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Abstract

Purpose—Huntington disease (HD) is an autosomal dominant neurodegenerative disease which
results in several progressive symptoms, including bulbar dysfunction (i.e., speech and swallowing
difficulties). Although difficulties in speech and swallowing in HD have a negative impact on
health-related quality of life, no patient-reported outcome measure exists to capture these
difficulties that are specific to HD. Thus, we developed a new patient reported outcome measure
for use in the Huntington Disease Health-Related Quality of Life (HDQLIFE) Measurement
System that focused on the impact that difficulties with speech and swallowing have on HRQOL
in HD.

Methods—Five hundred seven individuals with prodromal and/or manifest HD completed 47
newly developed items examining speech and swallowing difficulties. Unidimensional item pools
were identified using exploratory and confirmatory factor analyses (EFA and CFA, respectively).
Item response theory (IRT) was used to calibrate the final measures.

Results—EFA and CFA identified two separate unidimensional sets of items: Speech Difficulties
(27 items) and Swallowing Difficulties (16 items). Items were calibrated separately for these two
measures and resulted in item banks that can be administered as computer adaptive tests (CATS)
and/or 6-item, static short forms. Reliability of both of these measures was supported through high
correlations between the simulated CAT scores and the full item bank.

Conclusions—CATs and 6-item calibrated short forms were developed for HDQLIFE Speech
Difficulties and HDQLIFE Swallowing Difficulties. These measures both demonstrate excellent
psychometric properties, and may have clinical utility in other populations where speech and
swallowing difficulties are prevalent.

Keywords

Health-related quality of life; Neuro-QoL; PROMIS; HDQLIFE; Huntington disease; Speech
difficulties; Swallowing difficulties; Patient reported outcome (PRO)

Huntington disease (HD) is an autosomal dominant neurodegenerative disorder which
causes profound cognitive, behavioral, and motor decline, leading to death in 15-20 years
after diagnosis [1]. Although HD produces multiple motor deficits, most research has
focused on chorea [2-5], and to a lesser extent dystonia, bradykinesia, rigidity and gait
impairment. While dysarthria and dysphagia are also common (resulting in difficulties with
speech and swallowing), much less work has been conducted examining these deficits. Key
features of HD dysarthria include a slower and irregular rate of speech, prolonged pauses,
abnormal pitch and prosody, and imprecise articulation of consonants [6-8]. The
communication difficulties characteristic of dysarthria are related to impaired social
functioning, loss of dignity and* independence, and sometime an increase in irritability,
frustration, and depression. Dysphagia in HD is also complex [9]. Complications of
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dysphagia include weight loss and aspiration, which is a major cause of death in individuals
with HD [10; 11]. Thus, both dysarthria and dysphagia may cause substantial disability and
impair health-related quality of life (HRQOL) in individuals with HD.

Despite the morbidity and mortality associated with dysarthria and dysphagia among
individuals with HD, their assessment has been relatively neglected in clinical research; few
studies have analyzed the quality and trajectory of speech and swallowing dysfunction in
HD. For example, the most widely used outcomes instrument in HD clinical trials, the
Unified Huntington Disease Rating Scale (UHDRS) [12], has only a single item for
dysarthria, and none for dysphagia. This is especially problematic since a range of motor
disorders (chorea, incoordination, hypokinesia, and dystonia) can affect a number of
different oropharyngeal structures (lips, jaw, tongue, palate, and pharynx) that are associated
with different speech (respiration, phonation, and articulation) or swallowing (preparatory,
oral, and pharyngeal) difficulties. Cognitive and behavioral challenges, such as frontal-
executive dysfunction, impulsivity, and loss of insight, can also exacerbate these problems.

To date, the influence of bulbar dysfunction on health-related quality of life (HRQOL)
among patients with HD is unclear. In modern medical research, patient reported HRQOL
provides an essential measure of efficacy for new treatments [13]. In HD, there is an urgent
need for more meaningful and sensitive patient reported outcome (PRO) measures that
capture HRQOL experienced by these individuals. New measurement systems have been
developed to sensitively assess HRQOL in individuals with other chronic diseases (e.g., the
Quality of Life for Neurological Disorders [Neuro-QoL] measurement system [14; 15] and
Patient Reported Outcomes Measurement Information System [PROMIS] [16]). These new
systems permit cross-disease comparison, are customizable, and can be administered more
efficiently due to their computer adaptive testing administration format. Yet, these new
measurement systems do not capture bulbar dysfunction. Given the negative effects of HD, a
measurement system which allows for cross disease comparison, customizable domain
assessment/selection, and computer adaptive test administration format are critical to
accurately and efficiently capture the outcomes that matter most to these individuals.

Existing measures of bulbar dysfunction do not assess the impact of bulbar dysfunction on
HRQOL. For example, a recent 11-item scale developed to assess dysphagia in HD [17]
evaluates the presence or absence of dysphagia-related problems such as drooling, nasal
regurgitation, coughing, and choking. However, this scale does not the affect that dysphagia
has on quality of life. Other existing measures designed to capture how bulbar dysfunction
affects HRQOL, such as the SWAL-QOL [18; 19] (developed to assess quality of life in
dysphagia more generally), do not have validation data in in HD. Furthermore, the SWAL-
QOL’s 44 items may be impractical for use in HD where testing burden is especially
problematic. We know of no dysarthria scale specifically developed for HD.

To fill this urgent need, we aimed to develop a battery of quality of life measures,
specifically focused on Huntington disease, the Huntington Disease Health-Related Quality
of Life (HDQLIFE) measurement system [20]. HDQLIFE is designed to capture HRQOL
across several domains including speech and swallowing dysfunction. Other domain
development included chorea and end of life concerns which are highlighted elsewhere [21;
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22]. In addition, we capitalized on the existing measurement system capabilities inherent in
the existing Neuro-QoL/PROMIS measures of HRQOL; therefore, measurement
development followed established PROMIS guidelines [23]. In this report, we describe the
development of new measurement tools to evaluate how speech and swallowing difficulties
affect HRQOL in HD.

We invited individuals with either prodromal or manifest HD to participate in this study.
Participants were included with a clinical diagnosis of manifest or prodromal HD (gene-
positive status for the HD CAG expansion and no clinical diagnosis), and were at least 18
years of age, able to read and understand English, and have the ability to provide informed
consent. Recruitment occurred at several specialized HD treatment centers across the United
States (University of Michigan, University of lowa, University of California-Los Angeles,
Indiana University, Johns Hopkins University, Rutgers University, Struthers Parkinson’s
Center, and Washington University). Participants were also recruited through established
registries, such as the HD Roster, online medical record data capture systems [24], and
established research cohorts, such as the Predict-HD study [25].

HDQLIFE Difficulties with Speech and Swallowing Item Pool—To capture all
possible concerns regarding speech and swallowing difficulties, focus groups were held [26]
and literature reviews were conducted, yielding 102 questions in the initial item pool. An
iterative process comprised of expert review, translatability review, literacy review, and
cognitive interviews with individuals with HD, resulted in a final item pool of n = 47 items.
See Carlozzi et al. [20], for a detailed description of the development of these items and this
iterative process.

The Unified Huntington’s Disease Rating Scales (UHDRS) [12]—Several
measures from the UHDRS were administered to study participants to evaluate overall
functioning in HD. This included the Total Functional Capacity (TFC) scale [27], a 5-item
clinician-rated measure designed to evaluate total functional capacity. Clinical ratings of
functional capacity are provided for occupation, finances, domestic chores, ADLS, and care
level; scores for each item range from 0-3 or 0-4 depending on the number of response
options for each item (e.g., for clinician-rated financial functional capacity, response options
include: unable [0 points], major assistance [1 point], slight assistance [2 points] or normal
functioning[3 points]). The TFC score ranges from 0 to 13 with higher scores indicating
better functioning. TFC scores were used to classify participants with manifest HD as either:
early-stage (sum scores of 7-13) or late-stage (sum scores of 0-6) HD.

Statistical Analyses

Analyses were conducted in accordance with established PROMIS measurement
development guidelines [23].
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The unidimensionality of the difficulties with speech and swallowing item pool was
examined using both exploratory (EFA) and confirmatory factor analyses (CFA). The sample
was randomly assigned to two separate datasets: one for the EFA with PROMAX rotation
and the other for the CFA,; analyses were conducted using MPLUS 6.11 [28]. For EFA, the
numbers of factors were identified based on eigenvalue (criterion: >1), scree plot (criterion:
the number of factors before the break in the scree plot), the amount of variance accounted,
and item factor loadings (criterion > 0.4). A promax rotation was then used to examine the
association among factors by examining their loadings (criterion > 0.4) and inter-factor
correlations. CFA was conducted on the second sample to confirm the factor structure from
EFA. The following criteria were used to assess model fit: a comparative fit index (CFI)
greater than 0.90; Tucker-Lewis index (TLI) greater than 0.90; Root Mean Square Error of
Approximation (RMSEA) less than 0.1; R-square greater than 0.3; and residual correlations
less than 0.2 [29-31].

The Graded Response Model (GRM) [32] that was implemented in IRTPRO [33] was used
to estimate item parameters. IRT-based ordinal logistic regression[34] as implemented in
LORDIF freeware[35] was used to evaluate differential item functioning (DIF). Specifically,
DIF was examined for age (< 50 years vs. >50 years and < 40 years vs. >40 was examined to
ensure that potential bias was due to age and not to the manifestation of clinically significant
symptoms around age 40 in HD), gender, and education (high school graduate or lower vs.
at least some college) to ensure that each item does not unfairly discriminate against
individuals in any one group and to ensure consistency in measurement properties across
groups.

Post hoc CAT simulation was conducted using Firestar CAT simulation software [36]. In this
simulation, Firestar generated respondents with predefined scores on the newly developed
measures. These 10,000 “virtual” respondents were used to estimate scores. The number of
items needed for administration prior to meeting the stopping rules (SE of measurement less
than 3.0, or number of items exceeds 12) was generated. These simulated scores were
compared to the CAT scores based on the administration of all items.

Five hundred seven (507) individuals with prodromal or manifest HD participated in this
study. Of these individuals, 196 individuals had prodromal HD (CAG < 36, but did not yet
have a clinical diagnosis of HD), 193 had early-stage HD (sum scores of 7-13 on the TFC)
and 117 had later-stage HD (sum scores of 0-6 on the TFC). Participants ranged from 18-81
years of age (M =49.01, SD = 13.21) and 59.2% of participants were female. Significant
group differences were seen for age (as symptoms are progressive with age), ~(2, 503) =
47.360, p <.0001, with individuals who were prodromal M = 42.60, SD = 12.04) being
significantly younger than the early-HD group (M = 51.91 SD = 12.41) and the late-HD
group (M =55.07, SD = 11.89). Additionally, the early-HD group was younger than the late-
HD group. Furthermore, groups did not differ on gender, X2 (2, N=506) = 3.193, p=.20.
The majority of participants were Caucasian (96.4%); 2.0% were African American, 1.4%
were classified as “other,” and 0.2% were unknown. Participants’ education ranged from 4
to 26 years (M = 15.06, SD = 2.88). While there were group differences in education, (2,
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501) = 14.781, p <.0001, these differences were small; early- (M = 14.72, SD = 2.78) and
late-HD (M = 14.22, SD = 2.62) had 1 to 1.5 years less education relative to the prodromal
HD group (M = 15.88 years, SD = 2.94).

EFA and CFA Findings

Exploratory Factor Analyses—Four factors had eigenvalues greater than 1; Factor 1
included 23 items that examined speech difficulties, the second factor included 17 items that
reflected swallowing difficulties, the third factor included two items about pureed food and
two items about actions taken with food to avoid choking, and the fourth factor included 4
items about the impact of speech difficulties (see Table 1). For the remaining analyses,
Factors 1 and 4 were combined in a single set to represent Speech Difficulties (27 items). In
addition, all 17 items from Factor 2, Swallowing Difficulties were examined further. Factor
3 was regarded as a spurious factor with limited clinical utility and was comprised of too few
items to warrant further development; thus, this factor was excluded from further
examination.

Confirmatory Factor Analyses—For Speech Difficulties (Factor 1 in EFA results),
acceptable fit indices were found in CFA results: CFI =0.98, TLI =0.98, RMSEA = 0.09,
all RZ > 0.3. All residual correlations were < 0.14. Cronbach’s alpha for this scale was 0.98
and all item-total correlations were > 0.4. For Swallowing Difficulties (factor 2 in EFA
results), acceptable fit indices were also found in CFA results: CFI = 0.98, TLI = 0.98,
RMSEA = 0.11, all RZ > 0.3. A high residual correlation of 0.180 was identified between
items “During the past 7 days | needed help eating.” and “In the past 7 days how often did
you choke?” The study team decided to remove “During the past 7 days | needed help
eating.” from the measure. For the 16 remaining items the fit statistics were good (CFI =
0.99, TLI = 0.98, RMSEA = 0.11, all R? > 0.3) and all residual correlations were < 0.14.
Cronbach’s alpha for this scale was 0.97 and all item-total correlations were > 0.4.

Item response Theory (IRT) Analyses

Speech Difficulties—For Speech Difficulties, the 27 items had slopes ranging from 2.91
to 6.32 and thresholds ranging from —.41 to 2.42 (Table 2). Information was good between
scaled scores of —1.1 and 2.7 (see Figure 1 for the scale information function), and the
marginal reliability was 0.92. S-X2 model fit statistics were examined; all but 9 of the 27
items had adequate or better model fit statistics (p > 0.05). No items demonstrated DIF on
age (<50 vs =50 and <40 vs =40), gender (male vs female), or education (some college and
lower vs college degree and higher).

CAT Simulation: The correlation between the CAT scores and the full item-bank was 0.99,
indicating that CAT scores based on the Speech Difficulties item bank can produce results
that are very similar to those obtained with administration of the entire 27 item set. In
addition, the CAT simulation always used all 27 items in the item bank at —1 SD units; from
-0.1 to +2 SD units, the CAT always used the minimum number of 4 items in the item bank;
and at +3 SD units the CAT used all 27 items in the item bank (Figure 2). Thus, the CAT
simulation indicates that fewer items were needed to estimate scores for individuals with
greater speech difficulties than for individuals with less speech difficulties.
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Using this calibrated measure, a 6-item short form was created based on item calibration
statistics (e.g., slope, item characteristic curves, item information, average item difficulty),
as well as input on clinical characteristics (e.g., items were selected that represent different
clinical components of speech difficulties). Specifically, we balanced the psychometric
considerations with clinical content to ensure representativeness of the items that were
selected for the short form (see bolded items in Table 2).

Scoring of short forms: The IRT-scaled scores (theta) were converted into a standardized
score utilizing a ¢ metric (mean = 50, SD = 10); see Table 3 for a summed score scale
conversion table. Higher scores indicate greater swallowing difficulty; thus, scores = 60
indicate that the individual is functioning more poorly than 68.27% of people with HD and
scores = 70 indicate that the individual is functioning more poorly than 95.45% of
individuals with HD. The short forms scores had a marginal reliability of 0.88.

Swallowing Difficulties—For Swallowing Difficulties, parameter estimates of the 16
items from GRM analysis indicated slopes ranging from 3.06 to 7.11 and thresholds ranging
from 0.11 to 3.00. S-X2 model fit statistics were examined using the IRTFIT macro
program; all but 5 of the 16 items had adequate or better model fit statistics (p > 0.05). We
decided to delete item “/ ate slowly to avoid choking.” due to the poor fit statistics and the
substantial content overlap with another item within the bank (“During the past 7 days | had
to eat slowly to avoid choking.”), resulting in a final set of 15 items. GRM for the remaining
15 items indicated IRT parameter estimates indicated slopes ranging from 3.06 to 7.11 and
thresholds ranging from 0.11 to 3.00 (Table 4). Information was good between scaled scores
of —0.5 and 3.0 (see Figure 3 for the scale information function) and the marginal reliability
was 0.82. No items demonstrated DIF on age, gender, and education.

CAT Simulation: The average number of items administered to 10,000 virtual respondents
by the IRTPRO CAT simulation software was 9.11 (Figure 4). The correlation between the
CAT scores and the full item-bank was 0.99, indicating that CAT based on the Swallowing
Difficulties item bank can produce results that are very similar to those obtained with
administration of the entire 15 item set. In addition, the CAT simulation always used all 15
items in the item bank at =1 SD units; from +0.4 to +2.2 SD units, the CAT always used the
minimum number of 4 items in the item bank; and at +3 SD units the CAT used all 15 items
in the item bank. Thus, the CAT simulation indicates that fewer items were needed to
estimate scores for individuals with greater swallowing difficulties than for individuals with
less swallowing difficulties.

Using the same criteria as “Speech Difficulties,” a 6 item short form was created as
indicated by bolding in Table 4.

Scoring of short forms: The IRT-scaled scores (theta) were converted into a standardized
score utilizing a ¢ metric (mean = 50, SD = 10); see Table 5 for a summed score scale
conversion table. Higher scores indicate greater speech difficulty; thus, scores = 60 indicate
that the individual is functioning more poorly than 68.27% of people with HD and scores =
70 indicate that the individual is functioning more poorly than 95.45% of individuals with
HD.
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Discussion

The purpose of this study was to evaluate the psychometric properties of newly developed
measures of Speech Difficulties and Swallowing Difficulties for patients with HD. Results
supported the development of two new item banks that could be administered as CATSs, as
well as corresponding 6item short forms that evaluate speech and swallowing difficulties:
“Speech Difficulties” and “Swallowing Difficulties.” These measures were developed for
inclusion in the HDQLIFE measurement system, a system designed to capture both the
generic and HD-specific aspects of HRQOL for individuals with HD [20]. The HDQLIFE
includes the first computer adaptive tests that have been developed for use specifically in
HD. The computer adaptive test format for both Speech Difficulties and Swallowing
Difficulties offer many advantages to more standard HRQOL assessment. Test
administration requires that only the most relevant items be administered to an individual,
thus shortening administration time without sacrificing sensitivity/specificity, decreasing
overall test administration burden (which is especially problematic in this population).
Specifically, the CAT performs well (i.e., less than 10 items are administered) for individuals
with Speech Difficulties scale scores between —0.6 and +2.5, and for individuals with
Swallowing Difficulties scale scores between 0.0 and +2.7. As it is not uncommon for a
CAT to require the administration of more items for extreme responders, it is not especially
surprising that the CAT performs well for people that are experiencing difficulties, but
requires substantially more items for individuals that are either not experiencing difficulties
or are experiencing significant difficulties. Specifically, individuals that are functioning in
the top 1% or the bottom 24% for Speech Difficulties would need to take between 11 and 26
items in order to achieve the same precision as those individuals with scale scores between
-0.6 and +2.5. Similarly, individuals that are functioning in the top 1% or the bottom 50%
for Swallowing Difficulties would need to take between 11 and 26 items in order to achieve
the same precision as those individuals with scale scores between 0.0 and +2.7. As these
measures are designed to capture clinical dysfunction, we would recommend setting the
CAT cutoff criterion to the administration of no more than 10 items to ensure an adequate
balance between precision and test burden.

The HDQLIFE Speech Difficulties and Swallowing Difficulties item banks were developed
according to established methodology [23], and meet the established psychometric standards
including being comprised of homogenous item sets (i.e., they are unidimensional), having
excellent reliability, and being devoid of items that are biased against age, gender, or
education. Scores on these new measures also conform to a standard #metric, with a mean of
50 and standard deviation of 10; higher scores indicate greater difficulty. This type of
scoring metric increases the clinical utility of the measure, since scores immediately provide
an estimation of an individual’s functioning relevant to a reference group (in this case, other
individuals with HD). For example, and individual with a score of 60 or greater would
suggest that he/she is functioning more poorly than 68.27% of people with HD, whereas an
individual with scores of 70 or above are functioning more poorly than 95.45% of
individuals with HD. Such scores provide potential cut-points for establishing when
additional clinical follow-up might be warranted. Similarly, such scores will help to
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determine the effectiveness of clinical interventions designed to evaluate speech and/or
swallowing function.

This study has several limitations. Both newly developed measures are more sensitive for
individuals that are more symptomatic (i.e., are experiencing more speech and/or swallowing
difficulties). Thus, more items are needed to estimate scores in individuals where
impairments are subtle or nonexistent. While this characteristic is advantageous for clinical
trials focused on improving dysfunction, it may limit the ability to detect subtle changes
over time for prodromal individuals. Ultimately, longitudinal assessment is needed to
confirm or refute this hypothesis. Furthermore, while simulation data support the sensitivity
of CAT administration, prospective data is needed to confirm the validity of these new
measures. Future work in other HD samples is needed to fully understand both the utility
and the strengths and weaknesses of these measures. In particular, future work is needed to
examine the relationship of these measures to objective speech and swallowing assessments,
as well as other PRO measures of HRQOL and bulbar dysfunction.

Regardless, these new HDQLIFE measures provide an exciting tool to assessing self-
reported bulbar dysfunction in individuals with HD. Furthermore, the relationship of
measurements with more established, but generic measures of HRQOL (i.e., Neuro-QoL and
PROMIS) provide a complementary arsenal of tools that can aid both sensitive, disease-
specific assessment, as well as support cross-disease examination of HRQOL. Together,
these new measures and the larger HDQLIFE system are designed to provide researchers
and clinicians with a comprehensive tool to assess all relevant aspects of HRQOL in
individuals with HD. Furthermore, these measures provide the first comprehensive
assessment of self-reported bulbar dysfunction and their relation to everyday life for use in
individuals with HD. Finally, although these measures have been developed in a
heterogeneous group of individuals with prodromal and manifest HD, these measures may
also have clinical utility in other populations where speech and swallowing difficulties are
prevalent (e.g., stroke, spinal cord injury, traumatic brain injury).
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Figure 1.
Speech Difficulties Test Information Plot

Caption: In general, we want total information to be > 9.0 and standard error to be < 0.33
(this provides a reliability of 0.9). This figure shows excellent total information and standard
error for Speech Difficulties scale scores between —1.1 and +2.7.
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Figure 2.
Speech Difficulties Number of CAT Items by CAT Theta

Caption: This figure shows the number of CAT items used for different scale scores in
standard deviation units (circles represent individual simulated observations): at =1 SD
units, the CAT always used all 27 items in the item bank; from -0.1 to +2.0, the CAT always
used the minimum number of 4 items in the item bank; and at 3 SD units the CAT used all
27 items in the item bank.
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Figure 3.
Swallowing Difficulties Test Information Plot

Caption: In general, we want total information to be > 9.0 and standard error to be < 0.33
(this provides a reliability of 0.9). This figure shows excellent total information and standard
error for Swallowing Difficulties scale scores between —0.3 and +3.0.
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Figure 4.
Swallowing Difficulties Number of CAT Items by CAT Theta

Caption: This figure shows the number of CAT items used for different scale scores in
standard deviation units (circles represent individual simulated observations): at =1 SD
units, the CAT always used all 15 items in the item bank; from +0.4 to +2.2 SD units, the
CAT always used the minimum number of 4 items in the item bank; and at 3 SD units the
CAT used all 15 items in the item bank.
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Difficulty With Speech Short-Form Summed Score to #Score Conversion Table

Table 3

Difficulty With Speech
Summed Score  t Score
6 38
7 44
8 47
9 49
10 50
11 51
12 52
13 54
14 55
15 55
16 56
17 57
18 58
19 59
20 60
21 61
22 61
23 62
24 63
25 64
26 65
27 66
28 68
29 70
30 74

Page 20

Note. This table provides the conversion for HDQLIFE Difficulty with Speech Short Form total raw scores (i.e., summed score) to standardized ¢
scores (with a mean of 50 and SD 10; i.e., £score). Higher scores indicate greater speech difficulty. Scores = 60 indicate that the individual is
functioning more poorly than 68.27% of people with HD and scores = 70 indicate that the individual is functioning more poorly than 95.45% of

individuals with HD.
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Difficulty With Swallowing Short Form Summed Score to #Score Conversion Table

Table 5

Difficulty With Swallowing

Summed Score

t Score

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

41
49
51
53
54
55
56
57
58
59
60
61
62
63
63
64
65
66
67
68
69
71
73
7

Page 22

Note. This table provides the conversion for HDQLIFE Difficulty with Speech Short Form total raw scores (i.e., summed score) to standardized ¢
scores (with a mean of 50 and SD 10; i.e., £score). Higher scores indicate greater swallowing difficulty. Scores = 60 indicate that the individual is
functioning more poorly than 68.27% of people with HD and scores = 70 indicate that the individual is functioning more poorly than 95.45% of

individuals with HD.
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