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ABSTRACT

Introduction: Chorea is characterized by sud-
den, involuntary movements that interfere with
quality of life (QOL). Utility values measure
preferences for different health states and reflect
societal perceived disease severity. To date, no
studies have reported utility values specifically
for Huntington’s disease (HD) chorea. We esti-
mated impact on QOL of HD chorea severity
using utility values from the general
population.
Methods: Participants were enrolled using
computer-assisted telephone interviews. Partic-
ipants read vignettes describing four health
states for varying levels of chorea severity, with

the same underlying HD severity. Time trade-off
(TTO) methods were used to estimate utility
values, which range from -1 (worse than death)
to ?1 (perfect health) and represent the number
of years in an imperfect health state an indi-
vidual is willing to give up to live in full health.
TTO utilities were augmented with visual ana-
log scale (VAS) participant responses. The pri-
mary outcome was HD chorea utility estimated
by TTO.
Results: Mean ± SD TTO-derived utility values
were 0.07 ± 0.52, 0.26 ± 0.50, 0.48 ± 0.47, and
0.64 ± 0.41 for severe, moderate/severe, mod-
erate/mild, and mild chorea severity, respec-
tively. Differences between each health state
and its adjacent less severe health state were
statistically significant (all P\ 0.0001).
Respondents were willing to give up 3.6, 5.2,
7.4, and 9.3 years during a 10-year life span to
avoid living with mild, mild/moderate, moder-
ate/severe, and severe chorea, respectively. VAS
and TTO results were consistent.
Conclusions: Significant decreases in utility
values were seen as HD chorea severity
increased. These data can be leveraged for cost-
effectiveness modeling to better understand the
value of treatments for chorea.
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Key Summary Points

Why carry out this study?

Patients with Huntington’s disease (HD)
often experience abnormal involuntary
movements, or chorea, which can
interfere with daily functioning and
impair quality of life.

This study examined the impact of HD
chorea severity on quality of life using
utility values estimated from the general
population.

What was learned from this study?

Survey respondents were able to recognize
that chorea negatively affects patients
with HD, with greater impact seen in
patients with more severe chorea.

The utility values that were determined in
this study may be beneficial for decision
makers to quantify the impact of
symptoms and potential benefits of
treatments specifically for chorea
associated with HD.

INTRODUCTION

Huntington’s disease (HD) is a hereditary neu-
rodegenerative disorder that typically manifests
in adulthood and is characterized by motor,
cognitive, and psychiatric symptoms [1, 2]. The
prevalence of HD varies across different regions,
with higher rates in Western countries
(10.6–13.7 per 100,000 population) and lower
rates in Asian countries (0.4 per 100,000 popu-
lation) [1, 3–5]. Over the course of the disease,
approximately 90% of patients will present with
chorea, a prominent motor symptom of HD [3].
Chorea associated with HD is characterized by
sudden, involuntary movements that can affect
any muscle and can interfere with daily func-
tioning, as well as increase the risk of injury [3].
Thus, HD can significantly affect quality of life

(QOL), with fear of falling, loss of indepen-
dence, and impact on family life being the key
concerns among patients with HD and chorea
associated with HD [6, 7].

Currently, there is no cure for HD and dis-
ease management focuses on controlling the
triad of progressive symptoms. Two drug ther-
apies, tetrabenazine and deutetrabenazine, are
approved by the US Food and Drug Adminis-
tration for the treatment of chorea associated
with HD [8, 9]. These medications reduce the
severity of chorea symptoms and improve
patients’ QOL, but do not cure the cause of the
involuntary movements [8, 9].

Utility values provide insight on the impact
of disease states on QOL by measuring the
preferences for different health states. There are
several methods for estimating utility values,
including time trade-off (TTO) and standard
gamble (SG). The TTO method has been widely
used to measure utilities for health states and
has been shown to have less total bias than
methods such as SG [10–13]. Moreover, SG is
associated with significant cognitive burden
and has been shown to overestimate utilities
[10–12].

Several existing studies examine the utility of
different stages of HD [14–16]; however, no
studies to date have reported utility values
specifically for HD chorea or measured the
decreased QOL experienced by patients with
HD due to chorea. This study aims to address
the gap in literature by estimating the utility of
several health states related to chorea associated
with HD using the TTO method, while consid-
ering important factors mediating QOL.

METHODS

Study Design and Population

This study used a one-time computer-assisted
telephone interview (CATI) to estimate utilities
for health states of chorea associated with HD
from the societal perspective in the USA. Health
states described varying levels of chorea severity
with the same underlying HD severity (Table 1).
Participants were shown written vignettes
depicting the four health states of chorea
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(i.e., mild, mild/moderate, moderate/severe,
severe). Each vignette described a different
health state of chorea, with the same underly-
ing HD severity, based on movement symptoms
and the QOL associated with the health state
(Table S1 in the Supplementary Material). To
ensure that vignettes provided accurate and
comprehensive descriptions of health states,
feedback was obtained from four external
physicians via one-on-one telephone inter-
views. Eligible external physicians were licensed
neurologists in the USA who have treated
patients with HD for at least 5 years and have
treated at least five patients with HD over the
past 12 months. After reading the vignette for a
particular health state, participants answered a
series of TTO questions to assess their perceived
utility of the health state (see Supplementary
Appendix in the Supplementary Material for the
TTO data collection procedure). Each partici-
pant completed a training task and practice task
prior to evaluating the four health states to
ensure that they understood the concept of
TTO.

The source population consisted of the gen-
eral US public. Participants were recruited by
SurveyEngine via an online panel. Individuals
willing to participate responded to an initial
online survey that verified eligibility according
to the inclusion criteria. Eligible participants
were aged at least 18 years without a diagnosis
of HD and able to speak and read English. If
participants were deemed eligible, informed
consent was collected prior to proceeding onto
the main survey questions and scheduling a

CATI. The survey terminated if informed con-
sent was not provided.

Outcomes and Analyses

Participant demographic characteristics were
collected during the initial online survey. The
primary outcome was utilities estimated from
the TTO. TTO questions were illustrated using
visual aids (Fig. S1 in the Supplementary Mate-
rial), and participants were randomly assigned
to see the health states in one of two orders,
either from most severe chorea to least severe or
from least severe to most severe chorea. Utility
values for TTO range from -1 (worse than
death) to ?1 (perfect health), with the smallest
difference being 0.05. TTO utilities were vali-
dated using utilities obtained from the visual
analog scale (VAS), which ranges from 0 (worst
imaginable health) to 100 (best imaginable
health).

Participant characteristics, including age,
sex, race, region, education, employment,
income, comorbidities, familiarity with HD,
and general health status, were summarized
descriptively.

VAS ratings were divided by 100 to obtain
utility values (rescaled 0–1). Utility values for
TTO were calculated on the basis of responses
and summarized across participants separately
for each health state. VAS and TTO ratings were
assessed by testing results for logical errors.
Logical errors were defined as a participant rat-
ing a more severe health state (e.g., HD with
severe chorea) as better than a less severe health

Table 1 Health states of chorea

Health state Description

Severe chorea Movements of arms, legs, torso, and face all the time; fall frequently; cannot sit still in a chair; fall out

of bed; need help with all daily activities; cannot drive or work

Moderate/severe

chorea

Movements of arms, legs, torso, and face very often; fall often; can sit still in a chair; do not fall out of

bed; need help with most of daily activities; cannot drive or work

Mild/moderate

chorea

Movements of arms and legs often and torso and eyebrows occasionally; fall occasionally; need help

with some of daily activities; can drive and work with restrictions/accommodation

Mild chorea Movements of arms and legs occasionally; lose balance occasionally but do not fall; may need help

with only a few daily activities; can drive and work without restrictions
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state (e.g., HD with moderate/severe chorea). To
avoid response bias, all ratings by any partici-
pant with logical errors were censored from the
primary analyses. Sensitivity analyses were
conducted by only removing answers with log-
ical errors, while retaining participants’ logical
answers, and by keeping all answers from all
participants to assess the impact of removing
logical errors on utility values.

For the primary analysis, statistical compar-
isons were conducted for adjacent health states
(e.g., comparing the utility of HD with severe
chorea to the utility of HDwithmoderate/severe
chorea) using paired t tests with P values. To
examine the potential ordering effect on the
ratings, utility values from participants ran-
domly assigned to see health states in each order
(i.e., from most severe to least severe, and from
least severe to most severe) were analyzed sepa-
rately. The utilities for each health state were
compared between the two orderings using two-
sample t tests, and P values were calculated.

Compliance with Ethics Guidelines

The interview guide and survey instrument were
approved by the Western Institutional Review
Board (1-1308175-1). This study was performed
in accordancewith theDeclaration ofHelsinki of
1964 and its later amendments. Eligible respon-
dents provided informed consent to participate.
Each individual’s consent to participate in the
study was collected at the end of the informed
consent and the responses were recorded in the
survey database. The survey terminated if indi-
viduals indicated that they were not willing to
participate. Individuals who provided consent
moved to the main survey questions and were
scheduled for a CATI. Only individuals who
completed the full survey and the CATI received
compensation for participation.

RESULTS

Participant Characteristics

Overall, 205 participants took the study survey,
with 50 respondents excluded from this analysis

because of logical errors in their responses. The
remaining 155 participants provided valid
responses to all TTO and VAS questions. The
mean (standard deviation [SD]) age was 47 (18)
years and 51.6% were female (Table 2). Overall,
36.8% of participants reported no comorbidi-
ties. Among participants with a comorbidity,
the most common conditions were depression
(24.5%) and hypertension (23.2%). According
to participant responses, mean (SD) current
health status was 0.79 (0.16), for which a score
of 1 represents best imaginable health.

Utility Values

Utility increments from a more severe health
state to its adjacent less severe health state
ranged from 0.16 to 0.22 and were all statisti-
cally significant (Table 3; P\0.0001 for each
comparison). The distribution of TTO responses
for each health state are shown in Fig. S2 in the
Supplementary Material. According to utility
values, participants were willing to give up 9.3,
7.4, 5.2, and 3.6 years during a 10-year life span
to avoid living with severe, moderate/severe,
moderate/mild, and mild chorea, respectively
(Fig. 1).

VAS utility increments from a more severe to
less severe chorea health state ranged from 0.12
to 0.15, depending on the severity of chorea.
Differences between each health state and its
adjacent health states were found to be signifi-
cant (P\0.0001 for each comparison).

Sensitivity analyses showed that excluding
illogical participant responses did not signifi-
cantly alter TTO or VAS responses (Table S2 in
the Supplementary Material). For TTO utilities,
no ordering effect was found in any of the
health states (P[ 0.3 for all health states);
however, participants who saw health states
from most to least severe had significantly
higher VAS scores for all chorea health states
compared to participants who saw health states
from least to most severe (P\0.05 for all health
states; Table S3 in the Supplementary Material).
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Table 2 Participant characteristics

Participants (n = 155)

Age at survey date (years), mean (SD) 47 (18)

Sex, male, n (%) 75 (48.4)

Race, n (%)

White or Caucasian 117 (75.5)

Black or African American 12 (7.7)

Asian 14 (9.0)

Multiracial 4 (2.6)

Othera 8 (5.2)

Region of residence, n (%)

Northeast 44 (28.4)

Midwest 31 (20.0)

South 58 (37.4)

West 21 (13.5)

Employment status, n (%)

Full time 62 (40.0)

Part time 6 (3.9)

Retired 32 (20.6)

Self-employed/homemaker 23 (14.8)

Unemployed 14 (9.0)

Disabled 8 (5.2)

Student 10 (6.5)

Total annual household income before taxes, n (%)

\ $20,000 17 (11.0)

$20,000–34,999 27 (17.4)

$35,000–49,999 18 (11.6)

$50,000–74,999 39 (25.2)

$75,000–99,999 18 (11.6)

$100,000–149,999 25 (16.1)

$150,000–199,999 9 (5.8)

C $200,000 2 (1.3)

Highest education level, n (%)

Less than high school 1 (0.6)

High school degree or equivalent (e.g., GED) 20 (12.9)
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DISCUSSION

Although several studies have examined the
utility of different stages of HD [14–16], none
have focused specifically on chorea or measured
the decreases in QOL due to chorea among
patients with HD. By incorporating non-chorea
HD symptoms into the vignettes and keeping
these symptoms constant across the four health
states, we were able to isolate and analyze utility
specifically associated with chorea. This study
found significant decreases in utility as the
severity of chorea worsened, with the utility
increment from a more severe health state to its
adjacent less severe health state ranging from

0.16 to 0.22 based on responses to TTO ques-
tions. These findings suggest that participants
were willing to give up 1.6 to 2.2 years during a
10-year life span to avoid living with more
severe chorea. Although HD chorea is known to
affect patient QOL, it is difficult to compare our
findings with previous literature because most
studies were focused on HD overall. However, in
a previous study that elicited utility values for
HD overall using the 36-item Short Form Health
Survey (SF-36) [16], higher utility values were
reported compared with the utilities estimated
in this study. The previous study reported val-
ues of 0.39 (after conversion to a 0–1 scale) for
the two most severe stages of HD combined

Table 2 continued

Participants (n = 155)

Some college or associate’s degree 51 (32.9)

Bachelor’s degree/college graduate 57 (36.8)

Advanced degree 26 (16.8)

Most common comorbidities (C 10%), n (%)

None 57 (36.8)

Depression 38 (24.5)

Hypertension 36 (23.2)

Diabetes 21 (13.5)

Obesity 20 (12.9)

Asthma 17 (11.0)

Cancer 16 (10.3)

Otherb 17 (11.0)

Participants’ current health (VAS), mean (SD) 0.79 (0.16)

Familiarity with HD,c n (%) n = 98

Never heard of it 14 (14.3)

A little bit (e.g., I’ve heard of it, but don’t know much about it) 54 (55.1)

Somewhat (e.g., I’ve heard/read about it and know something about it) 25 (25.5)

Very (e.g., I’ve studied it and/or personally know somebody with HD) 5 (5.1)

GED general educational development, HD Huntington’s disease, SD standard deviation,
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compared to 0.07 for the most severe chorea
health state in the current study [16]. Potential
reasons for this difference include self-reporting
limitations and varying severities of each health
state across the two studies. Results from this
study were consistent with those observed in
utility studies for other severe movement dis-
orders, such as Parkinson’s disease [17–19]. For
example, in one study, the utility for the most
severe health state in Parkinson’s disease ranged
from -0.13 to 0.13 [17]. This utility estimate is
consistent with the utility associated with the
most severe chorea health states in the current
study (i.e., mean TTO utility = 0.07).

Estimated utility values from the current
study reflect the impact of chorea on both
motor function and QOL, leading to more
accurate estimates of the values of chorea asso-
ciated with HD. Additionally, this study used
the TTO method rather than the SG method to
elicit utility values. Although SG is grounded in

Table 3 TTO and VAS utility values for the primary
analysis (n = 155)

Severity of chorea Utility values, mean (SD)

TTO VAS P valuea

Severe 0.07 (0.52) 0.19 (0.17) \ 0.0001

Moderate/severe 0.26 (0.50) 0.32 (0.19) \ 0.0001

Moderate/mild 0.48 (0.47) 0.47 (0.20) \ 0.0001

Mild 0.64 (0.41) 0.59 (0.20) \ 0.0001

Participants who demonstrated a misunderstanding of the
chorea health states by rating a more severe chorea health
state better than a less severe chorea health state in the
TTO were removed from the sample
SD standard deviation, TTO time trade-off, VAS visual
analog scale
aP values were obtained from paired t tests comparing each
health state to the next less-severe health state

Fig. 1 Time trade-off (TTO) results for the primary
analysis (n = 155). Participants who demonstrated a
misunderstanding of the chorea health states by rating a

more severe chorea health state better than a less severe
chorea health state in the TTO were removed from the
sample
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expected utility theory, it is associated with
significant cognitive burden because respon-
dents may have difficulty interpreting and
assessing probabilities [20]. TTO has become the
more commonly used method in recent years
because it has been shown to be associated with
less total bias than SG [11].

This study has some limitations to consider.
First, previous studies have evaluatedHDoverall,
limiting the comparability of results from this
study, which focused on chorea associated with
HD. One important limitation of TTO analyses is
that respondents frequently find TTO surveys
cognitively burdensome, and thus may have
difficulty providing logical and accurate respon-
ses to survey questions [21]. Here, we have taken
this effect into account by performing a sensi-
tivity analysis, comparing results with illogical
answers included to those with illogical answers
excluded; no significant differences were
observed (Table S2 in the Supplementary Mate-
rial). Additionally, there may have been dis-
crepancies between participants’ understanding
of the health states and patients’ real-life expe-
riences despite physicians providing feedback on
the vignettes, which informed participants from
the general population about health states.
Lastly, the current study only included four
health states and was not able to assess utility
values for all potential HD chorea symptoms and
levels of severity. Importantly, HD chorea
symptoms may vary greatly among individuals;
thus, it is difficult to capture the full range of
experiences of those with HD chorea.

CONCLUSIONS

In this survey-based study with participants
representative of the US general population,
significant decreases in utility values were seen
as severity of chorea associated with HD wors-
ened. These findings suggest that participants
recognize the negative impact of HD chorea on
daily functioning and QOL. The utility values
obtained from this study may assist in estimat-
ing the impact of chorea and the benefit of
treatment in patients with HD and can be
leveraged by decision makers for future cost-ef-
fectiveness analyses.
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