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Abstract

Objective—Assess MDS-UPDRS items for gender-, age-, and race/ethnicity-based Differential 

Item Functioning.

Background—Assessing Differential Item Functioning is a core rating scale validation step. For 

the MDS-UPDRS, Differential Item Functioning occurs if item-score probability among people 

with similar levels of parkinsonism differ according to selected covariates (gender, age, race/

ethnicity). If the magnitude of Differential Item Functioning is clinically relevant, item-score 

interpretation must consider influences by these covariates. Differential Item Functioning can be 

Non-uniform (covariate variably influences an item-score across different levels of parkinsonism) 

or Uniform (covariate influences an item-score consistently over all levels of parkinsonism.

Methods—Using the MDS-UPDRS translation database of over 5,000 PD patients from fourteen 

languages, we tested gender-, age-, and race/ethnicity-based Differential Item Functioning. To 

designate an item as having clinically relevant Differential Item Functioning, we required 

statistical confirmation by two independent methods, along with a McFadden pseudo-R2 

magnitude statistic greater than “negligible.”

Results—Most items showed no gender-, age- or race/ethnicity-based Differential Item 

Functioning. When Differential Item Functioning was identified, the magnitude statistic was 

always in the “negligible” range, and the scale level impact was minimal.

Conclusions—The absence of clinically relevant Differential Item Functioning across all items 

and all Parts of MDS-UPDRS is strong evidence that the scale can be used confidently. As studies 

of Parkinson's disease increasingly involve multinational efforts and the MDS-UPDRS has several 

validated non-English translations, the findings support the scale's broad applicability in 

populations with varying gender, age, and race/ethnicity distributions.

Keywords

Parkinson's disease; MDS-UPDRS; Rating Scales; Clinimetrics; Differential Item Functioning

Introduction

The Movement Disorder Society revision of the Unified Parkinson's Disease Rating Scale 

(MDS-UPDRS) was developed to be a comprehensive clinical rating scale covering motor 

and non-motor elements of Parkinson's Disease (PD).1,2 The scale has been designated by 

the NIH Common Data Elements as the recommended scale for the overall assessment of 

PD.3 The scale has four Parts, each designed to measure one domain of PD: Part 1 - Non-

motor Experiences of Daily Living; Part 2 - Motor Experiences of Daily Living; Part 3 - 

Motor Examination; and, Part 4 - Complications of Therapy. The scale was developed in 

English with a clinimetric program to provide validated non-English translations.4
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Multiple aspects of the clinimetric strengths of the MDS-UPDRS are known, but there has 

been no examination of the potential for Differential Item Functioning (DIF).5 Testing a 

rating scale for DIF is a core step in comprehensive scale validation methodology to 

determine if covariates, such as age, gender or race/ethnicity, substantially bias any item 

score. DIF occurs for the MDS-UPDRS when the probability of an item-score differs among 

people with similar severity levels of a parkinsonism domain or trait (in DIF terminology) 

embodied by the summary Part score, but who belong to different groups on a covariate such 

as gender, age, or race/ethnicity. For example, gender-based DIF would be present for item 

1.1 (Cognition) if men and women with the same level of Non-motor Experiences of Daily 

Living (the trait measured by Part 1) responded differently. Depending on the pattern of this 

gender-based difference, two kinds of DIF can occur. In non-uniform DIF (NU-DIF), 

covariate influences on item-scores vary across levels of the Parkinsonian trait, having one 

pattern of influence at lower ranges of the trait measure and a different pattern when the trait 

measure is higher. In uniform DIF (U-DIF), influences on item-scores by the covariate are 

constant across all trait levels (Figure).6 In either case, DIF signals a concern for potential 

secondary influences on the scale that must be tested further for clinical relevance typically 

determined by an additional magnitude calculation such as a McFadden R2 score.7 

Establishing that NU-DIF or U-DIF cannot be identified in MDS-UPDRS items with regards 

to important covariates allows the scale to be applied across broad populations of subjects 

with PD without consideration of the covariate. We tested the hypothesis that the MDS-

UPDRS items would not demonstrate clinically relevant DIF by conducting both U-DIF and 

NU-DIF assessments with a focus on the demographic characteristics of gender, age, and 

officially designated categories for race/ethnicity.8

Methods

The MDS-UPDRS dataset

We accessed the cross-sectional international translation dataset for the MDS-UPDRS 

program that included English (N=877) and 13 non-English validated editions each with a 

minimum of 350 cases (Chinese [N=350], Estonian [N=352], French [N=350], German 

[N=450], Greek [N=350], Hebrew [N=383], Hungarian [N=357], Italian [N=378], Japanese 

[N=365], Korean [N=362], Russian [N=384], Slovakian [N=354], Spanish [N=443]).4 Most 

languages were tested in only one country, but some used multiple geographical populations: 

English (USA, Canada, United Kingdom and Australia); Spanish (Spain, Argentina, Cuba, 

Mexico and USA); German (Germany and Austria). Each language team translated and 

back-translated the original validated English MDS-UPDRS, refined the version using 

Cognitive Pre-testing methodology, and used the translation to examine PD, patients, 

submitting scores to a central database. Validated versions were designated if pre-specified 

criteria were met based on Comparative Fit Index methodology.4 Cases were included in the 

DIF analysis for a given Part of the MDS-UPDRS if all items were complete in that Part.

Assessing unidimensionality of the MDS-UPDRS parkinsonism domains measured by 
each Part

DIF analyses are anchored in the assumption that the items being examined measure a single 

pertinent trait. In the original English MDS-UPDRS validation program, we established 
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unidimensionality within four clinimetrically sound domains designated as Parts (1: Non-

motor Experiences of Daily Living, 2: Motor Experiences of Daily Living; 3: Motor 

Examination; and 4: Motor Complications).1,2 Because both lordif9 and Multiple Indicators, 

Multiple Causes (MIMIC)10,11 DIF analyses require items to be tested against a 

unidimensional domain, we began the program by testing unidimensionality of each Part of 

the MDS-UPDRS in the combined language datasets. To consider the Parts of the MDS-

UPDRS as providing four unidimensional domains of parkinsonism, we conducted 

confirmatory factor analysis for each Part, requiring that the Confirmatory Fit Index (CFI) 

was > 0.90 with Root Means Square Error of Approximation (RMSEA) < 0.10.12

Sample sizes for each analysis

DIF analyses require that for each item, all possible rating values must have some 

representation. For many MDS-UPDRS items, however, there were no patients scoring in 

the most severe rating option (4). Therefore, we combined scores of 3 and 4 as a collapsed 

designation, termed 3/4, allowing the statistical methods to converge mathematically. 

Further, to conduct our analyses for gender, age, and race/ethnicity, we required data 

representation of at least 5 subject samples in the 0, 1, 2, and 3/4 categories for each MDS-

UPDRS item in a given Part in order to proceed with DIF analysis.

Overall approach

We conducted DIF analysis using two independent latent variable models, the iterative 

hybrid ordinal logistic regression/item response theory (graded response model)13 approach 

as realized in the R package lordif9 and the MIMIC model.10,11 Following published 

recommendations, for an item to qualify for DIF designation, we required that both methods 

independently identify DIF at a significance level corrected for multiple comparisons using a 

Bonerroni correction. 14 Because Item 1.6 (Features of Dopamine Dysregulation Syndrome) 

had performed poorly in the original scale assessment,15 we excluded this item from the Part 

I analysis.

All items were studied first for NU-DIF and those without NU-DIF were then analyzed for 

U-DIF.14 For items identified with DIF, to determine the relevance or magnitude on the 

overall domain, we used the McFadden pseudo R2 magnitude estimate from the R package 

lordif and applied the recommended cut-offs of <0.035=negligible; 0.035–0.07=moderate; 

>0.07=large.7 As a prespecified outcome, we considered an item with DIF to be clinically 

relevant and of concern for co-variate bias if the McFadden R2 indicated a moderate or large 

magnitude. Finally, in each co-variate analysis, for any Part with multiple identified DIF 

items, we examined their combined impact on the Part, termed Scale Level Impact, using the 

Differential Test Function (DTF) index that compared the Test Characteristic Curves with 

and without DIF items.16 To assess the magnitude of the DTF, we used the recommended 

chi-square statistic, but in the context of our very large sample size and recognition of 

possible over-identification of DIF with chi-square,16 we also calculated more conservative 

thresholds based on Monte Carlo simulations17,18 (cutoff DTF value Part 1 = 0.648; Part 2 = 

0.702; Part 3 = 2.782; Part 4 = 0.324).
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Comparisons

For gender, the analyses compared males and females. For the age-based DIF analyses, we 

chose three age groups (ages 28-51, ages 52-75, and ages 76-97). This trichotomy of the 

sample's range resulted in at least 400 cases in each age group. We chose race/ethnicity 

categories according to published divisions adopted by the US Office of Management and 

Budget.8 The prescribed methodology for such determination is one of self-definition by the 

study subject. These categories were reviewed by each language team before starting each 

language translation program and adapted for the countries where data would be obtained 

(i.e., African-American was adapted to African descent). Possible choices were: White (non-

Hispanic), Hispanic, African descent or African American, Asian, Pacific Islander, Native or 

Endogenous, and Other (see Supplemental Material for specific definitions). Whereas the 

lordif model can accommodate multinomal options, MIMIC is restricted to binary 

comparisons. Therefore, we first conducted comparisons using lordif, and, if overall DIF 

was identified with this strategy, follow-up pairwise comparisons were conducted in lordif 
and MIMIC independently.

Results

Unidimensionality

The confirmatory factor analysis of the combined translation datasets confirmed 

unidimensionality within each of the four parts of the MDS-UPDRS. Each Part met our pre-

specified criteria for unidimensionality of a CFI ≥ 0.90 and a RMSEA < 0.10, allowing 

conduct of the DIF analyses12 (Part 1 CFI = 0.91, RMSEA = 0.08; Part 2 CFI = 0.97, 

RMSEA = 0.09; Part 3 CFI = 0.94, RMSEA = 0.08; Part 4 CFI = 1.00, RMSEA =0.06).

Sample Sizes

The entire data set included MDS-UPDRS scores for 5,755 subjects, but missing data on 

isolated items or demographic information reduced the samples. In all assessments however, 

the sample exceeded 5,000 MDS-UPDRS complete scores for the Part being assessed (Table 

1).

Gender-based DIF (Table 2)

All MDS-UPDRS items had sufficient representation of severity scores across all categories 

(0-3/4) to be analyzed. No item exhibited NU-DIF for gender. Twenty items (2 from Part 1, 

6 from Part 2, 10 from Part 3, and 2 from Part 4) met criteria by the two independent 

methods for gender-based U-DIF, though in all cases the magnitude of the DIF was 

“negligible” with McFadden R2 values far below the minimal value to meet a “moderate” 

magnitude rating. In assessing any combined effects of multiple “negligible” impacts, we 

did not detect an overall Scale Level Impact on any MDS-UPDRS Part from gender-based 

DIF using the DTF index score (DTF Part 1 = 0.12; Part 2 = 0.12: Part 3 = 1.11; Part 4 = 

0.07; all chi-square p's > 0.995; DTF simulation-based thresholds not exceeded). 

(Supplemental Material provides all results for identified DIF).
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Age-based DIF: Table 3

For NU-DIF, three items in Part 1 met the DIF criteria, but all were negligible in magnitude. 

No NUDIF was identified in Parts 2, 3, and 4. For U-DIF, 16 Items met the DIF criteria, five 

showing DIF in all three age-group comparisons, and the other items showing DIF in one or 

two of the group comparisons. In all cases, the McFadden R2 values did not meet the pre-

specified criteria for moderate or large magnitude impact on the relevant Part of the MDS-

UPDRS. Further, based on chi-square statistics, we did not detect an overall Scale Level 

Impact on any MDS-UPDRS Part from age-based DIF using the DTF index score. Using the 

simulation-based threshold values, impact was observed for Parts 1 and Parts 3 for the 

youngest (<52) and oldest (>75) group comparisons (DTF Part 1 < 52 years = 2.01, 52 - 75 

years = 0.01; > 75 years = 5.45; Part 2 < 52 years = 0.02, 52-75 years = 0.10, > 75 years = 

0.09; Part 3 < 52 years = 2.12, 52 - 75 years = 1.45, > 75 years = 5.10; Part 4 < 52 years = 

0.00, 52 - 75 years = 0.11, > 75 years = 0.28). The effect of DIF was small, with the 

potential for less than a 3-point difference in the total Part 1 score and less that a 4-point 

difference in the total Part 3 score for both the youngest and oldest groups. (Supplemental 

Material provides all results for identified DIF).

Race/ethnicity-based DIF (Table 4)

The racial/ethnic groups with sufficient representation for analysis were White non-

Hispanic, Hispanic, and Asian. We did not have a sufficiently large score representation to 

allow inclusion of other groups. For these three groups, Parts 1, 2, and 4 items all had 

sufficient representation of item scores across categories (0, 1, 2, and combined 3/4) to be 

studied. For Part 3, in spite of the overall large sample size, our requirement to have at least 

five subject scores in each of the categories for each Part 3 item was not met, and, therefore, 

race/ethnicity analyses considered DIF only for Part 1, 2, and 4.

For NU-DIF, only one item met DIF criteria but had negligible magnitude on the overall Part 

1 scoring. For U-DIF, eight Items met the criteria for statistical consideration, all of 

negligible magnitude. We did not detect an overall Scale Level Impact on any MDS-UPDRS 

Part from race/ethnicity-based DIF using the DTF index score (Part 1 White vs. non-White = 

0.34. Asian vs. non-Asian = 0.02, Hispanic vs. non-Hispanic = 0.31; Part 2 White vs. non-

White = 0.34. Asian vs. non-Asian = 0.26, Hispanic vs. non-Hispanic = 0.11; Part 4 White 

vs. non-White = 0.01. Asian vs. non-Asian = 0.03, Hispanic vs. non-Hispanic = 0.04; all chi-

square p's > 0.995; DTF simulation-based thresholds not exceeded). (Supplemental Material 

provides all results for identified DIF).

Discussion

DIF, often termed “measurement bias”,14,16-19 is essential to test for a full validation of a 

rating scale and the confident conclusion that the scale is truly measuring the intended 

condition. Our failure to detect DIF of moderate or large magnitude for any item relative to 

any of the studied demographic elements strongly argues that the MDS-UPDRS is 

effectively capturing parkinsonism and is not highly influenced by gender, age, or race/

ethnicity. The conclusion is reinforced by our inability to detect a significant combined Scale 

Level Impact when multiple “negligible” DIF items occur in any Part of the scale. Our 
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conclusions on Scale Level Impact are anchored in the standard chi-square-based DTF index 

calculation, but we are interested in the future development and applications of simulation-

based cutoffs for this determination.17,18 Using this method, we identified a small DIF 

impact on the youngest and oldest age cohorts for Parts I and III, but at this point, we rely on 

the standard recommended chi-square analysis for our final interpretations.16

Although the sample sizes were very large, we were limited by the paucity of item-scores in 

the severe impairment and disability category (4). For this reason, because DIF statistical 

programs require representation of all categories, we collapsed 3 and 4 categories into a 

single designation. We admit that this strategy does not achieve a full DIF analysis of the 

MDS-UPDRS as constructed, and we have encouraged colleagues to contribute cases with 

severe PD across the entire program to enrich the current sample. We asked groups to 

provide us with a representative sample with all Hoehn and Yahr stages represented, but, in 

an effort to reduce bias, we did not issue administrative directives to submit datasets that 

covered the entire range of item-scores.

Although we focused on gender, age and race/ethnicity, several other DIF influences could 

still exist. We were unable to address potential DIF related to source of information for Parts 

1 and 2 (patient, caregiver, or combined patient/caregiver). Almost all assessments were 

from patients.The very low representation of caregiver and combined patient/caregiver files 

failed to allow those categories to meet our sample size requirements for item score 

representation needed for analysis. A future study focused on this issue, however, could 

allow such an analysis. A second issue would be rater- or site-based DIF, but the datasets 

involved hundreds of sites, each often with multiple raters, also precluding such analyses.

A third issue of potential DIF would be the impact of ON vs. OFF state. This analysis would 

be particularly interesting, but it is important to emphasize the core premise of DIF so as not 

to confuse. As we point out in the Introduction, DIF addresses the fundamental issue of 

whether covariates differentially influence patients’ item scores at the same level of the 

primary trait being studied (parkinsonism). As a group, OFF patients and ON patients differ 

in this primary trait, because OFF patients are more parkinsonian than ON patients. DIF 

cannot simply compare these two groups. On the other hand, if a set of patients in the ON 

state had the same distribution of overall parkinsonism as another set of patients in the OFF 

state, DIF analysis could be performed. In examining our dataset, only 26% were assessed in 

the OFF state, and again our sample size did not meet the requirement for a DIF analysis. .

We chose age divisions to reflect our age ranges, and they are similar to other reports 

examining age divisions in PD.20,21 The race/ethnicity divisions used in this study were 

developed by a US panel,8 but we were careful to review these categories with each 

language team prior to data collection to ensure that any specific ambiguities would be 

resolved. Although we anticipated some concerns, in fact, we had only rare questions 

directed to our administrative team on race/ethnicity designaations. We adapted “African 

American” to “African Descent” and “Native American” to “Indigenous” for all non-

American patients. We did not have a strong representation for subjects of African heritage, 

but further expansion of our translation program may provide more subjects to allow 

comprehensive testing. Another underrepresented race/ethnic division was “mixed race”, 
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and we discovered that this term was considered pejorative in many cultures. Specific 

translated terms used in each program were selected to be as culturally neutral as possible, 

but the final number of cases with this self-designation was too small to analyze. The 

method of self-designation for race/ethnicity is standard for the methodology linked to these 

categories.8

The analysis of race/ethnicity DIF is complicated, because divisions blend genetics, culture, 

environment, education, and potentially health care access.22. For example, the Spanish 

language cohort included individuals from Spain, Argentina, Cuba, Mexico and USA, and 

thus represented multiple genetic, cultural and environmental factors. Asians represented 

those of Chinese, Japanese, and Korean ancestry. We admit that an Asian living in the US 

may be more similar to other US-based PD patients than those actually living in Asia. If 

groups are to be compared culturally, attempts to examine DIF by geography, either country, 

or world regions (Northern Europe vs. Southern Europe) could be envisioned. In spite of our 

large, combined data set, each language, except English, involved approximately 350 

subjects, and these subjects often represented several countries where the language is 

spoken, limiting the sample size available for an individual country. As we acquire more 

languages and as more groups contribute data to the effort, we can approach these very 

pertinent questions.

We found very few examples of NU-DIF, and when identified, the magnitude was 

consistently negligible. In NU-DIF, rather than showing a consistent demographic-based 

influence, an item is influenced in one way at the lower ranges of the measured trait and 

changes to another pattern in cohorts of higher overall trait severity levels. This “crossing” 

of demographic group curves defines NU-DIF, and when it has moderate or large magnitude, 

it poses higher levels of complexity to item scale interpretation, because demographic 

influences on a given MDS-UPDRS item response are present, but the precise effect differs 

as overall disability changes from low to high.6,14 The absence of pertinent NU-DIF for 

gender, age and race/ethnicity is particularly important to the validation profile of the MDS-

UPDRS and allows scale users to dismiss concerns of shifting influences.

In the original validation studies of the MDS-UPDRS, a classical test theory approach was 

used.1,2 The DIF analyses method used here employed an item-response theory model which 

utilizes a latent variable approach.16,19 Whereas DIF analysis has not been widely applied to 

PD or movement disorders rating scales, DIF analyses have been published for scales used 

neurologically, including the Mini-Mental Status Examination,23 Mattis Dementia Rating 

Scale24 and several depression and quality of life measures.25 In addition to age, gender, and 

race/ethnicity, such studies have also focused on educational level. We acknowledge the 

limitation that our MDS-UPDRS database did not record educational level across the full 

cohort, so we are not able to examine educational level relative to potential DIF. With new 

language translations in development, our aim is to include African descent and other groups 

into the analysis.

With the cited limitations stated, the strengths of our study include the very large dataset 

with world-wide representation across cultures using one validated scale. We have been 

rigorous in our clinimetric approach, requiring that designated items with DIF be identified 
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by two independent statistical methods with embedded correction for multiple comparisons. 

Using the McFadden's R2 application provides a rigorous method to assess the statistical 

importance to each observed DIF finding, allowing us to interpret the magnitude of 

identified DIF and in this case relegating all identified DIF as negligible. The results allow 

us to consider the items in the MDS-UPDRS as highly specific to PD impairment and 

disability. With the negligible contributions from age, gender, and race/ethnicity, the scale 

can be viewed as widely applicable. Further data collection may allow for additional 

analyses including the possible effect of other race categories and the potential impact of 

different languages.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. 
The two curves, generated from simulated data, show the differential patterns of non-

uniform DIF and uniform DIF for a given item based on two covariates (Group 1, Group 2). 

In non-uniform DIF (left graph), at low levels of the measured trait, Group 1 scores higher 

compare to Group 2, but at higher levels of the measured trait, Group 1 scores lower than the 

other group. In uniform DIF (right graph), Group 1 consistently scores lower than Group 2 

across all levels of the measured trait. As an example if men (Group 1) score higher on the 

Cognitive Impairment item (Item 1.1) than women (Group 2) when both have low Non-

motor Experiences of Daily Living trait scores, but score lower on this item when the overall 

trait score is high, gender-based non-uniform DIF for Item 1.1 would occur; if men 

consistently have less cognitive impairment and thereby score lower than women on Item 

1.1 across all levels of the measured trait of Non-motor Experiences of Daily Living, gender-

based uniform DIF exists. (See Supplemental Material for graphs generated from the MDS-

UPDRS datasets showing DIF effects for individual items and Parts).
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Goetz et al. Page 13

Table 1

Sample size from the master set of English and international translations of the MDS-UPDRS programs

Part 1 Part 2 Part 3 Part 4

Gender 5547 5546 5326 5562

Age 5381 5375 5159 5397

Race/Ethnicity 5561 5559 5338 5574

Legend: A total of 5755 subjects were included in the master dataset including subjects with missing values. After removing the cases with missing 
values, the sample sizes listed above were available for DIF analyses. The numbers vary by Part and by age, gender and race/ethnicity.
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Table 2

Gender-based DIF

Gender-based U-DIF: Impact magnitude of identified significant DIF

Item R2 Magnitude

Part 1
N=5547

1.4 Anxious Feelings 0.0033 Negligible

1.9 Pain 0.0019 Negligible

Part 2
N=5546

2.1 Speech 0.0104 Negligible

2.2 Saliva/drooling 0.0151 Negligible

2.7 Handwriting 0.0016 Negligible

2.9 Turning in bed 0.0030 Negligible

2.10 Tremors 0.0019 Negligible

2.11 Getting Out of Bed 0.0033 Negligible

Part 3
N=5326

3.1 Speech 0.0153 Negligible

3.2 Facial expression 0.0120 Negligible

3.3a Rigidity neck 0.0059 Negligible

3.3d Rigidity Right LE 0.0029 Negligible

3.5a Hand movements R 0.0009 Negligible

3.8a Leg Agility R 0.0032 Negligible

3.8b Leg Agility L 0.0015 Negligible

3.9 Arise From Chair 0.0039 Negligible

3.10 Gait 0.0016 Negligible

3.12 Postural Stability 0.0079 Negligible

Part 4
N=5562

4.1 Time with Dyskinesias 0.0026 Negligible

4.2 Functional impact of Dyskinesias 0.0047 Negligible

Legend: For gender, there was no NU-DIF identified. The Table lists items with U-DIF identified by both lordif and MIMIC as independent 

approaches (see Supplemental Material). McFadden's R2 values and Magnitude of impact are shown in the columns.7
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Table 3

Age-Based Statistically Significant DIF

Age-Based NU-DIF: Impact magnitude of identified significant DIF

Item R2 Magnitude

Part 1
N=5381

1.10 Urinary symptoms 52-75 vs. all others 0.0024 Negligible

1.12 Lightheadedness > 75 vs. all others 0.0013 Negligible

1.13 Fatigue > 75 vs. all others 0.0018 Negligible

Age-based U-DIF: Impact magnitude of identified significant DIF

Item R2 Magnitude

Part 1
N=5381

1.1 Cognition

< 52 vs. all others 0.0068 Negligible

52-75 vs. all others 0.0021 Negligible

> 75 vs. all others 0.0198 Negligible

1.2 Hallucinations

< 52 vs. all others 0.0069 Negligible

> 75 vs. all others 0.0147 Negligible

1.8 Daytime sleepiness < 52 vs. all others 0.0012 Negligible

1.11 Constipation

< 52 vs. all others 0.0086 Negligible

> 75 vs. all others 0.0068 Negligible

Part 2
N=5375

2.13 Freezing

52-75 vs. all others 0.0015 Negligible

> 75 vs. all others 0.0012 Negligible

Part 3
N=5159

3.2 Facial expression < 52 vs. all others 0.0013 Negligible

3.3b Rigidity right UE < 52 vs. all others 0.0011 Negligible

3.3c Rigidity Left UE < 52 vs. all others 0.0011 Negligible

3.9 Arising from Chair

< 52 vs. all others 0.0036 Negligible

52-75 vs. all others 0.0090 Negligible

> 75 vs. all others 0.0207 Negligible

3.10 Gait

< 52 vs. all others 0.0034 Negligible

52-75 vs. all others 0.0039 Negligible

> 75 vs. all others 0.0131 Negligible

3.11 Freezing

< 52 vs. all others 0.0031 Negligible

> 75 vs. all others 0.0016 Negligible

3.12 Postural Stability

< 52 vs. all others 0.0046 Negligible
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Age-Based NU-DIF: Impact magnitude of identified significant DIF

Item R2 Magnitude

52-75 vs. all others 0.0036 Negligible

> 75 vs. all others 0.0126 Negligible

3. 13 Posture

< 52 vs. all others 0.0092 Negligible

52-75 vs. all others 0.0030 Negligible

> 75 vs. all others 0.0170 Negligible

3.14 Global Spontaneity

52-75 vs. all others 0.0019 Negligible

> 75 vs. all others 0.0041 Negligible

3.16a Tremor right UE

52-75 vs. all others 0.0021 Negligible

> 75 vs. all others 0.0036 Negligible

Part 4
N=5397

4.6 Painful Off dystonia >75 vs. all others 0.0044 Negligible

Legend: Most of the MDS-UPDRS items did not meet the minimal statistical criteria for DIF (see text). The Table lists items with DIF identified by 

both lordif and MIMIC as independent approaches (p values shown in Supplemental Materials). McFadden's R2 and impact Magnitude are shown 

in the columns.7
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Table 4

Race/ethnicity-based statistically significant DIF

Race/ethnicity-Based NU-DIF: Impact magnitude of identified significant DIF

Item R2 Magnitude

Part 1
N=5561

1.12 Lightheadedness White vs. all others 0.0010 Negligible

Race/ethnicity-Based U-DIF: Impact magnitude of identified significant DIF

Item R2 Magnitude

Part 1
N=5561

1.2 Hallucinations

White vs. all others 0.0020 Negligible

Asian vs. all others 0.0071 Negligible

1.7 Sleep problems Asian vs. all others 0.0034 Negligible

1.11 Constipation

White vs. all others 0.0076 Negligible

Asian vs. all others 0.0070 Negligible

Hispanic vs. all others 0.0024 Negligible

1.13 Fatigue Asian vs. all others 0.0041 Negligible

Part 2
N=5559

2.2 Saliva/drooling

White vs. all others 0.0012 Negligible

Hispanic vs. all others 0.0014 Negligible

2.3 Swallowing Hispanic vs. all others 0.0010 Negligible

2.10 Tremors

White vs. all others 0.0039 Negligible

Asian vs. all others 0.0058 Negligible

2.13 Fatigue Asian vs. all others 0.0011 Negligible

Legend: Three groups had sufficient item representation to be compared: Whites (non-Hispanic), Hispanics, and Asians. Each group was compared 
against the combined comparator groups. Most of the MDS-UPDRS items did meet the minimal statistical criteria for DIF (see text). The Table 

lists items with DIF identified by both lordif and MIMIC as independent approaches (p values shown in Supplemental Materials. McFadden's R2 

and impact Magnitude shown in columns.7
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