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Introduction

Abstract

Objective: Huntington’s disease is a rare, genetic, neurodegenerative disease
characterized by a triad of cognitive, behavioral, and motor symptoms. The
condition gradually results in increasing disability, loss of independence, and
ultimately death. Our objective was to use United States claims data (which
offer valuable insight into the natural history of disease) to compare the preva-
lent comorbidities of people with Huntington’s disease against matched con-
trols with Parkinson’s disease or with no major neurodegenerative diseases
(general population controls). We also assess medication use in people with
Huntington’s disease. Methods: This was a retrospective, observational study
using data from the IBM MarketScan® Databases. Cases and controls were
matched 1:1, and comorbidities were analyzed in each group during 2017. Med-
ications were also assessed in the Huntington’s disease cohort. Eligible cases
had > 2 diagnostic codes for Huntington’s disease; controls had > 2 codes for
Parkinson’s disease (with no record of Huntington’s disease), or, for general
population controls, no record of Huntington’s disease, Parkinson’s disease,
amyotrophic lateral sclerosis, or dementia. Results: A total of 587 matched
individuals were assessed in each cohort. Depression and anxiety were more
common in Huntington’s disease versus Parkinson’s disease (odds ratios: 1.51
and 1.16, respectively). Other conditions more common in Huntington’s dis-
ease included dementia, communication/speech problems, dysphagia, and falls.
The use of antidepressant (59.9%) and antipsychotic (39.5%) medications was
frequent among Huntington’s disease cases. Interpretation: These data high-
light the prevalence of psychiatric, cognitive, communication, swallowing, and
mobility problems in people with Huntington’s disease, underscoring the need
for holistic expert care of these individuals.

abnormalities associated with HD appear to be caused by
a dominant gain-of-function in mHTT.> Reducing the

Huntington’s disease (HD) is a rare, autosomal-dominant
neurodegenerative disease that manifests as a triad of cog-
nitive, behavioral, and motor symptoms. HD results in
increasing disability, loss of independence, and death, with
a median survival of 15 years after the onset of motor
symptoms.' The disease is caused by a cytosine-adenine-
guanine (CAG) trinucleotide repeat expansion in the HTT
gene, resulting in the production of a toxic mutant
huntingtin (mHTT) protein.** The neuropathological

synthesis of this protein targets the primary disease mech-
anism; however, there are currently no treatments that can
cure or modify HD progression.

The prevalence of manifest (symptomatic) HD is esti-
mated to be ~ 10 in 100,000,° although it is likely that
prevalence rates are underestimated due to the unavail-
ability of genetic testing or social stigma.® There is evi-
dence that the prevalence in Western countries has
increased over the past 50 years,'® likely due to increases
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Neuropsychiatric Comorbidities in HD and PD

in life expectancy and the advent of diagnostic testing.'>!"

The number of individuals at risk of inheriting the disease
(i.e., first-degree relatives of people with HD with
unknown genetic status) is estimated to fall between 30
and 47 per 100,000 in the Western population.”’

Cognitive disturbances in HD are characterized by a
reduction in the speed and flexibility of mental process-
ing, as well as decreased attention, visuospatial function,
and emotional recognition.’ These changes can occur
years before the diagnosis of motor onset, and deteriorate
steadily as the disease progresses.'” Behavioral and neu-
ropsychiatric changes are less predictable. Common psy-
chiatric conditions among people with HD are irritability,
depression, and anxiety.'>'* The occurrences of these
conditions do not relate to any specific stage of the dis-
ease,’> and may occur many years before a clinical diag-
nosis of HD is made.'® The motor symptoms of HD
include both impairment of voluntary movements and
the emergence of involuntary movements (chorea), which
result in reduced manual dexterity, slurred speech, swal-
lowing difficulties, problems with balance, and falls.
Motor symptoms in HD are initially subtle and progress
until virtually all movement-associated functions are
affected.>'” Although the clinical diagnosis of HD relies
on the manifestation of motor symptoms,™® cognitive
and psychiatric changes place the greatest burden on fam-
ilies, are most associated with functional decline and can
be predictive of institutionalization.'* Almost all people
with HD will manifest disease-specific personality and
behavioral changes, as part of what might be termed a
hypofrontal or dysexecutive syndrome. These changes are
characterized by apathy, irritability, impulsivity, and
obsessiveness, with potentially severe consequences in
terms of marital, social, and economic well—being.19 Sui-
cide in HD has been reported to be as high as 13%, a 7-
to 12-fold increase above that in the general population.?’

Parkinson’s disease (PD) is a progressive, highly debili-
tating neurodegenerative disorder which has a significant
impact on quality of life and increases the burden on
caregivers and families.”’ The mean age of onset is 60—
65 years.”>** Although the clinical diagnosis of PD is cur-
rently based only on motor symptoms, nonmotor symp-
toms can often precede diagnosis by several years.**’
Increasingly, nonmotor symptoms among people with PD
is an area of focus in the literature,”** but this does not
receive as much attention in HD.

Insurance claims data from the United States offer a
valuable insight into the natural history of HD. IBM Mar-
ketScan® has previously been used to explore differences
in healthcare interventions and direct medical costs
among people with HD by disease stage.”®' The aim of
this retrospective, matched cohort study was to compare
the prevalent comorbidities of people with HD, which
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may be true features of the disease or coexisting indepen-
dent conditions, against matched controls — people with
PD or with no major neurodegenerative diseases (PD,
amyotrophic lateral sclerosis [ALS], or dementia) — using
US claims data. Patterns of medication use were also ana-
lyzed in the HD cohort. It is hoped that this will provide
insights into the natural history of HD and the real-world
management of this condition.

Methods

Study design

This was a retrospective, observational, matched cohort
study using secondary data from the IBM MarketScan®
Commercial and Multi-State Medicaid Databases.

To limit the risk of selection bias, the study population
comprised all eligible HD cases, which were then matched
to controls with PD or with no neurodegenerative dis-
eases (general population [GP] controls; without HD, PD,
ALS, or dementia). Cases and controls were matched 1:1
by data source (Commercial or Medicaid), gender, birth
year, and months of enrollment at baseline (grouped into
3-month windows). Comorbidities were assessed in HD
cases and matched controls, whereas medication use was
analyzed only in the HD cohort.

The most recently available calendar year of data was
used to define the analysis period (Jan 1, 2017-Dec 31,
2017). The first day of the analysis period was considered
the index date for cases and controls.

Study population

All cases and controls were identified in the IBM Mar-
ketScan® Commercial and Multi-State Medicaid Data-
bases. Eligible individuals were aged between 2 and
64 years on the index date, with full coverage for medical
care in 2017 (HD cases were also required to have full
medication coverage for the whole study period, plus
2 months prior to the index date).

Eligible HD cases had > 2 International Classification
of Diseases (ICD)-9/10 diagnostic codes for HD (333.4/
G10, respectively), with > 1 code on or before the index
date. Eligible PD controls had > 2 diagnostic codes for
PD on or before the index date (individuals with a record
of a claim for HD were excluded from this group). GP
controls were those without any record of a claim for
HD, PD, ALS or dementia; a random 1% sample of this
cohort was used in the study. Across all cohorts, individ-
uals with < 6 months’ continuous enrollment during the
6 months prior to the index date were excluded.

Subanalyses were performed in individuals aged 2-17,
18-24, 25-49, and > 50 years on the index date.
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Study analyses

The primary analysis compared the relative prevalence of
comorbidities (which may be true features of the disease
or coexisting independent conditions) in HD cases and
matched controls (either with PD, or without any major
neurodegenerative disease), based on records in the IBM
MarketScan® Databases. A case or control was considered
to have a comorbidity if they had > 1 record of this con-
dition within the time period being considered. The
prevalence of comorbidities was reported for two periods:
(1) the analysis period, and (2) the analysis period plus
any time before (within the period of continuous enroll-
ment). All comorbidities available in the ICD-9/10 catego-
rization were reported by subheading. In addition, several
comorbidities/symptoms of interest were specifically
defined using ICD-9/10 codes and reviewed by a clinician
(Table S1).

Since the study cohorts were defined differently for the
primary analysis (i.e., full medication coverage was
required for HD cases but not for PD/GP controls), a
sensitivity analysis was conducted in which comorbidities
were assessed without the requirement for full medication
coverage in HD cases. In the interests of brevity, the
results of this analysis are reported only for the analysis
period.

Medication use was analyzed for HD cases during the
analysis period. An individual was considered to be using
a medication if they were issued a prescription at any
time within this period. Medications were reported by
drug class.

Statistical analysis

Demographic characteristics are summarized as the fre-
quency of individuals in each group (n, %) for categorical
data, and as mean with standard deviation (SD), or med-
ian with upper/lower quartiles (Q1-Q3) or range (mini-
mum-—maximum), for continuous data.

To assess the relative prevalence of comorbidities in
HD cases and matched controls, unstratified matched
analyses were conducted via conditional logistic regres-
sion, and stratified analyses via the Fisher Exact tests. The
outputs of these analyses were odds ratios (ORs) with
95% confidence intervals (CIs) for the period of interest.
ORs and 95% ClIs are reported without p-values. Since
these are exploratory analyses, and sample sizes were not
based on statistical considerations, there was no adjust-
ment for multiple testing. ORs are presented only where
there were > 5 individuals in both the case and control
populations with a record of the comorbidity during the
time period of interest. The results are presented for the
10 highest ORs comparing cases and controls.

Neuropsychiatric Comorbidities in HD and PD

The prevalence of medication use in HD cases was cal-
culated as the number of eligible individuals with a
record of use during the analysis period, divided by the
total number of eligible individuals. This is reported as
the frequency of people (n, %) with a claim for each drug
class during the analysis period.

SAS (version 9.4) and Teradata SQL were used to
extract the cohorts, derive analysis variables, and analyze
the data. Given the nature of this study (secondary use of
routinely collected healthcare data), no provisions were
made for missing data.

Results

Disposition and demographics

The HD cohort comprised 699 cases in total, whereas the
PD and GP cohorts comprised 10,620 and 222,941 indi-
viduals, respectively (Figure 1). Eligible people from each
cohort were matched 1:1, yielding a total of 587 matched
patients in each group.

In the unmatched cohorts, there was a greater propor-
tion of females among HD cases compared to PD con-
trols (59.5% vs. 44.0%). HD cases were also younger on
average than PD controls (median age: 50 vs. 59 years)
(Table S2). While data for HD cases were sourced about
equally from the commercial and Medicaid databases
(50.9% and 49.1%, respectively), for PD controls, data
were more frequently sourced from the commercial data-
base (58.0%, vs. 42.0% from Medicaid) (Table S2).

In the matched cohorts, most individuals (59.5%) were
aged > 50 years (median age: 52), and the majority were
female (59.3%). Data from matched individuals were
sourced about equally from the commercial and Medicaid
databases (53.5% and 46.5%, respectively) (Table S2).
Crucially, the matched HD cohort was demographically
similar to, and thus representative of, the unmatched
population (Table S2).

Comorbidities
Prespecified comorbidities

Of the prespecified comorbidities, depression and anxiety
were the most frequently reported during the analysis
period, and were more common in the HD and PD
cohorts compared with the general population (Figure 2).

Dementia was more likely to occur in HD cases relative
to PD controls (OR [95% CI]: 2.75 [1.85-4.09]) (Fig-
ure 3A), and depression (1.51 [1.19-1.92]) and anxiety
(1.16 [0.91-1.48]) were also more common among HD
cases (Figure 3A). Stratification by age group revealed a
number of comorbidities that were more likely to occur

© 2020 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association 3
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Figure 1. Study population disposition. (a) Excluding the 332.1 and G21.x diagnostic codes; (b) Cases and controls were matched 1:1 by data
source (Commercial or Medicaid), gender, birth year, and months of enroliment at baseline (grouped into 3-month windows).

in HD cases than PD controls, particularly among those
aged 2549 or > 50 years (Table S3). In both groups,

however, dementia was associated with the highest ORs.

Compared to the GP cohort, communication and

associated with highest ORs upon stratification by age
group (Table S6).

Overall comorbidities

speech problems were more likely to occur in HD cases
(10.21 [4.36-23.90]) (Figure 3B). This was also true when
considering the subgroup of individuals aged > 50 years;
however, in those aged 25-49 years, depression was asso-
ciated with the greatest OR (Table S4).

When considering both the analysis period and any
time prior (within the period of continuous enrollment),
depression and anxiety remained the most frequently
reported comorbidities, particularly in the HD and PD
cohorts. Dementia remained more likely to occur in HD
cases relative to PD controls (3.04 [2.21-4.16]) (Fig-
ure 3C), and this was also true in the subgroups aged 25—
49 and > 50 years (Table S5). Depression (1.18 [0.93—
1.49]) and anxiety (1.03 [0.82—1.29]) also remained more
common in the HD (vs. PD) cohort (Figure 3C). Irri-
tability/aggression/violence were reported more frequently
in HD cases versus GP controls (3.69 [1.58-8.59]) (Fig-
ure 3D); however, depression and suicidality were

When considering the broader panel of comorbidities,
dementia remained more prevalent in HD cases versus PD
controls during the analysis period (5.67 [3.22-9.99]) (Fig-
ure 4A), whereas nervous and musculoskeletal symptoms
were more common relative to GP controls (12.69 [5.46—
29.48]) (Figure 4B). Dementia was not captured in the lat-
ter group, since this was an exclusion criterion for GP con-
trols. Stratification by age group revealed some
heterogeneity: compared to PD controls, HD cases aged
25—49 were more likely to have a record of unspecified head
injuries, whereas dementia was more common in those
aged > 50 years (Table S7). Compared to GP controls,
aphagia and dysphagia were more likely to be reported in
HD cases aged 2549 or > 50 years (Table S8).

When considering both the analysis period and any
time prior, extrapyramidal disease and abnormal move-
ment disorders were associated with the highest ORs in
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Neuropsychiatric Comorbidities in HD and PD

= HD cases
= PD controls
m GP controls

Falls Communication Suicidality Attention Irritability/
& speech deficit  aggression/
problems violence
Symptoms

Figure 2. Frequency of prespecified comorbidities/symptoms during the analysis period. N = 587 for each cohort. Data are presented for the 10

most frequent comorbidities among HD cases.

HD cases compared to both PD and GP controls (5.59
[4.33-7.20] and 92.24 [56.79-149.82], respectively) (Fig-
ure 4C-D). Multiple categories of dementia were more
strongly associated with HD compared with PD (Fig-
ures 4A, C), corroborating what was observed with the
prespecified list.

Extrapyramidal disease and abnormal movement disor-
ders were the most frequently occurring comorbidity in
HD cases versus PD controls within the 18-24 subgroup,
whereas dementia was associated with the greatest ORs in
the 25-49 and > 50 subgroups (Table S9). In the HD ver-
sus GP comparison, depressive disorder had the highest
OR among individuals aged 18-24 years, and extrapyra-
midal disease/abnormal movement disorders in those
aged 2549 or > 50 years (Table S10).

Sensitivity analysis

The results of the sensitivity analysis — in which the
requirement for full medication coverage was removed
across all cohorts — largely reflected those of the primary
analysis. Of the prespecified comorbidities, depression
and anxiety were the most frequently reported during the
analysis period, and were more common in people with
HD (45.8% and 37.2%, respectively) or PD (38.0% and
35.1%) versus GP controls (18.5% and 17.7%). Compared
with PD controls, dementia was more common in the
HD cohort during the analysis period (2.83 [2.18-3.68]).

Depression (1.38 [1.15-1.65]) and anxiety (1.09 [0.91—
1.31]) were also more common in HD versus PD, though
the magnitude of these differences were reduced com-
pared with the primary analysis. In the broader panel of
comorbidities, dementia remained more common in HD
versus PD during the analysis period (4.59 [3.23-6.52])
and lack of coordination was more common versus GP
controls (23.96 [10.51-54.62]).

Medication Use

Antidepressants and antipsychotics were the most fre-
quently used drug classes within the HD cohort (59.9%
and 39.5%, respectively), and the same pattern was evi-
dent upon stratification by age group (Figure 5).

Discussion

The aim of this retrospective, matched cohort study was
to compare the prevalent comorbidities of people with
HD against matched PD or GP controls, and to assess
patterns of medication use in HD cases, with a view to
gathering insights into the natural history of HD and
standard practices used in a real-world setting.
Examination of US claims data revealed that dementia,
psychiatric comorbidities, communication and speech
problems, dysphagia, and falls are common in people
with HD relative to both the general population and PD.

© 2020 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association 5
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Figure 3. Prespecified comorbidities/symptoms in HD cases versus controls (odds ratios) (A) HD cases versus PD controls (analysis period only) (B)
HD cases versus GP controls (analysis period only) (C) HD cases versus PD controls (analysis period and prior) (D) HD cases versus GP controls
(analysis period and prior). N = 587 for each cohort. In each graph, the ten greatest odds ratios are presented, with 95% confidence intervals,
from the panel of prespecified comorbidities that were reported in > 5 cases and > 5 controls. Odds ratios lower than those shown in the figure
are presented in Table S11. Some prespecified comorbidities, while frequent among HD cases, were not sufficiently frequent in the respective
control population to allow calculation of an odds ratio. These were, for Panel B: dementia, irritability/aggression/violence, and Alzheimer's
disease, and for Panel D: dementia. GP: general population; HD: Huntington’s disease; OCD: obsessive-compulsive disorder; PD: Parkinson’s

disease.

Many of these conditions are expected consequences of
the cognitive and motor impairment associated with HD.
Similarly, PD is associated with nonmotor symptoms —
including psychiatric disturbances — which can often pre-
cede diagnosis by several years,”»*> and are well-docu-
mented in the literature.”**° In our study, dementia, in
particular, was consistently strongly associated with HD,
regardless of the time period or age group under consid-
eration; this was supported in a sensitivity analysis that
excluded the requirement for full medication coverage in

the HD cohort. These data support the outcomes of a
recent comparative study of people with HD versus PD,*?
which revealed a panel of nonmotor symptoms that were
more common in the former group, including attentional
deficits, dysphagia, memory complaints, depression, and
falls.

Extrapyramidal disease and abnormal movement disor-
ders were associated with the highest ORs in HD cases
compared with both PD and GP controls, when consider-
ing both the analysis period and any time prior. This
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Figure 4. Overall comorbidities in HD cases versus controls (odds ratios) (A) HD cases versus PD controls (analysis period only) (B) HD cases versus
GP controls (analysis period only) (C) HD cases versus PD controls (analysis period and prior) (D) HD cases versus GP controls (analysis period and
prior). N = 587 for each cohort. In each graph, the ten greatest odds ratios are presented, with 95% confidence intervals, from the overall panel
of comorbidities that were reported in > 5 cases and > 5 controls. Odds ratios lower than those shown in the figure are presented in Table S12.
GP: general population; HD: Huntington’s disease; PD: Parkinson’s disease.

could suggest that people with HD more frequently
receive a generalized diagnosis for a period of time before
the diagnosis of HD is confirmed (e.g., with genetic

nosis.

testing), whereas patients with PD tend to present with
a set of symptoms that quickly lead to a definitive diag-
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HD: Huntington’s disease; NSAID: nonsteroidal anti-inflammatory drug

The use of antidepressants and antipsychotics was also
common among HD cases, indicating a relatively high
psychiatric burden in this population. These findings are
aligned with previous reports, although older studies have
limitations such as small datasets or larger self-selected
cohorts.”®** Psychiatric disorders are known to be an
integral component of HD progression.'>'* However, the
perception of depressive symptoms as a “natural conse-
quence” of having the disease may lead to underdiagnosis
or inadequate treatment of this condition in people with
HD.'®* This issue extends to other psychiatric distur-
bances — such as mania, obsessive—compulsive disorder,
and schizophrenia — all of which have parallels with HD
in their symptomatic presentation,'® and thus may not be
identified and treated as separate conditions. It is hoped
that the data presented in this report will shed light on
the widespread presence of such comorbidities among
people with HD. Nevertheless, it is important to note that
some instances of antipsychotic drug use in this popula-
tion may have related to control of motoric symptoms,
such as chorea.’

Our analyses of the frequency of the prespecified
comorbidities/symptoms showed only a threefold increase
in suicidality in HD cases compared with the GP controls,
which are lower than rates of suicidal ideation reported
in the literature.”” There could be a number of reasons
for this discrepancy. Inaccurate reporting is a possibility;
suicidal ideation is generally under reported in the general
population as a whole and coding errors are common for

suicide and suicide attempts. Some studies suggest that
suicidal ideation decreases immediately after the diagnosis
of HD, whereas uncertainty around diagnosis can poten-
tially increase ideation.”” As the HD cohort in this study
had > 2 diagnostic codes for HD there is a possibility that
this group had reduced levels of suicidal ideation. A
recent systematic review highlights that inconsistencies in
the terminology for suicide and suicidal ideation and
variable assessment tools mean that it is still challenging
to compare different studies on this topic in HD and
more research is needed.”® Hubers AA et al. found that
8% of HD mutation carriers endorsed suicidal ideation,
which is more aligned with our findings; however, they
also acknowledge that their study had limitations result-
ing in probable underestimation.”

While data for HD cases were sourced about equally
from the commercial and Medicaid databases, for PD
controls, data were more frequently sourced from the
commercially insured population. The reasons for this
discrepancy remain unclear, though it has been shown
that the commercial database captures an even distribu-
tion across HD disease stages, whereas most people with
HD in the Medicaid population have late-stage disease.”®

The IBM MarketScan® Commercial Database contains
data for several million individuals annually, encompass-
ing employees, their spouses, and dependents who are
covered by employer-sponsored private health insurance
in the United States. The IBM MarketScan® Multi-State
Medicaid Database contains the medical, surgical, and
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prescription drug experience of more than 40 million
enrollees from multiple states. The strengths of these
databases lie in their large sample sizes and strong longi-
tudinal tracking at the individual level, as long as the per-
son remains enrolled with the participating plans. In
addition, the gender, age, and geographic distributions of
the database population are representative of Americans
covered by health insurance, and the database captures
the continuum of care in multiple settings, including
physician office visits, hospital stays, and pharmacies.

A potential limitation of the reliance on secondary data
is the scope for inaccurate reporting of diagnoses or med-
ication usage. To mitigate the possibility of disease mis-
classification due to reporting or coding errors, two
diagnostic codes were required to identify the HD and
PD cohorts in this study. The comorbidities of interest
(Table S1) were prespecified to investigate whether such
diagnoses may be recorded as possible symptoms or early
manifestations of disease; however, our data cannot dis-
tinguish between misdiagnoses and true additional or sec-
ondary diagnoses. It should also be noted that
comorbidities were only analyzed when there was a record
of the diagnosis in question for > 5 cases and > 5 con-
trols. Since some conditions warranted exclusion from
the GP cohort (e.g., dementia), this may have precluded
the analysis of comorbidities that were highly prevalent in
the HD cohort. The use of this threshold also led to some
apparent “discrepancies” between the most prevalent
comorbidities in the overall population versus age-specific
subpopulations (since the cut-off of > 5 cases and > 5
controls is harder to meet in smaller groups of patients).
Thus, any such “discrepancies” were likely an artifact of
these selection criteria.

A further limitation lies in the comparison between
HD and PD itself. We include this comparison with PD,
a more prevalent disease, to contextualize our results.
While both HD and PD are characterized by motor and
nonmotor symptoms, the typical age of onset is lower in
the HD population, and age of onset can influence dis-
ease course.”*" Cases and controls were matched by age
at index, rather than onset, and people with PD
aged > 65 years were excluded due to low prevalence of
HD in this age bracket. Additionally, a number of people
in the PD cohorts were aged under 25 years at the index
date, whereas Parkinson’s disease typically develops in
later life. The of people with PD
aged > 65 years is likely to have contributed to a higher
proportion of younger people in the PD cohorts,
although the actual percentage of people under the age of
25 years at index date with > 2 diagnostic codes for PD
was only 1% in the unmatched cohort and 4.6% in the
matched cohort. The literature suggests that in 3% to 5%
of cases of PD, symptoms start before the age of 40 years,

exclusion

Neuropsychiatric Comorbidities in HD and PD

and in Japan early-onset PD has been reported in 10% to
20% of cases.”” It remains unclear to what extent these
factors may have confounded the comparison of comor-
bidities between the two groups.

Collectively, the data presented here provide insight
into the natural history and real-world treatment of HD
and comorbid conditions, and point toward a significant
burden of psychiatric, cognitive, communication, swal-
lowing, and mobility problems in people with HD. More-
over, since only about 40% of people with symptomatic
HD in the United States are under the care of special-
ists,*! the burden may be substantially higher than that
presented here. Collectively, these findings underscore the
need for holistic expert care of people with HD and high-
light the need for future studies investigating the treat-
ment of anxiety, depression, and other comorbid
conditions in this population.

Data Sharing Statement

This was a secondary analysis of routinely collected
healthcare data from the IBM MarketScan® Commercial
and Multi-State Medicaid Databases. MarketScan is a reg-
istered trademark of Truven Health Analytics Inc., an
IBM Company.
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Supporting Information

Additional supporting information may be found online
in the Supporting Information section at the end of the
article.

Table S1. Comorbidities/symptoms of interest

Table S2. Study population demographics. HD: Hunting-
ton’s disease; PD: Parkinson’s disease; SD: standard devia-
tion.

Table S3. Prespecified comorbidities stratified by age
group: HD cases versus PD controls (analysis period
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only). Odds ratios are presented with 95% confidence
intervals, only for prespecified comorbidities that were
reported in > 5 cases and > 5 controls. Only the highest
10 odds ratios are presented for each age group. CI: con-
fidence interval; HD: Huntington’s disease; OCD: obses-
sive—compulsive  disorder; OR: odds ratio; PD:
Parkinson’s disease.

Table S4. Prespecified comorbidities stratified by age
group: HD cases versus GP controls (analysis period
only). Odds ratios are presented with 95% confidence
intervals, only for prespecified comorbidities that were
reported in > 5 cases and > 5 controls. Only the highest
10 odds ratios are presented for each age group. CI: con-
fidence interval; GP: general population; HD: Hunting-
ton’s disease; OCD: obsessive—compulsive disorder; OR:
odds ratio.

Table S5. Prespecified comorbidities stratified by age
group: HD cases versus PD controls (analysis period and
prior). Odds ratios are presented with 95% confidence
intervals, only for prespecified comorbidities that were
reported in > 5 cases and > 5 controls. Only the highest
10 odds ratios are presented for each age group. CI: con-
fidence interval; HD: Huntington’s disease; OCD: obses-
sive—compulsive  disorder; OR: odds ratio; PD:
Parkinson’s disease.

Table S6. Prespecified comorbidities stratified by age
group: HD cases versus GP controls (analysis period and
prior). Odds ratios are presented with 95% confidence
intervals, only for prespecified comorbidities that were
reported in > 5 cases and > 5 controls. Only the highest
10 odds ratios are presented for each age group. CI: con-
fidence interval; HD: Huntington’s disease; OCD: obses-
sive—compulsive disorder; OR: odds ratio.

Table S7. Overall comorbidities stratified by age group:
HD cases versus PD controls (analysis period only). Odds
ratios are presented with 95% confidence intervals, only
for comorbidities that were reported in > 5 cases and > 5
controls. Only the highest 10 odds ratios are presented
for each age group. CI: confidence interval; HD: Hunting-
ton’s disease; ICD: International Classification of Diseases;
OCD: obsessive—compulsive disorder; OR: odds ratio; PD:
Parkinson’s disease.

Table S8. Overall comorbidities stratified by age group:
HD cases versus GP controls (analysis period only). Odds
ratios are presented with 95% confidence intervals, only
for comorbidities that were reported in > 5 cases and > 5
controls. Only the highest ten odds ratios are presented
for each age group. CL: confidence interval; GP: general
population; HD: Huntington’s disease; ICD: International
Classification of Diseases; OCD: obsessive—compulsive dis-
order; OR: odds ratio.

Table S9. Overall comorbidities stratified by age group:
HD cases versus PD controls (analysis period and prior).
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Odds ratios are presented with 95% confidence intervals,
only for comorbidities that were reported in > 5 cases
and > 5 controls. Only the highest ten odds ratios are
presented for each age group. CI: confidence interval; GP:
general population; HD: Huntington’s disease; ICD: Inter-
national Classification of Diseases; OCD: obsessive—com-
pulsive disorder; OR: odds ratio; PD: Parkinson’s disease.
Table S10. Overall comorbidities stratified by age group:
HD cases versus GP controls (analysis period and prior).
Odds ratios are presented with 95% confidence intervals,
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only for comorbidities that were reported in > 5 cases
and > 5 controls. Only the highest ten odds ratios are
presented for each age group. CI: confidence interval; GP:
general population; HD: Huntington’s disease; ICD: Inter-
national Classification of Diseases; OCD: obsessive—com-
pulsive disorder; OR: odds ratio.

Table S11. Odds ratios for prespecified comorbidities not
listed in Figure 3. CI: confidence interval; OR: odds ratio.
Table S12. Odds ratios for overall comorbidities not listed
in Figure 4. CI: confidence interval; OR: odds ratio.
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