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The Parkinson’s Disease Activities of Daily Living, Interference, and

Dependence Instrument© (PD-AID) is a patient-reported outcome (PRO)

instrument, recently developed to assess the clinical benefit of Parkinson’s

Disease (PD) treatment. The PD-AID consists of morning and evening

assessments, administered daily. To benefit from the full set of the repeated

observations over time, analytic approaches that account for both within-

and between-individual variability are required. The current study aimed to

employ the advantages of exploratory Multilevel Factor Analysis (MFA) on data

collected from 93 participants with moderate to advanced PD, currently using

and responding to Levodopa (L-Dopa), who completed the PD-AID twice

daily as part of a prospective, non-intervention, observational study for ∼28

days. Average daily completion rates were comparable for the Morning and

the Evening PD-AID (78% and 74%, respectively). The intraclass correlation

coe�cients for the Morning and Evening PD-AID items were in the range of

0.70–0.90, with an average of 0.81 for the Morning PD-AID items and 0.83

for the Evening PD-AID items, suggesting that most variability (81%–83%) in

responses was due to between-individual variability. For the Morning PD-AID,

one factor (including nine out of 10 Morning PD-AID items) emerged at the

between-individual level and four factors (core physical actions, basic self-care

activities, feeding, and interference & dependence) at the within-individual

level. For the Evening PD-AID, there were four between-individual factors

(basic activities of daily living ADLs, life interference, impact on planning,

and emotional consequences) and five within-individual factors (basic ADLs,

toileting, life interference, medication planning, and emotional impact). The

factors had high reliability.

KEYWORDS

Parkinson’s disease, activities of daily living, PD-AID, patient reportedoutcomes (PRO),

longitudinal validation, Multilevel Factor Analysis

Frontiers inNeurology 01 frontiersin.org

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2022.941788
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2022.941788&domain=pdf&date_stamp=2022-09-23
mailto:cristian.sirbu@cronosccs.com
mailto:linda_deal@yahoo.com
https://doi.org/10.3389/fneur.2022.941788
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fneur.2022.941788/full
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Sirbu et al. 10.3389/fneur.2022.941788

Introduction

Parkinson’s disease (PD) is a chronic and progressive

neurological disorder defined by symptoms of bradykinesia,

rigidity, tremor, and postural instability (1). The disease affects

about 1.5 million people in the United States (US) with the

prevalence of PD expected to double by 2030 (2). Patients

with PD experience significant impairment to their activities

of daily living (ADLs) and increased reliance on caregivers

during advanced stages. PD is frequently associated with motor

symptoms caused by the loss of dopamine neurons in the

basal ganglia and the substantia nigra. Levodopa (L-Dopa), an

exogenous source of a dopamine precursor, remains the most

effective and widely used pharmacotherapy for PD; however,

its prolonged use is characterized by fluctuations in efficacy

and disabling dyskinesias that negate its beneficial effects and

are difficult to treat (3). Fluctuations in efficacy of L-Dopa

are characterized by periods of ON response (when motor

fluctuations are controlled) and OFF response (when motor

fluctuations are not controlled). Because of the duration of dose

effect with L-Dopa, the OFF response is more prevalent upon

waking due to treatment response wearing off during the night.

This leads to an impact on ADLs immediately upon waking

which is reported to be different from the impact on ADLs

during the rest of the day (4).

The Parkinson’s Disease Activities of Daily Living,

Interference and Dependence Instrument© (PD-AID) is a

patient-reported outcome (PRO) instrument developed to

assess the clinical benefit of PD treatment from the patient

perspective. Specifically, it targets concepts that give meaning

to PD motor symptoms in terms of their impact on everyday

life. Details of its development and content validation have

been published previously (5). The PD-AID was developed in

accordance with the US Food and Drug Administration’s PRO

guidance to overcome the limitations of existing instruments.

In particular, the PD-AID content was selected based upon

direct input from individuals living with PD (6). The PD-AID

focuses on direct and proximal consequences to day-to-day

functioning resulting from PD motor fluctuations as well as

areas of unmet priority related to treatment. Specifically, it

assesses relevant ADLs, dependence on others to perform ADLs,

and life interference due to accommodating PD symptoms and

treatment. The intended context of use for the PD-AID is as a

clinical trial efficacy outcome evaluating clinical changes from

the perspective of individuals living with moderate-to-advanced

PD who are experiencing motor fluctuations.

The PD-AID addresses important considerations in the

process of patient-centered scale development identified by the

Movement Disorder Society (MDS) Technology Task Force and

MDS Rating Scales Program Electronic Development Ad-Hoc

Committee (7). An important concern with daily diaries is the

failure to use data fully in their psychometric evaluation. The use

of average scores over multiple days for factor analysis, neglects

the daily variability in patients’ symptoms (8, 9).

Multilevel Factor Analysis (MFA) is an analytic approach

that allows the structural analysis of longitudinal data taking into

account the within- and between-individual variability (10, 11).

Because daily diaries include repeated observations for each

individual participant, the score variance derived from diary

data includes two components [within (intra-) and between

(inter-) individual variability]. MFA allows separation of these

two sources and the fitting of latent variables (factors) for

both the within- and between-individual variability. Factor

analyses of longitudinal diaries (i.e., daily entries) averaged

across multiple days are based on the assumption that the

within- and between-individual factor structures are identical.

However, as indicated by Molenaar, the structures of within-

and between- individual covariations are different in a majority

of cases (12). Further, in rare situations when those structures

are the same, the item contributions (loadings) to within- and

between-individual factors are different.

The current study had two aims: (1) to identify the factorial

structure of PD-AID based on exploratory MFA using data

collected in a non-interventional study of PD patients who were

instructed to complete the measure twice daily for a minimum

of 28 days; and (2) to evaluate the compliance with completion

of the PD-AID. Once established with consideration for both

the cross-sectional and longitudinal dimensions of the data, the

factor structure will provide the basis for subsequent efforts

to develop evidence-based scoring algorithms for the PD-AID

using Item Response Theory.

Methods

Analyses were conducted on data collected from electronic

administration of the PD-AID as part of a prospective, non-

interventional observational study of 93 patients with moderate-

to-advanced PD currently using and responding to L-Dopa who

experienced motor fluctuations. Details on the study procedures

can be found in Deal et al. (13). The primary objective was to

gather fit-for-purpose evidence for the use of the PD-AID in

defining endpoints to support labeling claims. Data collection

and study procedures were conducted in accordance with the

Declaration of Helsinki ethical principles, the principles of Good

Clinical Practice, and regulatory requirements as applicable.

De-identified data were used in the analyses.

Participants

Participants were males and females between 45 and 85 years

of age (inclusive), with a physician-confirmed diagnosis of PD,

Hoehn & Yahr (H&Y) stage ≤ 3 as documented in medical

records within the past year, and currently using and responding
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to a stable dose of L-Dopa ≥400mg daily (14). This last

requirement was subsequently revised to ≥300mg daily when it

became evident that recruitment was a challenge. Participation

also required the ability to recognize L-Dopa “wearing off,”

English fluency, and a willingness and ability to comply with

all study instructions and scheduled visits. A history of surgical

intervention for PD (e.g., deep brain stimulation), the presence

of cognitive impairment or a psychiatric condition judged by the

recruiting physician as interfering with the ability to complete

questionnaires for 1 month, and current or planned (within the

next two months) participation in an interventional PD clinical

trial were causes for exclusion. Efforts were made to recruit

participants from six US sites (California, Colorado, Florida,

Missouri, New York and Washington) who were representative

of the target clinical trial PD population for which the PD-AID

was developed. This was accomplished by focusing recruitment

efforts on obtaining an equal proportion of participants at H&Y

stages 1, 2, and 3, as well as at least 20% experiencing dyskinesia.

Parkinson’s disease activities of daily
living, interference and dependence
instrument (PD-AID)©

The PD-AID consists of a set of items administered in the

morning and a set of items administered in the evening. The

Morning PD-AID comprises eleven items addressing whether

the respondent required help performing core ADLs, including

getting out of bed, walking inside the home, getting on or

off the toilet, showering/bathing, grooming, dressing, preparing

something to eat or drink, and feeding one’s self. Each of

these questions is gated to determine whether the individual

was able to perform the activity on their own. If no help was

needed, they are instructed to indicate the level of difficulty in

performing the ADL on their own using a 5-point categorical

response scale (CRS) ranging from “not at all difficult” to

“extremely difficult.” If the activity was not performed that

morning, the respondent is directed to indicate if the reason

was “due to Parkinson’s disease” or “other reason.” Additional

items focus on whether their PD caused a delay in morning

activities (Yes/No) and the degree to which PD influenced the

respondents’ level of dependence on others or interfered with

getting ready for the day (using a 7-point CRS ranging from

“not at all” to “completely interfered/dependent”). The Morning

PD-AID takes ∼3min to complete. Respondents are asked to

complete the Morning PD-AID after they have finished their

morning routine to get ready for the day, but before lunchtime.

The Evening PD-AID consists of eighteen items addressing

several core ADLs also included in the Morning PD-AID

(walking around the house, using the toilet, preparing food,

feeding oneself), ADLs not previously assessed (getting in or out

of a vehicle, using an electronic touchscreen), and exploratory

items. It takes about 5min to complete and uses a recall of either

“since completing your morning diary” (for the items assessed

in the morning) or “in the past 24 hours” (for the remaining

items). As in the Morning PD-AID, the items assessing ADLs

are gated and use the same 5-point CRS. If the activity was

not performed since completing the Morning PD-AID or in the

past 24 hours, the respondent is directed to indicate whether

the reason is “due to Parkinson’s disease” or “other reason.”

The exploratory items address PD interference with work (if

employed) and leisure activities, as well as the need to plan daily

activities around expectations related to PD treatment wearing

off (e.g., prevent, delay, or cease activities). Respondents are

instructed to complete the Evening PD-AID at the end of their

day, ideally at the same time, before going to bed. For both

the Morning and Evening PD-AID assessments, if a particular

activity is done more than once during the given recall period,

respondents are instructed to answer based on when it was at

its worst or based on the instance when it was most difficult

for them. Using branching, item responses are mapped to a

transformed scale with 7 categories, where higher values indicate

greater difficulty on ADL items, greater interference due to PD,

or greater dependence on others (Supplementary Figure 1). The

Morning and Evening PD-AID were completed daily for the

duration of the study.

Data analysis

Descriptive statistics were conducted using SAS version

9.4 (15) and the MFAs were conducted in MPlus version 8.5

(16). Descriptive statistics and floor/ceiling effects, defined as

frequencies > 15% at the extremes of the response categories

(17), were examined for each item and the proportion of missing

data throughout the study was determined.

To determine the effect of missingness, data were analyzed

in three steps (18). In the first step the dataset with missing

data was analyzed using all the available data, based on the

“pairwise present” Mplus default method. Next, five complete

datasets were created in Mplus using multiple imputation

based on the Markov chain Monte Carlo simulation utilizing

the Gibbs sampling algorithm (the Mplus code for the

development of multiple imputation datasets is provided in

Supplementary material). Lastly, the analyses were replicated on

each of the five complete datasets.

Intraclass correlation coefficients (ICC) were calculated

for the Morning and Evening PD-AID to determine the

measurement reliability. Reliability was assessed for a time

window of four weeks. A similar analysis, averaging across

seven days, was conducted using the first study week. ICC is

defined as the amount of between-individual variability relative

to total variability with larger ICC values reflective of greater

between-individual differences.
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TABLE 1 Participant-reported demographic and health information.

Characteristic Total sample

N = 93

Age, (years) Average (SD) 68.8 (8.6)

Gender, n (%)

Male 63 (67.7%)

Female 30 (32.3%)

Race (all that apply selected), n (%)

White 85 (91.4%)

Asian 4 (4.3%)

Black or African American 2 (2.2%)

American Indian or Alaska Native 1 (1.1%)

Not reported 1 (1.1%)

Ethnicity, n (%)

Not Hispanic/Latino(a) 90 (96.8%)

Hispanic/Latino (a) 2 (2.2%)

Not reported 1 (1.1%)

Highest level of education, n (%)

High school (no degree) or less 1 (1.1%)

High school graduate (or equivalent) 11 (11.8%)

Some college (no degree) 27 (29.0%)

Associate degree 7 (7.5%)

Bachelor’s degree 28 (30.1%)

Master’s degree 15 (16.1%)

Doctoral degree 4 (4.3%)

Work status (all that apply selected), n (%)

Retired 60 (64.5%)

Working full-time 12 (12.9%)

On disability 9 (9.7%)

Working part-time 6 (6.5%)

Part-Time and Retired 2 (2.2%)

Homemaker 2 (2.2%)

Unemployed 1 (1.1%)

Other (reported as self-employed) 1 (1.1%)

General health status, n (%)

Excellent 11 (11.8%)

Very good 25 (26.9%)

Good 47 (50.5%)

Fair 8 (8.6%)

Poor 2 (2.2%)

Means of assistance (if any), n (%)

Spouse/partner 45 (48.4%)

Other family members 5 (5.4%)

Paid help 4 (4.3%)

Friends 2 (2.2%)

Spouse/Family/Friend/Paid 1 (1.1%)

Volunteer help 1 (1.1%)

Other (not specified) 34 (36.6%)

Not reported 1 (1.1%)

Hoehn and Yahr stage, n (%)

Stage 1 (Unilateral symptoms only) 31 (33.3%)

Stage 2 (Bilateral symptoms; no balance or walking 20 (21.5%)

problems)

Stage 3 (Problems with balance and walking) 42 (45.2%)

Additionally, the ICCs informed the feasibility of conducting

MFA. An ICC of zero indicates that all variation is due to within-

individual differences in which case, MFA is not applicable.

Once a non-zero ICC was established, the MFA was performed.

Following the Muthen (19), and Grilli and Rampichini (20)

approaches to MFA, the within-level covariation matrix was

factor analyzed first using an unrestricted structure (saturated

model with zero degrees of freedom) at the between-level. This

was followed by a factor analysis of the between-level covariation

matrix after restricting the number of within-level factors to the

number determined in the previous step. The MPlus code used

for the MFA analysis is provided in Supplementary material.

Exploratory MFA employed a weighted least-squares mean-

adjusted estimator (WLSM) using a polychoric correlation

matrix. Nested models were compared using the Satorra-Bentler

scaled χ² (Chi Square) difference test (21). The factors were

allowed to correlate using the Geomin rotation. The following

fit-indices were also calculated: root mean square error of

approximation (RMSEA) with a value <0.05, standardized root

mean-squared residual (SRMR) (within and between) with

values < 0.08 and the comparative fit index (CFI) and Tucker-

Lewis index (TLI) with values >0.95 for good fit (22). Factor

reliability was evaluated using the McDonald’s omega coefficient

(23). Values higher than 0.70 indicate good factor reliability (24).

Results

Demographic and health information

Ninety-four participants enrolled in the study, although one

participant did not provide any PD-AID data and was therefore

excluded from the analyses. Demographics for the remaining

93 participants are shown in Table 1 (mean age 69 years; 68%

male; 91%White). Using PD-specific data from the participants’

medical records, clinicians reported 34 participants (37.6%) with

dyskinesia associated with L-Dopa use. The mean time since PD

diagnosis was 6.9 years (SD= 4.2; range 0.3–20 years).

Six participants who had data for at least one administration

of the PD-AID dropped out of the study for the following

reasons: burdensome administration schedule (n= 4); difficulty

entering answers into electronic device due to PD symptoms

(n = 1) and difficulty understanding how to use the electronic

device (n= 1).

Summary analyses

Overall, during the 28 study days, the percentage of

completion was 78% for the Morning PD-AID (mean missing=

22.3%, S.D. = 5.8%) and 74% for the Evening PD-AID (mean

missing = 26%, S.D. = 3.7%) (Supplementary Figure 2). For

item 7 (Working) of the Evening PD-AID, 64.8% of participants
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TABLE 2 Models for the Morning PD-AID.

Model S-B

χ²

S-B

df

Scaled

1 S-B

χ²

Scaled

1 S-B

df

RMSEA [90% CI] CFI TLI SRMRW SRMRB

1W Unrestricted B 100.66 26.71 0.036 [0.029, 0.042] 0.987 0.965 0.057

2W Unrestricted B 49.59 19.75 66.07** 9 0.026 [0.018, 0.034] 0.995 9.981 0.046

3W Unrestricted B 17.26 13.57 41.83** 8 0.011 [0.000, 0.023] 0.999 0.997 0.038

4W Unrestricted B 4.67 9.60 22.21* 7 0.00 [0.000, 0.009] 1.000 1.000 0.024

5W Unrestricted B 0.66 5.49 5.85 6 0.000 1.000 1.000 0.016

4W 1B 5.16 10.63 0.000 1.000 1.000 0.024 0.026

**p< 0.001, *p< 0.05 (W,Within-Individual; B, Between-Individual; S-B, Satorra-Bentler; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root Mean Squared

Residual, CFI, Comparative Fit Index; TLI, Tucker-Lewis Index).

TABLE 3 Models for the Evening PD-AID.

Model S-B

χ²

S-B

df

Scaled

1S-B

χ²

Scaled

1S-B

df

RMSEA [90% CI] CFI TLI SRMRW SRMRB

1W Unrestricted B 509.47 97.63 0.046 [0.042, 0.050] 0.944 0.872 0.091

2W Unrestricted B 215.83 79.16 238.50** 15 0.029 [0.025, 0.034] 0.981 0.948 0.073

3W Unrestricted B 58.84 64.15 146.40** 14 0.000 [0.000, 0.011] 1.000 1.000 0.041

4W Unrestricted B 31.20 52.13 29.16* 13 0.000 1.000 1.000 0.041

5W Unrestricted B 14.47 43.95 24.52* 12 0.000 1.000 1.000 0.035

5W 4B 14.52 50.53 0.000 1.000 1.000 0.035 0.012

**p < 0.001, *p < 0.05 (W,Within-Individual; B, Between-Individual; S-B, Satorra-Bentler; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root Mean Squared

Residual, CFI, Comparative Fit Index; TLI, Tucker-Lewis Index).

mentioned that they were not working due to reasons other

than PD. The items distributions suggest a floor effect for all

the Morning PD-AID items and most Evening PD-AID items

(Supplementary Tables 1, 2).

Assessment window for reliable
measurement

All ICC coefficients for the entire study duration were higher

than 0.70, indicating that measurement using the Morning and

Evening PD-AID for a time window of at least four weeks

is reliable. The ICC coefficients for the one-week assessment

window were higher than 0.70 for every item except Evening

PD-AID item 12 “Adjust medication schedule” (ICC = 0.63).

The results suggest that the use of the Morning and Evening

PD-AID is reliable when the items are averaged across 1 week

(Supplementary Table 3).

Multi-level factor analysis

Global model fit and comparisons for the MFA models for

the Morning and Evening PD-AID are presented in Tables 2,

3. Based on a scaled Satorra-Bentler χ² test, the four within-

individual factor solution was selected for the Morning PD-

AID. Next, the four within-individual factor solution was carried

into the between-individual factor models. The final solution

for the Morning PD-AID was four within-individual factors and

one between-individual factor (4W 1B). The between-individual

factor included all 10 Morning PD-AID items (except the

dichotomous item 9-Delay). The four within-individual factors

provided separation by core physical actions (factor 1), basic

self-care activities (factor 2), feeding (factor 3), and interference

& dependence (factor 4). Using a similar procedure, for the

Evening PD-AID, the final selected solution was five within-

individual and four between-individual factors (5W 4B). The

four between-individual factors identified basic ADLs (factor 1),

life interference (factor 2), impact on planning (factor 3) and

emotional consequences (factor 4). The five Evening PD-AID

within-individual factors were basic ADLs (factor 1), toileting

(factor 2), life interference (factor 3), impact on medication

planning (factor 4), and emotional consequences (factor 5).

Figures 1, 2 illustrate the factorial structure of the Morning

and Evening PD-AID at the within- and between-individual

levels. All factors had good to excellent reliability except for

Evening PD-AID between factor 4 (Supplementary Table 4).

The same factorial structure was identified using the initial
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FIGURE 1

Within-individual and between-individuals factors standardized loadings and correlations for the Morning PD-AID.

dataset (with missing data) and the five datasets generated after

multiple imputation.

Discussion

The aim of the current study was to identify the factor

structure at within- and between-individual levels for the

Morning and Evening PD-AID using data from 93 patients with

a diagnosis of PD who completed at least one administration

of either scale. Compliance with completion was high for both

scales with an average of 78% of participants completing the

Morning PD-AID and 74% completing the Evening PD-AID.

An important finding was a high ICC (0.81 for Morning PD-

AID and 0.83 for Evening PD-AID), demonstrating very good

reliability of measurement when the Morning and Evening PD-

AID were used for ∼28 days. Further, ICCs were 0.75 for the

Morning PD-AID and 0.78 for the Evening PD-AID when

completed for one week (first week of the study). These results

indicate that the Morning and Evening PD-AID can be used

for pre-defined target assessment weeks spaced across several

months during a clinical trial.

TheMFA identified different factor structures for the within-

and between-individual covariance matrices across the Morning

and Evening PD-AID groups of items. For the Morning PD-

AID, four within-individual and one between-individual factors

were identified. For the Evening PD-AID, a structure including

five within-and four between-individual factors provided the

best model for the data. Within-individual factor 2 for the

Evening PD-AID (toileting) containing a single item is reported

for completeness and its conceptual relevance; however, factor

analysis guidelines recommend elimination of such factors

due to lack of reliability. Whether this factor is retained in

the final structure and scoring recommendations will depend

upon results of advanced psychometrics methods based on

Item Response Theory. The factorial structure for both the

Morning and Evening PD-AID mirrored the five conceptual

domains (core physical actions, basic self-care activities, other

daily activities, social impacts, and emotional impact) identified

during the concept exploration interviews and reported in the

conceptual model of PD-AID (5). The differences in factor

structures, as well as loadings (items’ ability to discriminate

at within-versus between-individual level of analysis) stress

the importance of evaluating factor validity at multiple levels

when using longitudinal data collection instruments such as the

PD-AID. The results have implications for developing scoring

algorithms tailored to different contexts (i.e., clinical trials versus

individual patient monitoring). In the context of a clinical trial,

the emphasis is on between-individual differences (i.e., placebo

versus active groups comparisons) while in a clinical patient

monitoring context (e.g., when a follow-up is done with a

patient) the within-individual variation is critical.
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FIGURE 2

Within-individual and between-individuals factors standardized loadings and correlations for the Evening PD-AID.

In the context of establishing the factor structure for the

PD-AID, we employed the use of MFA. To the best of our

knowledge, the current study represents the first use of MFA for

validation of a PD clinical outcome assessment instrument.

Multiple limitations regarding the sample from this study

have been described in a prior publication (13) and are relevant

to these analyses as well. Participants had less advanced PD than

initially planned likely due to the fact that patients with severe

PD symptoms were less willing to participate because of the

study length and burden of answering questions electronically

on a daily basis. Although the sample size was small (93

participants), the use of longitudinal data in this sample

provided a considerable sample for the MFA (2,175 datapoints

for Morning PD-AID and 1,196 datapoints for Evening PD-

AID).

While important in establishing the factor structure of the

PD-AID using longitudinal data, our analysis has the additional

limitation that the factor structure was identified based on an

exploratory MFA and not cross-validated using a confirmatory

MFA in a different sample. Because the sample size of the

original study was relatively small, we could not create two

random sub-samples to conduct the exploratory analysis on

one sample, followed by confirmatory analysis on the second

one. Replication of the current factor structure on a different

sample using a confirmatory MFA will be important to establish

the dimensionality invariance of the PD-AID. Further, due

to the exploratory nature of our analysis, no covariates were

considered. The use of a confirmatory MFA in future studies will

allow the inclusion of covariates (i.e., gender, age, PD severity)

using Multiple Indicators Multiple Causes (MIMIC) approach

(25). The recommended factor scores are based on classical test

theory and an important next step is to use an Item Response

Theory approach to model the relations between the items and

the underlying latent variables. Our final PD-AID structure and

scoring recommendations will be complete after employment of

modern test theorymethods andwill be informed by the findings

from the analyses presented here. Once complete, PD-AID

subscales will be named to facilitate outcomes investigations at

both the full scale and subscale level. Further, such an approach

will increase the precision of measurement using the PD-AID.
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Conclusions

The methods and results presented are an important

component of the evaluation of fit for purpose (FFP) evidence

exploring the structure of the PD-AID. While other patient-

reported measures for PD are available, the PD-AID is the

first to fully employ and document the methodologies laid

out in the FDA Patient-Focused Drug Development (PFDD)

Guidance (26–28) for a well-developed and fit-for-purpose

clinical outcomes assessment. Prior publications have presented

the PD-AID’s qualitative content validity evidence and the

initial classical test theory validation results (5, 13). The

remaining effort to finalize the PD-AID structure and scoring

recommendations utilizing modern test theory methods is

forthcoming. The current study utilizing the full potential of the

longitudinal data demonstrates the multifactorial structure of

the PD-AID at both within- and between-individual levels and

suggests the latent variables that will be used in the forthcoming

Item Response Theory modeling. Documenting and publishing

the full body of PFDD FFP evidence for the PD-AID will

serve drug developers targeting treatments that represent what

matters to individuals living with moderate to advanced PD who

experience motor fluctuations.
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