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Abstract
Objective—A work function measure specific for persons with prodromal Huntington disease
(HD) was created to assist with workplace accommodations

Methods—A self-report HD Work Function measure (HDWF) was developed from focus group
and expert validation.

Results—Pilot studies with 238 people with prodromal HD, and 185 companions; and 89 people
without prodromal HD, and 70 companions indicate HDWF has acceptable internal consistency
(Cronbach’s alpha = 0.77), acceptable inter-rater reliability (r = 0.58), and acceptable convergent
validity with selected items from EWPS (r = −0.56), SAS (r = −0.29), and ECog (r = −0.70). The
HDWF can distinguish between people with prodromal HD and people with a HD family history
who do not have prodromal HD (p < 0.0001).

Conclusions—The HDWF is a brief self assessment that may be used to monitor work function.

The ability of workers with chronic illnesses to meet job expectations is a concern of
employers, workers and their families, and clinicians. Work function can be described as the
impact of a health condition on the output of workers, work role limitations, quality of work
output, and effort required by the worker to remain productive. 1 Employment is important
for financial security, social activity, personal satisfaction, and achievement.2 The ability to
perform tasks in multiple domains is a component of health-related quality of life. 3 Thus, it
is important for people with chronic illnesses that eventually progress to full disability to
maintain employment for as long as desired, and is feasible. Some of these conditions have a
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prodromal period, when changes in the person’s day-to-day function are subtle, but
eventually cross a threshold when a clinical diagnosis is made. Huntington disease (HD) is a
progressive neurodegenerative disease that leads to severe impairment of cognitive,
physical, and behavior functions that eventually interfere with work functioning. Clinical
diagnosis is based on the presence of distinctive motor signs. 4 The age of onset of motor
signs is associated with the length of the gene expansion that causes HD5 and typically
occurs between 30–50 years old, 4 the age range when most people are at the peak of their
earning potential. 6

Although people are usually not clinically diagnosed until they exhibit distinctive motor
signs, 7 subtle changes in cognition 8–10 and motor function 11 can be detected up to 15
years prior to diagnosis.12 These changes are accompanied by structural and functional brain
changes. 13,14 Thus, HD has a long prodromal period (prodromal HD). As signs and
symptoms become more pronounced, both individuals and family members report increasing
interference with work function. 15 These changes eventually result in reduced work hours
or cessation of work for people with HD. Changes in work function ability might be one of
the most reliable initial indicators of functional decline in persons with prodromal HD. 16

Therefore, psychometrically sound measures are needed to quantify work function for
patients with prodromal HD. These measures may be useful in assisting workers with
prodromal HD and their employers to adapt work demands to fit the person’s level of health
and day-to-day function and to examine the effect of these adaptations.

Current scales do not adequately measure self-assessment of skills needed to complete one’s
employment responsibilities in this population and thus cannot detect early declines in work
function. The Unified Huntington’s Disease Rating Scale (UHDRS) contains a Total
Functional Capacity (TFC) scale developed to be used with individuals after they receive a
clinical HD diagnosis. The scale includes items that address ability to work, 16 but it does
not identify specific work-related functions that are most affected in prodromal HD. An
assessment of 486 people in the prodromal period of HD found that work and managing
finances were the most common function limitations reported in this sample. However,
despite these findings, over 88% of participants scored at the ceiling on these measures at
baseline, and new measures that are sensitive to real-life function are needed. 17 Others are
developing measures that address functioning in day-to-day activities that include work but
are not specific to work function. 18 The HDWF instrument was developed to measure
workers’ and companions’ perceptions of role limitations and effort for job performance in
prodromal HD. Although employer data may be a preferred indicator of work function, this
is not feasible for some people with prodromal HD, as the potential for genetic
discrimination is an important concern for this population. 19

The instrument was created based on Federal Drug Administration guidelines 20 for patient-
reported outcome (PRO) measures in order to make it potentially useful for future clinical
trials. A PRO measure is “any report of the status of a patient’s health condition that comes
directly from the patient without the interpretation of the patient’s responses by a physician
or anyone else,” 20 (p. 2). A collateral, or proxy measure of work function, to be completed
by companions of persons with prodromal HD, was also created. Collateral data may be
useful as a second source of data in prodromal HD due to the possibility of impaired insight
in some people with prodromal HD. 21,22 The determination of inter-rater reliability with
information from a proxy is consistent with assessments of function or disability in people
with other neurologic conditions including stroke 23 and Alzheimer disease. 24

The purpose of the present study was to create a measure, the HD Work Function (HDWF)
survey that may be useful for clinical and workplace assessments, which captures
perceptions of work function as reported by individuals with prodromal HD and their
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companions. The long-term goal for this effort is to develop a measure that may be useful
for longitudinal documentation of change in work function over the prodromal period of
HD. The aims are to 1) develop a measure that focuses on work role limitations and effort,
two components of work function that may be affected by cognitive, behavioral, and motor
changes in people with prodromal HD; and 2) determine internal consistency, inter-rater
reliability, content, construct, and convergent validity of the measure.

METHODS
The study was approved by the University of Iowa IRB and all procedures to protect human
subjects were followed throughout the study. The HDWF survey was created using the first
three of four PRO instrument development and modification processes: 20 1) identify
concepts and develop conceptual framework; 2) create instrument; 3) assess measurement
properties; 4) modify instrument. Methods proceeded in three parts. First, instrument
development methods included identifying concepts and developing the conceptual
framework through collection of data from individuals with prodromal HD and their
companions, and review of the literature. Second, items were evaluated for content validity
by experts and by people with prodromal HD and their companions. Third, internal
consistency, inter-rater reliability with companions, convergent validity, and the ability of
the instrument to distinguish people with prodromal HD from those who don’t have
prodromal HD were analyzed.

Identify Concepts and Develop Conceptual Framework
The first stage in creating a PRO measure is to identify the concepts and domains to be
measured. 20 This includes: identifying the population and how the measure will be applied
in this population; identifying appropriate content to measure intended constructs; and
identifying a hypothesized structure for how content categories are to be related. This
procedure is consistent with standard survey and test development methodology. 25 For the
purposes of creating the HDWF survey, the work role limitation component of work
function was defined as the cognitive, behavioral, and physical changes that limit the ability
to perform expected tasks related to paid or unpaid work. Data triangulation—the
comparison of data from the prodromal HD literature, existing measures, and focus groups
and interviews—was used to determine the appropriate content to be measured on the
HDWF survey. 20,26

Review of the Prodromal HD Literature—Researchers report changes in cognition and
behavior for persons with prodromal HD, including executive function, 27 memory, 28

psychomotor processing, 11 and moodiness and depression, 29,30 prior to clinical
diagnosis. 12 Data from persons with prodromal HD and their family members suggest that
work function may be compromised. 31 Beglinger and colleagues 16 reported that up to two
thirds of persons with prodromal HD reported some occupational decline as measured by
The Total Functional Capacity Scale32 and the Functional Assessment Scale; 33 however,
those measures were not able to identify specific areas of decline. The hypothesized
structure of the HDWF reflected motor, cognitive, and psychiatric or behavioral
manifestations that eventually are apparent in Huntington disease. This structure is
consistent with the framework for the functional measure, UHDRS, used in diagnosed HD,
in which progressive deterioration of motor and cognitive abilities, and development of
psychiatric symptoms contribute to loss of day-to-day function.

Review of Existing Measures—Existing measures of functional status for people with
HD were developed as clinical rating scales. The Total Functional Capacity Scale contains
one item on occupation, with scoring as “unable,” “marginal work only,” “reduced capacity
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for job” or “normal.” 32 The Functional Assessment Survey includes questions on
accustomed work and volunteer work. 33 Neither measure is sufficient to assess work-
related function in the workplace, or functional outcomes in clinical trials. 17 A literature
search was conducted to identify other measures that address work function. Of the 16
citations found, we extensively reviewed three that address work function and health: the
Endicott Work Productivity Scale (EWPS), 34 the World Health Organization Health and
Work Performance Questionnaire, 35 and the Work Limitations Questionnaire. 26 The
EWPS is a self-report measure administered to patients for the purpose of determining how
the individual’s specific medical condition impacts their ability to complete daily work
tasks. The Health Performance Questionnaire is a self-report measure that takes job
performance, absence, and work-related accidents into account to estimate the cost of health
problems in the workplace. The Work Limitations Questionnaire is intended to measure
work ability as a function of health status. While each measure addresses some aspects of
work function, no single measure addresses motor, behavioral/psychiatric, cognitive
domains, and compensation efforts that reflect work function among people with prodromal
HD. Thus, a comprehensive measure of work function that captures all the domains of
possible work function impairment in prodromal HD was needed.

Focus Groups and Interviews—A semi-structured interview guide was developed after
reviewing literature 12,16,36 related to prodromal HD, work function in other chronic
illnesses, 37–39 and existing work function measures. Focus group participants were
recruited at an annual Huntington’s Disease Society of America meeting by providing a
description of the study, and inviting people who had the gene mutation but had not received
a diagnosis of HD, and their companions to participate. Eight persons and three companions
participated. Topics discussed included perspectives and experiences regarding maintaining
their work. Audio-recorded data were transcribed verbatim and analyzed along with focus
group assistant’s field notes to identify common themes. 40

Subsequent to the focus groups, individuals with prodromal HD and companions were
recruited from the HD Registry maintained by the University of Iowa HD Center for
Excellence. Participants at varying time points from predicted onset of clinical diagnosis
based on age and CAG repeat 41 were selected in order to enhance the generalizability of the
data. Nine persons with prodromal HD, or who were recently diagnosed, and eight of their
companions participated in telephone interviews. Occupations of these participants were in
the same categories as the prior participants, with one person who was an active volunteer.
Interviews ranged in length from 10 to 30 minutes. Data saturation 42 was reached after 17
interviews. Participants were asked to describe any changes in work function related to
cognitive, motor, or behavioral changes they had noticed in themselves or their companions
with prodromal HD. Interviews were audio recorded and transcribed verbatim.

Procedures for developing the measure included: generating items; choosing an
administration method, recall period, and response scales; drafting instructions and
formatting the instrument; and drafting procedures for scoring and administration.20

Potential items were drafted for each domain based on comments, concepts, or topics that
were identified from the focus groups and interviews. Whenever possible, items and
response options were written to resemble participants’ wording as closely and accurately as
possible. A glossary of quotes from interviews was kept in a log.

Create Instrument
A provisional form of the HDWF was created based on the literature review, focus group,
and interview results. Content identified during focus groups and interviews concerning
work function comprised four domains — motor, behavioral, cognitive, and compensatory
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strategies. These domains are consistent with the prodromal HD literature and with two of
four potential dimensions of work function: work role limitations, and extra effort required
by the worker to remain productive. 1 See Table 1 for the domains and participant comments
identified from analyses of focus group and interview data.

The team determined what percentage of total items should be linked to each domain based
on the frequency with which each domain appeared in the focus groups, interviews, and the
literature. Although roughly evenly distributed, fewer motor changes were reported than in
other domains; this was expected because the onset of classic motor changes (e.g., chorea,
dystonia, involuntary movements) 7 would indicate that the person is no longer in the
prodromal phase of HD. Thus, the items were distributed in the following way: six behavior
items, six cognitive items, five compensatory strategy items, and four motor items.

The provisional form of the HDWF survey consisted of 21 items, each linked to one of four
domains. The HDWF consists of two sections: a demographics section and the measurement
device. The survey follows a 7-point Likert-type format, with scale descriptors provided
only at both extremes (“Not at all like me” and “Very much like me”) to allow enough
points to capture change in work function if used as a repeated measure, yet not so many as
to introduce random noise. Some items were written in order that a response on the high end
of the scale represents high-quality work function (e.g., “I rarely feel tired when I’m
supposed to be working”). Other items were written in order that a response on the high end
of the scale represents low-quality work function (e.g., “I am often impatient with the people
I work with”). The latter items are reverse scored so that higher scores on the HDWF
indicate higher levels of work function. The total score is then computed as the sum of all
the responses across all items.

The use of negative language was avoided. Thus, “I prefer to keep to myself rather than
working or socializing with others” was used in place of “I don’t like to work or socialize
with others.” This variation in perspective and the avoidance of negative language where
possible was used to control for respondents who tend to answer survey questions according
to a specific response set, such as always agreeing with an item, always choosing a response
at an extreme value of the scale, or always choosing a response near the center of the
scale. 43 See Table 2 for sample items. The instrument is designed to provide information
from people who have paid employment, but is also suitable for those who perform
volunteer work, are students, or homemakers.

Assess Measurement Properties
Assessment of measurement properties included content validity determination of the
provisional HDWF that was assessed via expert evaluation. After modifications were made
based on results of the expert evaluation, assessment of measurement properties of the 20-
item final version of the HDWF survey included cognitive interviews within and outside the
US, internal consistency, inter-rater reliability, convergent validity, and ability of the
measure to distinguish those with prodromal HD from those who do not have prodromal
HD.

Content Validity: Expert Evaluation—Six content experts were asked to evaluate the
provisional HDWF survey in order to provide content-related validity data for perceived role
limitation components of work function. Four evaluators had expertise in HD; one was an
expert in occupational health; and one was an expert in occupational human resources.
Experts evaluated each item individually and the survey as a whole. Experts were asked to
rate if the item was worded appropriately, if it possessed the ability to capture deterioration
in work function, and if it was important. Response scale ranged from 1–5, with a 1
indicating “No,” a 3 indicating “Maybe” and a 5 indicating “Yes.” Experts also selected
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which domain or domains (identified previously via focus groups, interviews, and prodromal
HD literature review) they thought each item was measuring; and if experts believed items
measured more than one domain, they were asked to rank domains in order of
representativeness. This allowed them to analyze the total HDWF survey in terms of content
balance and representativeness. Finally, experts had the opportunity to make suggestions for
improving each item.

The comprehensiveness evaluation section of the expert survey review consisted of seven
open-ended questions; experts provided suggestions concerning appropriate content balance,
critical features not represented by the HDWF survey, items that should be added and/or
deleted, format, length, and appropriateness of demographics items. Means, medians, and
standard deviations on the expert evaluation item review were used as indicators of item
quality.

Responses to the question regarding which domain(s) the items belonged were analyzed to
provide an indication of congruence between the domain(s) the experts thought the item was
measuring and the domain(s) the instrument design team thought the item was measuring.
Open-ended questions were analyzed in conjunction with the quantitative analysis in order
to modify existing items on the HDWF survey. Three items received a median rating of less
than four on the question, “is the wording appropriate for this item.” These items were
revised using suggested wording in the narrative response section of the expert ratings.

Content Validity: Cognitive Interviews—Content validity of the final 20-item HDWF
survey was evaluated using cognitive interview techniques. 20 A cognitive interview guide
was constructed based on established procedures for cognitive interviewing. 44 People with
prodromal HD and companions who either had previously participated in the focus groups
or interviews, or were new to the study were invited to participate in cognitive interviews
via telephone. Participants were invited from the US and in three English-speaking
countries: Canada, England, and Australia. Participants in the US were first informed about
the purpose and intended use of the instrument and were mailed copies of the HDWF.
Participants completed the HDWF survey prior to the interview and recorded time to
complete the survey. Participants outside the US participated in individual or group
cognitive interviews of participants with prodromal HD or companions that began with
participants completing the HDWF then responding to interview items.

Participants provided feedback on their understanding of both individual items and response
items, and whether they considered items to be relevant to themselves or their partners with
prodromal HD, 45 or, in the case of participants outside the US, whether items were
culturally relevant. They were asked to paraphrase items in their own words to clarify
discrepancies between what the items were designed to measure and what the subjects
thought the items were trying to measure. Item-specific probes were issued to ensure that
specific words or phrases in each item were correctly interpreted. For example, “What does
the term ‘socializing’ mean to you in this statement?” Participants stated whether the
directions were clear and if they understood the scale. The interviewer took notes and results
were organized into a cognitive interview grid that included: paraphrase, lexical problems,
inclusion/exclusion problems, temporal problems, logical problems, and computational
problems. 46

Following the cognitive interviews, the final 20-item HDWF was administered to people
with prodromal HD, their companions, and at-risk people who tested negative for the HD
gene-mutation and their companions as a component of the PREDICT-HD study.
PREDICT-HD is a longitudinal observation study of people who elected to complete
predictive testing for the CAG expansion in the gene for HD, but do not have a clinical HD
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diagnosis. 17 Participants self-administered the measure with explanation by a researcher or
clinician.

Convergent Validity—Convergent validity of the HDWF was evaluated using the
PREDICT-HD samples by computing Pearson correlation coefficients between the HDWF
and other measures currently in the PREDICT-HD battery. Participants self-administered the
measure with explanation by a researcher or clinician. Data collection was conducted either
with a paper and pencil survey, or with a computer tablet.

Convergent validity was expected with the EWPS measure, 34 an instrument designed
specifically to assess work function. Convergent validity was expected with the Everyday
Cognition (EC0g), a measure of everyday cognitive function, 47 and the Social, Leisure, and
Family Relationships (SAS-SR), a measure of social adjustment. 48 Each of these measures
addresses components of day-to-day function relying on cognitive and social interaction
skills. Lower scores on each of these measures indicate better levels of function. While work
function and social adjustment are different constructs, some components may overlap. The
SAS-SR has been used as a measure of work role limitations and normally includes work-
related items.1 In the PREDICT-HD study, from which the sample was recruited for this
study, 11 items from the SAS-SR are used that reflect day-to-day social interactions.

Ability to Distinguish Prodromal HD from Other Populations—The ability of the
measure to distinguish between scores for persons with prodromal HD and gene mutation
negative participants in the PREDICT-HD sample and worker scores in a normative sample
was assessed using analysis of variance and analysis of covariance while controlling for age
and gender, with follow-up t-tests. Effect sizes were calculated using Cohen’s d. Data were
obtained from a community sample to help establish normative values for the HDWF. An
advertisement to recruit employed members of the community and their companions was
run for three consecutive days (Sunday, Monday, Tuesday) and two days in a single week
(Sunday, Wednesday) one month later. The newspaper in which the ad ran is circulated in
two counties in a Midwestern state with a circulation of over 60,000 for the daily edition and
75,000 for the Sunday edition. The ad invited people to participate if they were between
ages 18–50, had worked for at least two years, and had a spouse or partner who was also
willing to complete a survey. Pairs were asked to select one person to complete the survey as
the worker, and the other to complete the survey as the companion to evaluate the partner’s
work function.

Inter-rater Reliability—Correlation analyses and paired t-tests were conducted to
compare worker and companions as proxy ratings. The observed correlations provide an
indication of the relative congruence between each pair of respondents. The paired t-test
results provide an indication of whether workers as a group tended to rate their own work
function higher or lower than companions’ ratings. Therefore, the paired t-test provides an
indication of group differences, whereas the observed correlations provide an indication of
congruence between worker and companion ratings. These analyses were conducted
separately for the normative sample and for the PREDICT-HD samples.

RESULTS
Aim 1: Instrument Development

The final HDWF contains 20 items. The response categories are on a seven point Likert
scale with verbal anchors only at the lowest end (1), “not at all like me”, and at the highest
end (7) “very much like me”. The instrument includes a checklist for the employment level
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that best matches the worker’s current situation, and what workplace accommodations, if
any, have been made. Higher scores on the HDWF indicate better function.

Aim 2: Measurement Properties
Content Validity: Expert Evaluation—Twelve of the 21 items on the provisional
HDWF survey received an overall median score of 5.0, on a scale of 1 (lowest)-5 (highest),
indicating experts rated these items highly according to the three criteria (appropriate
wording, ability to detect change, and importance for measuring work function). Means and
standard deviations were heavily subject to outliers in this study; thus median values were
mostly used to indicate item quality. Only two of the 21 items received a combined median
score less than 4.0.

Across the three criteria, items received the lowest median score values on the criterion
“ability to detect change.” This was due to the fact that some items contained an internal
comparison (e.g., “I can do my work as well as I could a year ago”). As a result, all items
were changed to be stationary as opposed to incorporating an internal comparison (e.g., “I
do my work as well as I ever could”) to capture work function for the participant at a
specific point in time.

For 10 items, experts selected the intended domain over 50% of the time. For six other items
experts selected the intended domain over 40% of the time. For five items, experts selected
other domains more often than the intended domain. This appeared to be related to placing
items intended as compensatory strategies into the domains in which the strategy was being
used (for example, use of “to-do” lists was rated most often as belonging to the cognitive
domain. Nine wording changes were made based on the expert validation. One item was
deleted the measure used in the cognitive interviews included 20 items, with a total possible
score range from 20–140. The 20-item final HDWF version was used for all further
assessments of measurement properties.

Content Validity: Cognitive Interviews—The sample for cognitive interviews is shown
in Table 3. In general, participants stated the HDWF items made sense, were relevant to
their situations, and they were able to select responses for each item. The survey took all
participants, except one, 10–15 minutes or less to complete. Suggestions to improve the
clarity of items included rewording the item about using “to-do lists” to be inclusive enough
of other visual reminders, and replacing the word multitask, because the word had negative
connotations to them. Participants outside the US did not identify cross-cultural language
problems in the survey, indicating it is appropriate for use in English-speaking countries
outside the US.

Pilot Study Sample
A total of 238 individuals with prodromal HD and 185 companions comprised the
PREDICT-HD sample. In addition, 89 people who were gene mutation negative and 70
companions of people who were gene mutation negative who are enrolled in PREDICT-HD
as comparison subjects also completed the HDWF measure.

The mean total HDWF score for people with prodromal HD in the PREDICT-HD sample
was 98.27 (SD = 18.59; range = 42–139); mean HDWF companion scores for people with
prodromal HD was 103.27 (SD = 20.51; range = 50–136). The paired t-test was significant
(t184 = 4.26; p < 0.0001; d = 0.44). The mean total HDWF score for gene mutation negative
comparison participants was 110.84 (SD = 12.94; range = 71–134); mean HDWF
companion scores for gene mutation negative participants was 112.94 (SD = 14.82; range =
80–139). The paired t-test was not significant (t69 = 0.88; p = 0.38). Mean HDWF scores for
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persons with prodromal HD were lower than gene mutation negative participants (t325 =
−5.87; p < 0.0001; d = −0.73). Companions of persons with prodromal HD rated partners
lower on the HDWF than companions of gene mutation negative participants (t253 = −3.61;
p < 0.001; d = −0.51). (Figure 1)

The normative sample was comprised of 108 individuals (54 pairs) from the community. For
three pairs, both the worker and the companion completed the survey in view of their own
work function as opposed to the companion completing the survey in view of the worker’s
work function. Thus, aspects of the data analysis which focus on worker and companion
congruence only include 102 participants (51 pairs). Fifteen respondents had one or more
missing values (<0.5% of all data). Missing data were replaced through single imputation
using the EM-algorithm.49

Mean total score for workers was 102.40 (SD = 12.79; range = 71–127), and for companion
ratings mean total score was 105.06 (SD = 12.96; range = 65–130). The correlation between
worker and companion scores for the normative sample was low, but statistically significant
(r = 0.28, p < 0.05), whereas the paired t-test was not statistically significant (t50 = 0.96, p <
0.35). These results indicate that, as a group, workers do not significantly rate their own
work function as being significantly better or worse than companions do, but worker and
companion scores might not necessarily be used interchangeably.

Internal Consistency
Internal consistency coefficients for the normative sample (workers and companions
combined) were calculated to test the reliability of the HDWF: Cronbach’s alphas were
calculated for each of the four domains well as for the measure as a whole. Internal
consistency for the 20 items of the HDWF survey was 0.77. Cronbach’s alphas for the
motor, behavioral, cognitive, and compensatory strategies domains were 0.68, 0.54, 0.69,
and 0.22, respectively. The coefficients for the subscales were expected to be lower than the
overall coefficient due to the small number of items per subscale. We also anticipated the
alpha for the compensatory strategies subscale would be low because items relate to
strategies used to compensate for deficits in the other domains and therefore were less
internally homogeneous.

Ability to Distinguish between Prodromal HD and not Prodromal HD and Normative
Sample

The analysis of variance to test for differences between means of workers’ HDWF scores in
the normative and PREDICT-HD samples was significant (F2, 375 = 18.37; p < 0.0001)(Fig.
1). Follow-up t-tests between the groups found a significant difference between PREDICT-
HD workers with prodromal HD and gene mutation negative workers (t375 = −6.05; p <
0.001; d = 0.77) and between normative workers and gene mutation negative workers (t375 =
2.87; p = 0.004; d = 0.80); however, the difference between the community sample of
workers and the prodromal HD workers was not significant (t375 = 1.60; p = 0.11; d = 0.21).
Differences between means of workers’ HDWF scores in the normative and PREDICT-HD
samples remained significant after adjusting for age and gender using analysis of covariance
(F2, 373 = 19.97; p < 0.0001). The difference between the community sample of workers and
the prodromal HD workers was still not significant (t373 = 1.38; p = 0.17).

Inter-rater Reliability
The correlation between PREDICT-HD worker and companion scores was statistically
significant (r = 0.58, p < 0.0001). The correlation between gene mutation negative workers
and companion scores was also significant (r = 0.29; p = 0.01).
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Convergent Validity
Selected items from the ECog scale,47 the EWPS,34 and the SAS-SR,50 which had been
edited for grammar to fit this population in the PREDICT-HD study, were completed by this
sample. Scores for persons with prodromal HD were strongly negatively correlated with 34
items from the ECog scale (r = −0.70; p < 0.0001) and moderately correlated with 10 items
from the EWPS (r = −0.56; p < 0.0001). Scores on the HDWF for persons with prodromal
HD were moderately correlated with 11 items adapted from the SAS-SR (r = −0.29; p <
0.0001).

HDWF scores for prodromal HD companions were significantly correlated with the SAS-SR
(r = −0.25; p = 0.0006). For gene mutation negative workers there were moderate
correlations between the HDWF total and the ECOG (r = −0.47; p < 0.0001) and the 10
items from the EWPS (r = −0.35; p = 0.003). There were no statistically significant
correlations between gene mutation negative companion scores on the HDWF and the other
measures.

DISCUSSION
The purpose of this study was to develop and analyze selected psychometric properties of a
new instrument to detect work function ability related to perceived role limitation and effort,
as provided by self report by people with prodromal HD and their companions. Testing of
this measure in the current analyses demonstrates the instrument has acceptable internal
consistency and inter-rater reliability between people with prodromal HD and their
companions. The measure has acceptable convergent validity with selected items from the
ECog, 47 EWPS, 34 and SAS-SR. 48 The measure distinguished between those with
prodromal HD and those who have a family history of HD but do not have the gene
mutation. The measure did not distinguish those with prodromal HD in the sample in this
study from a community population. The lack of difference between prodromal participants
and normative samples may reflect to inclusion of people in all phases of prodromal HD in
this sample. People with prodromal HD can be categorized according to variables including
the length of the trinucleotide repeat and by age.51 The stage of prodromal HD, and other
factors, such as employer accommodation, may be associated with changes in work function
in this population. Studies that examine variables influencing work function over time are
needed to clarify these variables.

The HDWF appears to distinguish differences in work function between people with
prodromal HD and gene mutation negative comparison participants. Studies are needed to
document sensitivity to change over time to determine if the measure will be useful for
clinical trials. The HDWF also appears to be effective as a collateral measure of work
function since companions of persons with prodromal HD were able to provide adequate
proxy data on partners’ work function. This may become more important in longitudinal
studies of people with prodromal HD where insight may become impaired among some
prodromal HD participants as they approach diagnosis. 21,22

Clinical Significance
It is clear that a prodromal period exists in HD, although the pattern of cognitive, behavioral,
and motor decline is difficult to predict for individuals.12 Furthermore, capacity for self-
insight may be limited in the later stages of prodromal HD. 21 The HDWF can be a useful
addition to the existing functional assessment options when documentation of perceptions of
the individual and proxy regarding role limitations and changes in effort are needed for
workplace accommodations or clinical assessments. The management of disclosure of
prodromal HD status to employers is a sensitive topic for which persons with prodromal HD
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may fear loss of their jobs or other forms of workplace discrimination, as reported by
approximately 6% of persons in an international sample.19 In cases where workplace
accommodations can be made, some individuals with prodromal HD report that they can
continue to be productive in their work environment. 18

Potential for Use in Other Neurodegenerative Disorders—Measures of work
function, such as the HDWF, may be useful in other slowly progressing neurodegenerative
disorders. With brain imaging and other biomarkers of Alzheimer disease progression, there
is the potential to document presymptomatic Alzheimer disease, as well as monitor
outcomes of treatments. 52 However, limitations of current data based evidence include short
duration, variability in quality of measures, and cross sectional studies. 53 This measure may
be of use for monitoring work function in early stages of other neurodegenerative conditions
such as multiple sclerosis that affect younger individuals. A presymptomatic period is
recognized in Parkinson’s disease. Treatments are available which may result in early
symptom improvement and positive influences on overall quality of life. Detection of early
changes is a priority and will be critical when neuroprotective therapies become available. 54

In conclusion, the HDWF is a brief self-administered survey for people with prodromal HD
and their companions to document work role function and limitations. It may offer a useful
model for documenting functional changes in the workplace for people in the earliest stages
of neurodegenerative conditions in which there is anticipated cognitive decline, but for
which new therapies may alter the current course of these conditions. The HDWF can be
obtained by contacting Dr. Jane Paulsen, (jane-paulsen@uiowa.edu).
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FIGURE 1.
Comparison of HDWF Total Score across Pilot Samples (possible range = 20–140)
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TABLE 1

Symptom Domains Supported by Narrative Data

SYMPTOM DOMAIN Examples NARRATIVE DATA

Cognitive

Difficulty multitasking
I can do more than one thing at a time without getting
confused

I can get stressed out if I’ve got…two things [I have to do] [010]
[H]e’s failed to multi-task [111]

Motor

Loss of strength: weakness
I drop things because I lose my grip on them

My wrists and ankles are not strong as they used to be. I have a fear of going up
and down ladders because my ankles are not strong [006]
Like a 15 year old learning how to drive a car [001]
…she’s becoming quite uncoordinated, spilling stuff, dropping stuff [104]

Behavior

Irritability
I become irritated when things at work don’t go as I wish
I am often impatient with the people I work with

Things would upset me more than they used to [019]
I would say she has gotten moodier…you know that’s another tough one too,
cause she’s having a terrible menopause….she gets much more stressed out like
easier, more so than I do [110]

Compensatory Strategies

List making/visual reminders
If I don’t make “to-do lists,” I forget things

I have to make notes while I’m talking to someone or I’ll forget. Sticky notes all
over the place [004]
[R]ight before he stopped working, he would…keep a pad of paper by the phone,
and you know, write things down and double check things a lot more just to
make sure that he was not forgetting anything [111]
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