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Overview

The National Institute of Neurological Disorders and Stroke (NINDS) funded Neuro-Qol to create a clinically-
relevant and psychometrically-robust health-related quality of life (HRQL) assessment tool for both adults and
children. The specific goals of Neuro-Qol include: (1) the development of a core set of questions that address
dimensions of HRQL that are universal to patients with chronic neurological disorders, (2) the development of
supplemental questions that address HRQL concerns specific to particular groups of patients based on disease
status and other sociodemographic variables such as age and ethnicity, and (3) to create a publically available,
adaptable and sustainable system, which allows clinical researchers to have access to a common item repository
and be able to administer computerized adaptive testing (CAT). The measures are intended to be responsive to the
needs of researchers that are working with a variety of neurological disorders across a wide range of settings,
which enables the facilitation of comparisons of data across clinical trials that focus on disparate diseases. The
Neuro-Qol items, item banks, and scales are the result of a rigorous development process that included literature
review, qualitative and cognitive interviewing, general population and clinical population testing, and state-of-the-
art item response theory (IRT) analyses. The purpose of this Technical Report is to provide the reader with
information about the methodology used to create Neuro-Qol, and to provide psychometric information for the
items, scales, and banks that comprise Neuro-QolL.

Development of item banks

Based on our assessment of the needs of NINDS-funded researchers, Neuro-QolL focused on five adult conditions
(stroke, multiple sclerosis, Parkinson’s disease, epilepsy, and amyotrophic lateral sclerosis [ALS]) and two pediatric
conditions (epilepsy and muscular dystrophy). The Neuro-Qol item banks and scales were created using a rigorous
set of steps, which were guided by best practices, very similar to those used in the National Institutes of Health
(NIH) Patient-Reported Outcomes Management Information System (PROMIS) initiative," as well as guidance from
the Food and Drug Administration on the creation of patient-reported outcomes to be used in clinical trials, which
in turn are used to support label claims for medications and other medical interventions.® There were six phases of
item development: 1) identification of extant items, using a systematic search for existing questions in currently
available scales, 2) item classification and selection, 3) item review and revision by trained professionals who
reviewed the wording of each question and revised them in accord with conventions adopted by the Neuro-QolL
group, 4) focus group input on domain coverage to confirm domain definitions and to identify new areas of item
development for future item banks, 5) cognitive interviews with patients to assess their understanding of individual
items, and 6) final revision before field testing. Questions that survived this process were field tested and their
psychometric properties were evaluated using classical test theory and item response theory models.

The list of adult and pediatric Neuro-QolL domains is listed in Tables 1 and 2, respectively.



Table 1 — Neuro-QoL Domains for Adults

Upper Extremity Function — Fine Motor, ADL (Bank)

One's ability to carry out various activities involving digital, manual and reach-related functions, ranging from
fine motor to self-care (activities of daily living).

Lower Extremity Function — Mobility (Bank)

One's ability to carry out various activities involving the trunk region and increasing degrees of bodily
movement, ambulation, balance or endurance.

Bowel/Bladder Function (Item Pool)

Functional problems related to storage and emptying, such as incontinence or constipation, urgency, leakage
and discomfort.

Sexual Function (Item Pool)

A person's overall evaluation of, satisfaction with and quality of sexual activities, including interest, discomfort,
functioning and ability to achieve orgasm.

Function/Health

Physical

Fatigue (Bank)
Sensations ranging from tiredness to an overwhelming, debilitating and sustained sense of exhaustion that
decreases one’s capacity for physical, functional, social and mental activities.

Sleep Disturbance (Bank)

Perceptions of sleep quality, sleep depth, and restoration associated with sleep; perceived difficulties with
getting to sleep or staying asleep; and perceptions of the adequacy of and satisfaction with sleep.

Depression (Bank)

Experience of loss and feelings of hopelessness, negative mood (e.g., sadness, guilt), decrease in positive affect
(e.g., loss of interest), information-processing deficits (e.g., problems in decision-making), negative views of the
self (e.g., self-criticism, worthlessness), and negative social cognition (e.g., loneliness).

Anxiety (Bank)

Unpleasant thoughts and/or feelings related to fear (e.g., fearfulness, feelings of panic), helplessness, worry
and hyperarousal (e.g., tension, nervousness, restlessness).

Stigma (Bank)

Perceptions of self and publically enacted negativity, prejudice and discrimination as a result of disease-related
manifestations.

Positive Affect and Well-Being (Bank)

Aspects of a person’s life that relate to a sense of well-being, life satisfaction or an overall sense of purpose and
meaning.

Symptoms

Emotional Health

Mental

Emotional and Behavioral Dyscontrol (Bank)
A set of disease and/or treatment related manifestations including disinhibition, emotional lability, irritability,
impatience, and impulsiveness.

End of Life Concerns (Pending )

Issues and concerns that emerge at the end of one's life (including basic functioning across physical, social,
emotional, cognitive and existential domains, as well as overall satisfaction with care and symptom palliation).
Cognitive Function (Bank)*

Perceived difficulties in cognitive abilities (e.g., memory, attention, and decision making, or in the application
of such abilities to everyday tasks (e.g., planning, organizing, calculating, remembering and learning).
Communication (Scale)

Perceived difficulties related to oral expression, language production, articulation, comprehension and
organization.

Cognitive Health

Ability to Participate in Social Roles and Activities (Bank)

Degree of involvement in one’s usual social roles, activities and responsibilities, including work, family, friends
and leisure.

Satisfaction with Social Roles and Activities (Bank)

Satisfaction with involvement in one's usual social roles, activities and responsibilities, including work, family,
friends and leisure.

Social

*The Cognitive Function item bank consists of Applied Cognition — General Concerns and Applied Cognition - Executive
Function banks from Neuro-QolL version 1., which were jointly co-calibrated in the current version 2.



Table 2 — Neuro-QolL Domains for Pediatric Populations

Upper Extremity Function — Fine Motor, ADL (Uncalibrated scale)
= One's ability to carry out various activities involving digital, manual and reach-related functions, ranging from
§ fine motor to self-care (activities of daily living).
~
é Lower Extremity Function — Mobility (Uncalibrated scale)
2 One's ability to carry out various activities involving the trunk region and increasing degrees of bodily
_ Z movement, ambulation, balance or endurance.
S
;>’ Fatigue (Bank)
o Sensations ranging from tiredness to an overwhelming, debilitating and sustained sense of exhaustion that
2 decreases one’s capacity for physical, functional, social and mental activities.
2 Pain (Bank)
g An unpleasant sensory or emotional experience associated with actual or potential tissue damage, or described
N in terms of such damage. Conceptually divided into components of quality (e.g. the nature, characteristics,
intensity, frequency, and duration of pain), behaviors (e.g. verbal and nonverbal actions that communicate pain
to others) and interference (e.g. impact of pain on physical, mental, and social activities).
Depression (Bank)
Experience of loss and feelings of hopelessness, negative mood (e.g., sadness, guilt), decrease in positive affect
(e.g., loss of interest), information-processing deficits (e.g., problems in decision-making), negative views of the
- self (e.g., self-criticism, worthlessness), and negative social cognition (e.g., loneliness).
= Anxiety (Bank)
2 Unpleasant thoughts and/or feelings related to fear (e.g., fearfulness, feelings of panic), helplessness, worry
r_g and hyperarousal (e.g., tension, nervousness, restlessness).
‘% Stigma (Bank)
= uE_. Perceptions of self and publically enacted negativity, prejudice and discrimination as a result disease-related
E manifestations.
= Anger (short form)
Angry mood (e.g., irritability, frustration), verbal aggression, and efforts to control anger.
ey
= Cognitive Function (Bank)*
T Perceived difficulties in everyday cognitive abilities such as memory, attention, concentration, processing
g speed and organization skill.
8
Social Relations — Interaction with Peers (Bank)
< Degree of involvement with one's peers in usual social roles, activities and responsibilities
b
X Social Relations — Interaction with Adults (uncalibrated)
'§ Degree of involvement with adults in one’s usual social roles, activities and responsibilities
(7]

*The pediatric Cognitive Function v2.0 bank was originally named Applied Cognition — General Concerns v1.0. The items are
the same, but the calibrations are different.



Neuro-Qol investigators and expert consultants identified candidate instruments and items via literature searches
and previous item banking projects (e.g., PROMIS; Cella, et al.2010).> Our team created an item library, which
included information on the time frame of the response requested, the exact wording of the item stem and
response options, and any context (e.g., specific instructions) for the respondent to consider when answering
questions. For each domain, the investigative team constructed a comprehensive item pool. Some items included
in the Neuro-QolL library are from the NIH PROMIS and the Activity Measure for Post Acute Care.” Teams of three
or more domain experts then assigned items to the Neuro-QolL domains through an iterative, multi-step process.
We then organized items into domains, sub-domains, factors, and facets, and then reviewed items to determine if
they should proceed through detailed item review, revision, and testing.

Once all items were assigned to a domain area, content experts systematically removed items from individual
pools. Content experts removed items when there was apparent semantic redundancy. In these cases, we
selected the item that was more consistent with the concept definition, or the item that was clearest. Some items
in development were found to lack cultural relevance or sensitivity, to lack gender neutrality, to be difficult to
translate, or to exhibit excessive disease specificity. We discarded these items. ltems that survived this initial
review underwent a subsequent, more thorough review, which was conducted by two scientists appointed as co-
chairs of the content domain, we well as additional, independent content experts. We also revised the majority of
the items to ensure general consistency across banks, to assure comprehensiveness in measuring the domain, to
ensure clear, understandable and precise language, to easily facilitate linguistic translation, and to maintain
adaptability to the data collection and analysis strategies planned.

Teams of domain experts reviewed and synthesized findings to make further decisions about which items to carry
forward in testing. Final item pools were reviewed by 63 patients with neurological disorders using telephone-
based cognitive interviews in English and Spanish to assess the content validity of items, clarify concepts, and refine
language and response options. During interviews, patients reviewed each item in individual semi-structured
interviews that focused on item comprehension and relevance. Patients and experts also identified areas for new
item development, for which additional items were written or revised. For children, cognitive interviews were
conducted with individuals aged 10-18. Overall, the primary goal was to use the data to better understand the
dimensional structure of items that specifically pertained to the various domain areas of Neuro-QoL. Additionally,
the results informed the revision of items in the item pools and facilitated new item development prior to the first
wave of testing.



Sampling and Pilot Testing
Adult samples

A complete discussion of the development and testing of adult items is discussed in Gershon et al.® Data collection
occurred in two waves. The first wave was divided into two parts. Testing from January 31, 2008 to March 10, 2008
is referred to as Wave 1a, and included clinical samples for domains targeted to certain neurological conditions.
Wave 1b occurred from September 11, 2008 to September 24, 2008, and was sampled from the U.S. general
population. Wave 2 validation testing occurred from January 15, 2009 to January 30, 2010, and included clinical
samples. The sampling plan facilitated obtaining item calibrations for the different domain areas, estimating profile
scores for varied subgroups, confirming factor structure, and conducting item and bank analyses. We had over 500
candidate items, so participants could not respond to all of the items. We estimated that participants would
respond to four questions per minute, with the maximum number of items administered for each respondent
approximately 150. This led to a response time on average of 37 minutes.

For Wave 1a, the response data were collected by YouGovPolimetrix (www.polimetrix.com). Their standard
respondent pool for an internet-based survey is taken from a predetermined panel of people who typically respond
to the company’s online surveys. Chosen panelists receive modest compensation (under a $10 value) for their
participation. Wave 1b data was collected through Greenfield Online, which is also an online panel organization,
who offers a similar service to YouGovPolimetrix. Greenfield Online was chosen for Wave 1b because their services
proved more economical for this particular sample and they use a similar method to YouGovPolimetrix.

All participants completed a socio-demographic form consisting of approximately 20 auxiliary items that measured
global health perceptions, and socio-demographic variables including age, gender, race/ethnicity, relationship
status, educational attainment, and employment status, income, number of hospitalizations, disability days, use of
prescription medication, height, weight. In addition, participants answered a series of health questions about the
presence and degree of limitations as they related to multiple neurological conditions affecting adults including
stroke, multiple sclerosis, Parkinson’s disease, epilepsy and ALS.

For some calibrations, we combined data from multiple samples to overcome difficulties associated with infrequent
responses to items and stability of parameter estimates in Item Response Theory models.

The cognitive function items were subsequently tested with an English-speaking adult sample from the general
population (PROsetta Stone wave 2). We enlisted the services of an internet survey company (www.op4g.com) that

maintains a panel of respondents from the general population. Since Op4G Internet panel respondents were not
likely to be representative of the US general population, we imposed in our contracting with them minimum
requirements for age, gender, race, ethnicity and education of the participants, to approximate the 2010 US Census
distributions. A randomly selected group of adult English-speaking panel members received an e-mail notifying
them of a new survey opportunity. After receiving information about the study and providing consent, they
completed a set of sociodemographic, education and comorbidity items before filling out the Neuro-Qol items.

The characteristics of the adult calibration samples are provided in Table 3.


http://www.op4g.com/

Table 3 — Calibration samples for adult items

Sub-domain Status Calibration Sample

Upper Extremity Function - Fine Motor, ADL ltem bank Wave 1b (General Population) +
Wave 2

Lower Extremity Function - Mobility Item bank Wave 1b (General Population) +

Wave 2

Urinary/Bladder Function Iltem pool — Not Not tested
tested
Bowel Function Item pool — Not Not tested
tested
Sexual Function Item pool — Not Not tested
tested
Fatigue ltem bank Wave 1a
Sleep Disturbance ltem bank Wave 1a + Wave 2 (
Depression ltem bank Wave 1b (General Population)
Anxiety Item bank Wave 1b (General Population)
Stigma Item bank Wave 1a
Positive Affect and Well-Being ltem bank Wave 1b
Emotional and Behavioral Dyscontrol Item bank Wave 1a
End of Life Concerns Item pool — Not Not tested

tested

Cognitive Function Item bank PROsetta Stone w2 (General
Population)*

Communication Item pool Not calibrated

Ability to Participate in Social Roles and ltem bank Wave 1b

Activities

Satisfaction with Social Roles and Activities ltem bank Wave 1b

* Cognitive Function Item Bank was calibrated using PROsetta Stone w2 sample and then linked to PROMIS

Cognitive Function (v2)
Sample sizes:

Note: Some participants were dropped from some IRT analyses due to missing data.

Wave 1a; N = 553 clinical participants (stroke, n = 209; epilepsy, n = 183; multiple sclerosis, n = 84; Parkinson’s, n =

59; ALS, n = 18)

Wave 1b; Participants were divided into four groups (A-D). Group A completed the Ability to Participate in Social

Roles and Activities and Satisfaction with Social Roles and Activities items, N = 549. Group B completed Lower
Extremity (Mobility) items and the Upper Extremity (Fine Motor, ADL) items, N = 518. Group C completed the

Positive Affect and Well-Being, Depression, and Anxiety items, N = 513. Group D completed the Applied Cognition —

General Concerns items, N = 533.

Wave 2; N = 581 clinical participants (stroke, n = 101; epilepsy, n = 119; multiple sclerosis, n = 161; Parkinson’s, n =

120; ALS, n =80)

PROsetta Stone w2; N=1009 general population




Pediatric samples

A complete discussion of the development and testing of pediatric items is discussed in Lai et al.> Generic domains
(emotional health, social health and physical health) were field tested on samples drawn from the U.S. pediatric
general population whereas targeted domains (stigma, fatigue, pain and cognition) were field tested on children
with either epilepsy or muscular dystrophy. This was done because the generic item pools could be feasibly
answered by a person without a medical condition, whereas the targeted item pools are typically symptoms or side
effects of a disease process. We recruited the samples from internet panel companies: Greenfield Online
(www.greenfield.com) and YouGovPolimetrix (www.polimetrix.com) for the US general population and clinical
samples, respectively. Similar recruitment strategies were used by these two companies. Specifically, companies
sent e-mails to invite parents of potential participants from their database to participate in the field testing.
Potential participants were screened by the companies via internet to ensure their eligibility (i.e., English-speaking,
ages of 10-18, and for disease related domains, with a diagnosis of either epilepsy or muscular dystrophy). After
parents signed an online consent on behalf of their children, parents were asked to complete a series of
sociodemographic and clinical information questions (for disease samples only) and children then completed
appropriate Neuro-Qol items. Because of the difficulty in recruiting children with epilepsy and muscular dystrophy
via a panel company, we also recruited eligible patients from epilepsy clinics at Children’s Memorial Hospital
(Chicago, IL), NorthShore University HealthSystem (Evanston, lllinois) and the University of California at Davis
Medical Center. One exception is the physical health related domains — Upper Extremity function (Fine motor, ADL)
and Lower Extremity function (Mobility). Items written in these two domains were targeted to children with
moderate to severe limitations seen in rehabilitation clinics, so we also tested these items in clinical samples in
order to minimize floor effects. Procedures similar to those used by the online panel companies were
implemented, except that paper versions of the informed consent and assent forms were used by research staff.
After informed consent was obtained from parents of children and assent was obtained from children aged 12 and
older, parents completed the demographic and clinical information (clinical sample only) and children completed
the Neuro-Qol items.

The pediatric cognitive function and fatigue items were subsequently tested with a pediatric English-speaking
sample from the general population (PROsetta Stone wave 3). Again, we enlisted the services of an internet survey
company (www.op4g.com) that maintains a panel of respondents from the general population to gain access to the

panel members’ children. We specified requirements for age, gender, race and ethnicity of the pediatric
participants to approximate the 2010 US Census distributions. A randomly selected group of adult English-speaking
panel members received an e-mail notifying them of a new survey opportunity for children. They were asked if they
had a child ages 8 to 17. If they responded “yes”, they were given information about the study and asked if they
would give permission for their child to participate. Those parent / guardians who consented to have their child
participate in the survey were then asked about the age of the child who would be participating, and to complete a
set of sociodemographic, education and comorbidity items about that child. The parent /guardian was then asked
to invite the child to the computer to complete the survey independently. The survey was administered only after
the child also agreed to participate. A total of 507 pediatric respondents, ages 8 to 17, participated in the study.

Table 4 presents the nature of the pediatric calibration samples.


http://www.op4g.com/

Table 4 — Calibration samples for pediatric items

Sub-domain Status Calibration Sample

Depression Iltem bank Wave 1b (General Population)

Anxiety Iltem bank Wave 1b (General Population)

Anger Iltem bank Wave 1b (General Population)

Upper Extremity Function * Scale Not calibrated

Lower Extremity Function ° Scale Not calibrated

Social Relations- Interaction Iltem bank Wave 1b (General Population)

with Peers ”

Social Relations— Interaction Item pool Not calibrated

with Adults

Fatigue Iltem bank PROsetta Stone w3 (General Population)

Pain Item bank Wave 1a + Wave 2 (muscular dystrophy and
epilepsy)

Cognitive Function Iltem bank PROsetta Stone w3 (General Population)

Stigma Iltem bank Wave 1la + Wave 2 (muscular dystrophy and
epilepsy)

Note. * We chose not to calibrate Upper extremity Function and Lower extremity Function because of high skewness
in the distributions of these constructs. ® For Sociability, we identified two sub-domains, which were different from
the original conceptualization: interaction with peers and interaction with adults. We did not calibrate the latter
sub-domain because of poor model fit. Thus, we do not recommend creating a summary score from these items.

Sample sizes:
Note: Some participants were dropped from some IRT analyses due to missing data.

Wave 1a; Participants with epilepsy (n = 50) and muscular dystrophy (n = 9)
Wave 1b; N = 513 general population participants.
Wave 2; Participants with epilepsy (n = 61) and muscular dystrophy (n =51)

PROsetta Stone w3; N=507 general population

10



Item Statistics

Item response theory: An overview. IRT is based on the notion that a person’s response to a test item is a function
of that person’s location on a latent trait. '° The relationship between performance on an item and a latent trait is
described by a mathematical function, which is known as an item characteristic curve. In IRT, the probability of
responding to an item in a particular way (e.g., responding “1” for “Never” on a Neuro-Qol item) is a function of
the person’s level of the latent trait. For most IRT models, there are five parameters calculated per item: an item
slope parameter and four threshold parameters. The number of threshold parameters is equal to the number of
response options minus one. The item slope parameter indicates how well an item can discriminate between
different levels of a construct. For that reason, it is sometimes known as a discrimination parameter. ** The
threshold parameter is related to a point on a continuum at which a person is more likely than not to endorse an
item in a particular way. A threshold parameter is sometimes referred to as a difficulty parameter because in some
analyses they are related to how difficult it is for the items to be endorsed in a particularly way. The predicted
probability of responding to an item in a particular way is determined by a person’s level on a latent trait, as well as
the slope and threshold parameters. During our data-analytic phase, we used a process of iterative analysis and
discussion with content domain experts; item-by-item level decisions were made as to whether an individual item
should be: (1) calibrated and included in the bank, (2) not calibrated but retained for possible future calibration
(e.g., items consistent with the domain being measured but having local dependence, responses concentrated in
few of the available response options), or (3) excluded from further consideration (e.g. outside of concept;
problematic item wording). All models were fit assuming unidimensionality, without local dependence between
other items in the bank.

Item response theory models used in Neuro-QoL. Neuro-Qol psychometricians calibrated each item bank using
IRT. Calibration refers to fitting the items into an IRT model such that its item slope and threshold parameters are
estimated. The calibrated item parameters can then be used to underlie computer adaptive tests and inform the
creation of short forms. The final Neuro-Qol item banks were calibrated using different IRT modeling depending
on the sample size. For adults and pediatric generic domains, Samejima’s (1997) graded response model was used.
For pediatric targeted domains where sample size was less than 200, a 1-PL IRT model was used, in which a
common slope parameter was estimated for all items. IRT analyses were conducted using MULTILOG or IRTPRO
(adult Cognitive Function, Pediatric Cognitive Function and Pediatric Fatigue).

Before fitting IRT models, we examined datasets by examining descriptive statistics such as frequencies and means,
as well as statistics based on classical psychometric analyses such as corrected item-total correlations. We also
evaluated data quality by assessing an item’s response distribution, including a search for out-of-range values. We
tested IRT model assumptions (monotonicity, unidimensionality/local independence) and model fit (using S-G* & S-
X?) and made modifications to our models as needed.

Tables 3 and 4 present information about the calibration samples for adults and pediatrics, respectively. The tables
in APPENDIX A present the calibrated Neuro-QoL item banks, as well as the list of items that were retained but not
calibrated, and the items that were excluded altogether. Items were excluded based on psychometric analyses and
the judgment of content experts. In addition to the calibrated item banks, there are additional sets of items
grouped into item pools for bowel/bladder function, sexual function, end- of- life concerns, communication
difficulty, and interaction with adults (pediatric). Items that met requirements of unidimensionality, but do not fit
an IRT model, are treated as “scales” rather than calibrated item banks. The distinction is that whereas a scale can

11



be summed to obtain a total summary score, a calibrated bank can be administered using an array of different
short forms, including CAT, to produce a summary score on the same, common metric. Examples of uncalibrated
scales include pediatric upper extremity function and pediatric lower extremity function.

Assessment of unidimensionality. For each item pool, we strove to compile lists of items that measured a single
construct consistent with the definition of content experts. We conducted formal tests of whether our item pools
measured a single dimension. The challenge of dimensionality assessment is to develop approaches to assess
whether a scale has a strong enough general factor so that it is essentially unidimensional. Essential dimensionality
(e.g., McDonald, 1981) is defined as the degree to which a test score is influenced by a common factor underlying
an item set. No complex item set will ever perfectly meet strictly defined unidimensionality assumptions (see
McDonald, 1981); therefore, we sought to confirm that the trait level estimates are predominantly influenced by a
general factor. Unidimensionality was examined for each item bank using confirmatory factor analysis guided by fit
statistics as well as conceptual input from domain experts. As part of our confirmatory factor analyses, we also
assessed local dependence, which refers to covariation between two or more items not accounted for by the
unidimensional IRT model. Local dependence was assessed by examining the residual correlations between items.

Differential item functioning. An item displays differential item functioning (DIF) when the probabilities of
responding in different categories differ by population for the same underlying level of the attribute. Items were
evaluated for DIF by contrasting the IRT parameters across a variety of demographic groups. IRT-based hierarchical
ordinal logistic regression (OLR) approach as implemented in LORDIF*> was used for evaluation of DIF. In this
approach a series of logistic models predicting the probability of item response were run and compared. The
independent variables in Model 1 are the trait estimate (e.g., raw scale score), group and the interaction between
group and trait. Model 2 included main effects of trait and group, and Model 3 included only the trait estimate.
Non-uniform DIF was detected if there was a statistically significant difference in the likelihood for Model 1 and
Model 2, and uniform DIF is evident if there is a significant difference in the likelihoods for Models 2 and 3. ltems
flagged for DIF were further discussed before making a final decision with regard to inclusion vs. exclusion based on
how much impact DIF items had on final scales.

12



Neuro-Qol Field Testing and Clinical Validation

Our second phase of field testing was conducted from January 2009 through June 2010. The purpose was to
evaluate the reliability, validity and responsiveness of Neuro-QolL short forms and scales in clinical neurology
populations. A total of 581 adult and 113 pediatric patients were recruited to reflect the five adult and two
pediatric neurological conditions targeted by Neuro-QoL. Proxies for stroke (N = 84) and the two pediatric samples
(N =113) also completed forms. Administration of Neuro-QoL Short Forms and clinical validation measures (both
cross-disease and disease-specific), physician ratings and chart review was conducted at baseline and at a 180-day
follow up (to assess responsiveness). Test-retest reliability of the Neuro-QolL Short Forms was evaluated at 7 days.

Table 5 lists the number of patients with each respective neurological condition (and proxies) who completed each
assessment.

Table 5 - Field Testing/Clinical Validation Sample

Number completing assessment
Baseline 7-day 180-day

Multiple Sclerosis 161 125 132
Parkinson’s disease 120 116 108
Adult Epilepsy 119 119 109
Stroke 101 95 90
Stroke Proxies 84 78 73
ALS 80 77 59
Pediatric Epilepsy 62 60 56
Pediatric Epilepsy Proxies 62 60 56
Muscular Dystrophy 51 48 48
Muscular Dystrophy Proxies 51 48 48
Total: 891 826 779
Methods

Participating Sites. Participants were recruited from several clinical sites, including: Ann & Robert H. Lurie
Children's Hospital of Chicago (formally, Children’s Memorial Hospital of Chicago), Cleveland Clinic Foundation,
Dartmouth-Hitchcock Medical Center, NorthShore University HealthSystem, Northwestern University Feinberg
School of Medicine, Rehabilitation Institute of Chicago, University of California — Davis, University of Chicago,
University of Puerto Rico, and University of Texas Health Science Center.

Site Procedures. Each accrual site had a coordinator who assumed overall responsibility for the project at that
particular site. All procedures were approved by the NorthShore University HealthSystem Institutional Review
Board (IRB) as well as IRBs at each respective institution. Site coordinators identified, enrolled and conducted
assessments with eligible participants according to criteria and procedures specified in the Manual of Procedures.

Because our goal was to produce a generalizable measurement platform, eligibility criteria were broad. Table 6 lists
our general inclusion/exclusion criteria.
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Table 6. Clinical Validation Sample Inclusion/Exclusion Criteria

INCLUSION CRITERIA EXCLUSION CRITERIA
Diagnosed
Neurological
Group Age Gender Language Condition Proxy
. . Younger/older than age
Proxies (primary limits
care givers) of
Epilepsy: 10- . chiildren with Non-English speaking
18 Epilepsy, epilepsy or
. Proportional . Muscular muscular Cognitive impairment that
Children | MD: 10-21* breakdown of males English Dystrophy dystrophy would prevent informed
and females consent and/or completion
according to of test items with the
incidence rates of assistance of an interviewer
respective (as determined by recruiting
conditions staff).
Stroke, MS,
ALS, Does not have a proxy (for
Parkinson's Proxies of adults with stroke or
Disease, patients with children with epilepsy or
Adults >18 English Epilepsy stroke muscular dystrophy)

*Due to the nature and developmental impact of muscular dystrophy, participants may be <21 years of age to meet eligibility requirements.

Additional, disease-specific exclusion criteria were: presence of non-epileptic seizures for epilepsy, and being non-
community dwelling for stroke.

Recruitment and Testing. Various recruitment methods were utilized including: 1) approaching patients in clinics

and 2) mailing letters of invitation to physician-identified patients informing them that someone would contact
them about the study at their next clinic appointment. Informed consent or assent (for pediatric participants) was
obtained from each subject and covered all three assessments (baseline, 7 days, and 180 days). There was a 5-9
day window for the test-retest assessment and a 5-7 month window for the responsiveness assessment. After a
patient was identified and approached, the site coordinator arranged a meeting to introduce and describe the
study, confirm eligibility, explain participants’ rights, and obtain informed consent and HIPPA authorization if the
eligible participant was interested. Site personnel then either administered the baseline evaluation at that time or
else scheduled it for another time. Baseline evaluations, consisting of Neuro-Qol instruments, concurrent validity
measures, and sociodemographic and clinical data forms, lasted approximately 90 minutes. Some measures,
including the Neuro-Qol instruments, were self-reported via a computer. Other measures were administered by
study staff (e.g., performance-based cognitive measures). Medical professional ratings and chart review were also
conducted at baseline and as part of the 180-day follow up. Participants were reimbursed according to local IRB-
approved standards.
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Measures

General Forms
Socio-demographic form. This form provides patient characteristics (e.g., age, gender, race, ethnicity and
education). This information was collected at baseline via chart review and/or face-to-face interview.

Clinical information form. This form records disease specific information (e.g., date of diagnosis, treatments) for
each participant. It was gathered via chart review and through interviews with patients and/or parents at baseline
and 180-day follow-up interviews.

Neuro-Qol Short Forms

All short forms provided raw scores which were converted to T-Scores; with a T = 50 indicating average function
compared to the reference population and a standard deviation of 10. Neuro-Qol T-scores referenced to a general
population sample are indicated by GPT (General Population T-Score) while those referenced to a clinical sample
are indicated by CT (Clinical T-Score).

General Function — Adults Only

Barthel Index. The Barthel Index was developed by Mahoney and Barthel™ and is one of the best known and most
widely used instruments to assess basic activities of daily living (ADL). The Barthel Index assesses the degree of
independence a patient has in performing various self-care and mobility ADL tasks. The weighted ordinal scale
assesses 10 items of ADL in the following subgroups: personal care (including eating), dressing, personal hygiene
and bathing, continence of urine and stool, mobility (including transfer from a bed and toilet), walking, and steps.
The index has high test-retest reliability (r=0.89), inter-rater reliability (r>0.95),(Granger, Albrecht, & Hamilton,
1979) and internal consistency (Cronbach’s alpha = 0.98).(Shinar et al., 1987) We administered this by standardized
interview.

Instrumental Activities of Daily Living Scale. The Lawton Instrumental Activities of Daily Living Scale,**is an
interviewer administered measure which includes 8 items: telephoning, shopping, food preparation, housekeeping,
laundry, transportation, medications, and handling finances. Each task is graduated in a 3- or 4-level scale. The scale
measures performance in contrast to ability.

General Function — Adults and Children

Karnofsky Performance Status Scale (KPSS). > The KPSS is a rating of functional impairment and offers a simple if
coarse breakdown of activity level across patients regardless of diagnosis. KPSS criteria are based on descriptive
categories from 0-100. Ratings were made by providers.

Cognitive Function — Adults and Children

Oral Digit Symbol Modalities. ‘® This is a test of speed of information processing, but is also thought to assess
visual acuity and figural memory. A timed coding task using a key as reference, examinees pair specific numbers (0-
9) with designated geometric figures that are matched up in the key; examinees attempt to complete as many
matches as quickly as possible in 90 seconds. Written and oral forms are highly correlated (in normal adults >.78).
Because some participants may have greater motor deficits compared to others, we administered the oral version.

Symbol Search.”’ A test of mental speed, this is a timed orthographic measure of visual attention, scanning, and
motor speed. Participants must determine if a target nonsense figure is present in a string of figures and mark a
corresponding “yes” or “no” box presented at the end of each item.

Digit Symbol Coding. "’ This is a timed paper/pencil symbol substitution task of mental, visual and motor speed.
Using a key of paired numbers and symbols, participants must draw corresponding nonsense symbols below rows
of numbers.
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Health Related Quality of Life — Adults (including proxies) and Children

EQ-5D."®" This is a 15-item self-report measure of health status developed by the EuroQolL Group in order to
provide a simple, generic measure of HRQL for clinical and economic appraisal. Applicable to a wide range of health
conditions and treatments, it provides a simple descriptive profile and a single index value for health status.
Domains include: mobility, self-care, usual activities, pain/discomfort and anxiety/depression.

PROMIS Global Health Scale. *° Global health refers to evaluations of health in general rather than specific
elements of health. The PROMIS global health items include global ratings of the five primary PROMIS domains
(physical function, fatigue, pain, emotional distress, social health) and general health perceptions that cut across
domains. It can be scored into a Global Physical Health component and Global Mental Health component. Global
items allow respondents to weigh together different aspects of health to arrive at a ‘bottom-line” indicator of their
health status. Global health items have been found to be consistently predictive of important future events such as
health care utilization and mortality.

Global HRQL Question. **A single item from the Functional Assessment of Chronic lliness Therapy (FACIT), “l am
content with the quality of my life right now,” was used as a global measure of quality of life.

Health Related Quality of Life — Children and Pediatric proxies

Pediatric Quality of Life Inventory, Multidimensional Fatigue Scale (PedsQL™-MFS) *>** The PedsQL - MFS is a
self-report measure consisting of both a general quality of life measure (PedsQL™) and a fatigue specific measure
(MFS). The PedsQL™ is designed to measure core health dimensions in children from 2 to 18 years old. The
measure consists of 23 items in four scales: physical functioning, emotional functioning, social functioning, and
school functioning. Children/Teens completed a self-report assessment. Proxies completed the parent/caregiver
form. The MFS consists of 18 items across three domains: general fatigue (6 items), sleep/rest fatigue (6 items),
and cognitive fatigue (6 items).

Pain — Adults (including proxies) and Children

Pain question. A single (0-10) item that asks patients to rate, from “none” (0) to “the worst pain you can think of
(“10”), the severity of their worst pain during the past week.

Responsiveness — Adults and Children
Karnofsky Performance Status Scale (KPSS). °Described above.

Global rating of change. This measurement strategy assumes that a patient can judge whether over the course of a
specified period, their self-reported health status has changed. Typically, such questions require patients to
remember a prior health state and compare it to how they are currently feeling.?*** In this study, participants were
asked to rate how much their Physical, Emotional, Cognitive, Social/Family and Symptomatic Well-being and their
overall quality of life had changed over the past 6 months according to the following scale: +3 = “Very much better”
to -3 = “Very much worse”. Such global transition ratings have the advantage of being easy to interpret and they
enhance the interpretability of HRQL scores when found to be correlated with the target instrument. For instance,
if the correlation between a global rating of change and the change score on a target instrument is over 0.5, the
validity of the target instrument is supported. Global transition ratings have been widely used in HRQL outcome
assessments to augment the interpretation of HRQL scores. 2?® Proxies completed a proxy version of this
measure.
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Statistical Analyses

The following analyses were conducted for all clinical groups.

1. Means, standard deviations, and other distributional statistics were calculated for all scores at the baseline
and follow-up assessments.

2. Internal consistency reliability - Internal consistency analyses were performed for each Neuro QoL measure
using Cronbach’s alpha coefficients.

3. Test-retest reliability - Intraclass correlation coefficients and corresponding 95% confidence intervals were
calculated to assess the test-retest reliability of the Neuro-Qol measures using the baseline and 7-day
assessments.

4. Concurrent validity was assessed at baseline by Spearman rho correlations between Neuro-Qol short forms
and disease-specific and cross-disease measures.

5. Known groups validity was evaluated at baseline by comparing mean Neuro-QolL scores between patients
grouped by clinical anchors such as disease severity. Analysis of variance (ANOVA) was used to test for
differences between groups. Effect sizes (mean difference / pooled standard deviation) were calculated to
aid in interpretation of group differences.

6. Responsiveness -To demonstrate the sensitivity of the Neuro-QoL measures for detection of change, we
evaluated general linear models using each patient's change score. We conducted responsiveness analyses
on the Neuro-Qol banks using several criteria for change. One criterion used across all adult conditions
was the Karnofsky Performance Status, and another was the self-reported Global Rating of Change (GRC)
described above. Here we report the results from the GRC-based change. Beginning with the 7-level GRC
(range: 1= very much better; 4 = about the same; 7 = very much worse), we collapsed the three “better”
categories into one, and the three “worse” categories into one, leaving three categories (“better;” “about
the same;” “worse”). These three categories were compared using one-way analysis of variance followed
by least significant difference testing of adjacent groups when the overall F statistic was significant. For
each analysis, we required that at least 10 patients be represented in each of these three categories. If
fewer than ten patients were represented in a category, it was collapsed with the adjacent category and
the two remaining groups were compared using a t-test. There were six GRC questions. Five of them
queried patients specifically about change in Physical well-being, Cognitive Well-Being, Emotional well-
being, Social/Family Well-being, and Disease-related Symptoms. The sixth GRC item asked about overall
quality of life. The list below indicates which of the 13 adult item bank change scores were compared
across GRC categories:

Physical well-being: Upper Extremity and Lower Extremity Function; Fatigue; Sleep Disturbance

Cognitive well-being:  Cognitive Function

Emotional well-being: Depression; Anxiety; Stigma; Positive Affect and Well-Being; Emotional and
Behavioral Dyscontrol

Social well-being: Social Function (Ability to Participate in Social Roles and Activities and
Satisfaction with Social Roles and Activities); Stigma

Symptoms: Fatigue; Sleep Disturbance; Emotional and Behavioral Dyscontrol; Depression;
Anxiety

Overall: ALL

This resulted in 31 planned comparisons for adult clinical validation sample (no adjustment made for
multiple comparisons). Results for these responsiveness analyses are presented below. Only those that
achieved statistical significance will be summarized.
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Disease-specific Measures and Results

Stroke

Disease-Specific Measures

Stroke Specific Quality of Life (SS-QOL) scale.(Williams, Weinberger, Harris, Clark, & Biller, 1999) The SSQOL is a 49
item self-report measure containing domains of energy, family roles, language, mobility, mood, personality, self-
care, social roles, thinking, vision, upper extremity function and work-productivity. ltems are scored on a 5-point
Likert scale. Although relatively new, initial psychometric properties are good.

The American Heart Association Stroke Outcome Classification (AHA.SOC). ***°The AHA.SOC score provides a
mechanism to comprehensively document stroke impairments and disabilities in a single summary stroke score.
The system can be used by healthcare providers to reliably assess recovery, measure responses to treatment, and
describe the long-term impact of stroke on survivors.

Results

Sample characteristics. 101 subjects were recruited from 5 centers. Participants were primarily male (55%), white
(73%), and non-Hispanic (90%) with average age=59 years (SD=14). Fifty-seven percent were married, 73% had a
high school or greater education. Thirteen percent were retired, 33% on disability and 19% were employed either
full or part time. Average time post-stroke was 5.4 years (SD=5), with 22% reporting no or minimal deficits, 58%
mild/moderate deficits and 20% severe deficits. The primary stroke type was an infarction (71%).

As shown in Table 7, respondents reported worse cognitive and physical function and social well-being than the
general population reference group, but more positive affect and well-being. When compared to a clinical
reference group, they reported less depression, fatigue and sleep disturbance, better emotional and behavior
control and average stigma.

Reliability: Table 7 shows that the internal consistency and 1 week test-retest reliability of the short forms is high,
with Cronbach’s alphas ranging from .78 to .94 and ICCs ranging from .57 to .89.
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Table 7. Descriptive and reliability statistics for Neuro-QolL short form T-scores

Neuro-Qol Short Form Niems  Npersons Mgpr Mg SD o T-RICCS
Positive Affect & Well Being* 9 100 54.92 8.02 .94 71
Cognitive Function 8 101 49.66 9.66 .94 .78
Lower Extremity (Mobility)* 8 89 42.73 7.98 .87 .89
Upper Extremity (Fine Motor, ADL)* 8 101 38.45 9.38 .83 .79
Ability to Participate in Social Roles and 8 100 46.08 7.09 .93 .76
Activities*

Satisfaction with Social Roles and 8 100 45.30 5.49 .83 .57
Activities*

Depression 8 100 47.23 7.48 .92 .69
Anxiety 8 100 50.82 6.61 .89 .61
Stigma 8 100 51.94 6.33 91 .71
Fatigue 8 100 45.03 8.78 .93 71
Sleep Disturbance 8 99 46.33 8.25 .78 .61
Emotional and Behavioral Dyscontrol 8 99 45,58 8.47 .89 .66

“For these banks, a high score indicates better function; for all other banks a high score indicates worse function
“Time 1 (baseline) vs. Time 2 (7 days), single measures 1CC
M gpr — Mean General Population T-Score; M- Mean Clinical T-Score

Validity: Table 8 shows Spearman rho correlations between Neuro-Qol short form T-scores and stroke specific
measures. Table 9 presents Spearman rho correlations between Neuro-Qol short form T-Scores and cross-disease

measures.

Table 8. Correlations for Neuro-QoL short form T-scores with stroke-specific measures

Neuro-Qol Short Form AHA SOC Number of AHA SOC Severity of AHA SOC Level of SS-QOL Total Score
Neurological Domains Impairment Function
Impaired

Positive Affect & Well Being -.17 -.28** - 33k B1*E*
Cognitive Function -.19 - 31kxE -.16 56***
Lower Extremity (Mobility) -.23* - 48%** - A4k x* B2*E*
Upp)er Extremity (Fine Motor, _33kkx - GO** Gk G2k

ADL

Ability to Participate in Social

Roles and Activities -34r -A0™H -Aa T2
Satisfaction with Social Roles 18 L ggRk _3grk 3%x
and Activities ’ ’ ’ ’
Depression .18 .30%* 36%** -.B2¥**
Anxiety .14 13 .09 -.50***
Stigma 28%* 3g¥** 35x** - 55¥¥*
Fatigue .06 .16 .26% -.60%**
Sleep Disturbance .09 17 17 - 48%**
Emotional and Behavioral 11 18 10 _agrE*
Dyscontrol

*p <.05; **p <.01; ***p<.001
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Table 9. Correlations for Neuro-QoL short form T-scores with cross-disease measures

Behavioral
Dyscontrol

Neuro-Qol Short Barthel Lawton IADL Symbol Digit Symbol Digit PROMIS PROMIS Pain Scale EQ-5D Global
Form Index Scale Modalities # Search Symbol Global Global (0-10) Index HRQL (0-4)

Correct Raw Score Coding # Physical Mental Score

Correct

Positive Affect & 36*** .24* 28** 23* .14 AB*** 66 ** -.26%* 38 ** 52xE*
Well Being
Cognitive Function ..20% .28%* 23%* .19 .18 .19 RV -.10 .25% 26%*
Lower Extremity B6*** RVl 35%** .38%** 32%* B2¥** 33%* -36*** B2¥** QXX
Function -Mobility
Upper Extremity - B5** 42%*x EVERE 3g%xx s AT7*xx 3g%*x -16 5Qxxx 36%**
Fine Motor, ADL
Ability to Participate Q4% x* 43FxE 21%* 22% 17 5e*** 58*x* -.30%* 54x** 48%x*
in Social Roles and
Activities
Satisfaction with 45X x* 3K 22% .26* 21% 5p*** il - 43¥*X 55¥** il
Social Roles and
Activities
Depression - 39%** -21* -.20 -.24* -.04 - 48%** -.66*** 34%*xx - 4p*** - 49***
Anxiety -.17 -.15 -.01 -.03 .10 - 39%** - 55*** 31%* -31%* -36***
Stigma - 35%** -22% -.18 -22% -.15 -.32%%* - 44xx* .26%* - 32%** - 52x**
Fatigue - 43F -.30** -.22% -.26%* -.03 -.B3¥x* - 49X ** 34xE* -.38%** -.38%**
Sleep Disturbance -.22% -.12 -.21%* -.22% -.09 -.39%** -.40 27** -.24%* -.34%**
Emotional and -.19 -.05 -.05 -.03 .05 -.25% - 48%** 22% -.29%* RN Rl

*p <.05; **p <.01; ***p<.001
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Known groups validity: AHA severity level was used to split the sample into 3 groups: no/minimal neurological
deficit; mild/moderate neurological deficit; severe neurological deficit. These groups differed significantly on all
Neuro-Qol short forms except Anxiety, Fatigue, Sleep Disturbance and Emotional and Behavioral Dyscontrol. Effect
sizes ranged from -.68 to 2.55.

Responsiveness: Of the 31 planned comparisons, 15 were statistically significant and one exhibited a trend toward
significance, in the predicted direction.

Physical Well-Being: Of the four planned comparisons [Lower Extremity Function-Mobility, Upper Extremity
Function - Fine Motor, ADL, Fatigue, and Sleep Disturbance] three were statistically significant, all in the predicted
direction. Specifically, significant differences were observed in Lower Extremity Function — Mobility between
patients who reported worsening at six months with those who reported improving in this domain, and those that
stayed the same (F=6.11, p<.01). Similarly, significant differences were observed in Upper Extremity Function - Fine
Motor, ADL (F=6.83, p<.01) and Sleep Disturbance (F=4.08, p<.05) between patients who reported worsening at six
months, those who reported staying the same, and those that improved in this domain.

Social/Family Well-Being: Of the three planned comparisons [Ability to Participate in Social Roles and Activities,
Satisfaction with Social Roles and Activities, Stigma] all three were statistically significant in the predicted direction.
Specifically, significant differences were observed in Ability to Participate in Social Roles and Activities (F=3.76,
p<.05) and Stigma (F=5.55, p<.01) between each of the three change groups (improved, no change, declined).
Similarly, significant differences were observed in Satisfaction with Social Roles and Activities (F=5.86, p<.01)
between patients who reported worsening at six months, those who reported staying the same, and those that
improved in this domain.

Emotional Well-Being: Of the five planned comparisons [Depression, Anxiety, Emotional and Behavioral Dyscontrol,
Stigma, Positive Affect and Well-being] four were statistically significant, all in the predicted direction. Specifically,
statistically significant differences were observed between patients who reported worse Anxiety at six months with
those who reported the same levels, and those that reported less anxiety in this domain (F=3.42; p<.05). Similarly,
significant differences were observed in Depression (F=13.53, p<.01), Stigma (F=7.40, p<.01) and Positive Affect and
Well-being (F=6.35, p<.01) between patients who reported worsening at six months, those who reported staying
the same, and those that improved in this domain.

Cognitive Well-Being: One planned comparison [Cognitive Function] was not significant and did not trend toward
significance. T-tests were used to examine differences between those that reported improved cognitive function
compared to those that reported diminished cognitive function or no change. These groupings were used due to a
small sample size (n=7) in the group reporting decline in cognitive function.

Symptomatic Well-Being: Of the five planned comparisons [Fatigue, Sleep Disturbance, Emotional and Behavioral
Dyscontrol, Depression, Anxiety] one was statistically significant in the predicted direction. Specifically, differences
were observed in Sleep Disturbance at six months between patients who reported worsening, staying the same and
improving in this domain (F=3.49; p<.05).

Overall Quality of Life: Of the thirteen planned comparisons [all Neuro-QoL short forms] one exhibited a trend
toward significance, and four were statistically significant, all in the predicted direction. Specifically, a trend toward
statistical significance was observed between patients who reported change in Positive Affect and Well-being and
those that reported change in overall quality of life(F=2.98, p=.06). In addition, statistically significant differences
were observed between patients who reported worse Sleep Disturbance (F=5.45, p<.01), Depression (F=8.28,
p<.01), Stigma (F=4.75, p<.05), and Lower Extremity Function — Mobility (F=4.02, p<.05) at six months with those
who reported staying the same or improving in these domains.
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Conclusions

The validity of the Neuro-QolL measures for adults with stroke is supported with satisfactory internal
consistency, test-retest reliability and significant correlations with many external validity measures.
All Neuro-QolL short forms except Cognitive Function were responsive to self-reported change in
conceptually-related aspects of well-being.
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Amytrophic Lateral Sclerosis (ALS)

Disease-specific measures

Amyotrophic Lateral Sclerosis Assessment Scale (ALSAQ***) The ALSAQ is comprised of 40 items across 5
subscales tapping the major domains affected by ALS. The subscales include physical mobility, activities of daily
living, eating and drinking, communication and emotional functioning. All 40 items can also be summed together
to obtain a total score for ALS QOL. Recently, the scale authors published data on the score differences that might
be considered to meaningfully differentiate between subgroups or within groups of subjects over time.** This
makes the ALSAQ particularly valuable for evaluating the convergent validity and responsiveness of the Neuro-QolL
item banks.

Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised (ALSFRS-R **). The original scale, the ALSFRS, has 10
items that assess activities of daily living, such as speech, swallowing, handwriting, and dressing and hygiene that
are specifically affected by the disease. In 1999, three additional items were added to better assess respiratory
function. Both the original and revised versions have been used successfully as clinical trial outcome measures.*
Because of the importance of respiratory problems in the ALS population, we administered the 12-item ALSFRS-R.

Results

Sample characteristics: Participants (N=80) were primarily male (65%), white (94%), and non-Hispanic (98%) with
average age=59 years (SD=12.3). Seventy-six percent were married, 46% had a college or advanced degree. Thirty-
six percent were retired, 38% on disability, 17% were employed full- and 8% were employed part time. Average
time since diagnosis was 2.0 years (SD=3.6). The mean ALSFRS-R score = 32.0 (SD=8.6) with range = 8-48.

Mean T-Scores and standard deviations on the short forms are shown in Table 10. ALS patients reported
significantly worse physical and social function compared to a general population reference group but similar
cognitive function and more positive affect. When compared to a clinical neurological reference group, they
showed greater stigma, less sleep disturbance, fatigue, depression, and emotional and behavioral dyscontrol and
similar anxiety.

Reliability: Internal consistency and 1 week test-retest reliability of the short forms is shown in Table 10.
Cronbach’s alphas range from .79 to .96 and ICCs from .48 to .92.
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Table 10. Descriptive and reliability statistics for Neuro-QoL short form T-scores

Neuro-QoL Short Form Nitems — Newjecrs M gpr Mer SD a T-RICCs
Positive Affect & Well Being* 9 76 54.0 7.7 .94 .66
Cognitive Function* 8 77 58.33 6.7 .80 .66
Lower Extremity Function (Mobility)* 8 57 37.6 9.9 .93 .84
Upper Extremity Function (Fine Motor, ADL)* 8 77 30.8 11.6 .96 .92
Ability to Participate in Social Roles and Activities* 8 77 42.6 7.1 .89 .48
Satisfaction with Social Roles and Activities* 8 77 42.4 5.0 .86 .59
Depression 8 77 46.6 6.4 .92 .55
Anxiety 8 77 51.5 5.4 .88 .60
Stigma 8 76 53.0 4.9 .86 71
Fatigue 8 77 47.3 8.2 .93 .80
Sleep Disturbance 8 77 46.7 7.9 .79 77
Emotional and Behavioral Dyscontrol 8 75 45.8 8.2 .89 72

“For these banks, a high score indicates better function; for all other banks a high score indicates worse function
“Time 1 (baseline) vs. Time 2 (7 days), single measures ICC
M gpr — Mean General Population T-Score; M- Mean Clinical T-Score

24



Validity: Table 11 shows Spearman rho correlations between Neuro-Qol short form T-scores and ALS specific measures. Table 12 presents Spearman rho
correlations between Neuro-Qol short form T-Scores and cross-disease measures.

Table 11. Correlations for Neuro-Qol short form T-scores with ALS-specific measures

ALSAQ ALSFRS-R
Symbol Digit Communica- Emotional Eating & Physical Fine Gross
Modalities ADL tion functioning drinking Mobility Total Bulbar | Motor | Motor | Respiratory
Depression -01 .03 04 T6*+* .04 23 21 .09 13 18 15
Anxiety .08 14 -.04 53%* .04 24 .09 04 -02 | .02 21
Stigma .03 20 42** 55*+* 38%* 10 .15 233+ .18 | .03 07
Positive Affect & Well-
being A1 0.0 .04 -.66*** .05 -.18 =21 =11 -.22 =12 .04
Cognitive Function 55*x* -12 .15 -30* -23 .03 -.06 .09 07 | -19 -.05
Lower Extremity Function
- Mobility 05 _67%** | 05 -34 0.0 5%+ | 33 -.04 34 66%** | .07
Upper Extremity Function
- Fine motor, ADL .15 -.88*¥** | 21 -.14 -.25 - A3FFFE Be*** .24 TJ9¥¥E | ShFxE .13
Ability to participate in
social roles & activities .10 -.55%** 1 .19 - A4 x** -.09 -4 EHE .30* .07 .28 31* 13
Satisfaction with social
roles & activities .16 -43%** 1 18 -.50*** -.07 - 52X .24 .07 21 .30* 13
Fatigue 0.0 .06 13 49*** 16 06 10 -03 11 15 01
Sleep Disturbance 24 12 14 35+ 24 0.0 03 -11 04 21 04
Emotional & Behavioral
Dyscontrol .01 .23 -.06 .34% -11 37%* -.03 .03 =12 .10 0.13
Sleep Disturbance _24 12 14 35% 24 0.0 .03 -11 04 21 04
Emotional & Behavioral
Dyscontrol .01 .23 -.06 .34% -11 37%* -.03 .03 =12 .10 0.13

*p <.05; **p <.01; ***p<.001
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Table 12. Correlations for Neuro-QolL short form T-scores with cross-disease measures

Neuro-QolL Short Form Barthel Lawton Symbol Symbol Digit KPSS PROMIS PROMIS Pain Scale EQ-5D Global
Index IADL Scale Digit Search Symbol Physical Mental (0-10) Index Score | HRQL (0-4)
Modalities Raw Score Coding # Function T- Health T-
# Correct Correct Score Score
Depression .08 -.06 -01 21 26 .00 -32%* - 67** 27* -18 -53%**
Anxiety -.07 -.14 .08 .07 .09 -.15 -.35%* - 4o*x* .29* -.29* -.33%*
Stigma -13 -19 .03 .04 .09 -.06 -27* PR 16 -.26* -13
Positive Affect & Well Being | ~14 .07 11 .01 -.02 -.05 32%* 68%** -22 12 55***
Cognitive Function .00 -11 55*** 34 28 .09 15 27* -36%* 12 13
Lower Extremity Function - B4xE* 54xE* .05 .00 -.04 55xE* .66*** 27* .10 5g*E* .16
Mobility
Upper Extremity Function - TE*** 58*** .15 -.01 37 TO*** 3T7HE* 14 .04 B9 H* .02
Fine Motor, ADL
Ability to Participate in KR VPR .10 43* 20 AT*** 63%** A8*** -15 51¥** AT***
Social Roles and Activities
Satisfaction with Social AQF*E ALEHE .16 17 17 ALEHE B3F*E ATERFE -.23% AH** 36%*
Roles and Activities
Fatigue 14 -.04 .00 .07 12 -.05 -32%* - A6*** 20 -.03 -34%*
Sleep Disturbance .04 .05 -23 .03 12 -10 -22 - A0*** Afx** -12 -.26*
Emotional and Behavioral | ~12 -13 .01 19 .03 -16 -24* - 37%* 26* -.28* -23
Dyscontrol

*p <.05; **p <.01; ***p <.001
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Known groups validity: In the baseline assessment, the extent to which ALS patients agreed with the statement "I
am content with my quality of life right now" was significantly associated with the following Neuro-Qol short
forms: Depression, Anxiety, Positive psychological functioning, Social role - participation, Social role - satisfaction,
and Fatigue. The corresponding effect sizes ranged from .22 to 2.86.

Responsiveness: Of the 31 planned comparisons, 4 were statistically significant and 1 exhibited a trend toward
significance, all in the predicted direction.

Physical Well-being: Of the four planned comparisons, one was significant. Specifically, patients who reported a
worsening of their physical well-being showed significantly worse Upper Extremity Function scores than those who
reported no change (t=-2.17; p<.05).

Social/Family Well-being: Of the three planned comparisons, one was significant. Specifically, patients who
reported decreased social/family well-being showed a greater decline in satisfaction with social roles and activities
than those who reported no change or improvement in social/family well-being (t=-2.29; p<.05). .

Emotional Well-being: Of the five planned comparisons, one was significant. Patients who reported decreasing
emotional well-being showed increased scores on the Depression Short Form (F=3.30; p<.05).

Cognitive Well-being: The number of participants reporting change in cognitive well-being was not conducive to
responsiveness analysis using ANOVA or T-test. 5 participants reported decline in cognitive well-being, and 3
reported increased well-being, thus categories could not be collapsed to create 2 categories with n of at least 10
participants.

Symptomatic Well-being: Of the five planned comparisons, none were significant.

Overall Quality of Life: Of the thirteen planned comparisons, one was significant and one approached significance.
Specifically, patients who reported a decrease in overall quality of life also showed significant worsening of upper
extremity function (t=-3.17; p<.01) and a trend toward increasing fatigue (t=-1.68; p<.10).

Conclusions:

e The study sample represented a wide range of functioning, similar to an ALS clinic population

e Internal consistency was high for 11, and adequate for 2, of the 13 Neuro-Qol scales

e The Intraclass Correlation Coefficients (ICC) ranged from .48 (ability to participate in social roles and
activities) to .92 (upper extremity), suggesting that further evaluation of test-retest reliability is warranted
in some cases.

e Convergent and discriminant validity appear to be excellent, with correlations of the expected strength and
in the expected direction

e Several Neuro-Qol short forms (Upper Extremity Function, Cognitive Function, and Depression)
demonstrated responsiveness to self-reported change. The remaining short forms did not.
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Multiple Sclerosis (MS)

Disease-Specific Measures

Functional Assessment of Multiple Sclerosis (FAMS). The FAMS was developed by Cella and Aaronson and includes
44 questions, divided into six subscales: mobility, symptoms, emotional well-being (depression), general
contentment, thinking/fatigue, and family/social well-being. Fifteen un-scored questions are included because of
their clinical value.

Multiple Sclerosis Functional Composite Measure (MSFC). The MSFC was developed as an outcome measure by
the National MS Society’s Clinical Outcomes Assessment Task Force to address the poor reliability and sensitivity of
available MS rating scales.®” The MSFC consists of three objective quantitative tests of neurological functioning:
arm, leg and cognitive function. Arm function is assessed with the nine-hole peg test; leg function with the timed
25-foot walk, and cognitive function with the Paced Auditory Serial Addition Test (PASAT) (being substituted with
Oral Symbol Digit test for this study). The MSFC correlates with MRI parameters,®*° measures of disability,** and
has predictive validity.*****> MSFC scores are sensitive to change.’”*. It demonstrates excellent intra-rater (ICC
=.97) and inter-rater (ICC =0.95 - 0.96) reliability***’ for technicians trained with standardized procedures. Scores
on the three MSFC components are transformed into Z scores, and then combined into a total MSFC Z score,
providing a continuous scale of measurement.

The MS Performance Scales is a medical professional reported measure of MS-related disability. The Performance
Scales measure disability in eight domains of function: mobility, hand function, vision, fatigue, cognition,
bladder/bowel, sensory, and spasticity. The construct and criterion validity of the subscales of the Performance
Scales has been established.*

Results

Sample characteristics. Participants (N=161) were primarily female (86%), white (88%), and non-Hispanic (93%)
with average age=49.8 years (SD=10.5 ). 58.4% were married, 90% had some college or a college degree. Thirty-
seven percent were on disability and 34% were employed full time. MSFC scores ranged from -2.90 to 1.7, with
mean=0.0 (SD=.69). Mean MS Performance Scale score = 16.04 (SD=9.18; range = 0-35).

Mean T-Scores and standard deviations on the short forms are shown in Table 13. MS patients reported worse
physical, social and cognitive function compared to a general population reference group but greater positive
affect. When compared to a clinical neurological reference group, they showed less depression and better
emotional and behavioral control but similar levels of stigma, sleep disturbance, fatigue and anxiety.

Reliability: Internal consistency and 1 week test-retest reliability of the short forms is shown in Table 13.
Cronbach’s alphas range from .81 to .95 and ICCs from .72 to .91.
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Table 13. Descriptive and reliability statistics for Neuro-QoL short form T-scores

Neuro-QoL Short Form Niems  Npesons  Mapr  Mcr SD a T-RICCs
Positive Affect & Well Being* 9 161 53.61 7.72 .95 .80
Cognitive Function* 8 161 49.70 9.16 91 .85
Lower Extremity (Mobility)* 8 149 43,55 9.44 .93 .91
Upper Extremity (Fine Motor, ADL)* 8 161 44.03 9.21 .86 .81
Ability to Participate in Social Roles and Activities* 8 161 46.02 7.43 .95 .76
Satisfaction with Social Roles and Activities* 8 161 44.97 6.07 .89 .79
Depression 8 161 46.69 6.93 .92 .72
Anxiety 8 161 51.32 6.88 .93 .74
Stigma 8 161 50.13 5.20 .86 .75
Fatigue 8 161 48.81 8.52 .95 .82
Sleep Disturbance 8 161 48.50 8.60 .81 .80
Emotional and Behavioral Dyscontrol 8 161 46.78 8.63 91 .78

“For these banks, a high score indicates better function; for all other banks a high score indicates worse function

“Time 1 (baseline) vs. Time 2 (7 days), single measures
M gpr — Mean General Population T-Score; M- Mean Clinical T-Score
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Validity: Table 14 shows Spearman rho correlations between Neuro-Qol short form T-scores and MS specific measures. Table 15 presents Spearman rho
correlations between Neuro-Qol short form T-Scores and cross-disease measures.

Table 14. Correlations for Neuro-Qol short form T-scores with MS-specific measures

Neuro-QolL Short Form FAMS FAMS FAMS FAMS FAMS FAMS FAMS FAMS MS The MS
Mobility | Symptoms | Emotional General Thinking Family/Social | Additional | Functional | Performance

Well- Contentment and Well-Being Concerns | Composite Scales
Being Fatigue

Depression S TJ1¥** -4 EFE - 48X - 76%** S TJ2¥** - 57*** -.58%** -.63*** -.15 ABXX*

Anxiety -.60*** | - 28*** - Q3rEE -.B2*H* - 57*** -.60*** - 49*x* - 58*** -.09 J2HEE

Stigma S 76%*E | JY R - A4xEE -.69*** -.66*** - 55*k* -.60*** -.60*** -.39%** B7*E*

Positive Affect & Well TTHE* 5O ** ASxE* T8 H* 86*** 58 ** .60*** BT *E* .16* -.50%**

Being

Cognitive Function Be*** 39¥** Y Rl AQF** ABHX* T9EXHE 52Xk Sp*** 24%* -.61¥**

Lower Extremity Function 5g*** .86 ** AB*E* AhxE* ALHE* 35%** 23HE* AB*E* S5k E* - 75X **

- Mobility

Upper Extremity Function 58*** B6*** AQX*X AGF*X AQFE AGHEX 30%** Ap*** Y ko SV E

-Fine Motor, ADL

Ability to Participate in 81Fx* T1EXFE S7¥** B7F*F T3EFE Be*** LY B5F*E 24%* -.68***

Social Roles and Activities

Satisfaction with Social 83F** J2EXHE S5¥** J2EXHE TJ2X*H* Be*** 58*** B3FHFE 32%x* - T1¥**

Roles and Activities

Fatigue - 81F¥E | Gk -.B7*** - B3 *H* -.67*** - 84 k% -.58%** -.B4*** -17* B3 *H*

Sleep Disturbance S B7F¥E | ZHkE -.56%** -.60*** -.62*** -.69*** - 53*x* - B2*H* -.03 AQrE*

Emotional and Behavioral -BO¥** | - 3kk* - 45%** - 51kx* S 4T7HEE -.65%** - 52%¥* -.B1k** -21%* A4HE*

Dyscontrol

*p <.05; **p <.01; ***p <.001
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Table 15. Correlations for Neuro-Qol short form T-scores with cross-disease measures

Neuro-Qol Short Barthel Karnofsky Lawton Symbol Symbol Digit PROMIS | PROMIS Pain EQ-5D Global

Form Index Performance IADL Digit Search Symbol Physical Mental Scale Index HRQL
Scale Scale Modalities Raw Coding # | Function Health (0-10) Score (0-4)

# Correct Score Correct T- Score T-Score

Depression -.23%* -.28%** S 27¥** -.05 -.10 -.20% -.54%** - 75¥** QQEXE - AB*** -.66***

Anxiety -.07 -.15 -.20% -.05 -.04 -.10 - AB*** -.69*** 35%x* - A0*** -.52¥**

Stigma - 45*** - 5g*k* - 43FEE -.18* -.23%* -.30%** -.64%** | GQ¥*x AZEEE | _GEHEE | GhRkE

Positive Affect & 22%* 28 ** 2T7HE* .01 .05 12 B1*E* BLxEx | 4OF** A8HE* 81 xE*

Well Being

Cognitive Function .20%* 25%* 31Ex* 26%** .15 26%** 53Fx* S8F** | 40**¥* oY Rl AQEXHE

Lower Extremity 68*** 80*** AQEXE 25%* .38*** SO*** B5¥** I J Rl I [ Lot B5¥** 35¥x*

Function - Mobility

Upper Extremity 5gxE* B2 HE* Y Akl 33 AQ*** 53xE* B5*** A I X R .60*** 36***

Function - Fine

Motor, ADL

Ability to Participate ALERE ASEXE 3%k .09 .14 24%* TT7x** B9F*E | 4g¥** 5g¥** T1EXFE

in Social Roles and

Activities

Satisfaction with ATHE* Sk ALrE* 13 A7* 28 ** J3HEE B8*F* | 5OF** B2*H* .68 **

Social Roles and

Activities

Fatigue -.23%* -.28%** -.30%** -.05 -.05 -.12 - TJ2¥** -.69*** ApF** -.52¥** -.62¥**

Sleep Disturbance -.14 -.19%* -.16* -.01 -.04 -.08 -.59¥** -.69*** AQERFE | AQFREE | G7RE*

Emotional and -.16* - 27*** - 27*** -11 -.06 -11 - 47**X -.B2¥** 35kxk - 41 x** - A4 x**

Behavioral
Dyscontrol

*p =.05; **p =.01; ***p =.001
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Known groups validity: Patients grouped according to MSFC quartile scored significantly differently on all Neuro-
QoL SFs, except Anxiety, Depression, and Emotional & Behavioral Dyscontrol, with effect sizes ranging from .47 to
2.15.

Responsiveness: Of the 31 planned comparisons, 18 were statistically significant and 3 exhibited a trend toward
significance, in the predicted direction.

Physical Well-being: Of the four planned comparisons, one was significant and one exhibited a trend toward
significance, both in the predicted direction. Specifically, patients who reported a worsening of their physical well-
being showed worsening of scores on Physical Function — Lower Extremity (extended assessment; F=4.36; p<.05)
and a trend toward worse fatigue (F=2.36; p<.10).

Social/Family Well-being: Of the three planned comparisons, one was significant. Specifically, patients who
reported improved social/family well-being at 6 months also reported decreasing stigma (F=3.98, p<.05).

Emotional Well-being: Of the five planned comparisons, all were significant. Patients who reported worsening
emotional well-being also reported increased depression (F=14.82; p<.0001), anxiety (F=7.28; p<.01), stigma
(F=3.36; p<.05) and emotional and behavioral dyscontrol (F=3.19; p<.05) and decreased positive affect and well-
being.

Cognitive Well-being: The one planned comparison was significant and in the predicted direction. Patients who
reported worsening cognitive well-being showed worsening cognitive function (F=8.54; p<.001).

Symptomatic Well-being: Of the five planned comparisons, three were significant. Patients who reported
worsened symptomatic well-being showed worsening on the Depression Short Form (F=5.02; p<.01). Patients who
reported improved symptomatic well-being showed decreased fatigue (F=6.45; p<.01) and improved emotional and
behavioral control (F=3.14; p<.05).

Overall Quality of Life: Of the twelve planned comparisons, seven were significant and one showed a trend toward
significance. Patients who reported decreased overall quality of life also showed worsening depression (F=8.99;
p<.001), anxiety (F=5.57; p<.05), stigma (F=4.05; p<.05), positive affect (F=13.10; p<.00001) ability to participate in
social roles and activities (F=3.91; p<.05), fatigue (F=3.12; p<.05), emotional and behavioral dyscontrol (F=3.39;
p<.05) and a trend toward decreased upper extremity function (F=2.51; p<.10).

Conclusions

e The study sample was generally representative of MS clinic populations

e The 12 Neuro-Qol scales demonstrated high internal consistency

e The Intraclass Correlation Coefficients (ICC) were acceptable, ranging from .72 (depression) to .91 (lower
extremity)

e Convergent validity with generic and legacy measures was good; correlations were of the expected
strength and direction and short forms discriminated between patients grouped according to disease
severity.

e There is some initial evidence for Neuro-Qol short form responsiveness to self-reported change in MS
patients, particularly for the short forms assessing emotional and cognitive well-being, where all planned
comparisons were significant.
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Parkinson’s Disease

Disease-specific measures

Montreal Cognitive Assessment (MoCA). *° Designed as a rapid screening instrument for mild cognitive
dysfunction, it assesses different cognitive domains: attention and concentration, executive functions, memory,
language, visuoconstructional skills, conceptual thinking, calculations, and orientation. Scores range from 0-31, with
scores below 26 considered abnormal.

Parkinson’s disease Questionnaire-39 (PDQ-39). **** The thirty nine items of this self-report measure assess eight
dimensions: mobility, activities of daily living, emotional well-being, bodily discomfort, stigma, social support
cognition and communication. Scale and summary scores are available, ranging from 0-100, with higher scores
indicating greater problems.

Unified Parkinson’s Disease Rating Scale (UPDRS).>* The UPDRS is the most widely used measure of disability and
impairment associated with PD. It is a composite scale consisting of 4 parts: Mentation, Behavior and Mood
(UPDRS mental score); ADLs (UPDRS ADL score), Motor Function (motor score); and Complications of therapy. The
first 3 subscales are quantitative five point scales (0-4). The complications of therapy is a yes/no scale. For this
study, UPDRS Motor Function scoring was modified as follows: only the most affected side or body part was rated.
All ratings were made by physicians or other medical personnel.

Hoehn and Yahr staging.”® The Hoehn and Yahr staging consists of 5 disease severity categories ranging from 0.0
(no signs of disease) to 5.0 (wheelchair bound or bedridden unless aided). The staging was obtained through chart
review or through direct contact with the patient’s physician or other medical personnel.

Patient Health Questionnaire-9 (PHQ-9). >* This is a 9-item subset of the PHQ, and assesses self-reported
depression. The nine items of the PHQ-9 come directly from the nine DSM-IV signs and symptoms of major
depression.

Results

Sample characteristics: Participants were primarily male (62%), white (95%), and non-Hispanic (97%) with average
age=65. Seventy-four percent were married, 55% had a college or advanced degree. Fifty-eight percent were
retired and 20% were employed either full or part time. Most (76%) were in mild stages of the disease: Hoehn and
Yahr 1 (N=19; 16%), 2 (N=72; 60%), 3 (N=23; 19%), 4 (N=6; 5%). Average time since PD diagnosis was 7.1 years.
80% were taking L-Dopa either alone or in combination with other anti-PD medications and 9% reported
undergoing prior PD surgery. A majority of patients (55%) were primarily affected on their right side; most
experienced no (43%) or little (33%) activity limitation due to motor fluctuations.

Mean T-Scores and standard deviations on the Neuro-Qol short forms are shown in Table 16. PD patients reported
worse coghitive, physical and social function compared to a general population reference group but more positive
affect and well-being. When compared to a clinical neurological population, they showed less sleep disturbance,
fatigue and depression and a greater sense of emotional and behavioral control.

Reliability: Internal consistency and 1 week test-retest reliability of the short forms is shown in Table 16.
Cronbach’s alphas range from .81 to .94 and ICCs from .6880 to .80.
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Table 16. Descriptive and reliability statistics for Neuro-QoL short form T-scores

Neuro-QoL Short Form Niterms Npersons  Mapr Moy SD a T-RICCs
Positive Affect & Well Being* 9 120 54.40 7.53 .94 =76
Cognitive Function* 8 120 50.46 7.25 .85 .78
Lower Extremity Function (Mobility)* 8 118 45.80 7.54 .85 .78
Upper Extremity Function (Fine Motor, ADL)* 8 120 42.28 8.34 .81 72
Ability to Participate in Social Roles and Activities* 8 120 47.85 6.83 .94 71
Satisfaction with Social Roles and Activities* 8 119 46.21 5.70 .89 .67
Depression 8 119 45.85 6.86 91 .68
Anxiety 8 120 50.82 6.80 91 77
Stigma 8 120 49.29 4.65 .85 .80
Fatigue 8 119 46.04 7.75 .93 .78
Sleep Disturbance 8 120 47.70 7.98 .81 .79
Emotional and Behavioral Dyscontrol 8 120 43.49 8.36 .90 .73

“For these banks, a high score indicates better function; for all other banks a high score indicates worse function
Time 1 (baseline) vs. Time 2 (7 days); M ¢pr — Mean General Population T-Score; Mcr- Mean Clinical T-Score
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Validity: Spearman rho correlations between the Neuro-Qol short forms and the PD-specific measures are shown in Table 17 and between the Neuro-Qol short
forms and the cross-disease instruments in Table 18

Table 17. Correlations for Neuro-Qol short form T-scores with PD-specific measures

PDQ-39 UPDRS****
Neuro-Qol Short Form Mobility | ADL EWB Stigma Social cl Comm BD Total Part1 Part 2 Part 3 MoCA PHQ-9
support Total Total

Positive Affect & Well
Being - 48%** -.36%** -.56%** -17 - 45%** - 41%** - 44%** -.18 - 29%** -.30*** -27** -.07 .17 - 50%**
Cognitive Function

-, 39%** - 4Q*** -.29** -.19* - 41xE* -.56%** - AB*** -.25%* -.23* - 29%%* -.23** - 24%* R J Rkl - 35%**
Lower Extremity Function
- Mobility - J2XEX -.61%F** -.36%** -.23% - 32%** -.38%** - 41F** -.38%** - 58%** -.22* - 5g¥** -.14 .04 - 33%**
Upper Extremity Function-
Fine Motor, ADL

- A% ** - 76*** - 37*** - 35%** - 40*** - Q2XxE S Q1RxE - 24%* - 34%x* -.14 - 44%** -11 .09 =27
Ability to Participate in
Social Roles and Activities

-.69%** - 46%** - 43%*x - 24%* - 44*** - 43%F** - 55%** -.36%** - 37%** - 37%** Ry -.13 21* - 50%**
Satisfaction with Social
Roles and Activities

-.62*** - AB*** - 51*** - Q9% ** -.52%** -.38%** -.50%** - 31 x** -, 39%** -.30%** - 46*** -.23* 25%* - 55%**
Depression

.38%** .36%** .68%** .19* .36%** 33%xx 35%** .18 21* 32kx* 21%* .02 -.13 AT
Anxiety

39¥** AQ*** 70*** .38*** .28%* ALEEE .30*** 24%* .22% 35%** .20* .03 -.06 A2XEE
Stigma

A9FE* AB*E* S1¥EE 52¥** AQFEE 34x** ASXEE AO*** .19* .18 .28** .18 -.20* Ap*E*
Fatigue

B7*** ATH** 56%** .36%** 39%** 53%x* 54%** 54%** 35%** .28%* .39%** .20* -17 B3F**
Sleep Disturbance

ATHEX ATHEX ATHEE 39¥x* 35xE* S4xE* AB*E* AB*** 24%* 31HE* 32xx* 21%* -.14 S4xE*
Emotional & Behav’|
Dyscontrol 35¥** AS¥EE el 27** AB*E* AQ*** 33¥*H* .20* 12 .22% .18* .05 -17 33¥*H

*p =.05; **p =.01; ***p =.001; **** Non-standard scoring was used for UPDRS Part 3; EWB=Emotional Well-being; Cl=Cognitive Impairment; Comm=Communication
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Table 18. Correlations for Neuro-Qol short form T-scores with cross-disease measures

Neuro-Qol Short Barthel Lawton Oral Symbol Symbol Digit Symbol | PROMIS PROMIS EQ-5D Index | Global HRQL
Form Index IADL Scale Digit Search Coding # Global Global Score (0-4)

Modalities # Raw Correct Physical Mental

Correct Score

Positive Affect &
Well Being 24%* .17 .16 .20* .13 AS*EX T4xE* 5 Rkl .64%**
Cognitive Function 32%E* .18* 30¥** 22% 22% 34xE* AB*E* .19% 27%*
Lower Extremity
(Mobility) Sk .07 .10 .02 .05 55* 35%kx 57HEk 23*
Upper Extremity
(Fine Motor, ADL) A6 ** 27%* 11 .03 .02 39k* 37 xE* 5 Rkl 29%**

Ability to Participate
in Social Roles and
Activities .26%* A1 .20% .23% .16 S5¥** B4F* 44*** 52%**

Satisfaction with
Social Roles and

Activities 3LHx* .18 .15 .19 17 AB*** B4*** 45%** 53%**
Depression -.30%** -12 -.16 -.09 .001 -.36%** -.B5¥** S Rkl - 54 **
Anxiety - 37F** =12 =12 -.06 -.01 - ASEE -.61¥** - 42%** - 45%**
Stigma -.33%** -.14 -.02 -.03 -5 ¥ - QQE*FE -5 ¥ -.38%** - 43%**
Fatigue -.35%** .02 -.06 -.08 -.005 -.62¥** -.53¥** - 44 %** -.39%**
Sleep Disturbance -.26** -.07 -.06 -.01 .01 - 48%** - 44 x* - 32k -.28**
Emotional and

Behavioral

Dyscontrol -.28%* -12 -11 -.004 .10 -.35%** -.38¥** -.30%** -27*%

*p £.05; ¥**p £.01; ***p <.001
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Known groups validity: Patientsin H & Y Stage 1 or 2 scored significantly differently on all Neuro-QoL SFs, except
Cognitive Function and Emotional & Behavioral Dyscontrol, than did patients in Stages 3 or 4, with effect sizes
ranging from .5 to 1.11.

Responsiveness: Of the 31 planned comparisons, 7 were statistically significant and 1 exhibited a trend toward
significance, in the predicted direction.

Physical Well-being: Of the four planned comparisons, two were significant in the predicted direction. Specifically,
patients who reported a worsening of their physical well-being showed worsening of scores on Fatigue (F=8.13;
p<.01) and Lower Extremity Function (extended assessment; F=4.69; p< .05).

Cognitive Well-being: The one planned comparison was not significant.

Emotional Well-being: Of the five planned comparisons, one showed a trend toward significance. Patients who
reported changes in emotional well-being also exhibited a trend toward having changes in positive affect and well-
being (F=2.58; p<.10).

Social/Family Well-being: Of the three planned comparisons, none were significant.

Symptomatic Well-being: Of the five planned comparisons, one was significant. Specifically, patients who reported
worsening symptomatic well-being also demonstrated worsening scores on Fatigue (extended assessment; F=3.32;
p<.05).

Overall Quality of Life: Of the thirteen planned comparisons, four were significant. Patients who reported a
worsening of overall quality of life showed decreasing positive affect and well-being (F=6.73; p<.01), ability to
participate in social activities (F=4.04; p<.05), and upper extremity function (extended assessment, F=5.33; p<.01)
and increasing fatigue (extended assessment, F=3.63; p<.05).

Conclusions:

e The Neuro-Qol measures demonstrated high internal consistency.

o Test-retest reliability was acceptable, but lower than expected for Depression and Satisfaction with Social
Roles and Activities.

e Convergent validity was supported by correlations with generic and PD-specific measures in the expected
directions. Correlations were generally modest in strength, warranting additional validation in PD samples.
Neuro-QolL measures showed good discrimination between patients at different levels of disease severity.

e There was only limited evidence for responsiveness to self-reported changes in different domains of well-
being.
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Adult Epilepsy

Disease-Specific Measures

Quality of Life in Epilepsy-31(QOLIE-31). >>*° The QOLIE-31 is an HRQL survey for adults (>18) with epilepsy.
Derived from the QOLIE-89, this scale contains domains that include seizure worry, emotional wellbeing, energy/
fatigue, cognition, medication effects, social effects, health status and overall quality of life. Good psychometric
evidence has been reported in previous studies.

Liverpool Seizure Severity Scale (LSSS). The LSSS is a 12 item scale that assesses experiences during and
immediately after a seizure such as loss of consciousness and post-ictal confusion. Each item is scored on a Likert
scale, with higher scores indicating greater seizure severity. Reported test retest reliabilities range from 0.74 — 0.80.
3738 A modified scoring system requires patients to rate only their most severe seizure and demonstrates adequate
reliability, construct validity and responsiveness to change.*

Liverpool Adverse Events Profile (LAEP). ®“The LAEP is a 19 item self-report scale that assesses the frequency of
antiepileptic drug side effects. Using a 4-point Likert scale (1= never a Problem — 4=always a problem), scores are
summed to create a total score (ranging from 19-76, higher scores indicating more symptoms).

Results

Sample characteristics. Participants were primarily male (51%), white (85%), and non-Hispanic (75%) with average
age=47.3 (Range = 18-93). Forty-seven percent were married, 67% had some college or beyond. Fourteen percent
were retired, 22% on disability and 37% were employed either full or part time. Average time since epilepsy
diagnosis was 18.5 years (SD=13.9). Generalized seizures were most frequently experienced (57%) followed by
focal seizures (25%). Mean number of seizures in the past 3 months = 10.7 (SD=37.6). 95% were taking medication
for their seizure disorder, with 64% of those on polytherapy. Twelve percent had undergone surgery for their

epilepsy.

Mean T-Scores and standard deviations on the short forms are shown in Table 19. Epilepsy patients reported
significantly worse cognitive and social function compared to a general population reference group but similar
levels of physical function and greater positive affect and well-being. When compared to a clinical neurological
population, they showed similar levels of stigma, greater anxiety, but less depression, sleep disturbance, fatigue,
and sense of emotional and behavioral dyscontrol.

Reliability: Internal consistency and 1 week test-retest reliability of the short forms is shown in Table 19.
Cronbach’s alphas range from .86 to .95 and ICCs from .40 to .80.
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Table 19. Descriptive and reliability statistics for Neuro-QoL short form T-scores

Neuro-Qol Short Form Nitems Nopersons M gpr Mer SD o T-RICCs
Positive Affect & Well Being* 9 118 53.8 8.2 0.95 0.70
Cognitive Function* 8 119 47.8 9.3 0.92 0.76
Lower Extremity Function -Mobility* 8 114 50.4 9.0 0.92 0.80
Upper Ex