-Carer) is a self-

completed questionnaire assessing the quality of life of carers of PwP. It covers four 

dimensions of quality of life (Social and Personal Activities, Anxiety and Depression, 

Self-care, and Strain) [177]. 

Strengths 

In the original validation paper, it showed good internal consistency and reliability for 

all domains, as well as high data completeness and construct validity [177]. 

A single summary index score for all four domains has been proposed, with good 

internal reliability (alpha = 0.94) and valid, as shown by strong correlations with all 

domains of a generic health-related quality of life (HR-QoL) measure, the 36-Item Short 

Form Health Survey (SF-36) (all p < 0.001).  

The PDQ-Carer has been used by other groups (e.g., it has been validated in Spanish 

[178]). 

Limitations 

The PDQ-Carer is relatively lengthy (29 questions), with which can be burdensome for 

the respondents. 

To the best of our knowledge, it has not been used in disease-modifying PD trials. 

 

Zarit Burden Interview (ZBI) 

The ZBI is a 22-item questionnaire originally developed in 1980 to assess the burden on 

carers of people with dementia [179]. Since then, shorter versions have been developed, 

and its use has widened in a broad range of conditions, including PD [180]. 
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Strengths 

It has shown good clinimetric properties in PD: reliability (ordinal alpha 0.89—0.95), 

external construct validity, and corrected item-total correlations were ≥ 0.42, as well as 

negligible floor/ceiling effects (< 20%) except for the briefest forms. 

The authors of the above-cited study suggest the 12- or 22-item forms for studies where 

carer burden is a central OM and the shorter versions when that is not the case [180]. 

Limitations 

The briefest forms of the ZBI, namely the 4- and 1-item versions, have considerable 

floor effects (20% and 40% floor effects, respectively) [180]. 

The ZBI is not PD-specific, and to the best of our knowledge it has not been used in 

disease-modifying PD trials, although it has been included in a large number of 

symptomatic studies. 

 

 

Health-related quality of life measures: Generic 

In the MDS critique paper on health-related quality of life (HR-QoL) scales in PD 

[181], akin to other MDS critique papers, “Recommended” scales had to have been used 

in PD patients, beyond original developers, and have undergone successful clinimetric 

testing. In that review, HR-QoL measures were divided into generic and PD-specific. 

The following generic HR-QoL scales are “Recommended”: EQ-5D, Nottingham 

Health Profile (NHP), 36-Item Short-Form Health Survey (SF-36), and Sickness Impact 

Profile (SIP). Of those, only EQ-5D and SF-36 have been used in disease-modifying 

trials in PD, according to our database. In addition, the MDS reviewed methods and 
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instruments for health economic studies of PD, and, regarding utility instruments, the 

EQ-5D and Health Utility Index instruments met criteria to be ”Recommended (with 

limitations)” and the EQ-5D was reported to have extensive data of performance on PD 

patients [182]. We also conducted a search in clinicaltrials.gov and found both to be 

widely used in PD studies. For all of the above reasons, this section includes the EQ-

5D, SF-36 and HUI. 

Please note that all the generic HRQoL measures can be used for both participants and 

their carers. 

 

EQ-5D 

The EQ-5D [183] is a measure of perceived health, constituted by 5 items with 3 

response options (EQ-5D-3L) or 5 response options (EQ-5D-5L), and a visual analogue 

scale on the health status on the day of questionnaire completion, as perceived by the 

patient, from 0 to 100. 

The NINDS-CDE version 2.0 has classified the EQ-5D as Supplemental – Highly 

Recommended in PD. 

Strengths 

The EQ-5D is one of the most widely used HR-QoL measures in research, including 

PD, and its clinimetric properties in this condition have also been studied. It is widely 

available and very brief. 

It has adequate face/content validity, is responsive to interventions, highly reliable 

(good/excellent ICC), correlates with PD-specific (UPDRS) and general (SF-36) HR-

QoL measures, and can differentiate PD stages [181,184]. 
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The EQ-5D can be used for cost-utility analysis (i.e., calculating incremental cost per 

quality-adjusted life-year (QALY)) as there are tariffs to convert the responses into 

utility scores that can be used, if recorded across multiple timepoints, to calculate 

QALYs [185]. This type of analysis is often used in health technology assessment as it 

allows decision makers to consider allocation of health care resources across different 

disease areas that they might be responsible for, because QALYs are a generic outcome 

measure. 

Limitations 

No clinically meaningful cut-off is available for the EQ-5D in PD, and its brevity and it 

is not a PD-specific HR-QoL measure. 

 

36-Item Short-Form Health Survey (SF-36) 

The SF-36 [186] is a questionnaire including 36 items in 8 domains, and allows to 

summarise the results into physical and mental function. 

The NINDS-CDE version 2.0 has classified the SF-36 as Supplemental – Highly 

Recommended in PD. 

Strengths 

The SF-36 is widely available, brief, self-completed, and has been extensively used in 

PD. It measures impact and change of quality of life compared to one year ago. 

It has shown good reliability (Cronbach’s alpha > 0.70) [187], Brown 2009), 

discriminative validity, and partial responsiveness to PD progression and interventions. 

In the aforementioned study, the responsiveness of the SF-36 was even higher than that 
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of two PD-specific HR-QoL scales (PDQ-39 and PDQUALIF) [187]. The minimal 

detectable change for the SF-36 has also been calculated [188].  

A subset of responses to the SF-36 can be used to calculate utility scores via the SF-6D 

tariff [189], so it can be used to perform cost-utility analysis. 

Limitations 

Some subscales of the SF-36 have shown floor and ceiling effects, which would make it 

less suitable in very mild and very severe PD, and, to our knowledge, there is no 

evidence supporting the two physical and mental health components of the SF-36 in PD 

[181]. 

 

12-Item Short-Form Health Survey (SF-12) 

The SF-12 is a shorter form of the SF-36, derived by it from its original developer 

[190]. 

Either of SF-12 or SF-36 could be used (via the SF-6D algorithm) [189] to calculate 

utilities and therefore QALYs. 

The SF-12 is not included in the NINDS-CDE version 2.0. 

Strengths 

It is accessible, briefer than the SF-36, self-completed, and has shown good reliability 

and validity [190].  

Limitations 

It presents similar limitations to the SF-36, and additionally, it has less experience of 

use in PD trials than the SF-36. 
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Health utility index (HUI) 

The HUI (versions I, II, and III) is another method to assess quality of life that also 

allows calculation of utilities [182,191,192]. 

The HUI is not included in the NINDS-CDE version 2.0. 

Strengths 

The HUI has been used in PD and there are data on its reliability and validity for a 

number of conditions [182]. The responses to relevant versions of the HUI can be 

converted into utility scores for cost-utility analysis. 

Limitations 

The HUI has not been validated in PD, and its use requires payment [182]. 

 

Patient-Reported Outcomes Measurement Information System (PROMIS)/Quality of 

Life in Neurological Disorders (Neuro-QoL) 

The Patient-Reported Outcomes Measurement Information System (PROMIS) and 

Quality of Life in Neurological Disorders (Neuro-QoL) are two National Institutes of 

Health (NIH)–sponsored interrelated systems of patient-reported outcome measures 

[193,194]. 

They evaluate the ability of the responder to do a series of tasks, hence reflecting the 

physical, mental, and social consequences of neurological conditions. Since they are 

generic scales, comparisons can be made with other conditions [162]. The scoring is 

based on a T-distribution referenced to the U.S. general population where the mean is 

50 and standard deviation is 10 [162].  
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The NINDS-CDE version 2.0 has classified the PROMIS-29 Profile and the PROMIS 

Item Bank v1.2 – Global Health as Supplemental in PD, and the Neuro-QoL as 

Supplemental – Highly Recommended in PD. 

Strengths 

The Neuro-QoL and PROMIS have been used in disease-modifying trials in PD, are 

widely available, clinically meaningful, brief, and easy to administer. Since they are 

PROs, they are good candidates in terms of acceptability to regulatory bodies. 

Both have been validated [162], and have shown good validity to measure disability 

[195].  

The reliability, validity, and sensitivity to change of both scales has been assessed. 

The Neuro-QoL has been validated in PD, showing overall high reliability: good 

internal consistency (Cronbach’s alpha = 0.81 to 0.94), test-retest reliability, and 

correlation with PD-specific measures, such as the UPDRS [162,195]. The PROMIS 

has been validated in population samples including PD patients [162] and is highly 

reliable as well, especially in advanced PD [196]. 

There are no clinically meaningful cut-offs for these scales, but in general, PROMIS’ 

cut-off is established between 2 and 6 T-score points [197], and in the case of Neuro-

QoL, a clinically Minimal Detectable Change can be calculated for its short forms 

[198]. 

Both scales have shown, to a greater or lesser extent, sensitivity to change. The Neuro-

QoL has been reported to be responsive to self-reported change in the fatigue, mobility, 

positive emotion, and emotional/behavioural control domains [195]. Nevertheless, the 

only domain of the PROMIS that changed significantly for individuals with PD over 6 

months in a study was Applied Cognition–General Concerns [196]. 
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One of the greatest advantages of these measures is their adaptability, which ensures 

they are applicable to all PD patients: there are short forms, tailored forms for assistive 

devices [162], and PROMIS might be especially useful in advanced PD and in the case 

of caregivers completing it [196]. 

They both provide information on the presence and impact of disability in PD. 

Limitations 

None of these scales are PD-specific measures, and, to our knowledge, PROMIS has not 

been validated in a PD population exclusively, apart from the sleep disturbance 

(PROMIS-SD) and sleep-related impairment (PROMIS-SRI) tools [199]. 

 

Health-related quality of life measures: PD-specific 

In the MDS critique paper on HR-QoL scales in PD [181], the following PD-specific 

health-related quality of life (HR-QoL) scales are “Recommended”: Parkinson’s 

Disease Questionnaire (PDQ-39), Parkinson’s Disease Questionnaire Short Form 

(PDQ-8), Parkinson’s Disease Quality of Life Questionnaire (PDQL), Parkinson’s 

Impact Scale (PIMS), and Scales for Outcomes in Parkinson’s Disease–Psychosocial 

(SCOPA-PS). Of those, only PDQ-39, PDQ-8 and PDQL have been used in disease-

modifying trials in PD, according to our database. We also conducted a search in 

clinicaltrials.gov and found the PDQ-39 and, to a lesser extent, the PDQ-8 to be widely 

used in PD studies.  

Moreover, in a recent systematic review of tools to measure HR-QoL in PD, the two 

most common questionnaires were the PDQ-39 and the PDQ-8 [200]. 

For all the above reasons, this section includes the PDQ-39 and its shorter form, the 

PDQ-8. 
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39-item Parkinson’s Disease Questionnaire (PDQ-39) 

The PDQ-39 [201] is a HR-QoL instrument comprising 39-questions on frequency of 

different PD-related issues on daily life, with 5 possible answers for each, and grouped 

in 8 subscales. Global HR-QoL can be estimated from the summary index of the PDQ-

39 (PDQ-39 SI) [202]. 

The NINDS-CDE version 2.0 has classified the PDQ-39 as Supplemental – Highly 

Recommended in PD. 

Strengths 

The PDQ-39 is broadly used and has been translated and validated in various countries 

[181]. It is widely available, self-completed (minimal clinician burden), and the PDQ-

39 SI has shown excellent clinimetric properties: satisfactory content and convergent 

validity, internal consistency and stability, and no relevant floor and ceiling effects. The 

Cronbach’s alpha of the total PDQ-39 scale in different studies ranges from 0.84 to 0.94 

[203]. 

Both discriminative validity for different PD stages and interpretability parameters have 

been defined for the PDQ-39 SI [181]. 

The minimal clinically relevant change has been calculated to be 1.6 points [204]; and a 

clinically meaningful change of 3.5 points has also been suggested [205]. 

The PDQ-39 is sensitive to change. In fact, changes in it have been reported to 

corresponds to clinicians’ judgements of change over time in a prospective 

observational study of patients attending neurology clinics [206], and it also produces 

statistically significant changes for the majority of domains for which PD patients 

reported deterioration [207]. 
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A subset of responses to the PDQ-39 (i.e., those in the PDQ-8) can be mapped to the 

EQ-5D-3L for calculation of utility scores, for use in cost-utility analysis, although this 

is less preferred than using a direct measure (e.g., EQ-5D-5L) and avoiding mapping 

[208]. 

Limitations 

The PDQ-39 lacks some relevant HR-QoL areas, such as sleep and sexual function 

[181].  

Furthermore, although overall an excellent HR-QoL scale in PD, the PDQ-39 is 

lengthier than other scales, which might represent a burden to some patients. Thus, a 

shorter version of the PDQ-39 has been developed: the PDQ-8 [202]. 

 

8-item Parkinson’s Disease Questionnaire (PDQ-8) 

The PDQ-8 [202] is the short version of the PDQ-39, and contains 8 items representing 

each of the 8 different domains in the PDQ-39.  

The NINDS-CDE version 2.0 does not include the PDQ-8. 

Strengths 

The PDQ-8 is widely available (although applying for a license is necessary: 

https://process.innovation.ox.ac.uk/clinical), briefer than the PDQ-39, reducing patient’s 

burden, and can be used in health-economic analysis. 

Regarding psychometric properties, the PDQ-8 has shown satisfactory internal 

consistency, item–total correlation, test–retest reliability, and convergent validity, as 

well as responsiveness to interventions and sensitivity to change [181,209]. No floor or 

ceiling effects have been identified, and a minimal important difference (MID) has been 
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calculated (MID values ranged from 5.8 to 7.4 points, but should be taken as 

preliminary estimates [209]). Responses to the PDQ-8 can be mapped to the EQ-5D-3L 

for calculation of utility scores, for use in cost-utility analysis, although this is less 

preferred than using a direct measure (e.g., EQ-5D-3L or 5L) and avoiding mapping 

[208]. 

Limitations 

Probably due to its simpler content, the PDQ-8 has shown lower reliability (Cronbach’s 

alpha = 0.80) [210] and validity than the PDQ-39 [181].  

 

 

Health economics – Resource use  

Costs of treatment pathways are generally calculated as the sum of resource use items 

multiplied by their unit cost, with exact decisions about which costs to include being 

based on the required perspective for the analysis, e.g., national health service 

perspective, or wider perspective, for example including social care, patients’ and/or 

carers’ out-of-pocket costs, and productivity losses. Capture of information on resource 

use is commonly performed using patient-reported questionnaires including the Client 

Service Receipt Inventory (CSRI) [211–213], supplemented by information from 

electronic health records where appropriate, to both improve quality and reduce burden 

on participants. 

 

Client Service Receipt Inventory (CSRI) 

Strengths 
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The CSRI is free and no registration is required. Any type of data can be collected, 

including social care, education support, time off work and other non-health 

information. The CSRI requires modification by the health economist before use with 

input from PPIE members, clinicians, carers, and any other stakeholders to tailor it to 

the specific context. This means that patient and clinician burden in completing the 

questionnaire can be minimised, and relevance/applicability can be maximised. 

Limitations 

The burden in the case of patients and carers is medium due to potentially lengthy 

assessments (although this is tailored to the specific needs of the study as mentioned), 

and minimisation of the gathered data can be done to reduce the burden. Data 

completion rates can be variable. 

 

Electronic health records 

Strengths  

Using electronic health records reduces burden for participants, and often leads to more 

complete data capture and therefore less bias. Time periods before the trial start date 

and after follow-up has finished can also be covered.  

Limitations 

Most routinely available electronic records were not designed for research use, rather 

they were designed for auditing health services, or for reimbursement of providers of 

services, and this can mean that the data are not always straight forward to cost, and that 

not all items of interest are captured. Costs for obtaining datasets can also be high, in 

terms of paying directly for access to datasets and the researcher time required for 
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making the application (e.g., NHS Digital), or researcher time required to go in to 

services and retrieve data. 

 

 

Health economics – Cost-utility analysis 

Health economics analysis requires information on both quality of life and costs. 

Quality of life information should be captured such that responses to appropriate 

questionnaires can be converted into utility scores, and over a number of time points so 

that QALYs over the relevant time period can be calculated for cost-utility analysis. 

Costs depend on the decision maker’s requirements but generally include resources 

associated with treatment and care pathways. Costs are calculated by applying 

appropriate unit costs to resource use information, captured for example using the CSRI 

and/or electronic health records.  

Appropriate approaches would be to use QALYs calculated from repeated measures of 

a generic HR-QoL measure such as the EQ-5D-5L as the primary cost-utility analysis, 

with secondary analyses using QALYs calculated by mapping from other HR-QoL 

measures described above (e.g., PDQ-8 [208]). The cost component of the analysis 

would be calculated as the treatment and care pathway costs in the arms to be 

compared, from the perspective of the National Health Service (NHS) and Personal 

Social Services (PSS), which is the approach recommended by NICE [214], using a 

combination of a tailored CSRI and electronic health records where possible. 

 

 

Milestone-based outcome measures 
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In recent years, there has been a change of paradigm on clinical measures in PD, 

especially in disease-modifying trials, due to the challenges they purport, such as the 

need for greater sample sizes, and the potential masking effect of symptomatic therapy. 

Its progressive nature has led to the development and application of milestone-based 

outcome measures, which determine the time until a relevant situation in the course of 

the disease is reached. Milestones used in the literature include  the time to levodopa 

therapy [215], dyskinesia onset, postural instability, dementia and death [24]. More 

recently the concept of using “emergent symptoms”  as a milestone has been proposed. 

[216].  

One of the most recent examples is derived from the MDS-UPDRS, and the authors 

analysed data from the STEADY-PD3 study to detect emergent symptoms on the 

patient-reported non-motor (MDS-UPDRS part IB) and motor (MDS-UPDRS part II) 

experiences of daily living in participants who started symptomatic treatment and those 

who did not, on years 1 and 2 of the study. In this study, emergent symptoms in part II 

were more frequent in the group starting symptomatic treatment [216].  

Milestone-based OM have shown various advantages so far, such as potentially 

requiring smaller sample sizes due to accrual [216], and furthermore, they have the 

potential to overcome the masking effect of symptomatic medication when assessing a 

putative disease-modifying intervention. This was initially reinforced by researching 

"dopa-resistant” milestones (i.e., focused on symptoms less responsive to dopaminergic 

therapy: axial symptoms, cognition, etc.), but recent studies show that time-to-event 

approaches involving MDS-UPDRS part III can also be promising outcome measures, 

especially when combined with known minimal clinically important differences [217]. 

Importantly, clinical milestones have shown to be related to PD mortality, and to have a 

cumulative effect on it [218]. 
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Digital measures of individual motor signs and function 

All digital health OM are still considered Exploratory in the NINDS-CDE version 2.0.  

Digital measures of motor signs or function that can be acquired at higher-frequency 

than clinic-based measures, providing the opportunity to capture more than a snapshot 

of disease burden compared with traditional clinic-based measures. Expert-rater 

measures such as the MDS-UPDRS III, are generally time-consuming and so more 

difficult to perform frequently, more expensive to administer and subject to greater inter 

and intra-rater variability. Digital technology can help surmount these difficulties, 

ensuring that selected PD outcomes are measured in a more realistic manner 

objectively, more frequently, at home and on an individual level. Despite these potential 

advantages, the exact value of measurement properties of many motor digital 

measurements remains unclear, and there is lack of clarity regarding the exact criteria a 

digital trial endpoint should fulfil. Here, we chose to divide digital health measures into 

(i) active only testing- requiring the individual to actively perform scheduled tasks with 

the digital device (e.g., smartphone, actiwatch), (ii) passive only testing–pre-

programmed to be worn for specific purposes over prescribed time points (e.g., 

Parkinson's Personal KinetiGraph® (formerly Parkinson’s KinetiGraph®) (PKG), 

Axivity sensor device, and (iii) combined active and passive testing (e.g., combined 

Roche smartphone app and wrist-worn sensor). 

Active only digital testing measures 

 

OPDC (Oxford’s Parkinson’s Disease Centre) Smartphone app  
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This app provides a measure of overall motor function: voice, standing balance, gait, 

reaction time, finger tapping, rest and postural tremor tasks – all combined to give 

single motor composite score for right and left sides. The test comprises 7 tasks, of 

which 4 are bilaterally performed, giving right and left scores in addition to mean motor 

score. It was designed as a diagnostic marker [219] but is currently undergoing 

evaluation as a marker of PD and prodromal PD progression.  

Strengths 

It is currently being used in disease-modifying trials in PD (Exenatide-PD3 trial), and 

its burden on patients and clinicians is low: it requires 20 minutes of trainer time to 

administer it in clinic or at home, and the total test takes 8 minutes to complete. It is 

also available at no cost as a research collaboration with OPDC, and is available in 13 

languages. 

In a study of > 900 PD patients, the smartphone-predicted motor composite scores 

showed high correlations (absolute r=0.70-0.90) with MDS-UPDRS parts II, III, Purdue 

Pegboard Test and Timed Up and Go (TUG) clinical tests (unpublished data, in 

preparation). Test-retest reliability was found to be excellent (ICC 0.84 in PD (n=111, 

unpublished data in preparation). This indicates that the smartphone-predicted 

composite motor score has relevance to clinician and patient-rated quality of life scores.  

This measure is aimed at a broad range of PD patients, including prodromal PD (RBD) 

patients, compared with age- and gender-matched control participants. It informs on the 

severity of the motor impairment, and might be potentially a diagnostic tool [220]. 

Limitations 
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In terms of regulatory status, the OPDC smartphone app is not currently listed as a 

medical device, and no data on its clinical relevance as a prognostic marker or reliability 

are currently published.  

Future publications covering this area focusing on score metrics, and utility to measure 

motor progression in manifest PD and prodromal subjects with RBD are expected soon.  

 

CloudUPDRS smartphone-based measures of limb-specific tremor/bradykinesia 

This tool makes individual MDS-UPDRS III subscore predictions derived from 

smartphone sensor data during 16 bilateral upper and lower limb active assessments 

including finger-tapping, pronation/supination, leg agility, and resting/postural/intention 

tremor. 

Strengths 

The cloudUPDRS has been CE marked as a class 1a medical device, and has self-

guided instructions. It takes 15 minutes to complete one full test, which means the 

burden on patients is likely only low, and the burden on clinicians is minimal.  

It has been cross-validated against 3 blinded expert raters in 60 PD patients, and its out-

of-sample individualised prediction accuracy for subscores of MDS-UPDRS-III was 

53.2-97% [221]. 

The predicted MDS-UPDRS part III subscores will have similar meaning, sensitivity to 

change and cut-offs as part III of the clinical scale. The underlying latent digital score 

should have increased sensitivity to change, but this has not been empirically quantified.  

Limitations 
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This tool does not provide a composite score and has not been used yet in PD disease-

modifying trials. Its reliability has not yet been measured (although its software has 

been designed to be relatively consistent across a range of modern smartphones). 

Furthermore, as with the MDS-UPDRS part III, it is moderately meaningful to 

clinicians but not to patients. 

Feasibility caveats include the fact that it is an active measure, the need to have access 

to a smartphone, and the fact that is only available on Android OS, and only in English. 

It has not been tested in PD patients without dementia. 

 

Mobility lab system (APDM)-measures acquired typically in controlled settings 

These measures usually assess bradykinesia, dyskinesia, gait, and postural control. 

They are possibly acceptable to regulators, since it has already been included in disease-

modifying trials, but has some limitations, especially in terms of feasibility and due to 

its lack of patient-reported outcomes (purely motor assessment). 

Strengths 

These measures have already been used in disease-modifying trials in PD, are reliable 

(ICC’s 0.55-0.84), moderately meaningful to clinicians and have a good correlation 

with MDS-UPDRS III (r=0.73). It is important to bear in mind that not all of these 

measures aim to replicate the MDS-UPDRS, since they are highly specific and the 

MDS-UPDRS is heterogeneous, so depending on the measure, a strong correlation with 

that scale is not always expected. They have also shown a moderate-good correlation 

with the PIGD subscore of MDS-UPDRS III [222,223]. 

Limitations 
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Although their cost is only moderate, their main limitation is that they are used in 

controlled settings due to limited battery life. This, among others, makes them 

moderately burdensome to patients and clinicians. 

 

mPower smartphone-derived composite (dominantly motor) impairment score 

This is a single composite motor scope derived from smartphone sensor data during 5 

tasks: tapping, voice, walking, balance, memory. 

Strengths 

This score has a low burden on patients (it takes less than 5 minutes to complete) and 

clinician burden is unknown but likely minimal. 

This score correlates with MDS-UPDRS part III (r=0.88) and with the Timed Up and 

Go (TUG) test (r=0.72) [224]. It has also shown to be responsive to interventions, as 

treatment with levodopa increased the score by mean of 16.3 [224]. 

Limitations 

The mPDS has not been used in disease-modifying trials in PD yet. Its cross-platform 

feasibility is unclear, it is not a medical device, there are no data on its reliability and 

usefulness in specific PD subgroups, and no clinically meaningful cut-offs have been 

suggested. Moreover, its clinical meaning to both patients and clinicians is not well 

established. In addition to that, it is an active measure, and requires access to a 

smartphone. This score is only available on Android OS, only in English, and is not a 

medical device. HopkinsPD smartphone-derived composite (motor dominant) 

impairment score (mPDS score). 
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Passive only digital testing measures 

 

Parkinson's Personal KinetiGraph® (formerly Parkinson’s KinetiGraph®) (PKG)-based 

proxy measures of whole-body tremor/bradykinesia/dyskinesia 

These are high-frequency measures of ‘whole-body’ bradykinesia, tremor and 

dyskinesia inferred from continuous unilateral wrist-worn sensor data. 

Strengths 

PKG-based measures are passive measures, which reduces both patient and clinician 

burden, as the patient only needs j wear the device for one week. Regarding regulation, 

they are CE and FDA approved.  

Motor signs are split into meaningful parameters for clinicians, but sign magnitude is 

less interpretable. Its reliability is unknown but it is in widespread use and many 

clinicians have built-up familiarity with it.  

A validation of the algorithm was conducted 34 PD patients and 10 age-matched 

controls, and the mean Bradykinesia score and UPDRS part III correlated with r=0.64 

[225].  

This is a familiar output to clinicians, although some algorithms are partially 

proprietary. 

Limitations 

To the best of our knowledge, PKG-based proxy measures have not yet been used in 

disease-modifying trials in PD, and the motor signs measured are not meaningful to 

patients.  
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It also presents some feasibility challenges: the proprietary hardware and software are 

needed, and despite the low patient and clinician burden, an expert review of data post-

acquisition is required. Furthermore, although reliability data are expected from the 

proprietary hardware, the inter-rater reliability of semi-supervised is unknown. 

Its variability across patient subgroups is unknown and although it is clearly sensitive to 

change, the specific sensitivity is not known. 

 

Motor fluctuations Monitor for Parkinson’s Disease (MM4D)-based proxy measures of 

whole-body tremor/dyskinesia 

High-frequency measures of ‘whole-body’ tremor and dyskinesia inferred from 

continuous unilateral wrist-worn sensor data. 

Strengths 

Similar to the PKG, the MMM4D provides passive measures (patients have to wear the 

device for a week), and the motor signs are split into meaningful parameters for 

clinicians.  

Its reliability is unknown but proprietary hardware is likely to give reliable results. 

Regarding validity, a study in 118 PD patients reported that within-sample tremor 

amplitude correlates with MDS-UPDRS part III ratings (Rank correlation coefficient 

0.8), although its validity in dyskinesia was less clear, but the false positive detection 

was 2-61% depending on activity [226]. 

This is a familiar output to clinicians, although some algorithms are partially 

proprietary. 

Limitations 
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To the best of our knowledge, the MM4D has not yet been used in disease-modifying 

trials in PD. Similar to other digital measures, the specialist proprietary hardware 

(Apple Watch) and software are needed, and it is only available on Apple OS, and in 

English. Furthermore, although reliability data is expected from the proprietary 

hardware, the inter-rater reliability of semi-supervised data collection is unknown. 

As with the PKG, the motor signs measured are not meaningful to patients.  

 

Axivity (AX3 & AX6) gait accelerometer 

These tools measure laboratory and free-living gait, falls and ADLs over 7-21 days.  

Strengths 

The Axivity gait accelerometers are widely available at a low cost, with a low burden to 

patients and clinicians, good to moderate reliability (ICC’s = 0.913-0.5), and a good 

association with history of falls and physical activity [227–229]. 

This measure is useful in all patients with PD and in subgroups, and provides proxy 

measures of severity (e.g., motor measures such as gait) which are well interpretable. 

Limitations 

Whilst we are aware that the Axivity gait accelerometers are being used in a number of 

clinical studies, no data in disease-modifying trials in PD have been reported. 

 

Combined active and passive digital testing measures 

 

Roche smartphone app 
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The second version of this app (V2) provides a combination of active and passive 

testing, with 10 active smartphone-administered tasks (shape drawing finger tapping, 

pronation/supination, speech, phonation, postural and rest tremor, standing balance, gait 

with U-turn and cognitive testing) and 3 passive monitoring tasks using a wrist-worn 

sensor that include gait, arm swing, tremor and mobility [230], In the recently published 

Phase II Pasadena study [230] using V2, a provisional, single summary sensor-based 

measure ‘the PASADENA Digital Motor Score’ was developed and used as an 

exploratory end point, reflecting global motor function. 

Strengths 

It has been used in several Roche-sponsored PD disease-modifying trials, including the 

Phase I prasinezumab PD study, in which preliminary reliability and clinical validity 

were established [231]; showing 82% adherence with all possible active tests performed 

around 2 weeks baseline. Test-retest reliabilities were good, with moderate to excellent 

test-retest reliability (average intraclass coefficient =0.84) [232]; and good associations 

with individual components of the MDS-UPDRS III (Spearman’s rho -0.23-0.63) [231]. 

Limitations 

The burden of this assessment on both patients and clinicians is unclear, although likely 

higher for the former in V2, which has an increased number of tests. 

Likewise, the interpretability of the Roche app is not clear, and individual subscores 

may improve interpretability if supplied. 

 

 

Other Digital/Timed motor measures 
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These include a number of measures assessing gait, balance, activity, turning, tremor, 

and dyskinesia. For a review of state of the art on this field please refer to Del Din et al., 

2021 [229]. 

Strengths 

These measures are feasible, and there are systems in place that can take those 

measurements, some commercial and some solely for research use (e.g., McRoberts 

Move Monitor, Axivity AX6).  

Mobility related measures, such as Digital Mobility Outcomes are clinically 

meaningful, and these measures in general seem to be valid in terms of measuring what 

they aim to measure [228].  

The burden on patients and clinicians depends on the system but in general, it should be 

relatively low if data are passively captured, which also increases compliance. On the 

other hand, the need of some measures to be obtained through patient interaction 

increases the burden on them.  

In the case of Mobilise-D, work is in progress to produce reliability data from free-

living, and early evidence suggests accuracy of measurement. The technical and clinical 

properties are currently being validated in a large consortia effort with the objective of 

regulatory approval (e.g., Mobilise-D – https://www.mobilise-d.eu/) [233].  

Limitations 

These measures have not been used in disease-modifying trials in PD yet. In fact, the 

Verily watch application to the FDA was recently rejected, as they are looking for 

measures that capture meaningful aspects of health.  

As already mentioned, UPDRS motor-related measures are not clinically meaningful 

and are therefore less likely to be approved by regulatory bodies.  

https://www.mobilise-d.eu/
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No clinically meaningful cut-offs have been established for these measures. 

 

 

Quantitative motor measures 

None of the below instruments has been included in the NINDS-CDE version 2.0. 

 

Timed up and Go test (TUG) 3 metre 

This test measures the time needed to stand from a chair, walk 3 metres, turn around, 

return to the chair and sit back down [234]. 

Strengths 

The TUG has already been used in disease-modifying trials in PD. It is widely 

available, requires minimal training and has no cost. Consequently, the burden on both 

patients and clinicians is low. 

It has shown good to excellent test-retest and intra-rater reliability (ICC 0.87-0.99), and 

has a good correlation with the mini-BESTest, the Berg Balance sale, and the Postural 

instability and gait difficulty scale. 

A cut-off point of >2.2 seconds offered an 85% sensitivity and a 100% specificity [235]. 

The TUG assesses the severity of motor impairment, and is relevant for all PD patients. 

Limitations 

The TUG has poor sensitivity to change, and a study reported an effect size of 0.16 

[236]. 
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Purdue Pegboard test 

This test evaluates manual dexterity and, to a lesser degree, attention and executive 

cognitive ability [237]. 

Strengths 

The Purdue Pegboard test has already been used in disease-modifying trials in PD. It is 

widely available at a minimal cost and in terms of clinical meaning, it has shown a 

moderate association with self-reported manual dexterity. The burden of the Purdue test 

on both patients and clinicians is low. 

In terms of reliability, it has shown moderate to good test-retest reliability, good inter-

rater ability, moderate correlation with the Manual Ability Measure-36 (MAM-36) 

questionnaire score, and adequate construct validity to assess mild to moderately severe 

PD in on, but not at the end of dose [238]. It appears to be more sensitive to PD-related 

changes in dexterity than the 9-hole peg test [238]. It has been shown to be a sensitive 

predictor of prodromal PD conversion in RBD patients [239] and it is applicable to all 

PD and RBD patients. This test could also be potentially relevant in PD subgroups with 

cognitive impairment or at risk for it, since it has been shown to predict the 

development of dementia in PD [240]. 

Limitations 

Limited data exists on the sensitivity of this test to detect change in PD patients. 

 

Alternate tap test 

This test looks at the patient’s manual dexterity by assessing the motor speed in the 

hands [241] (Nutt et al., 2000). In short, it quantifies the number of times a single hand 
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taps alternately two counters separated by a fixed distance and during a fixed time 

interval [242]. The original tap test consisted of two mounted counters separated by 5 

inches which had to be tapped as many times and as accurately as possible over a 30-

second period [243]. 

Strengths 

The alternate tap test is widely available at a minimal cost, it has shown a moderate 

association with self-reported manual dexterity, and its burden on both patients and 

clinicians is low. It assesses the severity of the manual dexterity impairment. Similarly 

to the Purdue pegboard test, the alternate tap test has shown to predict the development 

of dementia in PD [240].  

A threshold between 10% and 20% increments in the tapping test yielded a 100% 

sensitivity and specificity to detect change in maximal velocity during acute drug 

challenges [242].  

This test correlates to the bradykinetic component of motor slowness in PD [242], as 

well as with other parameters such as walking speed [242]. 

Limitations 

Tapping speed is inversely related to age, and this needs to be considered when 

interpreting results in a heterogeneous population [241]. Furthermore, there is a practice 

effect associated with this test, which needs to be factored in especially if repeated 

measures are needed during the same assessment [241]. The tapping test is strongly 

influenced by on and off motor states [244] which might impair its suitability to detect 

disease modification. 

To the best of our knowledge, the alternate tap test has not been used in disease-

modifying trials in PD yet. 
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Bradykinesia Akinesia Incoordination Tap Test (BRAIN test) 

The BRAIN test is an alternate tapping task administered online using a standard 

computer: the subject is asked to tap the “S” and “;” keys as quickly and precisely as 

possible during a 30-second time period [245]. It replicates the traditional alternate tap 

test. 

Strengths 

It is freely available online, objective, and very brief, consequently implying a low 

burden. Apart from having shown good clinimetric properties, it can monitor motor 

function longitudinally and has been used in observational and interventional studies 

both of manifest and of at-risk PD populations [246].  

Like other tapping tests, it is important to factor in the participant’s age when 

interpreting the results of the BRAIN test [246]. 

Limitations 

As with any measures involving technology, there can be barriers to participants less 

familiar with it. The BRAIN test was developed to assess the effect of symptomatic 

treatment in motor PD function, so its suitability to detect disease modification is still to 

be elucidated. To the best of our knowledge, results from use of the BRAIN test in 

disease-modifying trials in PD have not been published. 

 

9-hole peg test (9hpt) 
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This test assesses upper limb function by requesting subjects to pick up 9 small pegs 

from a holding well, place them into holes on a board, and then move them back to the 

well, all with one hand, as quickly as possible [247]. 

Strengths 

As it was the case with the previous two tests, the 9hpt is widely available at a minimal 

cost, and its burden on both patients and clinicians is low. It assesses the severity of the 

manual dexterity impairment, and it is applicable to all PD and RBD patients. It is a 

standardised test with available normative values for healthy controls across ages [247]. 

Regarding its clinimetric properties, it has shown moderate to good test-retest 

reliability, good inter-rater reliability, moderate correlation with MAM-36 score, and 

adequate construct validity to assess mild to moderately severe PD in on, but not at the 

end of dose [238,247]. There is also support for its construct validity to assess the 

performance of the more affected hand in mild to severe PD [248].  

The 9hpt has already been used in PD disease-modifying trials (e.g., N-acetylcysteine, 

NCT01470027).  

Limitations 

The 9hpt is less sensitive to PD-related changes in dexterity than the Purdue pegboard 

test [238].  

 

 

Composite Quantitative motor measures 

Similar to the previous section, none of the below instruments has been included in the 

NINDS-CDE version 2.0. 
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OPDC Oxford Parkinson’s Disease Centre (OPDC) composite clinical score 

The OPDC composite clinical score combines the MDS-UPDRS part III, the Purdue 

Pegboard, and the TUG test scores using PCA approach, to obtain a single semi-

quantitative composite score derived from principle component analysis of those three 

assessments [249]. 

Strengths 

This score is now widely available through an online publication and composite score 

calculator [249] and it has shown significant correlations with the EQ-5D-3L visual 

analogue scale and the MDS-UPDRS part II. Clinical trial modelling [249] shows that 

the use of the smartphone composite motor score as primary study output requires a 

smaller sample size than the MDS-UPDRS part III for the same 50% effect size. 

Its reliability is good, as shown by the lower coefficient of variation with the composite 

clinical score (37%) than with the MDS-UPDRS part III (67%) [249]. Furthermore, 

greater magnitude of change over time has been reported with the composite clinical 

motor score compared with MDS-UPDRS III scores [249]. It is useful for all PD and 

also for prodromal PD with RBD sleep disorder and informs of the severity of 

symptoms.  

Limitations 

The OPDC composite clinical score has not been used in disease-modifying trials in PD 

yet. Its burden on both patients and clinicians is moderate, as it requires 1 hour of in-

person testing. 
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Molecular neuroimaging 

An extensive review on neuroimaging techniques in PD was recently published [250]. 

Here, we will focus on the suitability of molecular techniques as outcome measures for 

PD disease-modifying trials. 

The NINDS-CDE version 2.0 has classified PET-SPECT Localization as Supplemental 

– Highly Recommended and Supplemental. 

 

Dopaminergic SPECT 

This imaging technique assesses the integrity of dopaminergic terminals [251].  

Strengths 

It has already been used as an outcome measure in disease-modifying trials in PD (e.g., 

BIIB054, NCT03318523), and is available in several centres for a moderate cost. 

SPECT studies are preferable to PET from an economic and infrastructure point of 

view, since they do not require an on-site cyclotron or radiochemistry facilities, and 

their radiotracers are produced industrially, which reduces costs and potentially allows 

for assessment of larger patient groups [252].  

Regarding clinical meaningfulness, studies show a good correlation of DAT levels with 

bradykinesia and rigidity, and less with tremor [253,254]. 

The burden for the clinician is relatively low, and only implies training in the 

interpretation of the results. 

It is a reliable technique, and Dopamine transporter (DAT) 123-I Ioflupane SPECT 

imaging (DaT-SCAN) is the only commercially approved functional imaging modality 
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to establish presence of presynaptic dopamine deficiency [219]. Moreover, it is a valid 

technique, as the degree of DAT depletion correlates with motor impairment severity, 

especially between DAT uptake contralaterally to the clinically more affected side 

[255,256]. 

Regarding possible “cut-offs” in this case, it is worth mentioning that in clinical 

practice, DAT imaging is interpreted qualitatively based on the visual interpretation, 

whereas quantitative analysis is routinely used in the research domain. 

Dopaminergic SPECT techniques can inform about the presence of dopaminergic loss 

and, to a lesser extent, about its severity. 

Limitations 

The correlation between PD clinical features and DAT levels described above seems to 

be limited to the baseline scans, because longitudinal evidence suggests that there is no 

correlation between change in the striatal DAT uptake and the change in UPDRS motor 

score [253,254]. 

It is a burdensome test for some patients, as some medications might need to be stopped 

before the test [251]. Furthermore, its results are affected by medication, and various 

studies have described normal or upregulated binding of postsynaptic dopamine D2 

receptor PET and SPECT ligands is in treatment-naïve PD, and reduced in medicated 

PD subjects [257,258]. 

Dopaminergic SPECT imaging may have floor effects, as a study described that the 

reduction in DAT binding was more marked in ipsilateral than in contralateral putamen 

[219].  

Finally, this imaging technique is less effective at later stages: a study reported that the 

annualized change in DAT binding was greatest at year 1 when compared with years 2 
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and 4, consistent with recent pathology data suggesting that DAT terminal have largely 

disappeared by year 4 [219]. In line with this, dopaminergic SPECT might be of special 

relevance in pre-disease, early stage and de novo PD. 

DAT imaging has poorer sensitivity in very early-stage disease: based on meta-analysis 

of available literature, 1 in 5 scans will be normal (in most DAT validation studies, the 

disease duration is approximately 6 years and when this is restricted to less than 2 years, 

accuracy is 80%).  

Furthermore, there are ceiling effects, and the normalisation procedures (for so-called 

quantitative DAT) also pose challenges. 

 

Dopaminergic PET 

There are several imaging dopaminergic PET studies available: for instance, 18Fluoro- 

dopa PET assesses the integrity of dopaminergic terminals [259], and DAT PET studies 

(e.g., 11C-PE2I) focus on dopamine transporters [260]. 

Strengths 

As it was the case with the previous technique, dopaminergic PET imaging has already 

been used in disease-modifying trials in PD. 

18F-dopa PET levels correlate with dopamine cell densities in the substantia nigra and 

with striatal levels of dopamine [259], and in the case of DAT-PET, there are good 

correlations between DAT levels and bradykinesia and rigidity, but less with tremor 

[260]. 
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DAT-PET (e.g., 11C-PE2I) correlates clinically and accordingly to PD progression: a 

recent study described a strong correlation between 11C-PE2I uptake and UPDRS over 

time, apart from tremor [260]. 

Dopaminergic PET techniques can inform about the presence of dopaminergic loss and 

its severity. Furthermore, a study revealed that nigrostriatal dopaminergic denervation 

detected in [11C]dihydrotetrabenazine (DTBZ) monoaminergic PET imaging can 

predict fatigue in mild PD, but not in moderate-to-severe PD [261]. 

Limitations 

Its feasibility is very low, as it is a costly, not widely available technique. Similarly to 

dopaminergic SPECT, dopaminergic PET can be burdensome for some patients, as 

some medications might need to be stopped before the test [251].  

Being a dopaminergic imaging technique, its effectiveness decreases with disease 

progression. A study showed that F-Dopa uptake decreases in different regions of the 

striatum at different rate during the progression of PD: the putamen uptake decreases 

faster in the early stages of PD, the caudate uptake stays relatively stable at least during 

the first years of the disease [262]. Consequently, and as with dopaminergic SPECT 

imaging, it might be more useful in early stages of PD. 

Unfortunately, another study reported a weak correlation between F-dopa and UPDRS 

over time [260]. 

 

Non-dopaminergic SPECT 

This section focuses on cerebral perfusion SPECT, which assesses the metabolic 

activity in the brain by measuring changes in the cerebral blood flow. It provides a 

measure of the perfusion and metabolic status of the brain tissues, which can be imaged 
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using lipophilic radiotracers, such as 99mTc-ECD, 99mTc-HMPAO and 123I-IMP 

[250]. It is mainly used in cerebrovascular diseases, epilepsy, traumatic brain injury, 

inflammation, assessment of brain death, and in the detection and differential diagnosis 

of dementia [263].  

Recent and extensive reviews on the evolution of the quality of SPECT scans and the 

data on neurologic and psychiatric conditions [264], and on technical aspects of 

perfusion SPECT neuroimaging and image processing [265], have recently been 

published. 

Strengths 

As mentioned above, SPECT techniques are less costly and therefore more feasible.  

There is less available literature on the value of perfusion SPECT for monitoring 

disease progression in PD, since this technique has been mainly used to aid the 

differential diagnosis of dementia [263]. 

Consequently, it might be of particular use in PD patients with cognitive impairment, 

and there has been a study correlating its findings in probable PD dementia patients 

with neuropsychometric testing and structural MRI, although the authors conclude that 

no distinct pattern is found in either test, confirming the previously described overlap of 

PD dementia with other neurodegenerative dementias [266]. 

A recent meta-analysis concluded that cerebral perfusion imaging has good prognostic 

value for mild cognitive impairment [267]. 

Limitations 

To our knowledge, this technique has not been used in disease-modifying trials in PD. 
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Its interpretability is lower than that of dopaminergic imaging techniques, because it 

only informs of hypoperfusion of different cerebral regions, which can be multifactorial. 

In line with that, a study revealed that its ability to differentiate PD from MSA was 

uncertain [268].  

It takes around 2 hours to complete and an intravenous injection, with the consequent 

burden in patients, and needs an expert assessor to interpret the imaging results. 

Caffeine, alcohol, and drugs affecting the cerebral blood flow interfere with the results 

of brain perfusion SPECT, as do comorbidities (e.g., psychiatric conditions), which 

need to be taken into account when analysing the images [269]. 

This, added to its unclear validity and high costs, makes it unlikely to be an acceptable 

measure to regulatory bodies. 

 

Non-dopaminergic PET 

Non-dopaminergic PET can measure different parameters: neurotransmitter systems 

(cholinergic, serotonergic, noradrenergic), proteins (amyloid, tau, alpha-synuclein), 

glucose metabolism, and neuroinflammation. 

Strengths 

Some non-dopaminergic PET techniques (18FDG-PET, [11C]-PK11195 PET non-

dissociable binding potential (BPND)) have already been used in disease-modifying 

trials in PD. 

The validity of these techniques for what they intend to measure changes depending on 

the specific technique. In the case of serotoninergic PET imaging, it is variable, and a 

study reported altered imaging in some PD patients, but similar results to HC in others 

[270]. As opposed to that, cholinergic PET has shown significant correlations between 
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attention, memory, and executive function domains and global cortical 

acetylcholinesterase hydrolysis rates [271]. A current longitudinal cohort study includes 

cholinergic PET as part of the phenotyping instruments for a de novo, treatment-naïve at 

baseline PD population [272]. The authors hypothesise that cognitive impairment will 

be related to cognitive impairment related to regional cortical and subcortical 

cholinergic denervation, and that such denervation will predict cognitive decline in PD 

over time. 

There are different suggested cut-offs depending on the specific target: e.g., for amyloid 

18F-florbetaben (FBB) PET to detect PDD, some authors identified a centiloid cut-off 

of 31.3 [273]. 

FBB PET has a high sensitivity (97.9%) and specificity (88.9%) for detecting 

histopathology-confirmed neuritic beta-amyloid plaques [274]. 

Evidence suggests that non-dopaminergic PET imaging techniques may be more 

sensitive to change in later disease stages [270,271]. In line with that, advanced PD and 

cognitive subgroups might be the best target population for these techniques, the latter 

especially in the case of serotoninergic, cholinergic (memory, attention, and executive 

functions) and amyloid PET. In fact, a cross-sectional study in PD patients with and 

without MCI showed an extremely low prevalence of beta-amyloid positivity in PD 

without dementia compared with cognitively normal elderly controls [275], and a 

different study showed higher prevalence of executive dysfunction and neuropsychiatric 

symptoms in PDD patients with amyloid deposition in PET imaging [276]. However, 

the role of amyloid PET in PD is controversial, and a more recent study did not show a 

correlation between amyloid PET and cognitive impairment in PD (see Limitations). 

Serotoninergic PET studies have shown an inverse correlation between serotoninergic 

innervation and cortical beta-amyloid burden, both measured via PET, which led to 
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hypothesise about the potential role of serotoninergic medications in reducing beta-

amyloid deposition and in doing so, the risk of cognitive impairment in PD [270]. A 

recent study has also shown the ability of [11C]DASB serotoninergic PET imaging to 

distinguish between multiple system atrophy (MSA) and PD and suggested a correlation 

of imaging changes with motor severity in MSA, but this was not found in PD [277]. 

However, another study reported serotoninergic dysregulation IN ([11C]MADAM) PET 

as PD progresses, in the form of disturbed signalling from raphe nuclei to subcortical 

and cortical regions [278]. 

Given its ability to discriminate DLB from PD and to identify underlying pathology, 

some authors have suggested the combination of amyloid PET with DAT studies as a 

biomarker in trials of targeted PD therapies [279]. 

They can inform of the severity of the disease, as several of these techniques have 

shown clinical stage-dependent changes in (e.g., adenosine A2A PET [280]). 

Limitations 

Despite its use in previous disease-modifying trials in PD, its high costs and unclear 

validity make it a less acceptable outcome measure altogether, except for targeted 

subgroups, such as for the assessment of target engagement or treatment effect in 

specific trial arms (e.g., azathioprine [141], istradefylline [281]).  

Being relatively novel and specific techniques, they are less widely available, with the 

subsequent impact on feasibility. They take between 2 to 3 hours in total and an 

intravenous injection, which can make this technique burdensome to patients, and an 

expert is required to interpret the results [282]. Depending on the specific tracer used, 

patient medications (e.g., dopaminergic treatment [280]) and comorbidities (e.g., 
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hyperglycaemia in the context of diabetes mellitus [282]) can influence the results and 

difficult interpretation. 

Techniques such as adenosine A2A PET are influenced by symptomatic PD therapy 

[280], which complicates its interpretation in a disease-modifying trial. Although this 

influence does not seem relevant in the short term, repeatability issues have been 

reported with this particular technique [283]. 

The utility of these techniques is yet to be elucidated. In line with that, it was recently 

reported that, unlike nigrostriatal dopaminergic denervation, cholinergic denervation is 

not a predictor of fatigue in PD [261]. 

Amyloid PET is considered appropriate when the patient has MCI, and/or fulfils core 

clinical criteria for possible Alzheimer’s disease, and/or has early-onset (≤ 65 years of 

age) progressive dementia [284], which makes it less relevant as an outcome measure in 

a disease-modifying PD trial unless cognitive interventions are included. In a recent 

study, amyloid PET was not associated with cognitive impairment in a moderately large 

PD sample, enriched with PD-MCI patients at risk of dementia, which suggests that 

other pathways are more relevant in the development of cognitive impairment in PD 

[273].  

 

Magnetic Resonance Spectroscopy (MRS) 

This technique has been reviewed elsewhere [285]. In short, and with similar theoretical 

principles to magnetic resonance imaging (MRI), proton MRS can study different 

metabolites, which give an indirect measure of neuronal status and the functioning of 

various intracellular organelles and processes (e.g., mitochondria, protein and lipid 

synthesis).  
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Strengths 

MRS is a non-invasive technique, and it is consequently less burdensome for patients. 

Furthermore, it does not need extra equipment other than additional software and 

hardware to process MRI images. It also has good test-retest reliability and, compared 

with the above-mentioned molecular imaging techniques (PET, SPECT), it is less costly 

and does not require exposure to radioactive tracers [285]. 

It has been suggested both as a diagnostic aid, especially in the differential diagnosis of 

parkinsonism and in early PD, and as a marker of treatment response. Regarding the 

latter, N-acetylcholine (NAA) recovery has been postulated as a biomarker of response 

to dopaminergic treatment [285]. 

More recently, a phase 2 disease-modifying trial of ursodeoxycholic acid (UDCA) in 

PD has used midbrain 31Phosphorus Magnetic Resonance Spectroscopy (31P-MRS) as a 

marker of target engagement [286]. 

Limitations 

The NAA variations in patients on symptomatic therapy makes the interpretation of 

these results in disease-modifying trials extremely challenging, and its use warrants 

further investigation. 

 

 

Structural neuroimaging 

As mentioned above, neuroimaging in PD has been recently reviewed elsewhere [250]. 

This section focuses on magnetic resonance imaging (MRI) imaging sequences and 

techniques.  
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The main strengths of these outcome measures are that they are widely available, the 

burden to patients and clinicians is, in general, low (moderate for PD patients with more 

difficulty to stay still for the duration of the test, and for clinicians in cases where post-

imaging processing is needed, as in volumetric studies), and they have been broadly 

used in PD trials. Regarding disease-modifying PD trials, structural imaging has also 

been already included as an outcome measure (e.g., memantine (NCT03858270), 

intraputaminal adeno-associated virus type 2 (AAV2)-neurturin [287]). 

All of the above make this structural imaging techniques likely acceptable to regulators, 

their main obstacle being, in some cases, the lack of experience with use in disease-

modifying trials of PD.  

For all MRI-based metrics, it is essential to factor in the inter-scanner variation, which 

can be significant, although minimised in true quantitative acquisitions, and in line with 

that, to perform phantom/travelling head standardisation. From an analysis perspective, 

identifying and aligning structures of interest will be an essential step for all imaging 

methods.  

Moreover, the analyses intended to be performed must be considered when designing 

the imaging package, and isotropic sequences are essential for any morphometric 

analysis. 

The NINDS-CDE version 2.0 has classified MRI and Spectroscopy as Supplemental – 

Highly Recommended. 

 

T1 structural sequence 

T1 brain MRI sequences are of most use for assessing volume or cortical thickness. 

Strengths 
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It is widely available, and not particularly burdensome to patients or clinicians, although 

volumetric studies might require post-imaging processing before interpretation. Its main 

utility is as a vehicle to assist in the analysis of quantitative sequences rather than as an 

outcome measure in isolation. 

Volumetric studies derived from T1 sequences might be of particular interest in PD 

subgroups with cognitive impairment, or to assess interventions which target this 

problem. A recent review highlighted common findings across longitudinal grey matter 

studies in PD, such as hippocampal thinning, although with some caveats (see 

Limitations). 

It can inform of the presence of atrophy and its severity, as well as monitor it through 

repeat assessments, although its significance might be difficult to elucidate. 

A study correlated the grey matter intensity and total MDS-UPDRS part III scores, 

finding a significant association between rigidity scores (anterior striatum) and severity 

of axial symptoms (left-sided anterior striatum and precentral cortex) [288]. 

Limitations 

Generally speaking, it is a poor marker in isolation. In line with that, frontal and 

cingular atrophy were correlated to progression to PDD, but its predictive value 

increased considerably when combined with clinical and wet biomarkers [289]. 

The validity of this technique is not completely clear in this scenario, and there are 

inconsistent findings in the literature about its validity and sensitivity to change [290–

292].  

 

Diffusion imaging 
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MRI diffusion imaging techniques offer an insight into white matter integrity. 

Strengths 

It is widely available and interestingly, reduced fractional anisotropy (FA) has been 

described in the substantia nigra (SN) in early PD [293]. Other techniques that might be 

more sensitive include free water in white matter and higher order models. This 

publication focuses on potential imaging outcome measures for disease-modifying trials 

in PD, and a review of diffusion imaging techniques can be found elsewhere [294]. 

Regarding sensitivity to change, this might be better in later-stage PD, as a study 

already showed white matter loss in higher-risk patients for dementia [159]. 

Diffusion imaging informs of severity of white matter involvement, and could 

potentially differentiate PD from atypical forms [295]. 

Free-water imaging can detect neuroinflammation as well as neurodegeneration with 

more accuracy than classical diffusion tensor imaging studies, and can characterise the 

aetiology of microstructural changes. A recent study reported neuroinflammatory 

changes preceding neurodegeneration, and microstructural white matter alterations 

preceding grey matter changes in PD [296]. 

Within diffusion imaging, multiple B-shell diffusion imaging opens the doors to a broad 

variety of measures, that can all be derived from the same sequence. It has the added 

advantage of being robust to motion, and has excellent reconstruction pipelines to deal 

with issues, and is very quick with the modern multiband accelerated sequences. 

The reliability of diffusion imaging depends on the specific technique (the classical 

techniques are less reliable than newer approaches), the amount of information available 

for analysis, and the purpose of the study (e.g., deep brain stimulation planning needs 

less data to achieve reliability than functional MRI) [294].  
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Akin to T1 and volumetric studies, diffusion imaging might be of particular use in PD 

patients with cognitive impairment. 

Limitations 

Similar to molecular neuroimaging techniques, the limited availability of some 

diffusion techniques and the expert staff to process and interpret them makes them less 

feasible than traditional sequences. 

The data in PD progression, although promising, is still limited, but this should not 

preclude its implementation in upcoming trials, either as an exploratory or for specific 

PD subgroups or treatment arms. 

 

Multiple Parametric Mapping Protocol 

This is a 21-minute 1mm isotropic protocol that provides MT, R1, R2s, and proton 

density sequences. 

Strengths 

Its main utility is that it allows for mapping and aligning structures that are affected in 

PD (i.e., substantia nigra and brainstem nuclei) at a single subject level.  

Limitations 

This protocol has not been previously used directly in trials and, depending on the 

system, it might pose a challenge (e.g., it is currently not possible to run on Philips 

devices). 

 

Neuromelanin 

This MRI technique is sensitive to neuromelanin within the substantia nigra (SN). 
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Strengths 

This technique is potentially meaningful clinically and has good validity, as shown by a 

study that reported reduced signal in posterior SN in early PD [297]. 

It is sensitive to change, as reported in various studies [297,298], shows the 

presence/absence of neuromelanin in SN, and is potentially useful for all PD patients. 

Limitations 

Although MRI is widely available, neuromelanin analyses are not yet widespread, and 

clinically meaningful cut-offs are not yet known.  

Furthermore, most are not quantitative, nor are they designed for volumetric analysis. 

On the contrary, they provide a restricted window, designed for qualitative analysis. The 

normalisation procedure (i.e., dividing by pontine signal) assumes that there is no 

disease in the pons, which is incorrect and would also correlate with severity, so it is 

important to decide how to best use this sequence (e.g., as a way to identify LC to 

extract Quantitative Susceptibility Mapping (QSM)). 

 

Iron-sensitive sequences 

Sequences such as R2* (1/T2*) and quantitative susceptibility mapping (QSM) are 

susceptibility sequences developed to detect iron in brain tissues. 

Strengths 

Iron-sensitive sequences have been reported to relate to clinical measures [299,300], 

which makes them a potential clinically meaningful imaging technique. 
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They are interpretable at the level of presence (early-stage PD) and severity, and 

similarly to diffusion techniques, they might help differentiate PD from atypical 

parkinsonisms [301]. 

Quantitative susceptibility maps have increasing levels of evidence supporting their use, 

and even though they would be more exploratory, on a trial basis, they are proper 

measures of brain microstructure, and therefore would be more robust to measurement 

error (seen in clinical metrics).  

A recent meta-analysis reported a pooled sensitivity of 92% and a pooled specificity of 

90%, and identified longer mean disease duration (≥ 5 years), subjective analysis, a 

smaller size of pixel (< 0.6 mm2), larger flip angle (> 15°), smaller slice thickness (≤ 1 

mm), and specific targeting of the substantia nigra pars compacta as factors improving 

the diagnostic performance [302]. 

Limitations 

Although MRI is widely available, iron-sensitive analyses are not yet widespread, and 

clinically meaningful cut-offs are not yet known. Moreover, lack of longitudinal data 

makes it difficult to assess their sensitivity to change. 

 

 

Wet biomarkers 

Some blood and cerebrospinal fluid (CSF) parameters have been found to yield some 

diagnostic and/or prognostic value in PD [303], and have even been correlated with its 

neuropathological findings and with other neurodegenerative conditions such as 

Alzheimer’s disease (AD) [304]. 
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Regarding laboratory tests and biospecimens/biomarkers, the NINDS-CDE has only 

classified PD Genetics as Supplemental – Highly Recommended and Supplemental. 

Consequently, none of the below biomarkers have been included as such in the NINDS-

CDE version 2.0. 

Strengths 

All biomarkers are, to a greater or lesser extent, feasible at the cost of the corresponding 

assay, and if it is unavailable in the study site, the sample can be sent out to a central 

laboratory. 

In terms of patient and clinician implications, blood biomarkers bring about a relatively 

low burden in both patients and carers, as they involve a blood draw. 

Wet biomarkers (e.g., CSF and serum alpha-synuclein) have already been included as 

outcome measures in disease-modifying PD trials [305]. 

Limitations 

Contrary to blood biomarkers, CSF determinations require clinician training in lumbar 

puncture (LP), which is an invasive and uncomfortable procedure for patients, and 

hence their use should be especially justified.  

Furthermore, to date there are no blood or CSF clinically meaningful cut-off levels of 

any biomarker in PD, although this is currently being investigated by numerous groups. 

Although wet biomarkers constitute a promising approach, and their levels can be 

quantified and monitored, there is currently not enough evidence to support their use as 

a measure of primary target engagement, and its clinical meaningfulness is unclear 

[303,306–308]. For those reasons, acceptability to regulatory bodies is lower than other 

measures such as patient-reported outcomes. 
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Plasma/serum neurofilament light chain (NfL) 

NfL is a neuronal cytoskeletal protein released during axonal damage, which has been 

studied as a potential biomarker in several neurological conditions such as AD, 

amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS), and progressive 

supranuclear palsy (PSP).  

High sensitivity assays are available, namely Simoa (Lower Limit of Detection (LLOD) 

= 0.038 pg/mL) and Meso Scale Discovery (MSD) (LLOD = 5.5 pg/mL), but additional 

assays are in development by clinical chemistry companies like Roche Diagnostics, 

Fujirebio and Siemens Healthineers. 

Serum NfL measured using Simoa technology was stable with a 24-hour delay before 

freezing and through up to three freeze thaw cycles [309], and when processing is 

delayed for 7 days at room temperature [310]. Serum and plasma NfL levels correlate 

highly, but plasma levels have been found to be around 25% lower than serum 

concentrations [311]. Multi-centre validation studies of NfL are being carried out to 

ensure inter-site reliability to progress the use of NfL in future trials [312].  

Serum NfL has been found to be raised in PD patients vs controls, and increased 

longitudinally in PD patients compared with controls, indicating its validity (but low 

specificity) as a marker to support the diagnosis of PD [313]. In another study, serum 

NfL was also found to be 37% higher in PD patients compared with controls with an 

AUC of 0.64 [314]. In a further study, a serum NfL cut-off of 13.75 pg/ml had a 

sensitivity of 76% and specificity of 85% for distinguishing between PD and healthy 

controls, and with a cut-off of 13.65 pg/ml had a 76.7% sensitivity and a 84.1% 

specificity to distinguish between PD and essential tremor (ET) [315]. 
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Despite the promising findings, it is important to consider that serum NfL is not specific 

for PD pathology and is therefore not a diagnostic marker in PD, as there is a substantial 

overlap between patients with PD and healthy controls.  

Regarding correlations between NfL and clinical parameters, higher serum NfL levels 

were associated with older age in healthy controls, patients with PD and patients with 

essential tremor (ET), and a positive correlation between serum NfL levels and motor 

severity (UPDRS part II, HY) was seen [315]. A positive correlation of serum NfL and 

motor score was also found in data from the Parkinson’s Progression Markers Initiative 

(PPMI) [313], and another study reported that higher serum NfL was associated with a 

lower Mini-Mental State Examination (MMSE) score [314].  

In terms of particular PD subgroups, serum NfL measured using the Simoa platform 

stratified patients into subtypes of later PD according to their likelihood to reach 

clinically relevant progression milestones during a long-term observational study 

(walking-aid usage (hazard ratio (HR): 3.5; 95% confidence interval (CI) 1.4–8.5), 

nursing home living (5.1; 2.1–12.5), motor end-stage (6.2; 2.1–17.8), and death (4.1; 

1.7–9.7) [316]. Moreover, in a longitudinal study, PD patients classified at baseline as 

postural instability gait disorder (PIGD) subtype had higher plasma NfL levels than PD 

patients classified as tremor-dominant (TD) subtype [317]. Serum NfL levels have also 

been found to be related to worse cognitive performance and a cortical macro- and 

microstructural compromise (p < 0.005 corrected) in data from PPMI [318]. 

Although blood NfL may be less sensitive to change than CSF NfL, blood NfL is more 

practical as a screening test, due to the less invasive nature of the blood draw compared 

with a lumbar puncture [319]. Future larger longitudinal follow-up studies that 

incorporate other biomarkers are needed to validate whether blood NfL may be used to 

predict PD progression [315]. 
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Plasma tau (tau) 

Different phosphorylated forms of the tau protein (p-tau) have been studied in 

neurodegenerative disorders such as AD [320] and dementia with Lewy bodies [321], 

and both p-tau and total tau (T-tau) levels have been investigated as a biomarker in PD. 

Plasma tau can be measured by enzyme-linked immunosorbent assay (ELISA) or 

alternatively, by high sensitivity assays, such as Simoa for total tau (LLOD = 0.019 

pg/mL, p-tau181 (LLOD = 0.028 pg/mL) or p-tau231 (LLOD = 0.621 pg/mL); and 

MSD S-Plex assays for total tau (LLOD =0.012 pg/mL), p-tau181 (LLOD = 0.077 

pg/mL), and p-tau231 (LLOD = 3.1 pg/mL). Other techniques that can be used to 

determine plasma tau levels are immunomagnetic reduction (IMR) and enhanced 

immunoassay using multi-arrayed fiberoptics (EIMAF), but these technologies are less 

validated from an analytical standpoint. 

To test reliability of total-tau, the same samples were tested in a run, and the 

coefficients of variation (CVs) for Simoa, IMR, a-EIMAF (EIMAF combined with 

rolling circle amplification), MSD, and ELISA were 9%, 5.04%, 5.51%, 7.9%, and 

2.9%, respectively. Simultaneously, the influence of different lab/instrument for Simoa, 

IMR, and a-EIMAF was evaluated, and the CVs were 7.3%, 4.76%, and 5.16%, 

respectively [322], providing evidence for the reliability of the tau assay. 

Regarding diagnostic value, in a study of several plasma biomarkers, total tau and p-tau 

were raised in PD patients compared with healthy controls (HC) (total tau levels 

(pg/ml): HC: 12.12 +/- 0.96, PD: 20.32 +/- 2.73; p-tau levels (pg/ml) HC: 1.52 +/- 0.18, 

PD: 3.98 +/- 1.38) [323]. In another study of plasma biomarkers to detect cognitive 

impairment, plasma total tau levels were also significantly raised in PD patients 
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compared with HC (HC: 14.67(11.02, 22.48), PD: 31.87 (26.06, 3733) [324]. 

Nevertheless, there is currently no blood-based measurement of tau with clinically 

meaningful diagnostic performance. 

In terms of prognostic value, a recent study reported that in PD, increased plasma p-

tau181 is related to worse motor symptoms, which leads to hypothesise that tau 

pathology may influence motor progression in PD. In that paper, plasma alpha-

synuclein (α-syn) and p-tau181 were positively correlated and associated with motor 

and cognitive dysfunction in de novo PD, being therefore suggested as a biomarker 

panel for the detection of de novo PD [325]. T-tau was also independently associated 

with PD patients with cognitive impairment (odds ratio (OR) = 1.069, 95% CI = 1.026–

1.115), with a T-tau cut-off value for predicting cognitive deficits in PD patients of 30.6 

pg/ml of T-tau (AUC = 0.726) [324]. However, the precise meaning of this 

concentration is uncertain, as the assay is research-grade without standardization against 

a certified reference material. Given the correlation of p-tau181 with motor severity and 

the long-studied relationship between tau pathology and cognitive decline, this 

biomarker could be particularly helpful in advanced PD and PD patients with cognitive 

complaints. 

Combinations of biomarkers have also been evaluated, and in regards to this, plasma 

beta-amyloid 42 (Aβ42) combined with plasma p-tau181 was found particularly useful 

for discriminating patients with frontotemporal dementia (FTD) from patients with PD 

and atypical parkinsonian syndromes (AUC = 0.932) [323]. Also, the combination of 

plasma p-tau181 with plasma α-syn, age and sex, showed good performance in 

discriminating de novo PD patients from HC (AUC = 0.806) [325]. 

The above evidence supports the future use of plasma p-tau181 as a diagnostic tool, 

especially in combination with other biomarkers. 
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Plasma alpha-synuclein (α-syn) 

Akin to tau, total, phosphorylated and oligomeric levels of α-syn are wet biomarkers 

commonly studied in PD.  

Total α-syn can be measured by immunoassay, and some examples are: LEGEND 

MAX™ Human a-Synuclein ELISA Kit (LLOD = 6.1 pg/mL), Simoa (LLOD = 0.955 

pg/mL), and MSD (LLOD = 0.9 pg/mL). Exosomal alpha synuclein can also be 

measured by MSD. Comparison of three different platform immunoassays for the 

measurement of plasma total α-syn (ELISA, Simoa, and MSD) showed significant 

correlations between all three platforms: ELISA and MSD (r = 0.6718, p < 0.000), ELISA 

and Simoa (r = 0.6255, p < 0.0001), and MSD and Simoa (r = 0.7822, p < 0.0001) [326]. A 

major discovery was the fact that > 99% of the α-syn resides in the red blood cells 

(RBC) and less than 1% remains free in the plasma, and this implies that plasma α-syn 

levels can increase artificially with RBC contamination, which results in low precision 

for blood α-syn measurements [327]. 

There is conflicting evidence regarding the serum or plasma levels of total α-syn in PD 

and HC: there are studies reporting that α-syn is higher, lower and not significantly 

different in PD versus HC [328]. In parallel, the case is the same with RBC total α-syn 

[303]. As a consequence, studies on measurement of plasma total α-syn have not 

progressed as much as other wet biomarkers of PD. 

Contrary to the results from total α-syn, oligomeric serum α-syn is increased in PD and 

can help identify PD from AD samples [329]. Also, another form of α-syn , RBC-

derived Serine 129-phosphorylated α-syn (pS-α-syn), separated PD patients well from 
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HC, with a sensitivity of 93.39% (95% CI: 90.17-95.81%), a specificity of 93.11% 

(95% CI: 89.85-95.58%), and an AUC of 0.96 [330]. 

There have also been promising results for alpha synuclein from neuronal exosomes as 

a diagnostic marker: total α-syn levels in plasma neuronal exosomes were significantly 

higher in PD patients than controls [331]. More recently, it has been shown that 

pathological α-syn derived from blood plasma neuronal extracellular vesicles was 

significantly increased in PD patients versus controls and using an α-syn seeding assay, 

misfolding of the α-syn could be shown, demonstrating the potential for this to evolve 

into a blood-based biomarker of PD [332]. 

Regarding clinical significance of blood α-syn, pS-α-syn has been reported to correlate 

with motor stage [330]. Interestingly, the plasma levels of pS-α-syn remain high and do 

not change during the course of the disease, whereas the level of total α-syn tends to 

increase over time for up to 20 years after the initial symptoms of PD. This can be best 

explained by a steady increase in the concentration of plasma non-phosphorylated α-syn 

levels as the disease progresses [333]. Some evidence shows that plasma α-syn might be 

particularly useful in advance-stage PD, and cognitive subgroups: in a recent study, 

higher plasma α-syn levels were significantly associated with worse UPDRS Part III 

motor scores, higher modified HY stages, and increased risk of PD with mild cognitive 

impairment (PD-MCI) (P < 0.05) [325]. Moreover, neuronal exosomal α-syn 

concentrations were significantly correlated with MDS-UPDRS part III/(I + II + III) 

scores, NMSQ scores, and Sniffin' Sticks 16-item test scores in a cohort of PD patients. 

Additionally, after a mean follow-up of 22 months in patients with Intermediate PD, a 

Cox regression analysis adjusted for age and gender showed that longitudinally 

increased neuronal exosomal α-syn levels rather than baseline levels were associated 

with higher risk for motor symptom progression in PD (P = 0.039) [331]. Another form 
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of α-syn, RBC-derived pS-α-syn, has been reported as potentially predictive of subtypes 

and stages of PD [330]. All of the aforementioned studies provide supporting evidence 

that some forms of α-syn might be robust predictors of motor and cognitive outcome in 

PD.  

The potential utility of α-syn for PD subgrouping is variable depending on which form 

is studied. On the one hand, plasma α-syn was not found to differ between the postural 

instability gait disturbance (PIGD) or tremor dominant (TD) subtypes of PD, or relate to 

the severity of PD [334]. On the other hand, the association of exosomal total plasma α-

syn with akinetic-rigidity symptom severity in PD patients led the authors describing it 

to suggest its potential use to subtype PD patients [335]. 

Although plasma α-syn is not currently an established diagnostic tool for PD, and 

despite its conflicting evidence on the significance of its levels, some forms of α-syn 

hold promise to become future diagnostic markers for PD (neuronal exosomal α-syn, 

pS-α-syn).  

 

CSF neurofilament light chain (NfL) 

In the case of CSF NfL (cNfL), it has been correlated with several parameters in PD 

patients, such as subtype, age, motor and cognitive scores [336,337]. Additionally, 

some sensitivity and specificity values of cNfL have been described, to differentiate 

multiple system atrophy (MSA) from PD, DLB, and HC [338]. 

Regarding the predictive value of cNfL, there is class II evidence that in patients with 

PD, cNfL concentrations are associated with more severe disease and shorter survival. 

After adjustment for age and sex, higher cNfL correlated with striatal dopamine 

transporter uptake deficits and lower fractional anisotropy in diffusion tensor imaging of 
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several axonal tracts [339]. In another study, cNfL levels correlated with motor and 

cognitive impairment as well as with age, but the conversion to cognitive impairment 

could not be predicted by the baseline cNfL level [338]. 

As with serum NfL, there is no clinically meaningful cut-off for cNfL, and even though 

cNfL levels have been shown to be raised in atypical PD (APD) patients, the optimal 

cut-off values for diagnosis varies considerably between studies. CSF NfL 

concentrations above the median of 903 ng/L have been reported to confer PD patients 

an overall 5.8 times increased hazard of death during follow-up [339]. 

Given the above findings, cNfL might be of special interest in early and de novo PD, 

since the increase of cNfL with age in the general population makes it difficult to 

differentiate PD from HC in older subjects, and requires carefully selected age-related 

cut-offs for NfL [337]. CSF NfL may also be helpful in cognitive subgroups, as high 

cNfL, low Aβ42, and high heart fatty acid-binding protein are related to future PD with 

dementia (PDD), although cNfL as such cannot predict the conversion to PDD [340]. 

Akin to other wet biomarkers, cNfL is not a diagnostic tool for PD but might be a useful 

parameter especially in combination with other biomarkers [338]. 

 

CSF tau 

Phosphorylated tau protein (p-tau231, p-tau181), and total tau can be quantified in CSF 

as a biomarker for PD. The feasibility of this biomarker is same as for plasma tau, and 

in the case of CSF, there is also the possibility of using Elecsys® total tau and p-tau181 

assays. 

A study assessing the Elecsys® CSF total tau and p-tau 181 assays reported that both of 

them have high sensitivity (limit of quantitation (LoQ): 63 pg/mL (tTau); 4 pg/mL 
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(pTau)) and linearity over the measuring range (80–1300 pg/mL; 8–120 pg/mL), with 

consistent lot-to-lot and platform comparability demonstrated good consistency 

(Pearson's r: 0.998; 1.000). There was also a high precision with repetitive and between 

laboratory measures for both assays [341]. 

Unlike the good performance of its assays, studies on CSF total tau and phosphorylated 

tau have not succeeded in showing a distinctive “PD profile”, with findings of both 

lower and not significantly different CSF tau values in PD compared with HC and other 

parkinsonian disorders [303].  

Regarding sensitivity to change, CSF tau has been reported to be either normal or low in 

early disease stages, but increased in a proportion of late-stage PDD cases [304].  

There is some evidence on the predictive abilities of CSF tau in PD. In a study on CSF 

tau and beta amyloid (Aß42) in PD, once levodopa treatment was initiated, higher CSF 

p-tau and CSF p-tau/Aß42 predicted subsequent decline on cognitive tasks involving 

both memory and executive functions [342]. Thus, and similarly as with serum tau, CSF 

tau might be particularly useful in advanced PD and in cognitive subgroups, and could 

help with stratification as it has shown predictive value for the development of cognitive 

decline in PD. 

 

CSF alpha-synuclein (α-syn) 

As is the case with plasma, CSF levels of α-syn (total, oligomerised, phosphorylated) 

are one of the most commonly studied biomarkers in PD. The feasibility of CSF α-syn 

is the same as for plasma α-syn, with assays already described in that section. 

The reliability of measurement of CSF total α-syn was assessed using four different 

immunoassays: Elecsys® Total α-Synuclein Prototype Assay, MSD® U-PLEX Human 
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α-Synuclein Kit, BioLegend® α-Synuclein Immunoassay, and the α-Synuclein 

Prototype Immunoassay from ADx®. Each of the four methods showed high analytical 

precision, excellent correlation between laboratories (R2 = 0.83–0.99), and good 

correlation with each other (R2 = 0.64–0.93), although the slopes of the regression lines 

were different between the four immunoassays [343]. 

The validity of α-syn to distinguish between PD and HC is variable and, in the case of 

total α-syn has a low diagnostic accuracy, with a pooled sensitivity of 78–88% and a 

specificity of 40–57% for total α-syn in the CSF which is still unsatisfactory to 

sufficiently discriminate PD from controls [303]. 

There is no clinically meaningful cut-off for CSF α-syn, but some cut-offs to potentially 

differentiate PD from other conditions have already been described, e.g., a cut-off of ≤ 

865 pg/mL total α-syn level is suggested to distinguish synucleinopathies (PD/MSA) 

from tauopathies (PSP/CBD) [344]. Given that all available α-syn assays are research-

grade and not standardized to a certified reference material, cut-off values need to be 

interpreted with caution.  

Regarding sensitivity to change, CSF levels of oligomeric α-syn showed a longitudinal 

increase, and the change in oligomeric α-syn/total α-syn was associated with motor 

deterioration, particularly in PIGD [303,345]. Based on those results, CSF α-syn, and 

especially the ratio of oligomeric α-syn to total α-syn in CSF, might be of especial 

relevance in the PIGD subgroup of PD patients. 

As with serum α-syn , the interpretability of CSF α-syn is variable, depending on the α-

syn species (total, oligomerized, phosphorylated). 

 

CSF alpha-synuclein (α-syn) aggregation 
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Alpha synuclein aggregation is progressively gaining relevance as a promising 

biomarker in PD. 

It can be determined by assays using protein misfolding cyclic amplification (PMCA) or 

real-time quaking-induced conversion (RT-QuiC), the latter is described using 

commercial products for all assay components [346]. 

CSF α-syn aggregation is clinically meaningful for PD diagnosis and there is increasing 

evidence showing that the use of CSF α-syn aggregation assays could be beneficial in 

trials [347]. Future efforts should focus on further optimization of the assay using 

multiple fluorophores, improving the mechanistic insight to the determinants of α-syn 

aggregation that relate to assay quantification and interlaboratory comparison of the 

assays. These measures are a pre-requisite for the widespread clinical implementation of 

the α-syn RT-QuIC in the future [348]. 

In terms of reliability, a cross-validating study comparing two types of CSF α-syn 

aggregation assays (PMCA and RT-QuiC) run in different laboratories showed 92% 

concordance [347]. 

As for sensitivity and specificity of CSF α-syn aggregation as a biomarker, in the above 

study, concordant RT-QuiC and PMCA results gave an AUC for the diagnosis of PD 

versus controls of 0.95[347]. In another study it was reported that 66 of 74 Parkinson’s 

disease patients and 2 of 55 controls tested positive for the RT‐QuiC assay, 

corresponding to a sensitivity of 89% (95% confidence interval [CI] 80, 96%) and 

specificity of 96% (95% CI 88, 100%) [348]. Another study found that CSF samples 

gave positive signals in 105/108 (97%) PD cases versus 11/85 (13%) HC, with an AUC 

of 95% [349]. Finally, it was shown that the CSF α-synuclein RT-QuIC assay was 

positive in 47 (90%) patients with isolated RBD (IRBD) and in four (10%) controls, 
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resulting in a sensitivity of 90·4% and a specificity of 90·0% for detecting iRBD, a 

prodrome of PD [350]. 

Leading on from this work, when comparing RT-QuiC results to PMCA, a cut-off of 

1,000 max relative fluorescence units (RFU) for PMCA was suggested for “synuclein 

positivity” [347]. 

In regards to prognostic value, several studies have failed in finding a correlation 

between RT-QuiC quantitative parameters and PD clinical scores [347–349], but a 

study showed that the T50 values of the PMCA assay correlate with HY stage in 76 PD 

patients [351]. 

With regards to PD subtypes, in one study, ten PD patients with extremely high RT-

QuiC V max values of > 100,000 RFU were significantly older (p=0.03) and had higher 

scores in the PIGD part of the MDS-UPDRS (p=0.05). This study also showed that for 

three of the four longitudinally followed idiopathic REM sleep behaviour disorder 

(RBD) cohorts, the RT-QuiC assay had around 90% sensitivity [348]. 

Much work is ongoing in the field of alpha synuclein aggregation assays in both CSF 

and other biofluids, which may form part of the clinical diagnosis of PD in the future 

and could have many uses in the diagnosis and prognosis of PD as well as the 

stratification and monitoring of PD patients for clinical trials. 

 

CSF beta-amyloid (Aβ) 

Beta-amyloid in the CSF has also been postulated as a biomarker in PD, in several 

different forms, namely Aβ40, Aβ38, and Aβ42. 

Beta-amyloid can be determined with diverse assays, such as the MSDV-PLEX Aβ 

Peptide Panel 1 (LLOD Aβ40: 9.97 pg/mL, Aβ38: 16.7 pg/mL, Aβ42: 0.368 pg/mL), 



 118 

the Simoa NEUROLOGY 3-PLEX A (LLOD tau: 0.0165 pg/mL, Aβ42: 0.147 pg/mL, 

Aβ40: 0.243 pg/mL), the Roche Elecsys and Lumipulse Aβ42 automated analyser, and 

also by ELISA/immunoassay [352,353]. 

In an effort to reduce inter-laboratory and inter-assay variability, certified reference 

materials have been created for the CSF measurement of Aβ42 [354]. Recent work has 

also shown that for measurement of Aβ40 and Aβ42, CSF can be stored for up to 72h at 

room temperature, 1 week at 4ºC, or at least 2 weeks at either -20 or -80ºC before Aβ 

measurement. This study also reported that centrifugation after LP or mixing before 

analysis is not required, and that after discarding the first 2 mL of CSF, any portion of 

up to 20 mL of CSF is suitable for Aβ analysis [355]. Studies now also show that CSF 

Aβ42/Aβ40 ratio is a better Aβ pathology test than CSF Aβ42 alone, as the ratio 

compensates for inter-individual production and release of Aβ into the CSF (high vs. 

low Aβ producers) [356].  

In a recent review of Aβ and PD [357], it was seen that most longitudinal studies and 

cross-sectional studies suggest that reduced levels of CSF Aβ42 are correlated with 

PDD and its baseline value is predictive of future cognitive decline. Furthermore, there 

were decreased Aβ-42 levels among PD patients with gait disturbances, as well as a 

decreasing trend of CSF Aβ42 level in the following manner: HC > non-demented PD 

(PDND) > PDD. Consistently, most studies showed the significant association between 

cognitive impairment and reduced level of CSF Aβ42, and one group reported low level 

of CSF Aβ 42, 40, and 38 in a subset of newly diagnosed 109 PD patients [358]. In the 

same cohort, sequential regression analyses showed significant association between 

those CSF markers and memory cognitive domain. CSF Aβ had also been shown to be 

related with phonetic fluency in PDND [357]. Moreover, CSF Aβ has been suggested as 

a potential predictor of motor progression in PD [359]. 
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In summary, the existing evidence suggests that CSF Aβ could be particularly helpful in 

cognitive and PIGD subgroups of PD patients and that and there are reliable, robust 

assays available for the measurement of CSF Aβ. 

 

Salivary markers 

There is a growing body of evidence supporting salivary biomarkers, and from a 

practical point of view, they constitute an attractive OM given their feasibility in remote 

trials. A recent review explores the role of salivary biomarkers in the diagnosis of PD 

[360], but one of the most widely studied so far is salivary α-syn. A recent systematic 

review and meta-analysis concluded that salivary α-syn measures (total, oligomeric, 

ratio oligomeric/total) are a simple, cost-effective and reliable biomarker to monitor PD 

progression [361], which is particularly relevant in disease-modifying trials. In line with 

that, a recent publication reported that salivary α-syn obtained by RT-QuIC correlates 

with disease severity in de novo PD [362], which is also relevant when interpreting the 

results of disease-modifying trials in different patient populations.  

However, more data is needed, and salivary biomarkers should be considered 

Exploratory for the time being. 
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Supplementary Table 1. Summary of MDS and NINDS-CDE recommendations and our selected OM 

Category 

Recommended in  

MDS review 

Included in  

NINDS-CDE v2.0 

Included in this longlist Comments 

Scales for specific 

motor symptoms 

– Gait, balance 

and falls [33] 

Scales without extra accessories: 

PIGD Score 

Scales that require extra 

accessories: 

Berg Balance Scale 

Mini-BESTest® 

Dynamic Gait Index 

Functional Gait Assessment® 

Questionnaires: 

ABC Scale 

FES 

FOG Questionnaire 

SAFFE-m 

No specific instruments included in the 

NINDS-CDE v2.0 

 

Motor part of the MDS-

UPDRS (as motor 

measure) 

ProFaNE definition of a 

fall 

TUG (as quantitative 

motor measure) 

Mini-BESTest® 

Berg Balance Scale 

FES-I 

ABC Scale 

Final list based on a 

recent systematic 

review of tools to 

measure balance and 

predict risk of falls in 

PD, and on expert 

recommendation 
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Tests:  

6-minute walk test 

10-m walk test 

TUG 

Functional Reach 

Scales for specific 

motor symptoms 

– Speech and 

swallowing [41] 

No MDS review on speech scales 

in PD. 

Swallowing – None 

recommended: 

SWAL-QOL (Suggested) 

SDQ (Suggested) 

 

No specific instruments for speech included 

in the NINDS-CDE v2.0 

Swallowing: 

Supplemental: 

SWAL-QOL 

ROMP 

SDQ 

SCAS-PD 

SWAL-QOL 

SDQ  

ROMP 

 

SDQ and ROMP are 

PD-specific, and 

ROMP was 

developed after the 

2009 MDS review 

 

Diaries and other 

fluctuation 

questionnaires 

[57] 

WOQ19 

WOQ9 

Motor Fluctuation Diaries (most 

common: PD Diary by Hauser) 

Supplemental – Highly Recommended: 

WOQ 

Hauser Motor Fluctuation Diary 

CAPSIT-PD 

WOQ9 and WOQ19 

Hauser PD Diary 

CAPSIT-PD Diaries 

All OM included 

both in the MDS 

review and in the 

NINDS-CDE 
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CAPSIT-PD Diaries 

Scales for specific 

non-motor 

symptoms: 

Apathy [109] 

AS 

UPDRS item 4 

Supplemental – Highly Recommended: 

AS 

DAS 

DAS – Informant/Carer-Rated Version 

LARS 

AS 

AES 

LARS 

AS and LARS 

preferred, but AES 

now also meets 

criteria for 

“Recommended”.  

 

 

Scales for specific 

non-motor 

symptoms: 

Depression [96] 

No definite recommendations, but 

the following are deemed useful 

for PD with dementia: 

MADRS 

GDS 

CSDD 

And the following are identified 

as validated and widely used in 

PD patients: 

Supplemental – Highly Recommended: 

GDS-15 

C-SSRS 

C-SSRS Screener Version 

 

GDS-15 

PHQ-9 

C-SSRS* 

GDS-15 is an expert-

based 

recommendation. A 

2012 comparison of 

9 depression rating 

scales in PD 

concluded that the 

GDS-30 was the 

most complete OM, 
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BDI 

HAM-D 

Observer-rated scales (MADRS, 

HAM-D) should be preferred to 

self-rated scales since they have 

better psychometric properties 

and for brevity we 

have included the 

GDS-15. 

PHQ-9 and C-SSRS 

were included as 

expert 

recommendation. 

Scales for specific 

non-motor 

symptoms: 

Fatigue [83] 

FSS 

FACIT-F 

PFS 

Supplemental: 

FSS 

PFS-16 

FSS  

Scales for specific 

non-motor 

symptoms: Pain 

[86] 

KPPS Supplemental: 

KPPS 

NRS-Box 21 Scale 

IASP Definitions for Pain 

KPPS Only pain measure 

included both in the 

MDS review and in 

the NINDS-CDE 

Scales for specific 

non-motor 

None alone, but the authors 

recommend using a scale to 

Supplemental – Highly Recommended: 

SAPS-PD 

SAPS-PD 

eSAPS-PD 

SAPS-PD included 

both in the MDS 
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symptoms: 

Psychosis [117] 

measure clinical response and 

change over time with another 

one which catalogues specific 

features. 

 

For clinical trials on PD psychosis 

assessing new treatments, the 

following are recommended 

primary outcome scales:  

NPI (for the cognitively impaired 

PD population or when a 

caregiver is required) 

SAPS 

PANSS 

BPRS (for the cognitively intact 

PD population or when the patient 

is the sole informant) 

eSAPS-PD  review and in the 

NINDS-CDE 
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The CGIS is suggested as a 

secondary 

outcome scale to measure change 

and response to treatment over 

time. 

Scales for specific 

non-motor 

symptoms: Sleep 

[89](MDS review 

2010) 

PDSS 

PSQI 

SCOPA-Sleep 

ESS 

Supplemental – Highly Recommended: 

ESS 

MSLT and Guidelines 

PDSS-2 

PSG and Guidelines 

SCOPA-Sleep 

AASM: ICSD Criteria 

PDSS-2 (for sleep) 

ESS (for sleepiness) 

ESS included both in 

the MDS review and 

in the NINDS-CDE. 

PDSS-2 developed 

after the MDS 

review but already 

validated. 

Scales for specific 

non-motor 

symptoms: 

2009 – Recommended: 

SCOPA-AUT 

NMSQ 

 

Supplemental – Highly Recommended: 

COMPASS-31 

 

Supplemental: 

SCOPA-AUT SCOPA-AUT 

included in both 

MDS reviews and in 

the NINDS-CDE. 
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Dysautonomia 

[41,121] 

2011 – Recommended (with some 

limitations): 

SCOPA-AUT 

COMPASS 

 

SCOPA-AUT 

 

Disability [162] 

 

FSQ 

Lawton-Brody ADL 

Nottingham Extended ADL 

PROMIS and Neuro-QoL 

S&E ADL 

SPDDS 

SPES-SCOPA 

UPDRS-ADL (part II) 

MDS-UPDRS M-EDL (part II) 

QoL/PRO: 

EQ-5D (Supplemental – Highly 

Recommended as a generic QoL measure) 

PDQL (Supplemental) 

PDQUALIF (Supplemental) 

PDQ-39 (Supplemental – Highly 

Recommended as a PD-specific QoL 

measure) 

PIMS (Supplemental) 

PROMIS v1.2 – Global Health 

(Supplemental as a global HR-QoL measure)  

S&E ADL (also included 

in NINDS-CDE, in 

“Motor function” 

(Supplemental – Highly 

Recommended)) 

MDS-UPDRS M-EDL 

(part II) (MDS-UPDRS 

also included in NINDS-

CDE, in “Motor function” 

(Core)) 

FSQ 

PROMIS/Neuro-QoL  

MDS-UPDRS (either 

full or only part II) 

and S&E ADL were 

the only 

recommended scales 

in a 2022 systematic 

review  
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PROMIS-29 Profile (Supplemental as a 

global HR-QoL measure) 

Neuro-QoL (Supplemental – Highly 

Recommended) 

SCOPA-PS (Supplemental) 

SEIQoL (Supplemental) 

SEIQoL-DW (Supplemental) 

SF-36 (Supplemental - Highly 

Recommended as a generic QoL measure) 

WHOQOL-BREF (Supplemental) 

 

HR-QoL 

(generic) [181] 

EQ-5D 

NHP 

SF-36 

SIP 

EQ-5D 

SF-36 

HUI 

HUI is also a Health-

Economics measure, 

“Recommended” in 

the 2013 MDS 

review of measures 

for health-economic 

studies 

HR-QoL (PD-

specific) [181] 

PDQ-39 

PDQ-8 

PDQL 

PIMS 

SCOPA-PS 

PDQ-39 

PDQ-8 

 

 

 

 

 

 

 

Both PDQs are 

included in both 

classifications (MDS 

and NINDS-CDE). 
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Health economics 

– Resource use 

[182] 

Cost-utility analysis 

 

Recommended (with some 

limitations): 

EQ-5D 

 

Recommended (but requires 

validation in PD): 

SF-6D 

15D 

HUI-III 

HUI-II 

N/A 

 

 

 

CSRI 

EHR 

 

Based on expert 

recommendation. 

Cognitive scales 

[124] 

MoCA 

DRS-2 

PD-CRS 

Core: 

MoCA 

Supplemental: 

MoCA 

ACE-III 

ADAS-cog 

Based on expert 

recommendation. 
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 ACE-III 

ADAS-cog 

CAMCOG-R 

CANTAB 

CDR System 

MDRS 

MMSE 

PD-CRS 

SCOPA-COG 

PD-CFRS 

MMSE 

MMP 

PD-CRS 

SCOPA-COG 

DRS-2 

 

*Administration of the C-SSRS is recommended if screening question on the PHQ-9 is > 0. 

Note: Only OM categories for which MDS critique and review papers existed have been included in this table (e.g., wet biomarkers have 

not been included). Tremor and dyskinesia are included within the “motor” section of this publication, and the recommendations in that 

case were mostly derived from expert consensus. For a detailed list of included outcomes in the NINDS-CDE version 2.0, please visit 

https://www.commondataelements.ninds.nih.gov/Parkinson%27s%20Disease#pane-158. 

AASM: American Academy of Sleep Medicine; ABC Scale: Activities-Specific Balance Confidence Scale; ACE-III: Addenbrooke’s 

Cognitive Examination; ADAS-Cog: Alzheimer's Disease Assessment Scale-Cognitive Subscale; ADL: Activities of Daily Living; AES: 

https://www.commondataelements.ninds.nih.gov/Parkinson%27s%20Disease#pane-158
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Apathy Evaluation Scale; AS: Apathy Scale; BDI: Beck Depression Inventory; BPRS: Brief Psychiatric Rating Scale; C-SSRS: Columbia 

Suicide Severity Rating Scale; CAMCOG: Cambridge Cognition Examination; CANTAB: Cambridge Neuropsychological Test 

Automated Battery; CAPSIT-PD: Core assessment program for surgical interventional therapies in Parkinson's disease; CGIS: Clinical 

Global Impression Scale; COMPASS(-31): (31-item) Composite Autonomic Symptom Scale; CSDD: Cornell Scale for Depression in 

Dementia; CSRI: Client Service Receipt Inventory; DAS: Dimensional Apathy Scale; DRS-2: Mattis Dementia Rating Scale Second 

Edition; EHR: Electronic health records; eSAPS-PD: Scale for the Assessment of Positive Symptoms in Parkinson’s Disease, enhanced 

version; ESS: Epworth Sleepiness Scale; FACIT-F: Functional Assessment of Chronic Illness Therapy - Fatigue; FES(-I): Falls Efficacy 

Scale (-International); FOG: Freezing Of Gait; FSQ: Functional Status Questionnaire; FSS: Fatigue Severity Scale; GDS(-15/-30): (15-/30-

item) Geriatric Depression Scale; HAM-D: Hamilton Depression Scale; HUI(-II/-III): Health Utility Index (-Mark2/-Mark 3); IASP: 

International Association for the Study of Pain; ICSD: International Classification of Sleep Disorders; KPPS: King’s Parkinson’s Disease 

Pain Scale; LARS: Lille Apathy Rating Scale; M-EDL: Motor Experiences of Daily Living; MADRS: Montgomery-Åsberg Depression 

Rating Scale; MDRS: Mattis Dementia Rating Scale; MDS: Movement Disorders Society; MDS-UPDRS: Movement Disorders Society-

sponsored revision of the Unified Parkinson’s Disease Rating Scale; MDT-PD: Munich Dysphagia Test – Parkinson’s Disease;  Mini-

BESTest: Mini-Balance Evaluation Systems Test; MMP: Mini-Mental Parkinson; MMSE: Mini-Mental State Examination; MoCA: 

Montreal Cognitive Assessment; MSLT: Multiple Sleep Latency Test; NHP: Nottingham Health Profile; NINDS-CDE: National Institute 

of Neurological Disorders and Stroke Common Data Elements; NMSQ: Non-motor Symptoms Questionnaire; NPI: Neuropsychiatric 
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Inventory; NRS: Numeric Rating Scale; OM: outcome measure(s); PANSS: Positive and Negative Syndrome Scale; PD-CFRS: Parkinson's 

Disease - Cognitive Functional Rating Scale; PD-CRS: Parkinson's Disease-Cognitive Rating Scale; PDQ-8: 8-item version of the 

Parkinson’s Disease Questionnaire; PDQ-39: 39-tem version of the Parkinson’s Disease Questionnaire; PDQL: Parkinson's Disease Quality 

of Life Questionnaire; PDQUALIF: Parkinson's Disease Quality of Life Scale;  PDSS(-2): Parkinson’s Disease Sleep Scale(-2); PFS(-16): 

(16-item) Parkinson’s Disease Fatigue Scale; PHQ-9: 9-item Patient Health Questionnaire; PIGD: Postural Instability and Gait Disorder; 

PIMS: Parkinson's Impact Scale; PRO: Patient-wReported Outcomes; ProFaNE: Prevention of Falls Network Earth; PROMIS/Neuro-QoL: 

Patient-Reported Outcomes Measurement Information System/Quality of Life in Neurological Disorders; PSG: Polysomnography; PSQI: 

Pittsburgh Sleep Quality Index; QoL: Quality of Life; ROMP: Radboud Oral Motor Inventory for Parkinson’s Disease; S&E ADL SCALE: 

Schwab and England Activities of Daily Living Scale; SAFFE-m: Modified Survey of Activities and Fear of Falling in the Elderly; SAPS-

PD: Scale for the Assessment of Positive Symptoms in Parkinson’s Disease; SCAS-PD: Swallowing Clinical Assessment Score in 

Parkinson's Disease; SCOPA-AUT: Scales for Outcomes in Parkinson’s disease-AUTonomic symptoms; SCOPA-COG: Scales for 

Outcomes in Parkinson’s disease-COGnitive symptoms; SCOPA-PS: SCales for Outcomes in PArkinson's disease- Psychosocial 

Functioning; SCOPA-Sleep: Scales for Outcomes in Parkinson’s disease-Sleep; SDQ: Swallowing Disturbance Questionnaire; SEIQoL(-

DW): Schedule for the Evaluation of Individual Quality of Life (-Direct Weighting); SF-36: 36-Item Short Form Survey; SIP: Sickness 

Impact Profile; SPDDS: Self-Assessment Parkinson’s Disease Disability Scale; SPES/SCOPA: Short Parkinson's Evaluation Scale 

(SPES)/SCales for Outcomes in Parkinson's disease; SWAL-QOL: Generic Scale for Dysphagia-Related Outcomes (Quality of Life); TUG: 
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Timed Up and Go; UPDRS: Unified Parkinson’s Disease Rating Scale; WHOQOL-BREF: WHO Quality of Life Assessment Short 

Version; WOQ-9: 9-item Wearing Off Questionnaire; WOQ-19: 19-item Wearing Off Questionnaire. 
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Supplementary Table 2. Recommended Cognitive Core Data Elements’ (CDEs) 

scorings (reproduced with permission from Table 2 of the NINDS-CDE v2.0 

Parkinson’s Disease Cognitive Subgroup Summary document) [156]. 

Instrument 

Type/Name 

Rating Scale Usage  

 Screening 

Instrumenta 

Severityb Longitudinalc Diagnostic 

Instrumentd 

Administration 

Time (minutes) 

Paper-and-Pencil      

ADAS-Cog◊ 2 2 N/A 2 30 

ACE-III 1.5 2 3 2 15-20 

CAMCOG-R† 2 2 2 2 25-30 

Mattis DRS-2□ 1 1 1 1 30-50 

MMSE□ 2.5 2 2 2.5 10-12 

MoCA▲ 1 1 1 1 10-15 

PD-CRS◊ 1.5 1.5 1.5 1.5 17-26 

SCOPA-COG◊ 2 1.5 3 3 10-15 

a Screening Instrument - For initial identification of possible disorder  

b Rating Scale - For measurement of disorder severity  

c Longitudinal - Sensitivity to change over time  

d Diagnostic Criteria and Instrument – Categorization of patients into those with and 

without a disorder  

† Instrument available from author  

◊ Instrument available in public domain  

▲ Free to investigators 
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□ Copyrighted instrument 

Please note: The disorder refers to cognitive impairment in Parkinson’s disease 

including mild cognitive impairment and dementia. Each of the above scales are being 

given a score of 1, 2, 3 for suitability (1= highest or best, 3= lowest or worst). A scale 

may be suitable for mild cognitive impairment and/or dementia.  

Other scales were reviewed by the subgroup but were not recommended for PD v2.0. 

They were not classified as Exploratory since they do not currently fill gaps in PD 

research in the context of cognition.  

ACE-III: Addenbrooke’s Cognitive Examination; ADAS-Cog: Alzheimer's Disease 

Assessment Scale-Cognitive Subscale; CAMCOG-R: Cambridge Cognitive 

Assessment-Revised; CDEs: Core Data Elements; Mattis DRS-2: Mattis Dementia 

Rating Scale Second Edition; MMSE: Mini-Mental State Examination; MoCA: 

Montreal Cognitive Assessment; NINDS-CDE v2.0: National Institute of Neurological 

Disorders and Stroke Common Data Elements, version 2.0; PD: Parkinson’s Disease; 

PD-CRS: Parkinson's Disease-Cognitive Rating Scale; SCOPA-COG: SCales for 

Outcomes in PArkinson's disease- COGnitive symptoms. 

 

 

 

 


