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Abstract
Background and purpose  Huntington disease (HD) is a progressive neurodegenerative disorder. There are no HD-specific 
measures to assess for end-of-life (EOL) preferences that have been validated for clinical use. The purpose of this study is 
to demonstrate reliability and validity of three HD-specific EOL measures for use in and clinical research settings.
Methods  We examined internal reliability, test–retest reliability, floor and ceiling effects, convergent and discriminant valid-
ity, known groups’ validity, measurement error, and change over time to systematically examine reliability and validity of 
the HDQLIFE EOL measures.
Results  Internal consistency and test–retest reliability were > 0.70. The measures were generally free of floor and ceiling 
effects and measurement error was minimal. Convergent and discriminant validity were consistent with well-known con-
structs in the field. Hypotheses for known groups validity were partially supported (there were generally group differences 
for the EOL planning measures, but not for meaning and purpose or concern with death and dying). Measurement error was 
acceptable and there were minimal changes over time across the EOL measures.
Conclusions  Results support the clinical utility of the HDQLIFE EOL measures in persons with HD.
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Introduction

Huntington disease (HD) is an autosomal dominant pro-
gressive neurodegenerative disorder that impairs physical, 
cognitive, behavioral, and social function. The gene for HD 

(HTT) has been located on the short arm of chromosome 
four and predictive testing for the cytosine–adenosine–gua-
nine (CAG) expansion mutation has been available since 
1993 [1]. Typically, HD is diagnosed around age 40 with a 
clinical course of 15–20 years until death [2, 3]. Persons at 
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risk for or diagnosed with HD typically have several years to 
make end-of-life plans. Knowing the unique features of the 
disease from watching and caring for family members, there 
may be end-of-life preferences specific to this population. 
Individuals at risk for or positive for the HD gene mutation 
have expressed end-of-life concerns that are important to 
quality of life [4]. As with any potentially life-threatening 
condition, persons with HD and their families experience 
a number of different emotions as they struggle with their 
feelings about mortality and end-of-life planning.

Until recently, no HD-specific tools existed to assist per-
sons with HD, their families, and clinicians in identifying 
and addressing end-of-life preferences for persons with HD. 
This research team developed and validated the psychomet-
ric properties of new measures to assess end-of-life (EOL) 
issues in HD. These measures, HDQLIFE Meaning and 
Purpose [5], HDQLIFE Concern with Death and Dying [5], 
and HDQLIFE End of Life Planning [6], were designed as 
part of a larger study to develop measures of HD quality of 
life (HDQLIFE) assessments to be used in clinical care and 
research [4]. These new measures provide a platform for 
collecting data about EOL concerns and preferences and 
may facilitate better understanding of these concerns and 
improve communication between families and providers [7]. 
Yet comprehensive data to support the clinical utility (i.e., 
reliability and validity) of these measures are not yet avail-
able. The 4-item HDQLIFE meaning and purpose [5] and 
the 16-item HDQLIFE concern with death and dying [5] are 
unidimensional; demonstrate good psychometrical proper-
ties; and are devoid of bias for age, gender and education. 
HDQLIFE EOL planning is a 16-item multidimensional 
scale that includes an overall total score and four subscale 
scores: legal planning, financial planning, preferences for 
care, and preferences for death and dying conditions at the 
time of death. Strong marginal reliabilities (i.e., IRT-based 
estimates of reliability) were found for total score and EOL 
planning subscales [6].

Given suggestions that advanced care planning may 
reduce patient and family stress, anxiety, and depression 
[8–10] more data are needed to support their use in the con-
text of clinical care. Reliable and valid clinical measures 
could also be qualified as useful as outcomes for research 
involving HD-related quality of life. The goal of the present 
study was to determine the reliability, validity, and respon-
siveness to change over time of these new HDQLIFE EOL 
measures in persons with premanifest, early- and late-stage 
HD. Specifically, we examined data from study subjects with 
the HD mutation who completed baseline, 12-month, and 
24-month assessments. We hypothesized these EOL meas-
ures would demonstrate sufficient reliability (i.e., internal 
consistency and test–retest reliability), would have minimal 
floor and ceiling effects, and would demonstrate appropriate 
convergent and discriminant validity. Given that no previous 

research has examined EOL preferences over the adult life 
span, we hypothesized these EOL measures would show 
known groups validity to differentiate between HD stages 
at each time point and show change over time.

Methods

Data for these analyses were drawn from the larger 
HDQLIFE study that developed and evaluated health-related 
quality of life (HRQOL) in persons with the autosomal 
dominant HD mutation across the HD spectrum, includ-
ing premanifest, early-stage and late-stage HD (a detailed 
description of this study is provided elsewhere [11]). With 
respect to the current study, 507 participants completed sev-
eral measures of HRQOL at baseline. Of these participants, 
320 (63.1%) also completed the 12-month assessment, and 
256 (50.4%) completed the 24-month assessment. Partici-
pants were recruited from eight HD clinics across the United 
States (Los Angeles, CA; Iowa City, IA; Indianapolis, IN; 
Baltimore, MD; Ann Arbor, MI; Golden Valley, MN; St. 
Louis, MO; Piscataway, NJ), and in conjunction with the 
PREDICT-HD study, a global cohort study with the purpose 
of assessing symptoms of HD in premanifest and early mani-
fest individuals (n = 173 [34.1% participants were recruited 
in collaboration with the PREDICT-HD study [12]). In addi-
tion, several participants (n = 53) were recruited through 
HD-specialized nursing home units (Phoenix, AZ; Tuc-
son, AZ; Minneapolis, MN; Cedar Brook, NJ; New York 
City, NY). Community outreach included assistance from 
the National Research Roster for Huntington’s disease, HD 
support groups, and articles/advertisements in HD-specific 
newsletters and websites. Study eligibility included either a 
positive gene test or a clinical diagnosis (made by a neurolo-
gist, physician, or other medical professional) of HD. Par-
ticipants had to be ≥ 18 years of age, able to read and under-
stand English, and be capable of providing informed consent 
(cognitive status was assessed using a standard assessment 
[13] in cases where there were concerns).

Institutional review board approval was obtained for all 
participating sites (University of Michigan Medical School 
Institutional Review Board, HUM00055669, approved 
02/01/2012; Cleveland Clinic Institutional Review Board, 
IRB 13-460, approved 04/26,/2017; Indiana University 
Institutional Review Board [IRB-01], Protocol 1208009383, 
approved 09/07/2012; Johns Hopkins Medicine Institutional 
Review Board, Study NA_00079341, approved 12/13/2012; 
University of Medicine and Dentistry of New Jersey, sub-
sumed by Rutgers University, Institutional Review Board, 
Study ID Pro2012002196, approved 04/04/2013; Park Nicol-
let Institutional Review Board, Study 04334-13-A, approved 
11/15/2013; University of California San Francisco Insti-
tutional Review Board, IRB 13-10880 Reference 065701, 
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approved 09/04/2013; University of California Los Ange-
les Institutional Review Board, IRB 12-000743, approved 
06/12/2012; University of Iowa Institutional Review Board, 
IRB ID 201301724, approved 01/17/2013; and Washington 
University St. Louis Institutional Review Board, IRB ID 
201206052, approved 08/14/2012). Written informed con-
sent was provided by all participants prior to study enroll-
ment. Each study visit (baseline, 12- and 24-months) lasted 
approximately 2 hours. Visits included an in-person assess-
ment and completion of several self-report measures using 
an online data capture platform [14]. Study participants had 
the option of completing self-report measures online either 
at the time of the visit or at home (within 2 weeks of the ini-
tial study visit). Participants who were unable or unwilling 
to return to the clinic were given the option of completing 
the self-report measures via phone call.

Measures

Sample descriptive data

Demographic information including age, race, ethnicity, 
marital status, and education was collected using Assess-
ment CenterSM. Medical records were obtained for each 
participant to confirm their gene status and to record CAG-
repeat length. For premanifest participants, CAG-Age prod-
uct (CAP) scores were calculated to provide an estimate of 
disease burden; CAP scores were used to classify premani-
fest participants as either low, medium, or high probability 
of conversion to manifest HD within the next 5 years [15].

HDQLIFE measures (HDQLIFE measures are available 
for download, free of charge, at https​://www.hdqli​
fe.com/)

EOL HRQOL

Participants completed three different measures to assess 
self-reported EOL at baseline, 12- and 24-months: 
HDQLIFE Meaning and Purpose [5], HDQLIFE Concern 
with Death and Dying [5], and HDQLIFE EOL Planning 
[16]. HDQLIFE Meaning and Purpose is a 4-item short form 
that assesses the ability to make the most of the time left; 
HDQLIFE Concern with Death and Dying is an item bank 
that assesses thoughts about death and dying; and HDQLIFE 
EOL Planning is a 16-item multidimensional scale that 
assesses different components of end-of-life planning. The 
EOL Planning scale contains four subscales: (1) legal, which 
contains items related to advanced directives, health care 
power of attorney, and living wills, (2) financial care, which 
includes finances for long-term care, estate planning, life 
insurance, and support to make decisions, (3) preferences for 
care, which asks about palliative care, hospice, and nursing 

care, and (4) preferences for death and dying, which contains 
items related to preferences about death, conversations about 
death and dying, funeral arrangements, location of death 
preferences, and resuscitation preference. There is also an 
item pertaining to child care, which is not included in any of 
the subdomains, but does contribute to the total EOL Plan-
ning score.

The Meaning and Purpose short form is scored on a T 
metric (M = 50, SD = 10) relative to an HD population; 
higher scores indicate greater feelings of meaning and pur-
pose. Concern with Death and Dying was administered as 
either a full item bank or as a computer adaptive test (CAT) 
plus short form depending on the study visit. At baseline 
n = 498 completed all of the items in the Concern with Death 
and Dying item bank; at 12-months n = 317 also completed 
all of the items in the bank; at 24-months 48% of the sam-
ple (n = 123) completed all of the items in the bank and 
the remaining 52% of the sample (n = 133) completed this 
measure as a CAT plus short form. Regardless of the format 
of administration, Concern with Death and Dying scores 
is on a T metric (M = 50, SD = 10) relative to a HD popu-
lation; higher scores indicate greater preoccupation with 
thoughts of death and dying. Firestar software [17] was used 
to simulate CAT scores for persons completing all of the 
items in the bank. HDQLIFE EOL Planning is comprised 
of subscales (Legal Planning, Preferences for Care, Death 
and Dying Preferences, and Financial Planning) that can be 
combined into a total score. Subscale and total scores are on 
the same T metric, relative to an HD population.

Other health‑related quality‑of‑life (HRQOL) 
measures

Mental HRQOL

Several measures from the Neuro-QoL [18, 19] and PROMIS 
[20, 21] were included to provide assessments of positive 
and negative affect at baseline, 12- and 24-months. Neuro-
QoL Positive Affect and Well-Being assessed positive mood 
and happiness. PROMIS Anxiety assessed fear, anxiety, and 
nervousness; and PROMIS Depression assessed sadness and 
depressed mood. These three measures are on a T-metric 
score (M = 50; SD = 10), where higher scores indicate more 
of the construct being measured (i.e., scores indicate bet-
ter HRQOL). For the purposes of this study, we examined 
scores from the CAT administrations of these measures.

In addition, the RAND-12 [22] was administered to 
assess physical and mental health at baseline, 12, and 24, 
months. This 12-item questionnaire produces two compo-
nent scores, the Physical Component Score (PCS) and Men-
tal Component Score (MCS), each scored on the T-metric 
(M = 50; SD = 10); higher scores indicate better physical or 
mental health.

https://www.hdqlife.com/
https://www.hdqlife.com/
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Clinician‑rated measures

The Problem Behaviors Assessment-short form [23] (PBAs) 
provided a clinician-rated assessment of behavioral prob-
lems in HD at baseline, 12 and 24 months. Specifically, the 
PBAs [23] includes 11 items designed to assess depression, 
suicidal ideation, anxiety, irritability, aggression, apathy, 
perseverative thinking, obsessive compulsive behaviors, 
delusion, hallucinations, and disorientation. Each item 
includes a clinician rating of severity (range from 0 [symp-
tom absent] to 4 [severe]) and frequency (range from 0 
[never] to 4 [daily]). Scores for each item are calculated 
by multiplying the severity by the frequency score; higher 
scores indicate more behavioral problems. The PBAs also 
includes a total sum score of these 11 items. For this analy-
sis, we examined item-level scores for suicide ideation and 
depression, as well as PBAs total scores.

The Unified Huntington Disease Rating Scale (UHDRS) 
[23] was administered at baseline, 12, and 24 months. For 
this study, the Total Motor Scale (TMS) and Total Func-
tional Capacity (TFC) were used to rate severity of HD 
manifestations. After rating the total motor signs and the 
total functional capacity of each individual, the motor rater 
completed the Diagnostic Confidence Level (DCL), which 
provides a diagnosis of manifest HD. Specifically, the DCL 
item asks how much confidence is there that any abnormali-
ties observed on the neurological TMS were unequivocal 
signs of HD from 0 (normal; no signs) to 4 (> 99% confi-
dence that abnormalities in motor findings are secondary to 
HD). Participants with baseline ratings < 4 were included in 
the premanifest group, whereas those with ratings = 4 were 
included in the manifest HD groups. For the manifest group, 
TFC scores were used to determine HD disease stage. Spe-
cifically, the TFC provides an estimate of participant ability 
to maintain employment, complete finances without help, 
complete chores, complete ADL, and manage their own care 
as opposed to requiring a nursing home; scores range from 
0 to 13 with higher scores reflecting higher functioning. For 
participants with manifest HD, those with baseline scores 
ranging from 7 to 13 were classified as early-stage HD, and 
those with scores less than 7 were classified as late-stage 
HD.

Statistical analyses

All analyses were conducted using SAS 9.4 [24]. Demo-
graphic information for the three HD groups (premanifest, 
early- and late-HD) was compared using one-way Analysis 
of Variance (ANOVA; for continuous outcomes) and Chi-
square analyses (for categorical data; Fisher’s exact test was 
used when cell counts were less than 5 [25]).

Reliability

Cronbach’s alpha (α; minimal acceptable level ≥ 0.70) [26] 
was used to determine internal consistency reliability of all 
HDQLIFE EOL short forms at each time-point; Cronbach’s 
α could not be calculated for the CAT version of Concern 
with Death and Dying, since the test is adaptive (participants 
do not answer the same items). In addition, a small subsam-
ple (n = 24) completed a retest of the EOL measures within 
3 days to determine test–retest reliability using intraclass 
correlation coefficients (ICC) (minimal acceptable level 
specified as ≥ 0.70) [26].

Floor and ceiling effects

Floor and ceiling effects were defined as the percent of par-
ticipants who received the best possible (floor) or worst pos-
sible (ceiling) score for each domain (minimal acceptable 
rates ≤ 20%) [27, 28]. We report floor and ceiling effects for 
the baseline, 12 and 24 month data.

Convergent and discriminant validity

Pearson correlations between the EOL measures and com-
parator measures were used to establish convergent and dis-
criminant validity. We expect the highest correlations among 
similar constructs (convergent validity), and correlations of 
lower magnitude with less similar constructs (discriminant 
validity). Specifically, for HDQLIFE Concern with Death 
and Dying we expect the highest correlations with other self-
reported mental health measures of distress (i.e., PROMIS 
Anxiety and Depression). For HDQLIFE Meaning and Pur-
pose we expected the highest correlation with Neuro-QoL 
Positive Affect and Well-being for HDQLIFE EOL Plan-
ning we expected higher EOL Planning to be associated with 
worse physical health. We consider correlation below 0.20 
to be low and differences between correlation greater than 
0.10 to be clinically relevant.

Known groups validity

At each time point, a one-way ANOVA was used to examine 
whether each HDQLIFE EOL measure could differentiate 
among the five different HD groups (premanifest low bur-
den, premanifest medium burden, premanifest high burden, 
early-stage HD, and late-stage HD). For Concern with Death 
and Dying, we hypothesized that premanifest participants 
with low disease burden should report less concern than 
those who have medium burden, who should report less 
concern than those at high burden, who should report less 
concern than early-stage HD participants, who should report 
less concern than late-stage HD participants [29]. We did 
not expect group differences on Meaning and Purpose. For 



2410	 Journal of Neurology (2019) 266:2406–2422

1 3

EOL Planning, we hypothesized those with late-stage HD 
would be more likely than the other groups to have made 
more plans and preparations for EOL.

Measurement error

Standard error of measurement (SEM), the estimate 
of the maximum difference between observed scores 
and true scores, was used to examine the measure-
ment error for the EOL measures. For this analysis 
SEM = SD ×

√

1 − Cronbach�s alpha [30–32]; baseline 
measurement errors (i.e., SDs) were used for all measures 
except the Concern with Death and Dying CAT where Cron-
bach’s alpha could not be calculated due to the adaptive 
nature of the measure (i.e., participants do not see the same 
items). For easier interpretability, SEMs are presented as 
percentages (SEM divided by the mean of all observations 
across time points, times one-hundred) [33]. SEM percent-
ages less than 10% indicate good measurement error [33, 
34].

Change over time

A linear mixed model (LMM) examined change over time 
for the EOL measures. Each model used restricted estima-
tion of maximum likelihood (REML) with an unstructured 
covariance matrix and a random intercept term to allow for 
differences between participants using all available data. 
Models included time and disease stage as predictors of EOL 
measure scores. Separate models were examined for Con-
cern with Death and Dying, Meaning and Purpose, and EOL 
Planning total score. We hypothesized increases in Concern 
with Death and Dying over time regardless of HD group. 
We did not expect changes in Meaning and Purpose over 
time. Finally, we expected more planning and preparation 
over time for all HD groups (with the largest increases in 
planning for the early-stage group).

Given that establishing and understanding the psycho-
metric performance of a patient-reported outcome measure 
is an ongoing process [35, 36], we consider acceptable sup-
port for the EOL measures would be met if ≥ 75% of results 
concurred with the proposed hypotheses [37].

Results

We examined 507 study participants with premanifest 
(n = 198) and manifest (early-HD n = 200; late-HD n = 109) 
HD; see Table 1 for detailed descriptive data. The premani-
fest group was approximately 9 years younger than the early-
HD group (M = 52.1; SD = 12.3) and 12 years younger than 
the late-HD group (M = 55.0; SD = 12.1; F[2,504] = 41.7; 
p < 0.0001). This was expected given the average age of 

onset and progressive nature of the disease. The sample 
was 59% female, and the groups did not differ on gender 
(χ2

2 = 3.44; p = 0.1794). The sample was primarily white 
(95.7%); however, there were significant differences between 
the groups as the late-HD group had a higher proportion 
of African American participants (7.3%) than the early-
HD (2.0%) and premanifest (0.0%) groups (Fisher’s exact 
p = 0.0002). There were also differences in years of educa-
tion, as the premanifest group (M = 16.0; SD = 2.8) had more 
years than the early-HD (M = 14.7; SD = 2.8) and late-HD 
(M = 14.2; SD = 2.5) groups (F[2, 487] = 18.92; p < 0.0001). 
Group differences were also present in marital status; the 
early-HD group (55.1%) had fewer participants who were 
married than the premanifest (66.7%) and late-HD (61.7%) 
groups (Fisher’s Exact p = 0.0059). Additionally, the late-
HD group (M = 44.6; SD = 7.1) had a higher number of CAG 
repeats than the premanifest (M = 42.2; SD = 3.0) and early-
HD (M = 43.0; SD = 3.7) groups. A large proportion of par-
ticipants (46.2%) in the premanifest group was considered 
high burden, and thus were considered more likely to convert 
to manifest HD within the 5 years after baseline.

Of the 507 participants who completed the baseline 
assessments, 320 (63.1%) completed their 12-month visit 
and 256 (50.4%) completed the 24-month visit. Attrition 
at 24 months was found to be related to HD disease stage 
(χ2

2 = 14.09; p = 0.0009) as those who were late-stage at 
baseline were more likely to drop out of the study. Race 
was also a factor in study retention, as African Americans 
(Fisher’s exact p = 0.0333) were more likely to drop out of 
the study than other races. Other factors that predicted study 
retention were marital status (single and widowed were more 
likely to drop out; χ2

4 = 9.82; p = 0.0435) and having a lower 
CAG repeat length (odds ratio = 0.91; 95% CI 0.86–0.97; 
p = 0.0048).

Reliability

Internal consistency was supported for all scores on the EOL 
measures except the preferences for care subdomain score 
of EOL Planning domain (Table 2). All HDQLIFE EOL 
measures were generally free of floor and ceiling effects 
(Table 2). The pattern of findings was the same at all time-
points. Test–retest reliability met criteria for > 0.70 for all 
HDQLIFE EOL measures (Table 2).

Convergent and discriminant validity

Given that the pattern of correlations was virtually iden-
tical for the baseline, 12-, and 24-month data, we present 
findings for baseline data only. Specifically, the pattern 
of correlations was consistent with the proposed hypoth-
eses supporting convergent and discriminant validity 
for concern with death and dying, meaning and purpose, 
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and EOL planning (see Tables 3, 4, and 5, respectively). 
The highest correlations for HDQLIFE Concern with 
Death and Dying were PROMIS measures of Depression 
(r = 0.59–0.60) and Anxiety (r = 0.56–0.57), the RAND-
12 mental health (r = 0.45–0.47), and Neuro-QoL Posi-
tive Affect and Well-being (r = 0.40–0.44). The best posi-
tive association for HDQLIFE Meaning and Purpose was 
with Neuro-QoL Positive Affect and Well-being (r = 0.63) 
and the highest negative correlations were with PROMIS 
Depression (r = 0.42) and Anxiety (r = 0.35) and the 
RAND-12 mental health (r = 0.37). The highest correlations 
for the EOL subdomain scores were with the EOL Plan-
ning total score (r = 0.68–0.79) and the other subdomains 
(r = 0.31–0.79). Other high correlations with the EOL Plan-
ning total score were HDQLIFE Concern with Death and 
Dying (r = 0.23–27). Highest correlations for EOL Legal 

were the RAND-12 mental and physical health (r = 0.15 
for both measures). Highest correlations for EOL Finan-
cial were HDQLIFE Meaning and Purpose (r = 0.17) and 
RAND-12 mental health (r = 0.16). Highest correlations for 
EOL Care Preferences were HDQLIFE Death and Dying 
short form (r = 0.21) and the RAND-12 physical health 
(r = 0.21). Highest correlations for Death and Dying Prefer-
ences were HDQLIFE Death and Dying CAT and short form 
(r = 0.18–0.23) and RAND-12 physical health (r = 0.17). 
The strongest associations for the PBAs suicide score 
were the HDQLIFE Concern with Death and Dying scores 
(r = 0.27–0.31), whereas correlations with HDQLIFE Mean-
ing and Purpose (r = 0.17), EOL Planning total (r = 0.16) 
and subdomain EOL Death and Dying Preferences (r = 0.15) 
were much lower.  

Table 1   Demographic 
information for the HDQLIFE 
end-of-life (EOL) measures

HD Huntington disease
a Indicates group differences (p < 0.05)
b Disease burden indicates probability of conversion to manifest HD within the next 5 years [15]

Variable Premanifest-
HD (n = 198)

Early-HD (n = 200) Late-HD (n = 109) Combined 
sample 
(n = 507)

Age (years)a

 M (SD) 43.2 (12.2) 52.1 (12.3) 55.0 (12.1) 49.2 (13.1)
Gender (%)
 Female 63.6 54.5 58.7 59.0
 Male 36.4 45.5 41.3 41.0

Race (%)a

 White 97.5 95.5 92.7 95.7
 African American 0.0 2.0 7.3 2.4
 Other 2.0 2.5 0.0 1.8
 Unknown 0.5 0.0 0.0 0.2

Ethnicity (%)
 Not Hispanic or Latino 92.4 93.0 97.3 93.7
 Hispanic or Latino 1.5 4.0 1.8 2.4
 Not provided 6.1 3.0 0.9 3.9

Education (# of years)a

 M (SD) 16.0 (2.8) 14.7 (2.8) 14.2 (2.5) 15.1 (2.8)
Marital status (%)a

 Single, never married 16.2 14.7 11.9 14.6
 Married 66.7 55.1 61.7 61.0
 Separated/divorced 14.1 23.2 22.9 19.6
 Widowed 0.0 3.0 3.7 2.0
 Living with partner 3.0 4.0 0.0 2.8

Disease burden (%)b

 Low 28.1 – – –
 Medium 25.6 – – –
 High 46.2 – – –

CAG repeatsa

 M (SD) 42.2 (3.0) 43.0 (3.7) 44.6 (7.1) 42.8 (4.1)
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Known groups’ validity

We did not identify group differences for concern with death 
and dying or for meaning and purpose (Table 6). For EOL 
planning, there were group differences for EOL Total scores 
(at all three time points), legal planning (at all three time 
points), financial planning (at 12- and 24-months), and pref-
erences for care (at baseline and 12-months), but not for 
death and dying preferences (Table 6).

Measurement error

Measurement error was acceptable for all EOL scores (see 
Table 7).

Change‑over time

There were some unexpected findings with regard to change-
over time on the HDQLIFE EOL measures (Table 8). In 

Table 2   Descriptive data for the HDQLIFE end-of-life (EOL) measures

Cronbach’s α cannot be calculated for CATs, as participants answer variable number of questions
CAT​ computer adaptive test, SF short form
a Test–retest reliability evaluated using the intraclass correlation coefficient (ICC; crterion ≥ 0.70)

Measure n # of items Cronbach’s α % with 
floor 
effects

% with ceil-
ing effects

Mean (SD) Test–retest 
reliabilitya

Baseline visit
 Concern w/Death and Dying
  Computer-adaptive test 498 – – 6.43 0.00 50.08 (9.51) 0.90
  Short form 495 6 0.85 10.30 0.20 49.99 (8.94) 0.88
  Meaning and Purpose SF 504 4 0.86 30.58 0.00 49.88 (9.13) 0.86

 End of Life Planning
  Total score 450 16 0.86 1.11 0.00 48.68 (8.95) 0.97
  Legal Planning subdomain 486 3 0.92 34.40 9.26 49.94 (9.03) 0.97
  Financial Planning subdomain 492 4 0.72 11.59 2.85 49.84 (8.16) 0.88
  Preferences for Care subdomain 491 3 0.63 0.20 33.20 49.98 (7.67) 0.89
  Preferences for Death and Dying subdomain 487 5 0.79 4.93 6.78 50.11 (8.74) 0.92

12-month visit
 Concern w/Death and Dying
  Computer adaptive test 317 – – 5.99 0.00 50.30 (8.88) N/A
  Short form 317 6 0.85 10.73 0.32 49.95 (8.64) N/A
  Meaning and Purpose SF 320 4 0.87 31.03 0.31 49.88 (9.20) N/A

 End of Life Planning
  Total score 302 16 0.87 1.32 0.00 49.63 (9.30) N/A
  Legal Planning subdomain 311 3 0.93 34.41 9.97 50.54 (9.18) N/A
  Financial Planning subdomain 317 4 0.72 11.67 3.79 50.19 (8.15) N/A
  Preferences for Care subdomain 314 3 0.65 0.32 26.43 51.17 (7.69) N/A
  Preferences for Death and Dying subdomain 317 5 0.83 8.52 9.78 50.87 (9.52) N/A

24-month visit
 Concern w/Death and Dying
  Computer adaptive test 256 – – 8.59 0.00 50.59 (9.84) N/A
  Short form 256 6 0.86 12.50 0.00 50.29 (9.23) N/A
  Meaning and Purpose SF 256 4 0.85 26.56 0.39 48.88 (9.25) N/A

 End of Life Planning
  Total score 244 16 0.85 0.82 0.00 49.51 (8.74) N/A
  Legal Planning subdomain 252 3 0.94 34.52 10.32 50.36 (9.27) N/A
  Financial Planning subdomain 253 4 0.69 14.23 3.56 50.36 (8.16) N/A
  Preferences for Care subdomain 250 3 0.62 0.40 27.60 50.32 (7.36) N/A
  Preferences for Death and Dying subdomain 254 5 0.80 4.33 6.30 50.93 (8.59) N/A
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Table 6   Known groups’ validity for the HDQLIFE end-of-life measures

Med medium, CAT​ computer adaptive test, SF short form, EOL end of life
a Low burden differs from medium burden
b Low burden differs from high burden
c Low burden differs from early-HD
d Low burden differs from late-HD
e Medium burden differs from high burden
f Medium burden differs from early-HD
g Medium burden differs from late-HD
h High burden differs from early-HD
i High burden differs from late-HD
j Early-HD differs from late-HD

Premanifest low 
burden M (SD)

Premanifest 
med burden M 
(SD)

Premanifest 
high burden M 
(SD)

Early-HD M (SD) Late-HD M (SD) F value p value

Baseline
 Concern w/Death and Dying 

CAT​
49.17 (8.11) 49.49 (8.12) 49.92 (9.15) 50.48 (9.48) 49.77 (10.91) 0.28 0.89

 Concern w/Death and Dying 
SF

48.09 (7.29) 49.10 (8.07) 49.49 (8.49) 50.44 (8.71) 50.49 (10.42) 1.00 0.40

 Meaning and Purpose SF 48.59 (10.07) 52.12 (8.29) 50.96 (8.64) 50.11 (9.61) 48.47 (8.34) 2.02 0.09
 EOL—Totald,j 45.86 (8.19) 48.33 (7.58) 48.79 (8.36) 48.69 (6.93) 51.32 (10.57) 4.24 0.002
 EOL—Legald,g,i,j 46.43 (8.39) 47.46 (9.19) 49.08 (8.94) 50.04 (8.65) 53.48 (8.95) 7.60 < 0.0001
 EOL—Financial 48.15 (8.20) 51.12 (7.27) 51.63 (7.88) 48.84 (7.84) 50.55 (8.89) 2.89 0.02
 EOL—Preferences for Cared,i 47.22 (6.40) 48.80 (6.71) 48.89 (6.97) 50.31 (7.18) 52.28 (9.31) 5.05 0.0005
 EOL—Preferences for Death 

and Dying
48.77 (7.46) 50.44 (7.34) 49.71 (9.20) 50.21 (8.70) 50.83 (9.62) 0.56 0.70

Month 12
 Concern w/Death and Dying 

CAT​
50.07 (8.13) 50.24 (6.96) 50.03 (7.41) 49.71 (9.53) 51.30 (9.92) 0.34 0.85

 Concern w/Death and Dying 
SF

48.39 (7.37) 49.61 (7.31) 49.16 (6.80) 49.66 (9.39) 51.41 (9.40) 0.90 0.47

 Meaning and Purpose SF 49.17 (9.75) 50.73 (8.87) 51.34 (8.66) 50.08 (9.50) 48.11 (8.56) 1.10 0.36
 EOL—Totalb,d,j 45.47 (8.33) 50.28 (6.71) 51.12 (9.36) 45.93 (8.67) 52.40 (8.45) 5.56 0.0002
 EOL—Legalb,d 46.00 (8.77) 50.33 (8.12) 51.41 (9.14) 50.29 (9.16) 53.84 (9.12) 4.66 0.001
 EOL—Financialh 48.76 (8.25) 51.22 (7.18) 52.86 (7.90) 48.70 (8.10) 51.57 (8.52) 3.66 0.006
 EOL—Preferences for 

Cared,g,i,j
48.22 (6.61) 50.49 (5.59) 50.86 (7.41) 50.69 (7.55) 54.97 (8.38) 5.84 0.0001

 EOL—Preferences for Death 
and Dying

48.23 (6.67) 51.68 (6.52) 51.69 (9.96) 50.22 (10.03) 52.50 (10.75) 1.56 0.18

Month 24
 Concern w/Death and Dying 

CAT​
50.32 (9.16) 51.1 (10.14) 49.11 (6.88) 49.75 (10.13) 52.95 (10.61) 1.17 0.32

 Concern w/Death and Dying 
SF

48.97 (8.08) 50.57 (9.39) 49.47 (6.93) 49.62 (9.58) 52.33 (10.31) 0.94 0.44

 Meaning and Purpose SFi 48.77 (8.52) 47.91 (7.35) 52.05 (8.69) 48.90 (9.93) 46.63 (8.26) 2.36 0.05
 EOL—Totalb,d 46.00 (8.31) 50.61 (8.64) 51.92 (7.88) 51.11 (6.89) 52.50 (10.52) 3.47 0.009
 EOL—Legald 46.83 (8.42) 50.48 (8.59) 52.34 (8.33) 50.47 (9.61) 54.05 (9.10) 3.43 0.009
 EOL—Financialb,h 48.56 (7.90) 51.61 (8.40) 53.78 (7.62) 48.80 (7.93) 51.54 (7.59) 4.64 0.001
 EOL—Preferences for Care 49.00 (5.52) 51.24 (5.70) 49.5 (7.45) 50.24 (7.38) 53.05 (8.89) 2.03 0.09
 EOL—Preferences for Death 

and Dying
48.33 (7.18) 52.06 (7.97) 52.78 (8.86) 51.32 (8.93) 50.69 (9.27) 1.56 0.19
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general, there were minimal changes over time in EOL 
measures. While we expected no change with regard 
to Meaning and Purpose, findings were contrary to our 
hypotheses for Concern with Death and Dying (where we 
expected increases over time), and for most of the EOL Plan-
ning scores (where we expected increases). There were no 
changes over time for any measure of Concern with Death 
and Dying or Meaning and Purpose. Hypotheses were sup-
ported for both manifest HD groups (early- and late-stage 
HD) for the EOL Planning—preferences for care score 
which significantly increased from baseline to 12 months 
(Fig. 1). Change from 12 to 24 months, however, showed 
a significant decrease for both of these groups, which was 
contrary to the proposed hypotheses. The change scores for 
this EOL Planning Preferences for Care measure did not 
differ from baseline to 24 months.

For all measures, well over 75% of supporting analyses 
were consistent with proposed hypotheses [37], supporting 
the clinical utility of these measures in persons with pre-
symptomatic or manifest HD (Table 9).

Discussion

This analysis provides strong psychometric support for the 
reliability and validity of the HDQLIFE EOL measures in 
persons with HD First, a priori criteria were met for internal 
consistency reliability (with the exception of EOL-Planning 
Preferences for Care) and test–retest reliability. In addition, 
the majority of the EOL measures were devoid of floor 
and ceiling effects; exceptions were small floor effects for 
Meaning and Purpose and EOL-Planning—Legal Planning 
subdomain and a small ceiling effect for EOL-Planning—
Preferences for Care subdomain. Measurement error was 
also within acceptable limits for all of the EOL measures.

There was also strong support for convergent and discri-
minant validity for the EOL measures; the only exception 

was that Meaning and Purpose had less robust correlations 
with clinician-rated suicidality and depression. While this 
finding was somewhat unexpected, it is consistent with 
literature suggesting that clinicians underestimate patient-
reported positive affect [36].

Findings for known groups validity and change-over time 
were generally consistent with pre-study hypotheses. The 
results were consistent with hypotheses for Meaning and 
Purpose, EOL Planning Total score, and three of the four 
subdomain scores for EOL-Planning, but not for Concern 
with Death and Dying. Although some findings were incon-
sistent with our hypotheses, literature in other clinical popu-
lations indicates that declines in positive affect can be subtle 
(and may be mediated by perceptions of control [38–41]. 
Positive affect and well-being typically remains stable until 
~ 5.6 years prior to death [40]. Thus, we may not expect 
differences between premanifest and early-HD participants. 
Sample size and drop outs may also have limited the power 
of this analysis in late-stage HD participants within 5 years 
of the end-of-life. Our data suggest that EOL planning may 
be relatively stable [42–44] precluding group differences on 
this measure.

We did not anticipate change-over time for Meaning and 
Purpose, but did expect increased EOL Planning and Con-
cern with Death and Dying, which we did not find. Despite 
some exceptions to this (i.e., EOL Planning Preference for 
Care had increases from baseline to 12 month followed by 
decreases from 12 to 24 months) the change from baseline to 
24 months was not significant for any measure. Although we 
hypothesized increased death-related anxiety, the absence 
of this effect may reflect a “cancelling out” of increasing 
concerns about death and dying in persons with terminal 
conditions [45, 46], relative to age-related declines in death 
anxiety that are typically observed in the general population 
[47–50]. The finding that depression and anxiety tend to 
be relatively stable across the HD disease spectrum would 
further support this premise [51]. In addition, the loss of 

Table 7   Measurement error: 
standard error of measurement 
(SEM)

SF short form
a Participants without kids or who had adult offspring answered ‘N/A’ on a question regarding child care 
planning, therefore, scores could not be calculated
b d average change score from baseline to 12-month visit

Measure d (95% CI)b SEM SEM %

Concern w/Death and Dying SF 0.51 (− 0.25, 1.28) 3.42 6.83
Meaning and Purpose SF − 0.28 (− 1.07, 0.51) 3.37 6.79
End of Life Planning
 Total scorea 1.69 (0.46, 2.92) 3.35 6.88
 Legal Planning subdomain 0.78 (0.11, 1.45) 2.51 5.01
 Financial Planning subdomain 0.29 (− 0.38, 0.96) 4.63 9.25
 Preferences for Care subdomain 1.20 (0.50, 1.90) 4.82 9.55
 Preferences for Death and Dying subdomain 0.42 (− 0.40, 1.24) 4.14 8.20
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motivation that is associated with increases in apathy that 
are typically seen over the disease course [51, 52] might fur-
ther contribute to this “cancelling out” of increased concerns 
about death and dying that is borne out in the study results. 
Also, given that some literature has suggested the stability 
of EOL preferences [42–44], the absence of changes in EOL 

Planning in this study (especially in the absence of an inter-
vention targeting EOL planning) may validate other research 
and demonstrate, for the first time, that EOL Planning for 
HD is relatively stable over the disease course. In addition, 
since HD progresses over a long period of time, changes in 

Table 8   Change-over time for 
HDQLIFE end-of-life measures

* p < 0.005

HDQLIFE measure Least squared mean change

Baseline to 12 months’
mean (SE)

12–24 months’
mean (SE)

Baseline to 24 months’
mean (SE)

Concern with Death and Dying CAT​
 Premanifest − 0.08 (0.72) 0.30 (0.86) 0.22 (0.81)
 Early 0.59 (0.49) − 0.06 (0.56) 0.53 (0.53)
 Late 1.27 (0.89) − 0.42 (0.95) 0.85 (0.91)
 Overall 0.51 (0.48) − 0.02 (0.55) 0.49 (0.53)

Concern with Death and Dying SF
 Premanifest − 0.40 (0.64) 0.71 (0.76) 0.31 (0.71)
 Early 0.38 (0.43) − 0.06 (0.49) 0.32 (0.47)
 Late 1.16 (0.79) − 0.84 (0.84) 0.32 (0.81)
 Overall 0.28 (0.42) 0.04 (0.49) 0.32 (0.47)

Meaning and Purpose SF
 Premanifest − 0.09 (0.65) − 0.68 (0.78) − 0.77 (0.73)
 Early − 0.04 (0.44) − 0.83 (0.50) − 0.87 (0.48)
 Late 0.01 (0.81) − 0.98 (0.86) − 0.97 (0.83)
 Overall − 0.05 (0.43) − 0.81 (0.50) − 0.86 (0.48)

EOL—Planning total
 Premanifest 0.62 (0.53) 0.20 (0.62) 0.82 (0.59)
 Early 0.71 (0.37) − 0.38 (0.41) 0.32 (0.40)
 Late 0.79 (0.67) − 0.98 (0.71) − 0.18 (0.70)
 Overall − 0.69 (0.36) − 0.30 (0.40) 0.39 (0.40)

EOL—Legal Planning
 Premanifest 0.85 (0.50) 0.13 (0.59) 0.98 (0.56)
 Early 0.46 (0.35) − 0.10 (0.39) 0.36 (0.39)
 Late 0.06 (0.63) − 0.33 (0.66) − 0.27 (0.65)
 Overall 0.51 (0.34) − 0.07 (0.38) 0.44 (0.37)

EOL—Financial Planning
 Premanifest 0.25 (0.55) − 0.11 (0.65) 0.15 (0.62)
 Early 0.34 (0.37) 0.11 (0.42) 0.45 (0.41)
 Late 0.43 (0.68) 0.33 (0.73) 0.75 (0.71)
 Overall 0.33 (0.37) 0.08 (0.42) 0.41 (0.41)

EOL—Preferences for Care
 Premanifest 0.99 (0.56) − 0.14 (0.66) 0.85 (0.62)
 Early 1.23 (0.38)* − 1.41 (0.43)* − 0.18 (0.41)
 Late 1.48 (0.69)* − 2.68 (0.74)* − 1.21 (0.71)
 Overall 1.20 (0.37)* − 1.24 (0.43)* − 0.04 (0.41)

EOL—Preferences for Death and Dying
 Premanifest 0.31 (0.62) 0.41 (0.73) 0.72 (0.70)
 Early 0.56 (0.43) − 0.05 (0.48) 0.51 (0.46)
 Late 0.82 (0.77) 0.52 (0.82) 0.30 (0.79)
 Overall 0.53 (0.42) 0.01 (0.48) 0.54 (0.46)
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EOL attitudes and planning might be more detectable over 
time periods greater than 24 months.

There were some limitations to this study. First, as men-
tioned above, individuals with more advanced disease and 
those with higher CAG repeats [53] (which is indicative of 
more disease burden [54]), were more likely to drop out of 
the study, potentially making it more difficult to detect subtle 
change-over time in EOL concerns. Within the premanifest 
group, a large proportion of the sample had high disease 

burden (46.2%) and thus were closer in time to converting 
to manifest HD; therefore, group differences may be more 
prevalent between persons with manifest HD compared with 
individuals who are further from phenoconversion and who 
have not yet experienced early symptoms (i.e., behavioral or 
cognitive changes). Furthermore, given low proportion of 
racial and ethnic minorities in this sample, and higher rates 
of participants with high educational levels, it is unclear 
how findings might generalize to racial/ethnic minorities 

Fig. 1   Change over time for 
HDQLIFE EOL measures
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and individuals with lower educational attainment. We also 
did not examine other factors in these analyses that could 
account for some of the findings. For example, marital status 
and gender may impact EOL plans [55].

In summary, findings from this study support the clini-
cal utility of the HDQLIFE EOL measures in persons with 
HD. The existing literature indicates that persons with HD 
do not engage their providers in discussions about EOL [7] 
and suggests that discussions about this can reduce family 
stress, anxiety, and depression [8–10]. These new assess-
ment tools might be used to capture patient preferences 
about EOL. Ultimately, these types of PROs may help foster 
conversations between patients and providers on this difficult 
topic area. These measures would also be useful in clinical 
research targeting interventions to impact quality of life and 
promote EOL planning in the HD population.
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