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Abstract
Background  Huntington disease is a fatal inherited neurodegenerative disease. Because the end result of Huntington disease 
is death due to Huntington disease-related causes, there is a need for better understanding and caring for individuals at their 
end of life.
Aim  The purpose of this study was to develop a new measure to evaluate end of life planning.
Design  We conducted qualitative focus groups, solicited expert input, and completed a literature review to develop a 16-item 
measure to evaluate important aspects of end of life planning for Huntington disease. Item response theory and differential 
item functioning analyses were utilized to examine the psychometric properties of items; exploratory factor analysis was 
used to establish meaningful subscales.
Participants  Participants included 508 individuals with pre-manifest or manifest Huntington disease.
Results  Item response theory supported the retention of all 16 items on the huntington disease quality of life (“HDQLIFE”) 
end of life planning measure. Exploratory factor analysis supported a four-factor structure: legal planning, financial planning, 
preferences for hospice care, and preferences for conditions (locations, surroundings, etc.) at the time of death. Although 
a handful of items exhibited some evidence of differential item functioning, these items were retained due to their relevant 
clinical content. The final 16-item scale includes an overall total score and four subscale scores that reflect the different end 
of life planning constructs.
Conclusions  The 16-item HDQLIFE end of life planning measure demonstrates adequate psychometric properties; it may 
be a useful tool for clinicians to clarify patients’ preferences about end of life care.
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Introduction

Individuals with an expansion mutation in the huntingtin 
gene will eventually develop clinically significant symp-
toms of Huntington disease (HD), with average age of onset 
around 40 years. HD causes insidious and progressive motor, 
behavior and cognitive decline. As the typical course ranges 
from 15 to 20 years after diagnosis until death due to HD-
related causes, it is important for individuals with HD and 
their families to plan for end of life care, and for physicians 
to understand late-stage HD well enough to provide effective 
counseling to these families [1]. Unfortunately, few studies 
have focused on end of life (EOL) in HD. Talking about EOL 
and death and dying can be uncomfortable for the patient, 
the family, and the clinician; [2] research suggests that indi-
viduals with HD often do not discuss their EOL thoughts or 
wishes with physicians [3]. Many physicians neglect to initi-
ate and even avoid these discussions, despite data suggest-
ing that they recognize the importance of discussing EOL 
options with all patients, particularly those with a terminal 
disease [4, 5]. Furthermore, hospice care is underutilized 
in individuals with HD and those that are engaged in these 
programs are enrolled longer than other clinical groups and 
tend to die in a long-term care facility rather than at home 
(this is regardless of an emphasis for hospice care to enable 
patients to die at home) [6]. Improving the dialogue between 
patients and physicians about EOL should be an essential 
component for caring treatment of these patients [3]. To this 
end, a brief assessment tool with patient-reported EOL pref-
erences and planning may provide an avenue for physicians, 
social workers, nursing and palliative care staff, and patients 
to initiate these difficult conversations.

Position papers and guidelines for clinical care at the 
EOL constitute the bulk of the published literature on EOL 
in HD [5, 7–10]. Papers that address the quality of EOL 
care focus on the important issue of family-reported satis-
faction [11], but do not consider the patient’s perspective. A 
few studies have gathered patient data about EOL concerns 
but only as a secondary focus rather than a primary aim [3, 
12–14]. These few studies provide evidence that EOL issues 
contribute to health-related quality of life [12, 13]. Not sur-
prisingly, the few studies that focused solely on EOL in HD 
reported that preferences for EOL care and planning varied 
widely. Some individuals had clear preferences about EOL 
and took steps to articulate these preferences in the form of 
advance directives and euthanasia. Others had only general 
ideas, particularly about circumstances to avoid, but may not 
have made these desires known to others. Finally, some may 
be unable to articulate clear preferences [3, 14].

Further, while concerns have been raised about advanced 
care planning and associated increases in anxiety [15], this 
has not been addressed in research. Specifically, there is 

research in the general aging population [16] as well as in 
patients with cancer [17, 18] to suggest that advance care 
planning may reduce family stress, anxiety, and depression. 
Furthermore, a detailed systematic review of advance care 
planning across clinical populations reported that advance 
care planning either did not change or improved quality of 
life (i.e., no evidence suggested that advance care planning 
diminished HRQOL) [19]. Therefore, articulating end of life 
preferences likely has a positive downstream effect on the 
health-related quality of life (HRQOL) for individuals with 
HD and their families.

Thus, the purpose of this study was to develop a new 
measure to evaluate EOL preferences for individuals with 
HD. The state-of-the-science approach to the development 
and validation of this measure will ultimately improve EOL 
care for individuals with HD.

Methods

Individuals with pre-manifest (i.e., those with the CAG 
expansion for HD but no clinical diagnosis) or manifest HD 
were invited to participate in this study. Individuals were at 
least 18 years of age, able to read and comprehend English, 
capable of providing informed consent and had either a posi-
tive test for the CAG expansion for HD or a clinical diagno-
sis of HD. Participants were recruited through HD treatment 
centers (University of Michigan, University of Iowa, Univer-
sity of California-Los Angeles, Indiana University, Johns 
Hopkins University, Rutgers University, Struthers Parkin-
son’s Center, and Washington University in St. Louis), the 
Predict-HD study which encompasses a well-characterized, 
pre-manifest HD sample (Cleveland Clinic, Indiana Univer-
sity, Johns Hopkins University, University of California-San 
Francisco, University of Iowa, and Washington University) 
[20–22], electronic medical record review [23], community 
outreach (HD support groups and HD specialized nursing 
homes in Phoenix, AZ; Tucson, AZ; Denver, CO; Jackson-
ville, FL; Des Moines, IA; Louisville, KY; Lansing, MI, 
Robbinsdale, MN; Lakewood, NJ; Plainfield, NJ; New York 
City, NY; Dallas, TX; Seattle, WA), the National Research 
Roster for Huntington Disease, and articles/advertisements 
in HD-specific newsletters and websites. All procedures 
performed in studies involving human participants were in 
accordance with the ethical standards of the institutional 
and/or national research committee and with the 1964 Hel-
sinki Declaration and its later amendments or comparable 
ethical standards (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 
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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, 
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). Detailed study protocol 
information is reported elsewhere [24]. Briefly, participants 
completed both an in-person clinical assessment and a series 
of self-report measures using an online data capture platform 
(i.e., assessmentcenter.net). The EOL measures that are the 
focus of the current report are described below.

HDQLIFE end of life planning

The HDQLIFE EOL Planning measure is comprised of 16 
items developed from focus group data, expert input, and 
a comprehensive literature review (see “Appendix”) [25]. 
Items were refined through an iterative process using expert 
review, translatability review, and cognitive interviews with 
individuals with HD following established methodological 
standards for new measurement development. Items also 
underwent a literacy review using the Lexile framework [26] 
to ensure that the items did not exceed a fifth grade reading 
level. This measure was completed as part of the online self-
report assessment battery.

Participant characterization

Participants were characterized as either pre-manifest or 
manifest HD using data collected through the in-person 
clinical assessment. Specifically, pre-manifest HD partici-
pants had a positive test for the CAG expansion that causes 
HD (i.e., CAG > 35), but no clinical diagnosis (which was 
determined using the final question on the Total Motor Scale 
from the Unified Huntington Disease Rating Scale [UHDRS; 
27] which asks the clinician to indicate whether or not the 
participant has motor manifestations that are unequivocal 
signs of manifest HD; if the rater did not feel with at least 
99% confidence that the participant had manifest HD, the 
participant was classified as pre-manifest). Manifest HD 
participants had a clinical diagnosis of HD (confirmed by 
medical record review, and a 99% or greater confidence rat-
ing score by a clinician on the final question on the Total 
Motor Scale from the UHDRS [27]). Manifest participants 
were classified as either early- or late HD using the 5-item 
clinician-administered Total Functional Capacity (TFC) 

Scale [28] from the Unified Huntington Disease Rating 
Scale (UHDRS) [27]. The TFC evaluates day-to-day func-
tioning for occupation, finances, domestic chores, activities 
of daily living, and care level. Scores range from 0 to 13, 
with higher scores indicating better functioning. Participants 
with an HD diagnosis and TFC sum scores of 7–13 were 
classified as early-stage HD (stages I and II) and those with 
an HD diagnosis and TFC sum scores of 0–6 were classified 
as late HD (stages II, IV, and V) [29]. TFC data was missing 
for two participants who could not be characterized.

Analysis approach

Item response theory (IRT) analyses

The 16 items from HDQLIFE EOL planning were evalu-
ated using Samejima’s graded response model (GRM) [30] 
in IRTPRO 2.1 [31]. In this two-parameter logistic IRT 
model, item responses were used to estimate the “measure” 
(the person’s score on the latent trait). The two parameters 
are item location on the latent trait and item slope, which 
indicates how well the item discriminates (distinguishes) 
between person differences across the latent trait [32]. Items 
demonstrating good model fit were retained, while items dis-
playing significant misfit (S-X2, p < 0.01) were candidates 
for exclusion.

Differential item functioning (DIF) was used to evalu-
ate stability of measurement properties between sub-groups 
using IRT-scaled score-based ordinal logistic regression; 
[33] DIF was evaluated on sex, age (≤ 40 vs. > 40; ≤ 50 
vs. > 50 years), and education (high school graduate or less 
vs. greater than high school). Items with DIF (non-negligible 
DIF criterion: R2 > 0.02 and p < 0.01) were discussed by the 
study team and were candidates for exclusion.

Reliability and construct validity

Exploratory factor analysis (EFA) with a promax rotation 
was used to determine the number of factors within the item 
pool according to Eigenvalues (> 1) and the number of fac-
tors before the break in the scree plot. A promax rotation 
was used to determine items and their associated factor (cri-
terion > 0.4) and inter-factor correlations. Each unidimen-
sional set of items (determined by EFA) was then subjected 
to confirmatory factor analysis (CFA) to assess model fit 
using the second randomly generated dataset. CFA used the 
following criteria: (1) Comparative Fit Index (CFI) > 0.90, 
(2) root mean square error of approximation (RMSEA) < 0.1 
[34–37], and (3) residual correlations < 0.15 [38–40]. An 
iterative process including clinical input was taken into 
account to finalize item exclusion/inclusion [38–40]. EFA 
and CFA were conducted using MPLUS 6.11 [41]. In addi-
tion, marginal reliabilities (i.e., IRT-based estimates of 
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reliability) were examined to determine acceptable reliabil-
ity of the measure (> 0.80).

Scoring

The IRT-scaled scores (theta) were converted into a stand-
ardized T score (mean 50, SD 10, referenced to the HD 
population represented by the current sample). Descriptive 
data for the different HD groups are provided, and one-way 
analysis of variance was used to determine if there were 
group differences for any of the subscale scores or the total 
score for this new measure.

Results

A large sample (n = 508) of individuals with pre-manifest 
(n = 197) or manifest HD (n = 195 early—[(41% stage I and 
59% stage II) and n = 114 late-stage HD (73% stage III, 24% 
stage IV, and 3% stage V)] completed the 16 items. Detailed 
demographic data are reported in Table 1.

IRT analyses

IRT parameter estimates from the GRM indicated slopes 
ranged from 0.60 to 4.77 and thresholds ranged from − 2.80 

to 7.91 (see Table 2); 11 of the 16 items examined using 
S-X2 model fit statistics had misfit statistics (p < 0.05). 
Information was good for scaled scores between − 1.5 and 
1.0; see Fig. 1 for the scale information function. There was 
no DIF for age. Two items had elevated R2 (i.e., > 0.02) and 
DIF (p < 0.01) for education (the items for Life Insurance 
and Finances) and four items had elevated R2 (i.e., > 0.02) 
and DIF (p < 0.01) for gender (location of death preference, 
conversations about death and dying, funeral arrangements 
and preference about death). These items were discussed 
by the team as potential candidates for exclusion. Given 
that the team recognized that the content of the items was 
relevant and clinically meaningful, and that items were not 
consistently biased (i.e., for age, gender, and education), the 
team decided to retain these items in the final version of the 
measure. Thus, all 16 items were retained for inclusion in 
this scale.

Reliability and construct validity

EFA indicated that the data could be explained by four 
factors (Table 3). The first factor included three items that 
generally represented legal planning for EOL; the second 
factor included three items concerning preferences for 
EOL care; the third factor included five items that gener-
ally represented preferences about death and dying; and 

Table 1   Demographic 
information for Huntington 
disease participants

a Significant group differences for age, F (2, 503) = 44.89, p < 0.0.001: the pre-manifest group was signifi-
cantly younger than both manifest groups
b Differences for education, F(2, 501) = 15.62, p < 0.001
c CAG—age product score which provides an estimate of disease burden with regard to time until clinical 
diagnosis; it reflects the likelihood that a genetically at-risk individual will be diagnosed with HD given 
both their CAG repeat length and their current age within a specific time frame [48]

Variable Pre-manifest (n = 197) Early (n = 195) Late (n = 114) All (N = 508)

Age (years)a

 M (SD) 42.8 (12.2) 52.0 (12.4) 55.0 (12.0) 49.1 (13.2)
Gender (%)
 Female 42.1 35.5 22.4 100
 Male 34.3 43.0 22.7 100

Race (%)
 Caucasian 39.5 38.7 21.8 100
 Other 21.1 36.8 42.1 100

Ethnicity (%)
 Not Hispanic or Latino 38.4 38.2 23.4 100
 Hispanic or Latino 25.0 66.7 8.3 100
 Not provided 60.0 30.0 10.0 100

Education (%)b

 High school graduate or less 11.2 28.0 28.1 21.5
 Great than high school 88.8 72.0 71.9 78.5

Time since diagnosis (years) – 3.1 (3.7) 5.9 (4.7) –
Disease Burden Scorec 345.2 (92.5) – – –
Number of CAG repeats 42.0 (2.4) 43.2 (3.9) 44.7 (7.2) 43.3 (4.6)
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the fourth factor included four items that generally rep-
resented financial planning. Information was good (i.e., 
marginal reliability = 0.86), for the 16-item scale. Mar-
ginal reliability for the individual factors was adequate to 
very good (0.85 for legal planning; 0.61 for preferences 
for care; 0.78 for preferences about death and dying; and 
0.66 for financial planning).

Scoring

Table 4 provides a conversion table for the raw summed 
score to a scaled score and a conversion table for the four 
subscales. Lower scores indicate the presence of less plan-
ning and preparation on issues of EOL. The three HD 
groups did not differ on any of the EOL planning scores (all 
p > 0.25; Table 5).

Discussion

This study presents the development of a new patient-
reported outcome measure to evaluate EOL planning and 
preparation in HD, the HDQLIFE EOL planning measure. 
This measure is a part of the HDQLIFE measurement system 
[24], which includes several HD-specific HRQOL measures 
[42, 43], as well as two HD-specific patient-reported out-
comes of EOL concerns (concern with death and dying; 
meaning and purpose) [44]. This new measure provides a 
patient-reported assessment to foster end of life planning 
in this population and includes both a total score and four 
meaningful subscale scores, including legal planning, prefer-
ences for care, preferences for death and dying, and financial 
planning. The total and subdomain scores all use a T met-
ric, with a mean of 50 and standard deviation of 10; higher 
scores indicate more preparation and planning. As such, a 
low total score, and/or low scores on any single subdomain 
(i.e., scores ≤ 40 or those individuals that have engaged in 
less planning and preparation than 68.27% of people with 
HD) might be used as either the starting point for a gen-
eral discussion about EOL wishes (in the case of low total 
score) or for more targeted discussion about legal planning, 

Table 2   HDQLIFE end of life 
planning item parameters

Item Slope T1 T2 T3

Advance directive 4.7690 − 1.0360 − 0.0166 0.2790
Health care power of attorney 3.3200 − 0.8956 0.0157 0.3255
Living will 5.6187 − 1.0039 0.0459 0.2736
Palliative care 0.9263 0.3382 2.7356 3.7260
Hospice care 0.8317 0.3727 4.3181 7.9098
Nursing home care 0.7563 0.1273 2.4698 3.3094
Preference about death 1.0309 − 0.5935 0.7949
Conversations about death and dying 0.9870 − 0.7721 0.1191 0.8982
Funeral arrangements 1.0568 − 1.4005 0.9815
Location of death preference 0.9393 − 0.2254 1.9483 2.5751
Resuscitation preference 1.8494 − 0.8714 0.1858
Finances 0.9893 − 1.6295 0.3347 1.4334
Life insurance 0.6029 − 2.8028 − 0.9141 − 0.5871
Estate planning 2.3543 − 0.8155 0.2150
Support to make decisions 1.8497 − 1.7143 − 0.0952
Child care planning 0.9753 − 2.0134 0.2553 3.1817
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Fig. 1   HDQLIFE end of life planning and preparation short form. 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 excel-
lent total information and standard error for end of life planning and 
preparation short form scale scores between − 1.5 and 1.0
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preferences for care, preferences for death and dying, and/
or financial planning.

This overall reliability of the HDQLIFE planning meas-
ure was very good, and subdomain scores ranged from ade-
quate to very good. The reliability of Preferences for Care 
and Financial Planning subdomains were slightly lower than 
recommended for a new measure [45, 46], so additional con-
sideration when using these scales is appropriate. Regard-
less, construct validity of these four factors was supported 
by EFA. There is evidence that individuals with HD often 
do not discuss their EOL thoughts or wishes with physi-
cians.2 Thus, this study provides preliminary support for 
the reliability and validity of this new measure that can be 
used to foster productive and meaningful discussions about 
this sensitive topic in conjunction with established clinical 
guidelines of EOL care [2].

While this new measure provides a brief assessment of 
EOL planning and preparation, this study does have sev-
eral limitations. First, reliability and validity data are pre-
liminary; a more thorough evaluation of the psychometric 
properties of this measurement tool, and further analysis 
of the clinical utility of this tool should be examined to 
foster discussions about EOL planning. In addition, while 
item concepts are broad, legal issues related to end of life 
planning vary by state (within the United States), as well 
as by country; more work is needed to understand how 
these differences may impact the clinical utility of this 
tool. Furthermore, establishing generalizability of find-
ings to a broader HD sample requires more work. Specifi-
cally, a large portion of study participants were recruited 

from specialized HD clinical centers, whereas most per-
sons with HD do not attend such centers. Similarly, a large 
portion of participants were recruited through the PRE-
DICT-HD study, which targets persons who have elected 
to undergo gene testing, something that only a small per-
centage of individuals at risk for HD typically do [47]. 
Furthermore, while our study examined individuals across 
the HD disease spectrum, the reliability of self-report data, 
especially in individuals in the later stages of the disease, 
has not been assessed. As such, future work that examines 
the accuracy of responses (e.g., data confirmation by other 
family members) for self-report responses in this popula-
tion is warranted. Additional work is needed to determine 
when, and how frequently this measure might be used 
to optimize treatment discussions and clarify end of life 
planning preferences for these individuals and to better 
understand how patient-reported planning and preparation 
influences family-reported satisfaction regarding quality of 
care at the end of life.

Regardless of these limitations, this is the first HD-spe-
cific EOL planning and preparation measure. This brief 
measure demonstrates adequate psychometric properties 
and has the potential to improve clinical care at the end of 
life by providing an easy starting point for patient and cli-
nician discussions about EOL care. Furthermore, although 
this measure was designed specifically for HD, it may also 
have clinical utility in other neurodegenerative conditions. 
As such, this provides an important step in the evaluation 
of patient preferences and planning in relationship to EOL 
care.

Table 3   Exploratory factor 
analysis results for HDQLIFE 
end of life planning

Bolding indicates primary factor loadings

End of life concern items Factor 1: 
legal plan-
ning

Factor 2: 
preferences for 
care

Factor 3: prefer-
ences for death and 
dying

Factor 4: 
financial plan-
ning

Advance directive 0.992 0.034 − 0.010 − 0.042
Health care power of attorney 0.826 0.192 − 0.108 0.093
Living will 0.862 0.066 0.030 0.069
Palliative care 0.141 0.682 0.121 − 0.008
Hospice care − 0.025 0.564 0.300 0.019
Nursing home care 0.030 0.550 − 0.006 0.238
Preference about death − 0.092 0.188 0.746 0.015
Conversations about death and dying − 0.056 0.166 0.741 − 0.044
Funeral arrangements − 0.019 − 0.012 0.683 0.073
Location of death preference − 0.010 0.398 0.608 − 0.115
Resuscitation preference 0.316 − 0.046 0.565 0.081
Finances − 0.053 0.269 − 0.140 0.766
Life insurance − 0.109 − 0.072 0.030 0.583
Estate planning 0.300 − 0.078 0.176 0.581
Support to make decisions 0.325 0.008 0.080 0.491
Child care planning 0.241 − 0.234 0.289 0.103



104	 Journal of Neurology (2018) 265:98–107

1 3

Acknowledgments  Work on this manuscript was supported by the 
National Institutes of Health (NIH), National Institute of Neurologi-
cal Disorders and Stroke (R01NS077946) and the National Center for 
Advancing Translational Sciences (UL1TR000433). In addition, a por-
tion of this study sample was collected in conjunction with the Predict-
HD study. The Predict-HD data were supported by the NIH, National 
Institute of Neurological Disorders and Stroke (R01NS040068), the 
NIH, Center for Inherited Disease Research (provided support for 
sample phenotyping), and the CHDI Foundation (award to the Uni-
versity of Iowa). We thank the University of Iowa, the Investigators 
and Coordinators of this study, the study participants, the National 
Research Roster for Huntington Disease Patients and Families, the 
Huntington Study Group, and the Huntington Disease Society of 
America. We acknowledge the assistance of Jeffrey D. Long, Hans J. 
Johnson, Jeremy H. Bockholt, Roland Zschiegner, and Jane S. Paulsen. 
We also acknowledge Roger Albin, Kelvin Chou, and Henry Paulsen 
for the assistance with participant recruitment. The content is solely 
the responsibility of the authors and does not necessarily represent the 
official views of the NIH.

HDQLIFE Site Investigators and Coordinators: Noelle Carlozzi, 
Praveen Dayalu, Stephen Schilling, Amy Austin, Matthew Canter, Siera 
Goodnight, Jennifer Miner, Nicholas Migliore (University of Michigan, 
Ann Arbor, MI); Jane Paulsen, Nancy Downing, Isabella DeSoriano, 
Courtney Shadrick, Amanda Miller (University of Iowa, Iowa City, 
IA); Kimberly Quaid, Melissa Wesson (Indiana University, Indianapo-
lis, IN); Christopher Ross, Gregory Churchill, Mary Jane Ong (Johns 
Hopkins University, Baltimore, MD); Susan Perlman, Brian Clemente, 
Aaron Fisher, Gloria Obialisi, Michael Rosco (University of Califor-
nia Los Angeles, Los Angeles, CA); Michael McCormack, Humberto 
Marin, Allison Dicke (Rutgers University, Piscataway, NJ); Joel S. 
Perlmutter, Stacey Barton, Shineeka Smith (Washington University, 
St. Louis, MO); Martha Nance, Pat Ede (Struthers Parkinson’s Center); 
Stephen Rao, Anwar Ahmed, Michael Lengen, Lyla Mourany, Chris-
tine Reece, (Cleveland Clinic Foundation, Cleveland, OH); Michael 
Geschwind, Joseph Winer (University of California-San Francisco, San 
Francisco, CA), David Cella, Richard Gershon, Elizabeth Hahn, Jin-
Shei Lai (Northwestern University, Chicago, IL).

Compliance with ethical standards 

Conflicts of interest  Carlozzi, N. E. currently has research Grants from 
the NIH; she is also supported by Grant funding from the NIH and 
CHDI. She provides patient-reported outcome measurement selection 
and application consultation for Teva Pharmaceuticals. She declares 
no conflicts of interest. Hahn, E. A. currently has research Grants from 
the NIH; she is also supported by Grant funding from the NIH and 
PCORI, and by research contracts from Merck and EMMES; she de-
clares no conflicts of interest. Frank, S. receives salary support from 
the Huntington Study Group for a study sponsored by Auspex Phar-
maceuticals. There is no conflict of interest. Perlmutter, J. S. currently 
has funding from the NIH, HDSA, CHDI, and APDA. He has received 
honoraria from the University of Rochester, American Academy of 
Neurology, Movement Disorders Society, Toronto Western Hospital, 
St. Luke’s Hospital in St Louis, Emory University, Penn State, Alberta 
innovates, Indiana Neurological Society, Parkinson Disease Founda-
tion, Columbia University, St. Louis University, Harvard University 
and the University of Michigan; he declares no conflicts of interest. 
Downing, N. R. declares no conflicts of interest. McCormack, M. K. 
currently has Grants from the NJ Department of Health; he declares no 
conflicts of interest. Barton, S. K. is supported by grant funding from 
the Huntington Disease Society of America, CHDI Foundation and the 
NIH. She declares no conflicts of interest. Nance, M. A. declares no 
conflicts of interest. Schilling, S. G. has a research Grant from NSF. He 
also is supported by Grant funding from NIH. He declares no conflicts 
of interest.Ta

bl
e 

4  
H

D
Q

LI
FE

 e
nd

 o
f l

ife
 p

la
nn

in
g 

su
bs

ca
le

 sc
or

e 
co

nv
er

si
on

 ta
bl

e

To
ta

l s
co

re
s

Le
ga

l p
la

nn
in

g
Pr

ef
er

en
ce

s f
or

 c
ar

e
D

ea
th

 a
nd

 d
yi

ng
 

pr
ef

er
en

ce
s

Fi
na

nc
ia

l p
la

nn
in

g

Su
m

 sc
or

e
T 

sc
or

e
Su

m
 sc

or
e

T 
sc

or
e

Su
m

 sc
or

e
T 

sc
or

e
Su

m
 sc

or
e

T 
sc

or
e

Su
m

 sc
or

e
T 

sc
or

e
Su

m
 sc

or
e

T 
sc

or
e

Su
m

 sc
or

e
T 

sc
or

e
Su

m
 sc

or
e

T 
sc

or
e

0
24

13
44

26
56

39
74

0
33

0
41

0
34

0
31

1
27

14
45

27
57

40
75

1
39

1
48

1
39

1
35

2
29

15
46

28
58

41
78

2
43

2
53

2
42

2
39

3
31

16
46

29
59

42
80

3
45

3
56

3
45

3
41

4
32

17
47

30
60

43
82

4
48

4
59

4
47

4
44

5
34

18
48

31
61

5
49

5
62

5
49

5
46

6
35

19
49

32
63

6
51

6
66

6
52

6
49

7
37

20
50

33
64

7
54

7
69

7
54

7
52

8
38

21
51

34
65

8
55

8
74

8
56

8
55

9
39

22
52

35
67

9
61

9
78

9
59

9
58

10
40

23
53

36
68

10
61

10
63

11
42

24
54

37
70

11
64

12
43

25
55

38
72

12
68



105Journal of Neurology (2018) 265:98–107	

1 3

Appendix

HDQLIFE end of life planning

1. Advance directive
0 = I have not thought about getting an advance directive
1 = I have thought about getting an advance directive
2 = I have taken steps to obtain an advance directive
3 = I have an advance directive
2. Health care power of attorney
0 = I have not thought to getting a health care power of attorney
1 = I thought about getting a health care power of attorney
2 = I have taken steps to identify a health care power of attorney
3 = I have a health care power of attorney
3. Nursing home care
0 = I have not thought about living in a nursing home
1 = I have thought about the type of nursing home I would like to go 

to
2 = I have taken steps to arrange nursing home care
3 = I have established nursing home care
4. Location of death preference
0 = I have not thought about where I would like to die (i.e., at home, 

in the hospital)
1 = I have thought about where I would like to die (i.e., at home, in 

the hospital)
2 = I have taken steps to arrange where I would like to die (i.e., at 

home, in the hospital)
3 = I have identified a location where I would like to die (i.e., at 

home, in the hospital)
5. Conversations about death and dying
0 = I have not thought about starting a conversation about death with 

my friends, family or members in the community (e.g., church/
synagogue)

1 = I have thought about starting a conversation about death with 
my friends, family or members in the community (e.g., church/
synagogue)

2 = I have taken steps to start a conversation about death with my 
friends, family or members in the community (e.g., church/syna-
gogue)

HDQLIFE end of life planning

3 = I have has a conversation about death with my friends, family or 
members in the community (e.g., church/synagogue)

6. Living will
0 = I not thought about getting a living will
1 = I have thought about getting a living will
2 = I have taken steps to prepare a living will
3 = I have a living will
7. Life insurance
0 = I have not thought about getting life insurance
1 = I have thought about getting life insurance
2 = I have taken steps to get life insurance
3 = I have life insurance
8. Palliative care (management of pain, symptoms and stress)
0 = I have not thought about palliative care
1 = I have thought about palliative care
2 = I have taken steps to arrange palliative care
3 = I am receiving palliative care
9. Child care planning
Not applicable
0 = I have not thought about the care of my children if I become 

unable to care for them
1 = I have thought about the care of my children if I become unable 

to care for them
2 = I have taken steps to arrange care for my children if I become 

unable to care for them
3 = My children are receiving care from others because I am no 

longer able to care for them
10. Finances
0 = I not thought about the necessary financial resources for my long-

term care
1 = I have thought about the necessary financial resources for my 

long-term care
2 = I have taken steps to arrange for the necessary financial resources 

for my long-term care
3 = I have the necessary financial resources for my long-term care
11. Estate planning
0 = I have not thought about what will happen to my estate after my 

death
1 = I have thought about what will happen to my estate after my 

death

Table 5   Descriptive data for 
HDQLIFE end of life planning 
by Huntington disease staging 
group

There were no significant group differences for any of the HDQLIFE end of life planning scores (all 
p > 0.25)

End of life planning score Huntington disease staging group Combined sample

Pre-manifest Early Late

M (SD) M (SD) M (SD) M (SD)

Legal planning 49.26 (7.49) 49.85 (7.46) 48.39 (7.90) 49.29 (7.56)
Preferences for care 50.58 (7.42) 51.25 (7.69) 49.96 (7.01) 50.68 (7.40)
Death and dying preferences 49.88 (8.15) 50.27 (8.53) 50.04 (8.65) 50.06 (8.41)
Financial planning 49.45 (8.01) 50.20 (7.62) 48.99 (8.34) 49.61 (7.95)
Total score 49.66 (8.67) 50.48 (9.01) 49.03 (9.81) 49.83 (9.05)
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HDQLIFE end of life planning

2 = I have made plans for my estate after my death
12. Support to make decisions
0 = I have not thought about who will help me make decisions (e.g., 

financial, health/medical) if I am unable to
1 = I have thought about who will help me make decisions (e.g., 

financial, health/medical) if I am unable to
2 = I have arranged for someone to help me make decisions (e.g., 

financial, health/medical) if I am unable to
13. Hospice care
0 = I have not thought about hospice care
1 = I have thought about hospice care
2 = I have taken steps to arrange hospice care
3 = I am receiving hospice care
14. Rescusitation preference
0 = I have not thought about my preference for resuscitation if I stop 

breathing
1 = I have thought about my desires for resuscitation if I stop breath-

ing
2 = I have made my desires about resuscitation clear to others if I 

stop breathing
15. Funeral arrangements
0 = I have not thought about what others should do with my body 

after I die (e.g., burial, cremation)
1 = I have thought about what others should do with my body after I 

die (e.g., burial, cremation)
2 = I have made arrangements about what others should do with my 

body after I die (e.g., burial, cremation)
16. Preference about death
0 = I have not thought about how I would like to die
1 = I have thought about how I would like to die
2 = I have told others of my preferences regarding how I would like 

to die
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