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Abstract.
Background: Safer-at-home orders during the COVID-19 pandemic altered the structure of clinical care for Huntington’s
disease (HD) patients. This shift provided an opportunity to identify limitations in the current healthcare infrastructure and
how these may impact the health and well-being of persons with HD.
Objective: The study objectives were to assess the feasibility of remote healthcare delivery in HD patients, to identify
socioeconomic factors which may explain differences in feasibility and to evaluate the impact of safer-at-home orders on HD
patient stress levels.
Methods: This observational study of a clinical HD population during the ‘safer-at-home’ orders asked patients or caregivers
about their current access to healthcare resources and patient stress levels. A chart review allowed for an assessment of
socioeconomic status and characterization of HD severity.
Results: Two-hundred and twelve HD patients were contacted with 156 completing the survey. During safer-at-home orders,
the majority of HD patients were able to obtain medications and see a physician; however, 25% of patients would not commit
to regular telehealth visits, and less than 50% utilized an online healthcare platform. We found that 37% of participants were
divorced/single, 39% had less than a high school diploma, and nearly 20% were uninsured or on low-income health insurance.
Patient stress levels correlated with disease burden.
Conclusion: A significant portion of HD participants were not willing to participate in telehealth services. Potential explanations for these limitations may include socioeconomic barriers and caregiving structure. These observations illustrate areas
for clinical care improvement to address healthcare disparities in the HD community.
Keywords: Huntington’s disease, telehealth, socioeconomic status, health disparities, stress
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The coronavirus disease 19 (COVID-19) pandemic has resulted in unique stressors for patients,
caregivers and physicians, and altered the delivery
of healthcare services. During the ‘safer-at-home’
orders, in-person clinical visits were restricted due
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to concerns of COVID-19 transmission. Many vulnerable adults noted greater isolation and lonliness.
In response to the restrictions on in-person appointments, many clinics began adoption of telehealth
visits [1, 2]. However, there exist structural barriers
that prevent universal adoption of telehealth, and
access to specialty care. These include inconsistent
access to internet services, limited technological literacy, and ineffective communication from clinicians
to patients, [3, 4]. The care for Huntington’s disease
(HD) patients requires complex medication management and the need for an array of health care services unique to HD patients [5, 6]. For instance, HD
patients seen in a multi-disciplinary clinic are often
followed by several specialties including a neurologist, a psychiatrist, physical and occupational
therapists, speech language pathologists, genetic
counselors and social workers. Thus, the inability
to interact with all of these providers may detrimentally impact patient health as well as place additional
burdens on their caregivers.
To understand the prevalence of these potential
barriers in patients with HD, we assessed the challenges to adapting to this new environment by reviewing medical care options with patients and
caregivers during the safer-at-home orders. The Vanderbilt University Medical Center (VUMC) is a level
1 Huntington Disease Society of America (HDSA)
Center of Excellence (COE), and provides care for
patients who live in the middle Tennessee region. The
breadth of this coverage includes Illinois, Kentucky,
Alabama, North Carolina, South Carolina, Georgia,
and Mississippi.
The purpose of this study was three-fold: 1) identify the feasibility of remote healthcare and the
delivery of healthcare services, 2) identify geographic
or socioeconomic barriers which might impact accessibility to healthcare services and 3) evaluate patient
stress levels during the safer-at home time period.
While HD is a rare disease, insights from this cohort
should inform wider patient populations and define
opportunities for improvement in reducing healthcare
disparities.

MATERIALS AND METHODS
All patients with a clinical diagnosis of HD who
are currently receiving care at the VUMC HDSA
COE were contacted via phone during ‘safer-athome’ orders between April and May 2020. The
primary purpose of this contact was to identify

limitations in remote healthcare delivery and thereby
identify additional clinical support needs, identify
potential socioeconomic variables which may contribute to limitations in remote healthcare delivery
and determine patient perceived stress levels during
a time of social isolation. Clinicians and staff within
the COE completed phone interviews with either
the HD patient or their caregiver: caregivers completed surveys on behalf of the patient when they
were unwilling or unable to participate. Our survey
included questions relating to current clinical needs,
economic hardship and perceived levels of stress as
a result of the COVID-19 pandemic as shown in
Table 1. In total, the survey contained 20 questions:
2 questions regarding the survey participant and their
relationship to the patient (if appropriate), 2 multiplechoice questions regarding patient sex and race, 1
open-ended question for patient age, five yes/no
questions relating to the patients ability to receive
healthcare and the appropriate resources as well as
whether they are experiencing economic hardship
due to the on-going pandemic.
Participants completed the 10-question Perceived
Stress Scale (PSS), a widely used instrument designed to assess self-reported and caregiver-reported
levels of psychological stress [7, 8]. The PSS measures the degree to which situations in a participants
life are appraised as stressful as well as how unpredictable, uncontrollable, and overloaded each participant feels in their life. For each item, participants
indicate how often (0 = never to 4 = very often) they
have thought or felt a certain way in the past month.
Total score (PSS total score) is the sum of the individual item scores, yielding a total score range of
0–40.
In addition to these survey questions, we documented select clinical and demographic variables,
in order to consider other potential impediments to
care delivery. We included patient marital status,
highest education level completed, health insurance
status, online health portal access, and county and
state of residence. The online health portal refers to
the “MyHealth” at Vanderbilt platform which provides patients greater access to their medical records
and facilitates patient-provider communication via
telemedicine. Utilization of this platform is dependent upon internet access and required for telehealth.
We also included clinical indicators of disease
status such as pathogenic allele size (CAG), CAGAge-related Product (CAP)-score, and total functional capacity (TFC) as depicted in Table 2.
CAP-score is an indicator of cumulative exposure to
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Table 1
Telephone survey administered to HD patients or caregivers
Questions

Responses

Who are you speaking with?

◦ Patient
◦ Caregiver

Caregiver’s relationship to patient
Patient’s age
Patient’s gender

◦ Male
◦ female

Patient’s race

◦ Caucasian
◦ American-Black
◦ Hispano/ Latino
◦ Other

Are you able to see or get in contact with a physician?

◦ No
◦ Yes

Are you able to get your medications?

◦ No
◦ Yes

Are you able to plan on regular telehealth contacts?

◦ No
◦ Yes

Are you interested in participating in our monthly support group?

◦ No
◦ Yes

Are you experiencing economic hardships?

◦ No
◦ Yes

Now I would like to ask you some questions about your recent
stress levels and how you have been feeling. For each question,
please answer on a scale from 0–4 where 0 = never, 1 = almost never,
2 = sometimes, 3 = fairly often and 4 = very often. In the last month . . .

◦ 0 = never
◦ 1 = almost never
◦ 2 = sometimes
◦ 3 = fairly often
◦ 4 = very often

How often have you been upset because of something that happened unexpectedly?
How often have you felt that you were unable to control the important things in your life?
How often have you felt nervous or “stressed”
How often have you felt confident about your ability to handle your personal problems?
How often have you felt that things were going your way?
How often have you found that you could not cope with all the things that you had to do?
How often have you been able to control irritations in your life?
How often have you felt that you were on top of things?
How often have you felt angered because of things outside of your control?
How often have you felt difficulties were piling up so high that you could not overcome them?

mutant Huntingtin and is calculated using the following equation: number of CAG repeats – 33.66
/ Age [9]. TFC is a standardized assessment to
determine an individual’s capacity to carry out activities of daily living, work, manage finances and
live independently [10]. TFC scale ranges from 13
(no impairments) to 0 (severe impairments) [10].
Patients highest completed education was recorded as
7th–9th grade, 10th–12th grade, some college, Associate degree, Bachelor degree, or Graduate degree.
These grades and degrees correspond to 7–9 years,
10–12 years, 12–14 years, 14 years, 16 years, and
16 + years of formal education. Tableau software was
used to generate a regional distribution of our survey
participant responses (Tableau, version 2019.4, Seattle, WA). We utilized United States Census data

from 2010–2019 to determine participant “residence
type” based upon the number of inhabitants by
county: rural (0–10,000), village (10,001–50,000),
town (50,001–100,000), or city (100,001+) [11]. We
categorized education level and residence type to
match those utilized by the Enroll-HD database.
Data analyses
We compared patient versus caregiver survey
responses as well as clinical demographics to identify any significant difference in responses in these
variables using Man-Whitney tests for nonparametric data. We found that participant responses
significantly varied only by CAG repeat, CAP-score,
and TFC. We found no differences in responses re-
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Table 2
Demographic and clinical information from participant medical
records. Education level refers to the patients highest completed
education level; residence type is based upon the number of occupants within a county as reported by the US Census Bureau
Pathogenic allele CAG length
Total functional capacity
Marital status

◦ Single/partnered
◦ Married
◦ Divorced/separated
◦ Widowed

Education level

◦ 7th–9th grade
◦ 10th–12th grade
◦ Associate degree
◦ Bachelor degree
◦ Graduate degree

Online health portal access

◦ Not activated
◦ Activated

Health insurance provider

◦ Uninsured
◦ Medicaid
◦ Medicare
◦ Private

County of residence

a patients ability to do telehealth and utilize online
health platforms with residence setting, type of health
insurance coverage and recent economic hardship
using multiple logistic regressions.
We evaluated perceived stress levels both through
patient report as well as caregiver report on behalf of
the patient [8]. The association between patient stress
levels and patient CAG and CAP-score as well as
ability to receive necessary healthcare services were
examined using Spearman correlation and logistic
regression. Similarly, we also evaluated how economic hardship impacted stress levels in HD patients
using logistic regression.
Ethics
This study was approved by Vanderbilt University
Medical Center Institutional Review Board. Consent
for this study was provided over the telephone prior
to administration of the telephone survey.

State of residence
Residence type

◦ Rural (0–10,000)
◦ Village (10,001–20,000)
◦ Town (20,001–50,000)
◦ City (50,000+)

lating to clinical needs, stress levels, access to healthcare services or demographic variables relating to
socioeconomic status as determined by Chi-square or
logistic regression. As such, participant responses are
reported separately (patient-reported vs caregiverreported) for CAG repeat, CAP-score, and TFC and
combined (all participants) for the remaining outcomes. The mean value for PSS total score and
CAP-score were imputed for 5 missing PSS values
and 9 missing CAP-scores.
Socioeconomic profile for participants was determined using highest education level completed,
marital status, health insurance provider, and residence setting based upon county population. Profiles
within each variable are depicted using pie-charts
with the percentage of participants. We also determined the percentage of respondents who were
experiencing economic hardship (yes/no) as a result
of the pandemic.
We report the percentage of participants who are
able to: i) see a physician, ii) obtain their medication,
iii) participate in telehealth visits, iv) utilize online
health platform, and v) participate in online support
groups. In order to determine what factors might
impact a patients ability to receive necessary healthcare services, we examined the association between

RESULTS
Participant demographics
Two-hundred and twelve HD patients were contacted and 156 participants completed the survey
for a response rate of 74%. Participants completing
the survey reside primarily within Tennessee, North
Carolina, South Carolina, Georgia, Mississippi, Illinois, Kentucky, Alabama, and Florida as displayed
in Fig. 1. Of those participants, 82 were patients and
74 were caregivers. The profile of our caregiver respondents were 60% spouses, 21% parents, 10% offspring, and 9% either in-laws or grandparents.
Patient clinical demographics
The patients completing the survey were 44%
male, with 96.6% identifying as Caucasian, 2.8% as
Hispanic or Latino, 1.7% as African-American, and
0.6% as North African. Surveys completed by patients represented a cohort with a significantly lower
average CAG-repeat and CAP-score and higher TFC
(p < 0.05) in comparison to surveys completed by
caregivers as shown in Table 3. More specifically,
patient-reported average CAG repeat length was 43.5
(± 3.4), average CAP-score was 442.7 (± 137.7)
and average TFC of 9.7 (± 3.5) while caregivers
completed surveys on behalf of patients with an average CAP-repeat length of 45.0 (± 5.2), CAP-score of
536.2 (± 109.0) and TFC of 7.8 (± 3.8) (Table 3).
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Fig. 1. Regional distribution of survey participants throughout the United States. Each dot indicates a participant with increasing dot size
representative of multiple participants from that county. County population is based upon the 2018 US Census Bureau data with increasing
population illustrated through increasing blue color tone.
Table 3
Participant demographics based upon patient self reports and caregiver reports on behalf of patients. CAG refers to the number of pathogenic
repeats within the Huntingtin gene; CAP-score refers to the CAG-Age related Product and TFC refers to Total Functional Capacity. Participant
profile (patient- vs caregiver reports) and patient sex are shown as percentages; patient age, CAG, CAP-score, and TFC are all reported as
mean ± S.D with corresponding p-value
Participant
Participants (%)
Patient sex (% male)
Patient age (y ± S.D.)
Patient CAG (± S.D.)
Patient CAP-score (± S.D.)
Patient TFC (± S.D.)

Patient-reported

Caregiver-reported

p

82 (52.6)
40.2
47.9 ± 14.0
43.5 ± 3.4
442.7 ± 137.7
9.7 ± 3.5

74 (47.4)
50.0
51.0 ± 15.0
45.0 ± 5.2
536.2 ± 109.0
7.8 ± 3.8

N/A
p = 0.08
p = 0.11
p = 0.04
p < 0.001
p = 0.001

Socioeconomic proﬁle of HD patients
Of the 156 respondents, there were 9% uninsured,
9% with medicaid, 32% with medicare, and 50% with
commercial health insurance (Fig. 2). At the time of
our study, twenty-two percent of patients were single, 15% were either divorced or separated, 61% were
married or in a partnership, and 2% were widows. The
highest completed education level for patients indicates that 6% of patients completed 7th–9th grade,
33% completed 10th–12th grade, 16% completed
some college whereas 31% have an Associate degree.
Ten percent of HD patients have a Bachelor degree
and 4% have a graduate degree (Fig. 2A). Lastly,

22% of patients live in a rural area (less than 10,000
occupants), 6% in a village (10,–50,000 occupants),
34% in a town (50–100,000), and 38% live in a
city of more than 100,000 occupants (Fig. 2D). The
telephone survey question relating to economic hardship among participants found that 29% of patients
endorced experiencing economic hardship.
Feasibility of remote healthcare delivery
Our survey included 5 ‘yes/no’ questions directly
related to the feasibility of remote healthcare and
the delivery of healthcare services during COVID-19
‘safer-at-home’ orders on HD patients. Eighty-seven
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Fig. 2. Feasibility of remote healthcare delivery in HD patients. Participants were asked about their ability to see a physician (Physician), obtain
medication (Medication), communicate with medical providers using online health platform (Online Health Portal), ability to participate in
telehealth visits (Telehealth) and online support groups (Support group). Data is shown as percentage of all participants endorsing yes or no.

Fig. 3. Socioeconomic demographics for HD patients completing the survey. We report A) highest education level completed, B) marital
status, C) health insurance provider, and D) residence type by county population. Percentages within each pie chart indicates the percent of
all participants which fall within the respective category.

percent of participants indicated that the patient was
able to get an appointment with a physician and 98%
were able to receive necessary medication (Fig. 3).
Fifty-four percent of patients represented had active
online health portal accounts and 75% were able
to participate in telehealth appointments (Fig. 3).
Approximately 50% of respondents expressed an

interest in participating in online support groups
(Fig. 3).
Perceived stress levels
We examined patient stress levels using patient self
reports and caregiver reports on behalf of patients.
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We found that patients tended to report lower perceived stress scores (PSS) (14.46 ± 8.3) compared to
caregiver reports on behalf of patients (16.2 ± 7.3;
p = 0.11) (Fig. 4A). Given that caregiver respondents
reported on patients with significantly greater disease
burden, we assessed the association between PSS and
CAP-score and TFC. There was a non-significant
negative correlation (r = –0.19; p = 0.06) between
patient reported stress score (Fig. 4B), whereas
there was no relationship between caregiver-reported
patient stress and patient CAP-score (Fig. 4C). There
was no relationship between PSS score and TFC.

DISCUSSION
The safer-at home response to the COVID-19 pandemic was adopted in many regions across the United
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States, although duration varied. Safer-at home orders
resulted in unique challenges to both healthcare providers, healthcare delivery, and patients. Our findings
provide several important insights into the feasibility of remote health care delivery and socioeconomic
factors which may impact assessibility to these necessary healthcare services. Although some healthcare
services are unique to HD, we believe these findings
are likely emblematic of current healthcare needs
across other neurodegenerative diseases.
Our survey identified several possible limitations
in remote healthcare and the delivery of health services for HD patients. We found that nearly 50%
of patients did not actively utilize the online healthcare platform—which facilitates communication
between healthcare providers and patients. Additionally, approximately 25% of patients were unable to
participate in regular telehealth visits. It is unclear

Fig. 4. Stress levels in patients. A) Perceived stress levels reported by patients and caregivers (on behalf of patients), B) association between
patient CAP-score and patient reported perceived stress, C) association between patient CAP-score and caregiver-reported patient stress.
Data are reported as Spearman’s r and corresponding p-value.
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based on our data whether inability to participate is
due to unwillingness (would prefer in-person visits),
inability (lack of internet access), or economic barriers (cost concerns); however, it is clear that a system
based entirely on telehealth may neglect a quarter of
this HD patient population. Future studies examining
clinical care needs should explore ways to increase
access of telehealth services in HD. We also found
that approximately 50% of patients would participate
in a monthly online support group facilitated by our
social work team. This percentage represents a substantial increase from current in-person participation
and may reflect patients desire for additional social
support resources. One clear benefit of virtual support
meetings relates to the ability to bridge geographic
barriers and provide HD families across the region
an opportunity to connect with the broader HD community [12]. This benefit is particularly relevant for
our HD population as Fig. 1 demonstrates our participants travel considerable distances to receive care
as well as live in rural areas with potentially limited
access to health and internet services. Furthermore,
these support groups can be used as educational platforms to provide HD families with skills to cope with
unique stressors and challenges exacerbated by the
pandemic.
To better articulate underlying causes of limitations in healthcare accessibility, we examined
variables associated with socioeconomic status including: highest completed education, marital status, residential setting and health insurance provider.
We found that nearly 40% of our patients had a
high school degree or less, which is equivalent to
less than 12 years of formal education. This finding
is important, given recent studies like Tabrizi et al,
where participants have on average 16 years of formal education [13]. These results emphasize the need
to enroll patients with diverse ethnic, health literacy,
and educational background [14].
Our survey also demonstrates that approximately
20% of our patients are either uninsured or have
Medicaid—a federal health insurance program for
individuals with low income. Recent work on variations in health care coverage for federal programs as
well as anecdotal evidence from medical providers
reveals that access to necessary health care services
and long-term care accommodations is more difficult
to acquire for those uninsured or on Medicaid [15].
One potential resource for uninsured patients would
be the adoption of the Huntington’s Disease Parity
Act of 2019 which waives the current requirement of
a 24-month waiting period for individuals with an HD

diagnosis to receive Medicare. Adoption of the current bill would eliminate a significant barrier to health
services by allowing previously uninsured patients to
receive proper multi-disciplinary care upon diagnosis. Recent trends in HD clinical research to target
earlier stages of disease suggests that earlier interventions may yield the greatest chances of delaying
disease progression [16–19]. As such, reducing the
number of uninsured or Medicaid-sponsored patients
and thereby improving access to specialized equipment and clinical care, could ultimately change the
disease trajectory for those individuals as well as reduce economic and emotional hardship on caregivers.
Another unique challenge for these participants
relates to the high rate of divorce or singledom. This
presents several challenges as unmarried patients
have a single source of income and have no immediate
caregiver. In fact, over 20% of caregiver respondents in our survey were parents of the affected
patient and nearly 10% were offspring. This caregiver
profile mirrors a previous study of HD caregivers
although nearly 25% of caregivers in that sample
were children [20]. This caregiver profile emphasizes the types of resources that may be useful to
HD patients and their families. For instance, young
adults in the caregiver role may benefit from additional resources regarding long-term care for their
parent as well as the possibility to utilize the federal
medical leave act (FMLA) to care for an ailing family member. Additionally, biological offspring have a
50% chance of inheriting the huntingtin gene mutation and developing HD. Most of these caregivers
have the burden of caring for a sick parent, as well
as addressing their at-risk genetic status or recent
HD diagnosis. These individuals face a unique set of
challenges which require more personalized attention
from healthcare providers, including encouragement
to maintain their own mental and physical health.
A clear limitation of our study is the lack of information regarding the health and well-being of our
caregiver respondents. Future work in this population will include a more thorough examination of
caregiver needs.
Lastly, we wanted to understand how these limitations in healthcare assessibility and socioeconomic
challenges impacted stress in patients. We report
stress levels as patient self-reported stress as well as
caregiver perceived patient stress. Although we are
unable to compare pre-COVID perceived stress levels for our respondents, a recent report found that
pre-COVID stress levels increased approximately 3-
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fold amid COVID in health US adults between 30–54
years of age [21]. While we did not find any significant difference between patient perceived stress and
those stress levels reported by caregivers (on behalf
of patients), we did find that patient stress levels
decrease with increasing disease burden. Specifically,
we observed a non-significant (p = 0.06) negative correlation between patient perceived stress and patient
CAP-score (lower stress with greater disease burden);
whereas there was no relationship between caregiver perceived patient stress and patient CAP-score.
For patients, this finding may be indicative of cognitive changes that protect against stress. Although
the cause of increased stress in patients remains
unknown, it is clear that emotional and physiological stress exert detrimental effects on mental [22,
23] and physical health [24] as well as neuronal
health [25, 26]. Increased stress impairs aspects of
cognitive functioning [27] and thus identifying the
causes of stress are particularly important in HD
since cognitive decline is an inherent manifestation of disease. In fact, we recently described a
direct connection between anxiety and depression
and working memory in HD offspring [28]. Perhaps
more importantly, they suggest that skills to manage
and cope with stress may be an effective intervention to prevent or delay cognitive impairments in HD
[28].
Overall this work demonstrates the importance
of developing universal clinical care protocols for
HD that reflect the diverse needs of this population. Safter-at-home orders due to the COVID-19
pandemic provided a unique opportunity to more
clearly identify health care disparities in a disease
population with significant economic vulnerability.
It illustrates that remote telehealth care and online
healthcare systems may not be immeditately adopted
by a substantial portion of HD patients and that nearly
a quarter of HD patients could benefit from increased
access to healthcare services through Medicare coverage. These findings emphasize many opportunities
for improved health care delivery for a diverse population.
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Black CN, Bot M, Révész D, Scheffer PG, Penninx B.
The association between three major physiological stress
systems and oxidative DNA and lipid damage. Psychoneuroendocrinology. 2017;80:56-66.
Flaherty RL, Owen M, Fagan-Murphy A, Intabli H, Healy
D, Patel A, et al. Glucocorticoids induce production of
reactive oxygen species/reactive nitrogen species and DNA
damage through an iNOS mediated pathway in breast cancer. Breast Cancer Res. 2017;19(1):35.
McEwen BS, Sapolsky RM. Stress and cognitive function.
Curr Opin Neurobiol. 1995;5(2):205-16.
Ciriegio AE, Pfalzer AC, Hale L, McDonell KE, Claassen
DO, Compas BE. Investigating the interplay of working
memory, affective symptoms, and coping with stress in
offspring of parents with Huntington’s disease. Neuropsychology. 2020; doi: 10.1037/neu0000692

