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Abstract

Background and Objectives

Social and structural determinants of health (SDOH) have been associated with disability in
neurologic diseases. However, the association between these factors and disability in Hun-
tington disease (HD) has not been studied. This study aimed to evaluate the association
of racial and sociodemographic factors with disease severity in patients with HD in North
America.

Methods

We conducted a cross-sectional study of genetically confirmed participants with HD (36+ CAG
repeats) in the North American region using the ENROLL-HD 2020 periodic dataset. In this
analysis, our exposure variable was the participant’s race/ethnicity. The main outcome measure
was disease severity, as measured by the Total Functional Capacity Score (TFC), which
measures the level of disability of patients with HD. We used multivariate regression models to
adjust for sociodemographic factors that may mediate or moderate a causal effect between race/
ethnicity and disease severity.

Results

Among 4,717 gene-positive participants in the North American region, 89.5% identified as
White, 3.4% as Hispanic or Latino, and 2.3% as African American/Black. The average TFC
score was 10.22 (SD 3.22); 48% of participants completed either secondary education (in-
cluding college) or a professional degree, and 55% lived in a city and not in a town, village, or
rural location. In multivariate regression models, we found that Black participants and those
with less than a high school degree entered the ENROLL-HD study with lower TFC scores
than White participants. We also found that compared with those with at least a high school
degree, those who completed some form of higher education or professional degree had higher
TFC scores (p < 0.001). This multivariate analysis did not find an association between geo-
graphic location and TFC score.

Discussion

Our study found that Black participants in North America presented to ENROLL-HD with
more advanced disease than White patients. We also found that higher education was associated
with less advanced disease when entering the ENROLL-HD study. The role of race/ethnicity
and education in HD symptom severity warrants further investigation. These findings un-
derscore the importance of further studying the role of social and structural determinants
of health in patients with HD, particularly those from historically marginalized communities.

*These authors are co-senior authors in this study.
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Introduction

Huntington disease (HD) is a progressive rare neurogenetic
disease characterized by a triad of involuntary movements
(chorea), psychiatric and behavioral disturbance, and cog-
nitive impairment. Current disease prevalence in European
countries and other nations with common European ances-
try is 4-7 per 100,000 persons." A recent claims data set
study of privately insured patients found a similar 14-year
incidence rate of HD diagnosis between Black or African
American (hereafter Black) and White non-Hispanic
(hereafter White) insurers.” In the pediatric literature, a
separate claim data set study found a high percentage of
Black and Hispanic or Latino (hereafter Latino) patients with
the disease.>” In addition to claims data set studies, an analysis
from the University of California Los Angeles (UCLA) HD
Center of Excellence (COE) showed that between 2013 and
2021, 16% of patients identified as Latino, 5% as Black, and
11% listed race as “other.”*

Racial and ethnic disparities in access to neurologic care are
well documented. Black and Latino patients experience delays
in access to acute stroke care.>® Black patients with Parkinson
disease also present with more advanced disease and are less
likely to be provided standard-of-care treatments.”
creasing evidence refutes the notion that multiple sclerosis
(MS) is more common in White people of northern European
ancestry in comparison to persons of color; recent large ret-
rospective data suggest Black patients have higher MS risk and
incidence, more severe disease at diagnosis, and higher mor-
tality rates than their White counterparts.” Non-Hispanic
Black patients with dementia also have more cognitive defi-
cits, neuropsychiatric symptom severity, and functional de-
pendence.' Studies of racial disparities in headache suggest
migraine is more frequent, severe, and likely to become
chronic in Black patients.'* Although the reasons for these
disparities are varied, contributing factors include systemic
racism, bias in healthcare, and social and structural determi-
nants of health (SDOH), such as lack of health insurance and
limited access to neurologic care.'?

In-

If communities of color report higher disability for common
neurologic conditions, those with rare neurologic diseases
likely experience similar disparities. In the case of amyo-
trophic lateral sclerosis (ALS), a disease with a similar
prevalence in the United States as HD, Black patients ex-
perience delays in diagnosis and present to specialized ALS
care with more advanced disease than White paticents.13’14
Given known racial and ethnic disparities in access to
neurologic care, this study seeks to create a conceptual
framework on the SDOH in HD and evaluate racial and
ethnic differences in HD symptom severity at the time of
baseline visit in ENROLL-HD as measured by the Total
Functional Capacity Score (TFC), a well-validated assess-
ment of physical and cognitive disability in Huntington
disease and frequently used outcome measure in HD
clinical trial design.15
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Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

The Office of the Human Research Protection Program at the
University of California, Los Angeles (UCLA), deemed the
following study exempt from IRB review. Enroll-HD is a global
clinical research platform designed to facilitate clinical research
in Huntington disease. Core data sets are collected annually
from all research participants in this multicenter longitudinal
observational study. Data are monitored for quality and accu-
racy using a risk-based monitoring approach. All sites are re-
quired to obtain and maintain local ethical approval.

Study Design and Participant Selection

This study used the ENROLL-HD 2020 periodic dataset
(PDSS). ENROLL-HD is a free and publicly accessible longi-
tudinal multicenter international observational study of patients
with HD.'®'7 The data set includes clinical assessment data,
biological samples, and HD-specific healthcare outcome data of
more than 20,000 participants, including individuals without
the HD mutation (controls). Figure 1 shows the participant
selection process. We reviewed data from genetically confirmed
individuals with HD (36+ CAG repeats) during their baseline
ENROLL-HD visit. Given worldwide differences in healthcare
access, this analysis was restricted to the North American re-
gion to understand demographic and healthcare access in the
United States. ENROLL-HD does not have data organized by
country. As a result, it is not possible to obtain US-only data.
However, the North American region includes 50 sites in the
United States and 6 in Canada.

Conceptual Model

Figure 2 shows a proposed conceptual model of the relationship
between race and ethnicity and disease-specific outcomes in
patients with HD. In this model, we incorporate biological
variables specific to HD that may directly affect the level of
disability, including CAG repeat length, age, sex, and type of
symptom at the time of disease onset. We also incorporate social
determinants of health, which may mediate the relationship
between race and disability, capturing factors associated with
barriers to healthcare in minoritized communities that may in-
directly lead to differences in the level of disability. The creation
of this conceptual model is independent of variables available in
ENROLL-HD and instead serves as a guide for future studies of
SDOH in HD.

Construction of Variables

The race and ethnicity variable uses the racial categories made
available through the ENROLL-HDs periodic dataset. Cate-
gorization is based on the participant’s self-identification, al-
though the baseline form includes more options than what
investigators see in the periodic data set. For investigators to see
the same categories participants fill out, they must contact
ENROLL-HD and submit a separate data request form.'® The
level of disability in HD is measured by the TFC, a measure of
physical and cognitive disability as assessed by an individual’s
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Figure 1 Participant Selection for Analysis

Participants with a baseline ENROLL-HD visit
(N=21,116)

v

Excluded (n = 4,996):
+ Participants with CAG <36 (4,964)
* Participants with CAG >70%* (32)

A4
Participants with CAG repeat length >36
(n=16,120)

Excluded (n = 11,403):

_| * Participants in Europe (10,623)

"| « Participants in Australasia (607)

« Participants in Latin America (173)

A 4
Participants in the North America region
(n=4,717)

Primary analysis

A 4

Excluded (n = 1,587):
+ Participants missing the age of HD
diagnosis (1,587)

A
Participants in the North America region
with a listed age of HD diagnosis
(n=3,130)

Sensitivity analysis

*ENROLL-HD aggregates data for in-
dividuals with 70 CAG repeats or more.

ability to be employed, manage finances, engage in self-care, and
receive care at home (eAppendix 1, linkslww.com/CPJ/
A466).""%* The TEC scale ranges from 0 to 13, with 13 meaning
no disability and 0 meaning severe disability, and is scored by a
clinician based on participant and caregiver responses. TFC is
consistently used as an essential outcome measure in contem-
porary HD-randomized controlled trials and thus serves a critical
role in developing potential disease-modifying therapies. The
conceptual model in Figure 2 includes variables mediating an

individual’s level of disability, including SDOH, which might be
barriers to healthcare access. Of these variables, ENROLL-HD
has a participant’s completed level of education, employment
status, and the participant’s residential location (listed as “geo-
graphic location”). ENROLL-HD does not collect insurance or
income data, and we could not include these variables in the
current multivariate analysis. Employment was ultimately not
included in statistical models, given endogeneity in the TFC
score, with one question in the TFC score asking about an

Figure 2 Conceptual Model of the Relationship Between Race/Ethnicity and Disease-Specific Outcomes in Huntington

Disease

Type of initial
symptom

Psych/cognitive
motor

Race/ethnicity

Age/sex

Disease-specific

Level of
education

Employment

Insurance °

Income ,

Residential

location

outcomes

Moderators: Biological variables in-
cluding age, sex, CAG repeat length,
and the type of symptom at disease
onset. Mediators: Social and structural
determinants of health, including level
of education, employment status, in-
surance, income, and geographic loca-
tion.

CAG repeat

length
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individual’s ability to be employed. Potential moderators of the
relationship between race and TFC also included biological
variables such as age, sex, CAG repeat length, and symptom type
at the time of disease onset. The original model did not have the
age of diagnosis because of high variability in clinicians’ diagnosis
of HD, with a historical focus on the onset of motor symptoms
(chorea) and not always considering cognitive or psychiatric
symptoms, which may lead to significant disability independent
of chorea.”® Nonetheless, we did perform a sensitivity analysis
including this variable.

Statistical Analysis

Descriptive statistics were used to analyze patient socio-
demographic data. Linear regression models were used to
assess the relationship between race/ethnicity and disease
severity and disability as measured by the TFC score for
available data. We used 3 sequential linear regression models.
Model 1 includes a simple linear regression model of the
relationship between race/ethnicity and TFC score. Models
2 and 3 include biological and SDOH variables available in
ENROLL HD. Sensitivity analysis included an analysis of
variance (ANOVA) testing the interaction between race/
ethnicity and education (eAppendix 2, links.lww.com/CPJ/
A466) and race/ethnicity and initial symptom type (eAp-
pendix 3). We also included descriptive statistics, including
the age of diagnosis and age of enrollment in baseline visits,
stratified by race/ethnicity. A fourth multivariate linear re-
gression model includes biological and SDOH variables and
the age of HD diagnosis. p values were set at 0.05 with a 95%
confidence interval. All analyses were performed in STATA
version 17.

Data Availability

Data used in this work were generously provided by the
participants in the Enroll-HD study and made available by
CHDI Foundation, Inc. We used the ENROLL-HD Periodic
Dataset S (released in 2020) for this study. The data set is
publicly available and free to use by investigators.'®

Results

Participant Demographics

Among baseline visits, we identified 4,717 participants in the
North American region with genetically confirmed Huntington
disease (Table 1). Only 10% (n = 494) identified as a race or
ethnicity other than non-Hispanic White. A total of 3.35%
(n = 158) of participants identified as Latino, 2.29% (n = 108)
as Black, 1.12% as Native American (n = 53), and 0.68%
(n = 32) as Asian. Most participants were women (55.9%), the
mean age at the time of enrollment was 30.77 years (SD 14.2),
and the average CAG repeat length was 43.5 (SD 3.8). The
most common symptom type at the time of disease onset was
motor (55.5%), followed by psychiatric (19.8%). However,
data for this variable was missing for almost 33% of participants.
Of note, the average TFC among those with missing data was
12, suggesting this group has less disability. For SDOH
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variables, most participants completed some form of higher
education or a professional degree (44.88%), yet most reported
not being employed at enrollment (58.7%). Regarding geo-
graphic location, most participants lived in a city (54.7%), and
only 7.3% lived in a rural area. Except for the type of symptom
at the time of disease onset, there was less than 1% of missing
data for most variables, and for subgroups with missing data,
the average TFC was <7.

Disease Severity and Level of Disability

The average TFC score in this sample was 10.22 (SD 3.22),
consistent with a Shoulson-Fahn Stage II of Huntington disease.
This suggests that most participants in the sample have some
component of disability that prevents them from working, and
they may need some assistance with activities of daily living.
Table 2 shows linear regression models for the relationship be-
tween race/ethnicity and total functional capacity score. In all 3
models, Black participants with HD reported more disability
than White non-Hispanic participants (p < 0.001). Using a
marginal analysis, in this final model, Black patients have a lower
TFC score (9.22) than other racial and ethnic groups. Age, sex,
CAG repeat length, and initial symptom type were statistically
associated with TFC scores. Higher CAG repeats were associ-
ated with more disability (p < 0.001), and psychiatric or cognitive
symptoms as the first symptom of disease onset were also as-
sociated with more disability at the baseline ENROLL-HD visit
(p < 0.001). Of the available SDOH, having less than a high
school degree or GED equivalent was associated with more
disability (p = 0.003), whereas higher education/professional
degrees and Ph.D./doctorate degrees were associated with less
disability (p < 0.001 and p = 0.00S, respectively). ANOVA of the
level of education based on race/ethnicity did find a higher
proportion of Native American participants with less than a high
school degree (41.2%) and Asian participants who completed
some form of higher education or professional degree (71.9%)
(eAppendix 2, linkslww.com/CPJ/A466). No significant dif-
ferences were noted in comparisons of symptom type at disease
onset based on race/ethnicity (eAppendix 3).

Sensitivity Analysis

To better understand the level of disability in relation to years
with an HD diagnosis, we included a descriptive analysis of the
age of HD diagnosis, age of baseline visit, and a new variable
measuring time from HD diagnosis to time of participation in
ENROLL-HD (Time-to-Enrollment, TTE). The age of HD
diagnosis was missing for 33.6% of participants. For the new
variable TTE, there were 174 negative values which could ac-
count for individuals who might have been asymptomatic or
undiagnosed when they entered ENROLL-HD and were sub-
sequently diagnosed in follow-up visits. Table 3 shows these
data stratified by race/ethnic group. To address between-group
differences, we performed a one-way ANOVA and simple lin-
ear regression analyses. Compared with White participants,
Black, Latino, Native American, and mixed participants were
younger at the time of HD diagnosis and entered ENROLL-
HD at a younger age. There was a shorter time to enrollment
across all minority groups, although this was only statistically
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Table 1 Demographics of Genetically Confirmed (CAG 36+) Huntington Disease Participants in the North America Region
During Baseline Visits Using the ENROLL HD 2020 Dataset (N = 4,717)

Mean total functional capacity

N (%) or mean (SD; range) (TFC score) (SD; range)
Age? 47.66 (14.2; 18-91) —
Sex
Female 2,637 (55.9%) 10.25 (3.26; 0-13)
Male 2,080 (44.1%) 10.17 (SD 3.17; 0-13)
Race/ethnicity (primary regressor)
White 4,223 (89.5%) 10.26 (SD 3.19; 0-13)
Black American 108 (2.3%) 8.29 (SD 3.64; 0-13)
Hispanic or Latino origin 158 (3.4%) 10.04 (SD 3.37; 1-13)
American Indian, Native American, 53 (1.1%) 10.13 (SD 3.68; 1-13)
Amerindian
Asian 32 (0.7%) 9.84 (SD 3.71; 1-13)
Mixed race 100 (2.1%) 10.71 (SD 2.92; 1-13)
Other 43 (0.9%) 10.21 (SD 3.24; 2-13)
Total functional capacity score 10.22 (3.22; 0-13) —
“TFC” (0.34% missing)
(mean, SD; min, max)
CAG (36+) repeat length 43.45 (3.80; 36-69) —
(mean, SD; min, max)
Initial symptom at the time of n = 3,156 (33% missing)
disease onset
Motor 1,736 (54.9%) 9.09 (SD 3.29; 0-13)
Cognitive 437 (13.8%) 8.81 (SD 3.08; 0-13)
Psychiatric 621 (19.7%) 9.15(SD 3.30; 0-13)
Other 31 (1%) 9.97 (SD 2.95; 3-13)
Mixed 336 (10.6%) 9.10 (SD 3.19; 0-13)
Missing 1,553 (33%) 12.53 (SD 1.43; 2-13)
Level of education n = 4,706 (0.23% missing)
Less than high school/GED 122 (2.6%) 8.52 (SD 3.77; 1-13)
High school/GED 1,291 (27.4%) 9.60 (SD 3.29; 0-13)
Vocational training/some college 1,037 (22%) 10.26 (SD 3.25; 0-13)
Higher education and professional 2,112 (44.9%) 10.66 (SD 3.03; 0-13)
degree
PhD/doctorate 144 (3.1%) 10.65 (SD 3.14; 1-13)
Missing 11 (0.2%) 5.67 (SD 4; 0-12)
Employment status n =4,708 (0.19% missing)
Full-time employed 1,446 (30.7%) 12.71 (SD 0.88; 4-13)
Part-time employed 367 (7.8%) 11.96 (SD 1.66; 2-13)
Self-employed 125 (2.7%) 12.28 (SD 1.36; 5-13)
Not employed 2,770 (58.7%) 8.60 (SD 3.21; 0-13)
Missing 11 (0.2%) 6.33(SD 4.63; 0-13)
Continued
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Table 1 Demographics of Genetically Confirmed (CAG 36+) Huntington Disease Participants in the North America Region
During Baseline Visits Using the ENROLL HD 2020 Dataset (N = 4,717) (continued)

N (%) or mean (SD; range)

Mean total functional capacity
(TFC score) (SD; range)

Geographic location

n =4,708 (0.19% missing)

Rural 344 (7.3%) 10.07 (SD 3.32; 2-13)
Village 370 (7.8%) 10.24 (SD 3.07; 1-13)
Town 1,414 (30%) 10.02 (SD 3.19; 0-13)
City 2,580 (54.7%) 10.35 (SD 3.24; 0-13)
Missing 9 (0.2%) 7.0 (SD 4.73; 0-13)

2 Two omitted values because of the aggregation of participants <18.

significant for Native American and mixed-race participants (p
< 0.0S). Despite a younger age at the time of diagnosis and
baseline ENROLL-HD visit, Black participants had a lower
TFC score than White participants (p < 0.001). A new multi-
variate linear regression model (Table 4), including the age of
HD diagnosis, had similar findings to earlier models: Black
participants with HD, those with psychiatric and cognitive
symptoms at disease onset, and those with less than a high
school degree all had more disability during the baseline
ENROLL-HD visit.

Discussion

In this sample, we found that Black patients with HD and
those with cognitive and psychiatric symptoms as initial
symptom types present with more disability during their
baseline ENROLL-HD visit. In contrast, higher educational
attainment was associated with less disability. These differ-
ences remained true even when controlling for the age of HD
diagnosis. Although there were no statistical differences
among other racial and ethnic groups, given the low sample
size, the statistical power may have been inadequate to
identify statistical differences in those groups. Of note, this
study suggests that despite this low sample size, Black pa-
tients with HD present with more disability at the time of
participation in ENROLL-HD.

To our knowledge, this is the first study to identify racial and
ethnic disparities in Huntington disease. Some of the reasons
for higher disability/disease severity for Black patients in HD
are likely similar to reasons for greater disability in other
neurologic conditions. Black and Latino adults in the United
States experience higher uninsurance rates than White non-
Hispanic adults in the general population®*** and among
hospitalized patients with neurologic disease.”® Even if in-
sured, Black and Latino patients are less likely to see a
neurologist even if they have a documented neurologic
condition.'” Minoritized patients are also less likely to be
asked to participate in clinical research studies even when

Neurology: Clinical Practice | Volume 13, Number 6 |
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interested in research participation.””® Participation in
ENROLL-HD requires access to a Huntington Disease So-
ciety of America COE. Although these research visits are free
of cost to the patient, many community clinics and patients
may be unaware, or there may be geographic barriers for
patients to access these centers and be part of ENROLL-HD.
In this context, higher disability for Black patients with HD
during their baseline visit for ENROLL-HD may indicate a
delay in access to subspecialized care or a delay in partici-
pation in the ENROLL-HD study. Sensitivity analyses sug-
gested that Black participants with a documented age of HD
diagnosis entered ENROLL-HD shortly after the diagnosis.
However, these findings are difficult to interpret because of
the large percentage of missing data for this variable, his-
torical reliance on HD diagnosis based on motor symptoms,
and not knowing where a participant was diagnosed. Al-
though we postulate that social and structural determinants
of health, including lack of healthcare insurance and limited
referral to subspecialized neurologic care, likely contribute to
higher disability in this patient cohort, larger multicenter
studies are needed to understand better how communities of
color access HD care, rate of participation in HD research,
and to what extent disparities in access contribute to dis-
parities in HD specific outcomes.

Consistent with previous literature, our analysis reveals that pa-
tients who presented with psychiatric symptoms as the initial
symptom had lower TFC scores. Yet, the true burden of disability
is likely underestimated. Several studies have reported a statisti-
cally significant relationship between depression and apathy with
decreased functional capacity; however, no statistically significant
association has been found between total functional capacity and
anxiety, suicidality, aggression, delusions, and hallucinations—
symptoms that inevitably contribute to disability.***" Our find-
ings support the hypothesis that TFC scores reflect motor and
cognitive function and may underestimate the disability associ-
ated with psychiatric symptoms other than depression and ap-
athy.32 This inaccuracy has important clinical implications, given
that psychiatric symptoms in HD may have a greater impact on
disability than cognitive or motor symptoms.*

Neurology.org/CP
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Table 2 Multivariate Regression Models of Total Functional Capacity Score

Model 1 Model 2 Model 3

B coefficient Standard error pValue f coefficient Standarderror pValue P coefficient Standarderror p Value

Race/ethnicity

White non-Hispanic Ref Ref Ref
Black American -1.977 0.313 <0.001 -1.077 0.262 <0.001 -1.024 0.319 0.001
Hispanic or Latino -0.226 0.26 0.386  -0.300 0.218 0.169  -0.503 0.307 0.102
Other -0.054 0.492 0912  0.058 0.409 0.888  -0.124 0.546 0.82
Native American/ -0.132 0.444 0.767  -0.319 0.369 0.388 -0.33 0.63 0.60
Amerindian
Mixed 0.446 0.325 0.17 0.191 0.272 0.482  0.439 0.377 0.245
Asian -0.425 0.579 0.463  -0.709 0.482 0.141  -0.771 0.674 0.253
Age -0.136 0.003 <0.001 -0.14 0.006 <0.001
Sex
Female -0.199 0.079 0.012  -0.379 0.105 <0.001
Male Ref Ref
CAG (36+) -0.436 0.012 <0.001 -0.413 0.018 <0.001
Initial symptom type
Motor Ref Ref
Cognitive -0.710 0.159 <0.001 -0.75 0.158 <0.001
Psychiatric -0.720 0.142 <0.001 -0.739 0.141 <0.001
Other 0.867 0.542 0.110  0.75 0.539 0.164
Mixed -0.260 0.176 0.141  -0.231 0.176 0.189
Level of education
Less than high school/GED -0.978 0.324 0.003
High school/GED Ref
Vocational training/ 0.046 0.148 0.755
some college
Higher education and 0.538 0.126 <0.001
professional degree
PhD/doctorate 0.895 0.32 0.005
Geographic location
Rural -0.018 0.206 0.93
Village 0.201 0.197 0.306
Town -0.056 0.118 0.635
City Ref
Constant 10.264 0.049 <0.001 35.303 1.052 <0.001 34.715 1.067 <0.001
Sample size (N) 4701 3143 3136

Given our noted racial disparities in HD, it is also important
to better understand the relationship between race and psy-
chiatric disease. Psychiatric symptoms are increasingly rec-
ognized as the main reason for institutionalization in patients

with HD.** There is a paucity of epidemiologic data on the
neuropsychiatric burden in racial and ethnic minority groups
with HD. General population studies have explored de-
pression in communities of color and acknowledged more

Neurology.org/CP Neurology: Clinical Practice | Volume 13, Number 6 | December 2023

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://neurology.org/cp

Table 3 Average Time-to-Enrollment in ENROLL-HD Stratified by Race/Ethnicity (N = 3,130)

Race/ethnicity

Age of diagnosis
(SD; range)

Age of baseline visit
(SD; range)

Time-to-enrollment?®
(n =2,955) (SD; range)

TFC score (n = 2,955)
(SD; range)

White non-Hispanic

48.42 (13.0; 4-89)

52.16 (12.97; 18-91)

4.09 (4.41; 0-28)

10.48 (3.21; 0-13)

Black American

44.5(12.3; 13-75)

47.90 (12.69; 23-83)

3.48 (3.82; 0-20)

8.24°(3.63; 0-13)

Hispanic or Latino

43.61 (12.49; 9-77)

46.92 (12.37; 21-80)

3.40 (3.84; 0-19)

10.01 (3.38; 1-13)

Other

51.76 (9.21; 34-75)

54.0 (9.41; 35-82)

2.48 (2.90; 0-12)

10.10 (3.28; 2-13)

Native American/Amerindian

45.07 (13.76; 15-77)

47.07 (13.71; 20-79)

2.3°(1.92; 0-6)

10.02 (3.71; 1-13)

Mixed

43.08 (12.46; 22-73)

45.15(12.37; 19-73)

2.86° (3.79; 0-18)

10.54 (2.98; 1-13)

Asian

51.16 (14.19; 29-77)

54.37 (14.52; 30-80)

3.56 (4.53; 0-16)

9.73(3.72; 1-13)

@174 observations missing because of negative values.
p<0.05.
€p <0.001 in simple linear regression and ANOVA models.

severe, chronic, and debilitating diseases in Black patients.35
Hence, it is reasonable to suggest that Black patients with
HD may have an increased burden of psychiatric illness.
Furthermore, communities of color with psychiatric pre-
dominant HD symptoms may experience barriers to spe-
cialized HD care (particularly if institutionalized) or not
receive an HD misdiagnosis. A study of barriers to HD access
or misdiagnosis is beyond the scope of this study, yet an
important hypothesis to explore in subsequent studies.
Given these knowledge gaps, it is plausible that Black pa-
tients with HD may suffer from an even higher degree of
disability compared with White non-Hispanic patients than
our study defines.

In addition to racial and ethnic differences in the level of
disability in our sample data, educational attainment had a
negative linear relationship with TFC score, with higher
levels of education associated with less disability. General
population studies have found that educational attainment is
associated with physical and functional disability, including
difficulty level with activities of daily living (ADLs).*° In
these studies, individuals with less than a high school edu-
cation reported more physical disability, chronic health
conditions, and a higher functional decline. One challenge in
interpreting these findings in ENROLL-HD is potential re-
verse causality because participants with less disability might
have been able to complete higher levels of education.
Conversely, those with higher educational attainment might
have better access to health insurance, specialty care, and
more educational and financial resources that can allow them
to present for HD care earlier in the disease course or choose
to participate in research studies such as ENROLL-HD. It is
also possible that higher education attainment may provide
neuroprotection and delay functional disability.>” These as-
sociations are particularly significant in the context of edu-
cation and the intersection of low-income and minority
status. Racial and ethnic disparities in functional decline have
been closely tied to socioeconomic advantage, including
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educational attainment and income.>® In these models,
controlling for income and education reduces the magni-
tude of these disparities between minoritized groups and
White individuals. Studies suggest that the racial compo-
sition of high-poverty high schools is predominantly Black
or Latino, and students in these areas had less access to
advanced math and science courses.>® Therefore, it is
plausible that these racial and educational disparities may
disproportionately affect minority patients with HD lead-
ing to greater disability.

There is a small number of non-White non-Hispanic patients
in the ENROLL-HD dataset. There is also a lack of specificity
in some racial categories, including those in an “other” racial
category. Furthermore, participants can only select one race,
and more racial categories are available to a participant than
what investigators see in the periodic data set. The small
sample size of non-White participants makes it challenging
to address all racial and ethnic disparities in HD disability.
This data set’s lack of racial diversity likely represents an
inherent participant selection bias more than true differences
in disease prevalence. Although most ENROLL-HD sites are
affiliated with multidisciplinary HD clinics, ENROLL-HD is
a voluntary research study involving genetic testing and
biosample collection. Vulnerable racial and ethnic commu-
nities who have experienced unethical medical experimen-
tation may be less likely to agree to participate in the study,
contributing to selection bias. Furthermore, several studies
have found that clinicians and researchers are less likely to
ask communities of color to participate in research studies.>
With the available data in ENROLL-HD, we cannot ascertain
when an individual entered the study compared with when
they accessed a specialized center. To contextualize these
findings, we suggest qualitative studies focused on un-
derstanding the experience of minoritized patients with HD
in clinical trial recruitment and participation. In addition,
lack of access to neurologic care in historically marginalized
communities may lead to further delays in referrals to HD
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Table 4 Multivariate Regression Models of Total
Functional Capacity Score (TFC) Including Age of
HD Diagnosis (N = 2,898)

B Standard
coefficient error p Value
Race/ethnicity
White non-Hispanic Ref
American Black -1.186 0.305 <0.001
Hispanic or Latino -0.57 0.299 0.056
Other -0.481 0.528 0.363
Native American/Amerindian  -0.667 0.589 0.258
Mixed 0.119 0.37 0.749
Asian -1.01 0.646 0.118
Age during baseline visit -0.362 0.012 <0.001
Age of HD diagnosis 0.26 0.012 <0.001
Sex
Female -0.326 0.019 <0.001
Male Ref
CAG repeat length -0.325 0.019 <0.001
Symptom type at disease onset
Motor Ref
Cognitive -0.684 0.155 <0.001
Psychiatric -0.681 0.138 <0.001
Oculomotor -0.639 1.115 0.566
Other 0.762 0.665 0.252
Mixed -0.134 0.169 0.426
Level of education
Less than high school/GED -0.947 0.313 0.002
High school/GED Ref
Vocational training/some 0.032 0.142 0.823
college
Higher education and 0.442 0.122 <0.001
professional degrees
PhD/doctorate 0.617 0.31 0.047
Geographic location
Rural 0.017 0.2 0.934
Village 0.132 0.19 0.486
Town -0.108 0.115 0.348
City Ref
Constant 29.909 1.099 <0.001

centers, resulting in patients with HD presenting to studies
such as ENROLL-HD at later disease stages and with higher
levels of disability.

Neurology.org/CP
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Age of diagnosis is another variable worth exploring, but it has
significant limitations in ENROLL-HD. With more than 30%
of missing data and inconsistent clinical practices in listing an
age of diagnosis, we cannot accurately interpret disability in the
context of the age of diagnosis. Currently, many clinicians
make a diagnosis solely based on motor symptoms and not
based on the onset of cognitive, behavioral, or psychiatric
symptoms.”> With the recent creation of a new disease staging
and classification system for HD, we hope that future studies
will better assess an HD diagnosis and help contextualize
disability based on the age of symptom onset and diagnosis,
with less reliance on sole motor symptoms and using bio-
marker data.*® Last, our analysis has an omitted variable bias
because potential mediators of the relationship between ed-
ucation of disability, such as income level, neighborhood
deprivation index, and usual source of care, are unavailable in
ENROLL-HD. This omitted variable bias limits our un-
derstanding of the true relationship between education and
the level of disability. Furthermore, sociodemographic factors
that affect healthcare access in the United States, such as
household income and insurance type, were unavailable in
ENROLL-HD. Because the current North American region
also includes Canada, a country with universal healthcare in-
dependent of employment or income level, our findings may
underestimate racial, ethnic, and socioeconomic disparities
among the ENROLL-HD participants. The participants’
country of residence may also mediate the relationship be-
tween race/ethnicity and HD’s disease severity.

To understand the reasons for higher disability across dif-
ferent racial and ethnic groups with HD, we need improved
sociodemographic data collection paired with disease-
specific biological data. Multicenter quantitative studies
independent of ENROLL-HD can aid in a better un-
derstanding of the interplay between social and structural
determinants of health, biological factors associated with
HD, and disease-specific outcomes. In addition to income,
insurance payer, and neighborhood deprivation information,
we must pair disease-specific outcomes with culturally ap-
propriate neuropsychiatric evaluations of minoritized pa-
tients with HD. Demographic data reporting should also take
into account racial intersectionality (e.g., Afro-Latinos),
ethnic diversity that does not fall into standard categories
(e.g., North African or Arab participants), and needs disag-
gregation to highlight the inherent cultural and economic
differences within each subgroup (e.g., disaggregation of
Asian demographic data). Qualitative studies can also enrich
our understanding of the experiences of minoritized com-
munities with the disease, access to specialized HD care, and
participation in clinical research, including ENROLL-HD.
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2 Black individuals in North America who are gene
positive for Huntington disease (HD) enter ENROLL-
HD with more disability than White individuals.

> Compared with White participants, Black partici-
pants were diagnosed with HD at a younger age and
entered ENROLL-HD earlier, yet they experienced
more disability.

> Less than a high school degree and psychiatric
manifestations as first HD symptom onset were
variables associated with more disability, whereas
PhD doctorate degrees were associated with less
disability.

> Our findings should be interpreted with caution
because we cannot disaggregate country data,
race/ethnicity data collection and reporting are
not comprehensive, there exists a high percentage
of missing data for the age of diagnosis and the type
of symptom at disease onset, and social and
structural determinants of health (SDOH) such as
insurance payer and income are not included in
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