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Abstract

Objective: Death anxiety, represented by the HDQLIFE™ Concern with Death and Dying (CwDD) patient-
reported outcome (PRO) questionnaire, captures a person’s worry about the death and dying process. Previous
work suggests that death anxiety remains an unremitting burden throughout all stages of Huntington disease
(HD). Although palliative interventions have lessened death anxiety among people with advanced cancer, none
has yet to undergo testing in the HD population. An account of how death anxiety is associated with longi-
tudinal changes to aspects of health-related quality of life (HRQoL) would help optimize neuropalliative
interventions for people with HD.

Methods: HDQLIFE collected PROs concerning physical, mental, social, and cognitive HRQoL domains and
clinician-rated assessments from people with HD at baseline and 12 and 24 months. Linear mixed-effects
models were created to determine how baseline death anxiety was associated with follow-up changes in HRQoL
PROs after controlling for baseline death anxiety and other disease and sociodemographic covariates.
Results: Higher baseline HDQLIFE CwDD is associated with 12- and 24-month declines in HDQLIFE Speech
Difficulties, neurology quality of life (NeuroQoL) Depression, Suicidality, HDQLIFE Meaning and Purpose,
and NeuroQoL Positive Affect and Well-being.

Interpretation: Death anxiety may be a risk factor for worsening mental health and speech difficulty. A further
prospective study is required to evaluate whether interventions on death anxiety or mental health generally can
reduce declines in HRQoL for people with HD over time.
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Introduction

HUNTINGTON DISEASE (HD) is a neurodegenerative dis-
ease inherited through an autosomal dominant genetic
mutation in the HTT gene, often manifesting in middle
adulthood between ages 30 and 50 and affecting around
37,000 people in the United States."> HD is associated with
high burdens of existential and spiritual concerns (e.g., sui-
cidality, loss of meaning and purpose, hopelessness, and
concern with death and dying [CwDD]).*~ “Death anxiety,”
also known as the CwDD, poses a considerable challenge
in treating people with HD.

Examples of death anxiety include thoughts about has-
tening death, dread about the death and dying process,
rumination about death, and fear of the future and the ill-
ness’s impact on it. At present, there remains limited evi-
dence as to whether a particular palliative intervention or
pharmacotherapy, which may successfully lessen death anx-
iety for other serious illnesses, may also do so for people with
HD.” Furthermore, data governing the relationships between
death anxiety and health-related quality of life (HRQoL) might
assist clinicians throughout the trajectory of the disease.

Previous bivariate analyses suggest that depression
strongly correlates with death anxiety in an HD cohort.’
However, in the previous study, longitudinal information
was lacking on the association between baseline death anx-
iety and 12- and 24-month changes over time in HRQoL
patient-reported outcomes (PROs). To close these knowl-
edge gaps, we examined the relationship between death
anxiety and HRQoL outcomes over time in HD using the
HDQLIFE™ cohort.® We sought to determine how baseline
reports of death anxiety were associated with physical,
mental, social, and cognitive HRQoL. PROs over a 12- and
24-month period. We hypothesized that higher baseline death
anxiety would relate to worse mental and social health out-
comes (PROs and clinician-rated aspects of mental health)
at both 12 and 24 months. We specifically anticipated that
baseline reports of death anxiety would relate to worsening
measures of anger, depression, suicidality, meaning and pur-
pose, and positive affect and well-being.

Methods
Study design/setting and participants

Our analysis included 322 people with either 36 or more
CAG repeats for the HD genetic mutation or a clinical
diagnosis of HD (rn =50 prodromal; n=171 early-stage man-
ifest; and n=101 late-stage manifests). These individuals
were recruited as part of a national, multicenter longitudi-
nal study designed to develop high-quality PROs responsive
to the issues important to people with HD (entitled
“HDQLIFE”").®® HDQLIFE was intended to extend the
work of neurology quality of life (Neuro-QoL) and Patient-
Reported Outcomes Measurement Information System
(PROMIS),” ! augmenting universal HRQoL domains and
validating existing PROs relevant to the needs of people with
the HD genetic mutation.**'>~!7

Participants for HDQLIFE were recruited from several
sources, including the PREDICT-HD study,'® the national
HD roster, skilled nursing facilities, web-based advertise-
ments, and academic clinics across the United States. Inclu-
sion criteria included, but were not limited to, the HD genetic
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mutation with at least 36 or more CAG repeats, 18 years of
age or older, English speaking, and able to provide informed
consent (obtained at the baseline visit). All HDQLIFE study
sites received Institutional Review Board approval to collect
data. The study design, setting, and participants are found
elsewhere.®

Assessment battery

PROs and clinician-rated assessments were administered
at baseline and 12 and 24 months. The study period spanned
from 2012 to 2016. The assessments, collected in-person or
remotely, lasted approximately two hours. Clinician-rated
measurements were collected in person.

PROs in HD participants are scored in reference to a
specific normative population (i.e., for HDQLIFE, the pop-
ulation comparison is those with prodromal, early-stage, and
late-stage manifest HD). The average score in the reference
population is T=50, with a standard deviation (SD)=10.
Higher scores on a given PRO indicate more of the stated
domain (i.e., higher HDQLIFE CwDD scores indicate worse
mental HRQoL and elevated death anxiety, whereas higher
Neuro-QoL Positive Affect and Well-Being indicate higher
well-being/affect and better mental HRQoL). Generally
speaking, group T score differences >2 points are consid-
ered meaningful.'® Details of the validation of PROMIS/
Neuro-QoL/HDQLIFE HRQoL PROs scales have been
published.6:51313-17.19-23

Clinician-rated assessments included the Problem Beha-
vior Assessment-short (PBAs) and Unified Huntington Dis-
ease Rating Scales (UHDRS®).** The PBAs consist of 11
items, including suicidality with input from a collateral
source”° when available.”’ Scores are computed by mul-
tiplying the frequency by severity. Each variable is rated from
0 to 4 (with higher scores indicating the more significant
frequency or severity); scores for a single item, suicidality,
were also assessed. The UHDRS has a clinician-rated section
entitled the ““Diagnostic Confidence Level (DCL),” scored
based on confidence that the hallmark motor manifestations
are present.

Scores range from O to 4, with a score of 4 representing
99% confidence in manifesting HD motor features and scores
<4 and >1 suggest premanifest or prodromal HD (Note: the
distinction from prodromal to manifest is the appearance
of motor symptoms, even though neuropsychiatric features
may be present in people with the HD genetic mutation 15
years before the motor symptoms appear.) ‘“Total Functional
Capacity’’ ascertains the degree to which a person with the
HD mutation carries out daily living activities. The maxi-
mum score is 13, and the minimum is 0, with higher scores
representing greater independence. Scores from 7 to 13 (i.e.,
Stages I and II) with a DCL of 4 suggest early-stage manifest
HD, and scores less than 7 (i.e., Stages IIl and IV) with a DCL
of 4 indicate late-stage manifest HD.®

Definition of study variables

We created several separate models to determine how
baseline reports of death anxiety are associated with physical,
mental, social, and cognitive HRQoL PROs over a 12- and
24-month period. We defined HDQLIFE CwDD as the pre-
dictor variable collected at baseline enrollment in the
HDQLIFE study.
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We defined an outcome variable as a given HD-validated
HRQoL PRO from the physical (HDQLIFE Chorea,
HDQLIFE Speech difficulties, HDQLIFE Swallowing diffi-
culties, Neuro-QoL Upper Extremity Function, and Neuro-
QoL Lower Extremity Function), mental (PROMIS Anger,
HDQLIFE Meaning and Purpose, HDQLIFE End of Life
Planning, Neuro-QoL Anxiety, Neuro-QoL Depression,
Neuro-QoL Emotional and Behavioral Dyscontrol, Neuro-
QoL Positive Affect and Well-Being, and the clinician-rated
Suicide from the PBAs), social (Neuro-QoL Ability to Par-
ticipate in Social Roles and Activities, Neuro-QoL Satisfac-
tion with Social Roles and Activities, and Neuro-QoL
Stigma), or cognitive (Neuro-QoL Applied Cognition—
Executive Function and NeuroQoL Applied Cognition—
General Concerns) HRQoL domain at the 12- and 24-month
follow-up visits.

Statistical analysis plan

Baseline characteristics were described using means (SDs)
and frequencies for continuous and categorical variables.
Based on the normal distribution for HDQLIFE CwDD and
other HDQLIFE PROs scaled to the HD population, baseline
HDQLIFE CwDD was stratified as follows: low (#<40)
versus medium (¢ between 40 and 60) versus high (# > 60), and
by baseline HD disease stage. We employed two statistical
tests appropriate for the data type under consideration to
examine group differences: Kruskal-Wallis and chi-square
tests.

A series of linear mixed-effects models determined the
impact of baseline HDQLIFE CwDD on HRQoL PROs at 12
and 24 months. For these models, scores at 12 and 24 months
were modeled as a function of baseline HDQLIFE CwDD
and baseline levels of the HRQoL PRO. Covariates included
age, education, sex, and baseline stage. We used two-sided
statistical tests, defined a presignificance level of alpha=
0.05, and then corrected our several linear-mixed effects
models for multiple comparisons through the Benjamini—
Hochberg procedure.?® Statistical investigations were per-
formed through SAS V9.4 (SAS Institute, Inc., Cary, NC).

Results

Among the HDQLIFE cohort (n=322), who completed the
HRQoL measures, 318 people with the HD genetic mutation
finished the HDQLIFE CwDD PRO (n=49 prodromal HD,
n=170 early-stage manifest HD, and n=99 late-stage man-
ifest HD). There was no significant difference in the magni-
tude of symptom burden of HDQLIFE CwDD among the
stages of HD (T score =50.0 for prodromal; 7 score =50.6 for
early-stage manifesting HD, and T score =49.8 for late-stage
manifesting HD). Between 51% and 56% of people’s scores
were above average for HDQLIFE CwDD. Some (17%)
people with HD scored in the high range in the HDQLIFE
CwDD (i.e., one SD above the HD population mean), and
19% exhibited low HDQLIFE CwDD (i.e., one SD below the
HD population mean); the remaining were classified in the
medium range.

Additional descriptive characteristics for our cohort may
be found in Table 1. After correcting for multiple compari-
sons, HDQLIFE CwDD at baseline related to 12- and 24-
month worsening HDQLIFE Speech difficulties, HDQLIFE
Meaning and Purpose, Neuro-QoL Depression, Neuro-QoL
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Positive Affect and Well-Being, and PBA-Suicide, even after
controlling for relevant covariates (Figs. 1 and 2). HDQLIFE
CwDD had the most substantial effect on Neuro-QoL
Depression. For every 5-point increase in baseline HDQLIFE
CwDD, Neuro-QoL Depression worsened by 1.21 T score
units at follow-up (Supplementary Table S1).

Discussion

Our study contributes to the HD-neuropalliative literature,
in that death anxiety is associated with worsening speech
difficulties, meaning and purpose, depression, positive affect
and well-being, and suicidality at follow-up. Although from
a new patient population, this finding further adds to the
existing data on the role of death anxiety and health-related
quality of life. While our study, a retrospective observational
analysis, did not intervene in death anxiety, these data may
serve as the preliminary basis for designing future clinical
trials to mitigate death anxiety symptoms.

Indeed, randomized controlled existential palliative inter-
ventions in people with advanced cancer”~"* have add-
ressed and intervened upon symptoms of “‘death anxiety.”*°
Meaning-Centered Psychotherapy (“MCP”’) is a multi-
session intervention that improves spiritual well-being and
overall HRQoL.?>?7 Similarly, Cancer and Living Mean-
ingfully (“CALM”"), another palliative psychotherapeutic
intervention rooted in existential theory, reduced depres-
sion,?? which the study authors posited as the ““final common
pathway”” of existential concerns.’' Studies,**™> which laid
the foundation for which MCP and CALM were built, suggest
a reconnection to various sources of meaning (based on the
works of the late neurologist/psychiatrist Dr. Viktor Frankl)
decreased the influence of death anxiety. Furthermore, they
suggested that a sense of meaning may also have mediated
death anxiety.*®

In contrast to our initial hypotheses, one unexpected piece
of data surrounded the direct relationship between death
anxiety and speech difficulties. We believe that, while this
deserves further prospective study with adequate controlling
of all relevant genetic and environmental factors, several
underlying causes could explain this association. One pos-
sibility is that a certain endophenotype governs those with
death anxiety. Those with a worsening sense of death anxiety
may concomitantly have speech difficulties or a self-rated
(heightened) feeling of these difficulties, independent of
disease stage and other confounders, explained perhaps
from an overlapping (convergent) neurobiological substrate.
A spurious association could likely (and equally) explain this
result, emanating from reverse causation or residual con-
founding. Our study may have failed to account for other
genetic measurements associated with more precise staging.

Despite this unexpected result in the analysis of death
anxiety and a particular physical PRO, our data indicate that
death anxiety was associated with declines in the sense of
meaning and purpose over time. Notably, previously pub-
lished work from our group found that baseline meaning and
purpose were not associated with death anxiety at 12 and 24
months.> In HD, there appears to be one-way directionality
in the temporal relationship between death anxiety and a later
sense of meaning and purpose. Death anxiety was associated
with a sense of meaning and purpose in the future; however,
the sense of meaning and purpose was not associated with
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TABLE 1. DEMOGRAPHIC DATA BY BASELINE CONCERN WITH DEATH AND DYING
Baseline concern with death and dying
Characteristic Low (<40)  Medium (40-60)  High (260) Overall p
Demographics
Age (years)® 55.7 (11.17) 51.3 (13.01) 47.7 (12.34) 51.5 (12.76)  0.0027
Female” 29 (48) 99 (49) 17 (31) 145 (46) 0.0733
Hispanic or Latino® 1) 502) 2 (4) 9 (3) 0.6094
Race” 0.1110
African American 12 3(1) 509 9 (3)
Caucasian 58 (97) 196 (96) 48 (89) 302 (95)
Other 1) 4 (2) 1) 6 (2)
Unknown 0 (0) 1 (0) 0 (0) 1 (0)
Education (years)® 14.3 (2.58) 14.9 (2.80) 14.5 (2.60) 14.7 (2.73) 0.2531
Marital status” 0.0580
Single, never married 4 (7) 28 (14) 11 (20) 43 (14)
Married 31 (52) 126 (62) 27 (50) 184 (58)
Separated/divorced 21 (35) 37 (18) 15 (28) 73 (23)
Living with partner 3(5) 6 (3) 1) 10 (3)
Widowed 1) 7 (3) 0 (0) 8 (3)
CAG repeats® 42.1 (2.15) 43.3 (5.14) 443 (4.83) 43.3 (4.73) 0.0189
HDQLIFE concern with death and dying® 36.1 (2.82) 50.4 (5.17) 65.4 (4.88) 50.3(9.96) <0.0001
Physical
HDQLIFE Chorea® 50.1 (8.35) 52.7 (8.26) 56.4 (9.05) 52.9 (8.60) 0.0002
HDQLIFE Speech difficulties® 49.2 (9.15) 51.1 (7.64) 54.3 (8.36) 51.3 (8.19) 0.0046
HDQLIFE Swallowing difficulties® 49.6 (7.92) 51.7 (8.13) 56.5 (9.00) 52.1 (8.49) <0.0001
Neuro-QoL Upper Extremity Function® 40.9 (10.95) 41.6 (9.88) 37.9 (10.62) 40.8 (10.27)  0.0388
Neuro-QoL Lower Extremity Function® 46.4 (9.80) 45.7 (10.00) 41.0 (9.33)  45.1 (9.99) 0.0045
Mental
PROMIS Anger® 38.8 (9.73) 48.1 (11.01) 58.7 (11.47) 48.1 (12.37) <0.0001
HDQLIFE Meaning and Purpose® 54.0 (8.72) 49.5 (8.95) 453 (9.64) 49.6 (9.37) <0.0001
HDQLIFE End of Life Planning® 51.5 (10.04) 50.5 (10.02) 48.8 (8.56)  50.4 (9.80) 0.2103
PROMIS Anxiety® 44.7 (9.39) 53.5 (8.35) 63.7 (9.02) 53.6 (10.32) <0.0001
PROMIS Depression® 42.4 (8.40) 50.8 (9.11) 62.0 (9.43) 51.1 (10.75) <0.0001
Neuro-QoL Emotional® and Behavioral 39.0 (9.48) 47.2 (9.83) 55.5(9.01) 47.1 (10.81) <0.0001
Dyscontrol®
Neuro-QoL Positive Affect and Well-Being”  60.8 (7.95) 54.2 (7.97) 50.2 (7.65) 54.7 (8.54) <0.0001
Problem Behavior Assessment—Suicide® 0.1 (0.79) 0.4 (1.68) 0.9 (1.95) 0.4 (1.62) 0.0050
Social
Neuro-QoL Ability to Participate in Social 50.4 (9.00) 46.1 (7.98) 41.9 (6.66) 46.2 (8.36) <0.0001
Roles and Activities®
Neuro-QoL Satisfaction with Social Roles 52.0 (9.00) 47.3 (7.94) 42.8 (5.76) 47.4 (8.29) <0.0001
and Activities®
Neuro-QoL Stigma® 43.4 (7.84) 51.9 (7.19) 58.1 (8.61) 51.3(8.75) <0.0001
Cognitive
NeuroQOL Applied Cognition—Executive 38.7 (12.12) 36.9 (9.65) 31.6 (9.68) 36.4 (10.39)  0.0002
Function®
NeuroQOL Applied Cognition—General 45.5 (10.20) 39.2 (8.43) 353 (7.99) 39.7 (9.25) <0.0001
Concerns®
“Mean (SD).

®Frequency (%).

NeuroQOL, neurology quality of life; PROMIS, Patient-Reported Outcomes Measurement Information System; SD, standard deviation.

death anxiety at follow-up. Thus, previously successful
existential palliative interventions may have targeted not just
a sense of meaning and purpose but rather death anxiety
itself, which contributed to increases in meaning and purpose
and overall HRQoL.

Based on our data from people with the HD genetic
mutation, lower death anxiety was associated with future
increases in the sense of meaning and purpose (or, stated
otherwise, elevated death anxiety relates to future decreases
in the sense of meaning and purpose). Currently, in contrast

to the psycho-oncology field,”'*” neither the HD nor neuro-
palliative (psychoneurology’®) arenas have a fundamental
biopsychosocial-spiritual model for how existential factors
(e.g., death anxiety, meaning, and purpose) may influence
psychiatric diagnoses (e.g., depression, anxiety, and suicid-
ality) or markers of well-being (e.g., positive affect and well-
being); and how these entities could reciprocally predict
or mediate, one another—especially in the face of a deteri-
orating neurological substrate, which subserves these critical
functions.
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FIG. 1.

concern

Mixed-model results of baseline HDQLIFE CwDD predicting symptoms at follow-up (adjusted for baseline levels

of outcome, age, sex, education, and stage). CwDD, Concern with Death and Dying.

A model would be a helpful contribution to the field of
neuropalliative care, HD, and other movement disorders in
helping determine what patient-reported aspects ought to be
targeted during neuropalliative intervention refinement and
help clarify inclusion/exclusion criteria for future trials to
predict and demonstrate a specific effect.

Our project’s objectives and approach follow the spirit of
Stage O data analysis (National Institutes of Health [NIH]
Stage Model of Development),® and thus is an essential,
mechanistic element to optimize and develop neuropallia-
tive interventions that target death anxiety for this population
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FIG. 2. Significant relationships from Figure 1.

in the future. Our findings are not without limitations. For
example, participants were primarily recruited from aca-
demic centers, introducing possible selection bias.

In addition, our prodromal group achieved further educa-
tion than all groups by approximately one year. While unclear
as to what factor might govern this difference, we again see
the possibility of a selection bias, as those who may have
enrolled at that juncture may have had personal experience
caring for family members with the disease. Furthermore,
no information is available in our dataset to determine the
utilization of nonpharmacological (e.g., exercise) or phar-
macological therapies (e.g., antidepressants) throughout the
study period, which may confound some of our results.

Our study also did not execute any latent modeling. Further
work should explore, using cross-sectional and longitudinal
data, a model to better understand the direct and indirect
effects of existential and psychiatric factors coalescing to
inform the mental (and global) HRQoL in HD and other
related dementias. Specifically, does death anxiety cause
depression, and is the converse also true? Which pathway
is most potent, and might a sense of meaning and pur-
pose mediate these effects? Utilizing existing models from
psycho-oncology and assessing their generalizability and
limitations to HD, while adding other legacy-making/coping
patterns,*® religious, spiritual, and personality measure-
ments into the model would be a sensible future direction
to capture the entirety of other characteristics that could be
exploited during intervention refinement.

In summary, death anxiety was associated with 12- and
24-month worsening physical and mental HRQoL. Overall,
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our data provide an essential step toward optimizing pallia-
tive interventions for this population, as no validated HD-
neuropalliative intervention exists, despite HD’s profound
psychosocial disability on the self, care partners, and other
related first-degree relatives.’
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