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ABSTRACT

ARTICLE HISTORY

Aims: To examine healthcare utilization and costs in a US Medicare population diagnosed with
Huntington’s disease (HD).
Methods: This was a retrospective matched cohort study using Medicare fee-for-service (FFS) claims
data using 2013–2017 Research Identifiable Files. Medicare beneficiaries diagnosed with HD based on
the presence of at least one medical claim with an International Classification of Diseases, Ninth or
Tenth Revision, Clinical Modification (ICD-9/10-CM) diagnosis code for HD (ICD-9-CM: 333.4; ICD-10-CM:
G10) during the identification period (2014–2016). Beneficiaries without HD were drawn from a 5%
random sample of Medicare beneficiaries and 1:1 matched to those with HD for comparison. All-cause
and HD-related (any utilization related to HD diagnosis or symptoms associated with HD) healthcare
utilization and costs were reported.
Results: We identified 3,688 matched pairs of beneficiaries with and without HD. Of those with HD,
1,922 (52.1%) were late-stage, 916 (24.8%) were middle-stage, and 850 (23.1%) were early-stage. Mean
[SD] annual total healthcare costs were higher for HD beneficiaries than beneficiaries without HD
($41,631 [57,393] vs. $17,222 [31,218], p < .001) and were primarily driven by outpatient pharmacy
costs ($19,182 [45,469] vs. $4,318 [11,553], p < .001). In the stratified analysis, total healthcare costs
were highest among beneficiaries with late-stage HD (mean [SD] cost: $20,475 [$41,122] for early-stage
vs. $29,733 [$44,977] for middle-stage vs. $56,657 [$64,185] for late-stage; p < .001).
Limitations: Results are not generalizable to beneficiaries enrolled in other non-FFS Medicare plans.
Administrative claims are intended for billing purposes, not research, and may not capture all symptoms, comorbidities, and other adverse events.
Conclusions: This original, comprehensive analysis of healthcare utilization and economic burden
among Medicare beneficiaries with HD found that healthcare needs and associated costs are substantially higher among Medicare beneficiaries who are diagnosed with HD compared to beneficiaries
without HD.
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Introduction
Huntington’s disease (HD) is a genetic, progressive, neurodegenerative disease characterized by cognitive and motor
decline, and behavioral symptoms that lead to loss of independence and severe disability1. While the onset of this
eventually terminal disease usually occurs between 30 and
50 years of age2, the onset of HD can occur earlier or later in
life. The median and mean survival time after a diagnosis of
HD is 15 years3. Treatment for HD is limited to symptomatic
treatment as there are no currently available disease-modifying therapies. Due to this, the expected and, potentially, prolonged disability associated with HD has generated concern
about the associated economic burden.
Currently, few studies have investigated the healthcare
utilization and cost burden among HD populations in the
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United States (US). Prior studies have investigated cost burden by disease stage in HD populations comprised of individuals with commercial or Medicaid insurance coverage4,5,
or before and after a diagnosis of HD in patients with commercial or supplemental Medicare insurance coverage who
initiated tetrabenazine6. Another study investigated hospitalizations in a small population with juvenile HD, primarily covered by private and Medicaid insurance7. While these studies
shed light on various aspects of the burden of HD, none
have comprehensively examined healthcare utilization and
costs among all fee-for-service (FFS) Medicare beneficiaries
diagnosed with HD.
Given the dearth of evidence on the economic burden
associated with HD in other US populations, the objective of
this study was to examine healthcare utilization and costs in
a US Medicare population diagnosed with HD. Medicare

1 Genentech Inc., DNA Way, South San Francisco, 94080, CA, USA

ß 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.
www.tandfonline.com/ijme

1328

A. EXUZIDES ET AL.

beneficiaries who are diagnosed with HD may experience
pronounced burden resulting from the manifestation of
symptoms or conditions associated with both HD and
increasing age, making them an important population
for study.

Methods
Study design and data source
This was a retrospective cohort study using the five most
recent years (2013–2017) of Medicare FFS claims from the
100% Research Identifiable Files (RIFs) to examine healthcare
use and cost burden associated with HD. Medicare RIFs contain beneficiary-level information on demographics, enrollment, and administrative claims for healthcare received by
Medicare beneficiaries, including Part A (e.g. institutional
claims), Part B (non-institutional claims), and Part D (drug
claims). Medicare provides coverage to all US citizens who
are at least 65 years old, are less than 65 years old who have
received Social Security Disability Insurance (SSDI) for
24 months, or have other qualifying circumstances. For conditions such as HD, patients younger than 65 years of age
must wait at least five months to qualify for SSDI before later
becoming eligible for Medicare as described above8. This
study received approval for a full waiver of Health Insurance
Portability and Accountability Act (HIPAA) authorization from
the Western Institutional Review Board.

Patient population
We identified Medicare beneficiaries who were diagnosed
with HD based on the presence of at least one medical claim
with an International Classification of Diseases, Ninth or
Tenth Revision, Clinical Modification (ICD-9/10-CM) diagnosis
code for HD (ICD-9-CM: 333.4; ICD-10-CM: G10) during the
identification (ID) period of January 1, 2014 to December 31,
2016. The date of the first HD claim was assigned as the
index date. If a patient had multiple claims with an HD diagnosis code during the ID period which met the enrollment
criteria, one was randomly chosen as the index date to capture all disease stages. Patients were required to have continuous enrollment in FFS Parts A/B and Part D plans for at
least one year prior to (baseline period) and one year after
(follow-up period) the index date (Figure 1); beneficiaries
with Medicare Managed Care (Part C) were not included in
this analysis because healthcare utilization and cost information for this population may be incomplete in RIFs.
Beneficiaries with HD were compared to beneficiaries without HD (i.e. beneficiaries without a diagnosis of HD during
the entire study period) who were drawn from a separate,
5% random sample of Medicare beneficiaries. The beneficiaries without HD were exactly matched to beneficiaries diagnosed with HD on a 1:1 ratio by age, sex, and US geographic
region; beneficiaries without HD were then assigned the
same index date as their matched case and had to meet the
same enrollment requirement.

To investigate outcomes along a continuum of HD progression, we stratified beneficiaries with HD by disease stage
(early, middle, late) and examined those with HD at the end
of life. The disease stage was measured in the 1-year postindex period based on a published hierarchical algorithm
that assigns stage based on the presence of disease markers
(i.e. diagnoses or services) received in claims during the
index year4. Beneficiaries with the late-stage disease were
identified first based on the presence of any of the following
markers: nursing home, feeding tube, incontinence, bedsore,
hospice care, at least two falls within a one-month period,
and dysphagia. Among the remaining beneficiaries, those
with the following markers were classified as having middlestage disease: home assistance, physical therapy, dementia,
gait disorder, dysarthria, speech therapy, and having two falls
in a one-month period. Finally, beneficiaries without late- or
middle-stage disease markers were defined as having earlystage disease4.
For the end-of-life analysis, HD beneficiaries who died
between January 1, 2014 and December 31, 2017 were
observed in the last two quarters prior to their death (endof-life period); such patients were required to have continuous enrollment in Medicare FFS Parts A/B and Part D in the
one year preceding the date of death.

Study measures and analysis
Demographic characteristics, HD symptoms, and comorbidities, including the Charlson comorbidity index (CCI), a proxy
measure for underlying health status and risk of mortality,
and the number of chronic conditions9–11, were measured
during the baseline period. Annual healthcare utilization was
measured during the follow-up period and was reported by
setting or type of care, which included emergency department (ED) visits, inpatient hospitalizations, physician office
visits, skilled nursing facility (SNF) care, hospice care, and use
of durable medical equipment (DME). Medication use was
reported for HD treatment (i.e. tetrabenazine, deutetrabenazine, neuroleptics, amantadine, riluzole, donepezil, minocycline, nabilone, coenzyme Q10, and energy metabolites such
as creatine and omega-3 fatty acids), antidepressants, anxiolytics, antiepileptic agents, and antispasticity agents (Table 1).
Costs were calculated for inpatient (e.g. acute hospitalization,
SNF, hospice, or other inpatients), outpatient (e.g. ED, physician office, lab, or other outpatient facilities), and outpatient
pharmacy services (all-cause and HD pharmacy). Costs were
adjusted to 2017 US dollars using the medical component of
the Consumer Price Index12. Outcomes were reported as allcause and HD-related; HD-related claims were defined as
claims that contained a diagnosis code for HD or for an HD
symptom (i.e. chorea, dementia, depression, anxiety, cachexia, dysphagia) in any position.
Among HD beneficiaries who died between 2014 and
2017, outcomes were examined at the end of life in the last
two quarters before death: The first quarter (Pre Q1) was
defined as the 3 months immediately preceding death, while
Pre Q2 was defined as the 3 months preceding Pre Q1. In
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Index date
(Date of first claim
with HD diagnosis
in ID period)

Baseline period
(12 months)

1/1/13

Follow-up period
(12 months)

EOL period
(Q1, Q2 before death
among beneficiaries who died
between 2014-2017)

12/31/16

1/1/14
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12/31/17

Identification period
Figure 1. Study time frame. Abbreviations. EOL, end-of-life; ID, identification; Pre Q1 and Pre Q2, the 3-month periods immediately preceding death and Pre Q1,
respectively.

addition, the comorbidity and disease stage variables were
measured in the year preceding death.
Descriptive statistics were reported for all outcome measures (means and standard deviations for continuous variables; frequencies and proportions for categorical variables)
for the main comparison groups, by disease stage, and at
the end of life. Chi-square tests were used for comparison of
categorical outcomes and t-tests were used for continuous
outcomes at a significance level of 0.05. All statistical analyses were conducted using SAS version 9.4.

Results
Healthcare utilization and costs in beneficiaries with vs.
without Huntington’s disease
We identified a total of 3,688 Medicare beneficiaries with HD
and 3,688 matched beneficiaries without HD who met all eligibility criteria and were included in the analysis (Figure 2).
As shown in Table 2, the matched cohorts had a mean
(standard deviation, SD) age of 67.8 (12.4) years, the majority
were female (53.6%), and represented all geographic regions
in the US: Midwest (33.2%), South (30.4%), Northeast (23.1%),
and West (13.3%). Both cohorts were predominantly white,
although more so among the beneficiaries diagnosed with
HD compared to beneficiaries without HD (90.6% vs. 86.9%,
p < .001). Beneficiaries with HD compared to those without
had similar mean (SD) CCI (2.0 [2.5] vs. 2.0 [2.4], p ¼ .366),
but slightly more chronic conditions (5.4 [2.6] vs. 5.0 [2.5],
p < .001) at baseline. The occurrence of symptoms usually
associated with HD was more frequent among beneficiaries
with HD versus those without (81.3% vs. 28.1%, p < .001),
with the most common diagnoses being chorea (58.5%), anxiety (33.6%), and dysphagia (29.4%).
Compared to beneficiaries without HD, HD beneficiaries
had a higher proportion of annual all-cause inpatient hospitalization (26.8% vs. 16.8%) and emergency department (ED)
visits (36.1% vs. 26.2%), but fewer mean office visits (10.9
[13.6] vs. 12.8 [13.0]) (all p < .001; Table 3). HD beneficiaries
had significantly higher prescription drug use for antidepressants (60.0% vs. 32.8%), anxiolytics (28.1% vs. 18.6%), and
antiepileptics (40.0% vs. 23.0%) (all p < .001), but not for antispasticity agents (10.8% vs. 10.6%; p ¼ .792). Mean annual all-

cause total costs were higher in beneficiaries with HD
($41,631 [57,393] vs. $17,222 [31,218]), which were driven by
pharmacy costs ($19,182 [45,469] vs. $4,318 [11,553]), followed by inpatient costs ($12,235 [26,796] vs. $4,629
[15,467]) and outpatient costs ($10,213 [15,521] vs. $8,275
[17,535]) (all p < .001) (Figure 3).

Healthcare utilization and costs by stage of
Huntington’s disease
Of the 3,688 beneficiaries with HD included in the main analysis, 1,922 (52.1%) qualified as late-stage, 916 (24.8%) qualified as middle-stage, and the remaining 850 (23.1%)
qualified as an early-stage disease (Table 4). The mean (SD)
age was significantly lower for early-stage, while beneficiaries
with the middle and late-stage disease had similar ages (64.6
[12.2], 69.3 [11.5], 68.5 [12.7]; p < .001). Beneficiaries with late
and middle-stage HD had a higher proportion of female beneficiaries compared to those with early-stage disease (48.8%,
57.0%, 54.1%; p < .002). The mean (SD) CCI increased by disease stage (1.3 [2.1], 2.1 [2.4], 2.2 [2.6]; p < .001), as did the
mean (SD) number of chronic conditions (4.3 [2.4], 5.5 [2.4],
6.0 [2.6]; p < .001). Finally, the proportion of beneficiaries
with symptoms of HD increased by disease stage (67.9%,
76.4%, 89.6%; p < .001).
Annual all-cause healthcare utilization increased with disease stage (early, middle, late) (Table 5). Late-stage beneficiaries had the highest proportion of hospitalization (8.4%,
20.3%, 38.1%) and ED visits (19.8%, 36.7%, 43.1%). Late-stage
beneficiaries had higher use of HD treatment (42.0%, 51.4%,
64.5%), including tetrabenazine (13.4%, 13.5%, 18.6%) and
neuroleptics (30.1%, 35.8%, 49.7%), and higher use of supportive medications such as antidepressants (49.5%, 58.4%,
65.3%), anxiolytics (22.2%, 27.1%, 31.2%), antiepileptics
(30.1%, 38.4%, 45.1%), and, to a lesser extent, antispasticity
agents (9.3%, 10.6%, 11.6%). Mean (SD) annual all-cause total
costs were higher for late-stage beneficiaries ($20,475
[$41,122], $29,733 [$44,977], $56,657 [$64,185]), driven by
pharmacy costs ($14,831 [38,774], $15,898 [40,503], $22,672
[49,964]), followed by outpatient costs ($4,484 [10,185],
$9,811 [13,478], $12,939 [17,549]) and inpatient costs ($1,160
[6,149], $4,024 [11,510], $21,047 [33,678]) (Table 5, Figure 4).
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Beneficiaries with HD

Beneficiaries without HD

Number of beneficiaries with a claim having a
diagnosis code of HD (ICD-9-CM: 333.4; ICD-10CM: G10) during the identification period
(1/1/2014 - 12/31/2016)

Number of beneficiaries without HD with at least two
years of continuous enrollment in FFS Part A/B and
Part D during the study period
(1/1/2013 - 12/31/2017)

N=15,998 (100%)

N = 862,954 (100%)

Number of beneficiaries with continuous enrollment
in FFS Part A/B and Part D for at least 1 year prior to
(baseline period) and 1 year after (follow-up period)
the index date

Number of beneficiaries without HD matched 1:1
with beneficiaries with HD, based on by calendar
year, age, sex, and US geographic region
N=3,688 (0.42%)

N = 3,688 (23.1%)
Number of beneficiaries with HD who died during the
End-of-Life analysis identification period
(1/1/2014 - 12/31/2017)
N=1,687 (10.5%)
Figure 2. Patient identification.

Table 1. Medication categories (GPI 10).
Antidepressant
Anxiolytic
Amitriptyline HCl
Amoxapine
Bupropion HCl
Bupropion hydrobromide
Citalopram hydrobromide
Clomipramine HCl
Desipramine HCl
Desvenlafaxine
Desvenlafaxine fumarate
Desvenlafaxine succinate
Doxepin HCl
Duloxetine HCl
Escitalopram oxalate
Escitalopram oxalate &
L-Methylfolate-Vit B6-Vit B12-Vit D
Fluoxetine HCl
Fluvoxamine maleate
Imipramine HCl
Imipramine pamoate
Isocarboxazid
Levomilnacipran HCl
Maprotiline HCl
Mirtazapine
Nefazodone HCl
Nortriptyline HCl
Paroxetine HCl
Paroxetine mesylate
Phenelzine sulfate
Protriptyline HCl
Sertraline HCl
Tranylcypromine sulfate
Trazodone HCl
Trimipramine maleate
Venlafaxine HCl
Vilazodone HCl
Vortioxetine HBr

Alprazolam
Buspirone HCl
Chlordiazepoxide HCl
Clorazepate dipotassium
Diazepam
Hydroxyzine HCl
Hydroxyzine Pamoate
Lorazepam
Meprobamate
Oxazepam

Annual HD-related utilization also increased with disease
stage (early, middle, late) (Table 5). Late-stage beneficiaries had
the highest proportion of hospitalization (5.6%, 14.4%, 33.5%)
and ED visits (7.8%, 17.6%, 25.8%). As shown in Table 5 (Figure
5), mean annual HD-related total costs were higher for late-

Anti-spasticity

Anti-epileptic

Baclofen
Carisoprodol
Chlorzoxazone
Cyclobenzaprine HCl
Cyclobenzaprine HCl w/ MSM
Metaxalone
Methocarbamol
Orphenadrine Citrate
Tizanidine HCl

Brivaracetam
Cannabidiol
Carbamazepine
Clobazam
Clonazepam
Divalproex sodium
Eslicarbazepine acetate
Ethosuximide
Ethotoin
Ezogabine
Felbamate
Gabapentin
Lacosamide
Lamotrigine
Levetiracetam
Methsuximide
Oxcarbazepine
Perampanel
Phenytoin
Phenytoin sodium extended
Pregabalin
Primidone
Rufinamide
Stiripentol
Tiagabine HCl
Topiramate
Valproate sodium
Valproic acid
Vigabatrin
Zonisamide

stage beneficiaries ($13,264 [$37,254], $16,872 [37,154], $40,761
[56,990]), driven by HD pharmacy costs ($11,852 [36,748],
$12,053 [36,203], $18,696 [49,006]), followed by outpatient costs
($761 [1,296], $2,645 [3,910], $5,264 [7,132]) and inpatient costs
($651 [3,316], $2,174 [7,574], $16,801 [28,137]).

JOURNAL OF MEDICAL ECONOMICS

1331

$45,000
$41,631

$40,000

$35,000
$19,182

$30,000

$25,000

Pharmacy costs
Outpatient costs

$20,000

Inpatient costs

$17,222

$10,213

$15,000

$4,318

$10,000
$8,275

$5,000

$12,235
$4,629

$0
Huntington's Disease

Matched Beneficiaries Without HD

Figure 3. Annual healthcare costs among Medicare beneficiaries, with vs. without Huntington’s diseasea.
a

Beneficiaries without HD were exactly matched to beneficiaries diagnosed with HD on a 1:1 ratio by age, sex, and US geographic region.

Table 2. Baseline characteristics among medicare beneficiaries, with vs. without Huntington’s disease.
Huntington’s diseasea
Matched beneficiaries without HD
N ¼ 3,688
N ¼ 3,688
Age at index, year, mean (SD)
Female, n (%)
Charlson comorbidity index, mean (SD)
No. of chronic conditionsb, mean (SD)
Symptoms of HD, n (%)
Dementia
Depression
Anxiety
Cachexia
Dysphagia
Chorea
Race, n (%)
White
Black
Other/Unknownd
Medicare/Medicaid dual eligible, n (%)
Region, n (%)
Midwest
Northeast
South
West

67.8 (12.4)
1,976 (53.6)
2.0 (2.5)
5.4 (2.6)
2,999 (81.3)
986 (26.7)
745 (20.2)
1,239 (33.6)
43 (1.2)
1,083 (29.4)
2,157 (58.5)

67.8 (12.4)
1,976 (53.6)
2.0 (2.4)
5.0 (2.5)
1,037 (28.1)
128 (3.5)
338 (9.2)
742 (20.1)
11 (0.3)
169 (4.6)
–c

3,341 (90.6)
213 (5.8)
134 (3.6)
782 (21.2)

3,204 (86.9)
326 (8.8)
158 (4.3)
217 (5.9)

1,224 (33.2)
852 (23.1)
1,122 (30.4)
490 (13.3)

1,224 (33.2)
852 (23.1)
1,122 (30.4)
490 (13.3)

Abbreviations. HD, Huntington’s disease; SD, standard deviation.
a
p < .001 for comparisons of all baseline measures except age, gender, and region (exactly matched) and Charlson comorbidity index (p ¼ .366).
b
Agency for Healthcare Research and Quality11.
c
Reported per CMS cell size suppression policy (frequency < 11).
d
This category includes Hispanic, Asian, North American Native, Other, and Unknown.

Healthcare utilization and costs in beneficiaries with
Huntington’s disease at the end-of-Life
A total of 1,687 Medicare beneficiaries diagnosed with HD
died between 2014 and 2017 and were included in the endof-life analysis. Of these beneficiaries, 1,513 (89.7%) had latestage disease prior to death (results not shown) and 1,605

(95.1%) had symptoms of HD (Table 4). Mean (SD) age at
death was 73.2 (12.9) years, the majority were female (50.3%)
and white (91.6% white, 6.2% black, 2.2% unknown), with all
regions represented (Table 4): Midwest (33.6%), South
(31.2%), Northeast (24.0%), West (11.2%). Beneficiaries in the
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Table 3. Annual healthcare utilization and costs among Medicare beneficiaries, with vs. without Huntington’s disease.
Matched beneficiaries without HD
Huntington’s
diseasea
N ¼ 3,688
N ¼ 3,688
Medication use, n (%)
Antidepressants
Anxiolytics
Antiepileptic agents
Antispasticity agents
All-cause healthcare utilization
Inpatient hospitalizations, n (%)
ED visit, n (%)
Physician office visits, mean (SD)
Skilled nursing facility, n (%)
Hospice, n (%)
Home health, n (%)
DME, n (%)
Total costs, mean (SD)
Inpatient costsb
Outpatient costsc
Pharmacy costs

2,212 (60.0)
1,037 (28.1)
1,475 (40.0)
399 (10.8)

1,208 (32.8)
685 (18.6)
848 (23.0)
392 (10.6)

989 (26.8)
1,333 (36.1)
10.9 (13.6)
455 (12.3)
349 (9.5)
857 (23.2)
1,292 (35.0)
$41,631 (57,393)
$12,235 (26,796)
$10,213 (15,521)
$19,182 (45,469)

619 (16.8)
965 (26.2)
12.8 (13.0)
142 (3.9)
22 (0.6)
309 (8.4)
1,230 (33.4)
$17,222 (31,218)
$4,629 (15,467)
$8,275 (17,535)
$4,318 (11,553)

Abbreviations. ED, emergency department; DME, durable medical equipment; HD, Huntington’s disease; SD, standard deviation.
p < .001 for comparisons of all outcomes displayed; non-significant results not shown.
Inpatient costs include acute hospitalization, skilled nursing facility, hospice, or other inpatient facility costs.
c
Outpatient costs include ED, physician office, lab, or other outpatient facility costs.
a

b

end-of-life cohort had a mean CCI of 4.4 (4.0) and a mean
number of chronic conditions of 7.5 (3.0).
Healthcare utilization and costs were elevated in the quarter
immediately prior to death (Q1), while less so in the quarter
prior (Q2). Beneficiaries in Q1 and Q2 had a high proportion of
hospitalization (48.7% and 20.0%) and ED visits (30.8% and
20.3%) (Table 5). Similarly, the proportion of HD-related hospitalization was greater in Q1 (40.7% and 15.5%) as was the proportion of HD-related ED visits (15.6% and 9.1%).
Mean (SD) all-cause total costs in Q1 and Q2 were $28,145
(31,932) and $17,348 (24,759), respectively, both composed
mainly of inpatient costs ($18,302 [25,696] and $8,955 [19,631])
(Table 5, Figure 4). For HD-related costs, mean (SD) total costs
in Q1 and Q2 were $16,987 (21,710) and $10,505 (18,812),
respectively, again driven by inpatient costs ($12,441 [18,531]
and ($6,363 [15,951]) (Table 5, Figure 5).

Discussion
This comprehensive analysis of healthcare utilization and
economic burden among Medicare beneficiaries with HD is
the first of its kind. We analyzed administrative claims databases from Medicare RIFs, the largest and most comprehensive data source for Medicare beneficiaries, which is ideal for
capturing patients with rare diseases such as HD, and found
that healthcare needs and associated costs are substantially
higher among Medicare beneficiaries who are diagnosed
with HD compared to their matched beneficiaries without
HD. Broadly, our findings in the Medicare FFS population
underscore the substantial economic burden facing those
diagnosed with HD and are consistent with previously published literature. Among Medicare beneficiaries with HD,
nearly two-thirds of whom were in the late stage of disease,
more than one-quarter were hospitalized during the year,
which was 1.5 times that of matched beneficiaries without
HD. In addition, the use of prescription medications, including antidepressants and anxiolytics, was higher in HD

beneficiaries compared to beneficiaries without HD, corresponding to prevailing comorbid depression and anxiety that
has been reported in individuals with HD13–16. Similarly,
annual healthcare costs were also substantial for beneficiaries
with HD, with mean annual total costs of about $41,000,
which is more than twice that of costs for beneficiaries without HD and ostensibly driven by inpatient costs and pharmacy costs. In particular, the mean annual HD pharmacy cost
was over $15,000 and 37% of the total all-cause cost burden.
We also observed progressive burden among beneficiaries
with HD throughout each stage of disease, including at the
end of life; this is consistent with previous literature4. A 2013
study using 2002–2009 commercial and Medicaid claims
found that direct medical costs increased with disease progression in beneficiaries with HD and were driven by outpatient services4; this study employed the same hierarchical
algorithm for measuring HD disease stage in claims as our
study. In our study, beneficiaries in the late stage of HD had
the highest level of utilization and costs relative to earlier
stages, with one-third experiencing an HD-related hospitalization in one year compared to 6% and 14% of beneficiaries
with early and middle-stage disease, respectively. Medication
use was elevated across all stages, but even more so among
beneficiaries in the late stage of HD. While we found that
total costs increased by stage, in contrast with the 2013
study, we found this cost pattern to be driven by inpatient
services, reflecting the hospitalization patterns described
above. In the end-of-life analysis, we found that acute hospitalization and hospice care were very common (49% and
57%) in the last few months before death, corresponding to
high inpatient costs during the same period. A 2005 study
using 1996–2002 inpatient hospital data reported that 53.5%
of HD patients with inpatient hospitalizations were transferred to a long-term care facility17. Although our study did
not examine long-term nursing care, use of skilled nursing
facilities and hospice care was observed in over 40% of beneficiaries with late-stage HD. Additionally, a 2019 literature
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Table 4. Baseline characteristics among Medicare beneficiaries with Huntington’s disease, by disease stage and at end of life.
Disease stagea

Ageb, year, mean (SD)
Female, n (%)
Charlson comorbidity index, mean (SD)
No. of chronic conditionsc, mean (SD)
Symptoms of HD, n (%)
Dementia
Depression
Anxiety
Cachexia
Dysphagia
Chorea
Race, n (%)
White
Black
Other/Unknowne
Region, n (%)
Midwest
Northeast
South
West

End-of-life

Early
(N ¼ 850)

Middle
(N ¼ 916)

Late
(N ¼ 1,922)

(N ¼ 1,687)

64.6 (12.2)
415 (48.8)
1.3 (2.1)
4.3 (2.4)
577 (67.9)
51 (6.0)
106 (12.5)
212 (24.9)
–d
63 (7.4)
432 (50.8)

69.3 (11.5)
522 (57.0)
2.1 (2.4)
5.5 (2.4)
700 (76.4)
228 (24.9)
176 (19.2)
299 (32.6)
–d
136 (14.8)
480 (52.4)

68.5
1,039
2.2
6.0
1,722
707
463
728
37
884
1,245

73.2
848
4.4
7.5
1,605
977
589
791
128
993
909

771 (90.7)
50 (5.9)
29 (3.4)

840 (91.7)
45 (4.9)
31 (3.4)

1,730 (90.0)
118 (6.1)
74 (3.9)

269
178
271
132

300
197
292
127

(31.6)
(20.9)
(31.9)
(15.5)

(32.8)
(21.5)
(31.9)
(13.9)

655
477
559
231

(12.7)
(54.1)
(2.6)
(2.6)
(89.6)
(36.8)
(24.1)
(37.9)
(1.9)
(46.0)
(64.8)

(34.1)
(24.8)
(29.1)
(12.0)
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(12.9)
(50.3)
(4.0)
(3.0)
(95.1)
(57.9)
(34.9)
(46.9)
(7.6)
(58.9)
(53.9)

1,545 (91.6)
105 (6.2)
37 (2.2)
567
405
526
189

(33.6)
(24.0)
(31.2)
(11.2)

Abbreviations: E: early-stage; M: middle-stage; L: late-stage; SD: standard deviation; H0: Null hypothesis.
p < .05 for comparisons of all baseline measures (H0: E ¼ M ¼ L) except Race (p ¼ .671).
b
Reported as age at the index for beneficiaries by stage; and age at death for beneficiaries in the end of life analysis.
c
Agency for Healthcare Research and Quality11.
d
Reported per CMS cell size suppression policy (frequency < 11).
e
Category includes Hispanic, Asian, North American Native, Other, and Unknown.
a

review estimated that costs at the end of life account for
13–25% of the general Medicare population’s expenditures18,
which is consistent with our findings of elevated costs in the
final months of life among beneficiaries with HD who died.
In this study, we found all-cause costs were higher than
those previously reported for other neurodegenerative diseases. A 2017 investigation of direct annual medical expenditures associated with Alzheimer’s disease and related
dementias estimated annual total costs of $14,508 in this
population19. In a 2010 study using commercial insurance
claims from 2004 to 2006, patients with multiple sclerosis
were estimated to have an annual all-cause cost burden of
$18,829 (adjusted to 2010 US dollars); this would be equivalent to $21,166 in 2017 US dollars20. In a 2005 study using
commercial claims from 1999 to 2002, patients with
Parkinson’s disease were estimated to have annual direct
medical costs of $23,101 (adjusted to 2002 US dollars) 21; this
would be equivalent to $30,775 in 2017 US dollars, although
changes in the treatment of Parkinson’s disease since this
period would likely contribute to further shifting of costs. In
a more recent 2020 study, the annual direct medical costs in
beneficiaries with Parkinson’s disease were estimated to be
$24,439 (2017 US dollars)22.
We believe our findings have importance for various reasons. Comparatively, our cost estimates associated with HD
are higher than previously published estimates in other HD
populations4, which may reflect the unique needs and disease burden in the Medicare HD population due to disability
or age. Medicare beneficiaries who are diagnosed with HD
have an additional clinical burden and intensity in healthcare
utilization compared to the general Medicare population,
pointing to an increased vulnerability among the small, but
the older population of adults with HD. Furthermore, we

observed that most (66.6% of) beneficiaries identified as having HD in our sample were not newly diagnosed, based on a
prior diagnosis code for HD during the baseline period
(results not shown); as the onset of HD typically occurs earlier in life, this finding may indicate prolonged burden in the
HD Medicare population. In addition, this burden increases
substantially by disease stage; our findings reflect the need
for disease-modifying therapy to delay disease progression
and early diagnosis of HD to reduce healthcare burden.
This study has several limitations. First, our measure of
disease stage was constructed, in part, using variables for
healthcare utilization. As a result, the observed increase in
costs by stage is, to some degree, an artifact of the construction of the disease stage measure. However, in the
absence of clinical measures in claims data, healthcare utilization is a useful proxy for the disease stage. Second, we
did not examine the full Medicare population, as only beneficiaries in FFS plans (65% of the Medicare plans) were
included in our sample23; therefore, our findings may not
be representative of patients with HD in non-FFS Medicare
plans (i.e. Medicare managed care) or those with other
types of insurance (e.g. commercial, Medicaid) who may
be younger and with different clinical characteristics. Third,
our analysis of Medicare claims data may not have uncovered the entire burden of HD among beneficiaries; for
example, resource burden among beneficiaries who receive
long-term nursing care, which beyond 100 days of SNF
care is not covered by Medicare, would not be captured
in these claims. Additionally, our analysis did not assess
indirect costs, such as informal nursing or personal care,
which has been found to be a major driver of costs in HD
outside of the US24, or functional status, which might further elucidate the burden of HD in the late-stage of
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Table 5. Annual and quarterly healthcare utilization and costs among Medicare beneficiaries with Huntington’s disease, by disease stage and at end of lifea.
End-of-life
Disease stageb

Medication use, n (%)
Antidepressants
Anxiolytics
Antiepileptic agents
Antispasticity agents
Selected HD treatment
Tetrabenazine
Deutetrabenazine
Neuroleptics
All-cause healthcare utilization
Inpatient hospitalization, n (%)
ED visit, n (%)
Office visits, mean (SD)
Skilled nursing facility, n (%)
Hospice, n (%)
Home health, n (%)
DME, n (%)
HD-related healthcare utilization
Inpatient hospitalization, n (%)
ED visit, n (%)
Office visits, mean (SD)
Skilled nursing facility, n (%)
Hospice, n (%)
Home health, n (%)
DME, n (%)
Total costs, mean (SD)
Inpatient costsd
Outpatient costse
Pharmacy costs
HD-related costs, mean (SD)
Inpatient costs
Outpatient costs
HD pharmacy costsf

Early
(N ¼ 850)

Middle
(N ¼ 916)

Late
(N ¼ 1,922)

Pre Q1
(N ¼ 1,687)

Pre Q2
(N ¼ 1,687)

421
189
256
79

(49.5)
(22.2)
(30.1)
(9.3)

535 (58.4)
248 (27.1)
352 (38.4)
97 (10.6)

1,256 (65.3)
600 (31.2)
867 (45.1)
223 (11.6)

788 (46.7)
393 (23.3)
581 (34.4)
129 (7.6)

821 (48.7)
357 (21.2)
584 (34.6)
126 (7.5)

114 (13.4)
–c
256 (30.1)

124 (13.5)
–c
328 (35.8)

358 (18.6)
23 (1.2)
955 (49.7)

205 (12.2)
–c
563 (33.4)

217 (12.9)
–c
587 (34.8)

71 (8.4)
168 (19.8)
9.1 (10.0)
–c
–c
–c
180 (21.2)

186 (20.3)
336 (36.7)
14.9 (15.8)
–c
–c
–c
323 (35.3)

732 (38.1)
829 (43.1)
9.8 (13.5)
455 (23.7)
349 (18.2)
612 (31.8)
789 (41.1)

822 (48.7)
520 (30.8)
1.6 (2.9)
269 (15.9)
957 (56.7)
267 (15.8)
515 (30.5)

338 (20.0)
342 (20.3)
2.1 (3.7)
147 (8.7)
350 (20.7)
272 (16.1)
490 (29.0)

48 (5.6)
66 (7.8)
2.4 (3.7)
–c
–c
–c
37 (4.4)
$20,475
($41,122)
$1,160
($6,149)
$4,484
($10,185)
$14,831
($38,774)
$13,264
($37,254)
$651
($3,316)
$761
($1,296)
$11,852
($36,748)

132 (14.4)
161 (17.6)
3.8 (7.7)
–c
–c
127 (13.9)
70 (7.6)
$29,733
($44,977)
$4,024
($11,510)
$9,811
($13,478)
$15,898
($40,503)
$16,872
($37,154)
$2,174
($7,574)
$2,645
($3,910)
$12,053
($36,203)

644 (33.5)
495 (25.8)
2.7 (4.6)
216 (11.2)
310 (16.1)
376 (19.6)
316 (16.4)
$56,657
($64,185)
$21,047
($33,678)
$12,939
($17,549)
$22,672
($49,964)
$40,761
($56,990)
$16,801
($28,137)
$5,264
($7,132)
$18,696
($49,006)

686 (40.7)
264 (15.6)
0.4 (1.0)
103 (6.1)
574 (34.0)
98 (5.8)
177 (10.5)
$28,145
($31,932)
$18,302
($25,696)
$5,798
($7,945)
$4,045
($10,651)
$16,987
($21,710)
$12,441
$18,531
$1,347
$2,087
$3,199
$10,492

262 (15.5)
154 (9.1)
0.4 (1.0)
52 (3.1)
264 (15.6)
95 (5.6)
177 (10.5)
$17,348
($24,759)
$8,955
($19,631)
$4,375
($7,617)
$4,018
($9,704)
$10,505
($18,812)
$6,363
$15,951
$1,032
$2,002
$3,110
$9,512

Abbreviations. E, early-stage; M, middle-stage; L, late-stage; ED, emergency department; DME, durable medical equipment; HD, Huntington’s disease; Pre Q1 and
Pre Q2: the 3-month periods immediately preceding death and Pre Q1, respectively; SD: standard deviation.
a
Costs reported by disease stage reflect annual costs; end-of-life costs reported in Q1 and Q2 reflect quarterly costs.
b
p < .001 for comparisons of all outcomes (H0: E ¼ M ¼ L).
c
Reported per CMS cell size suppression policy (frequency < 11).
d
Inpatient costs include acute hospitalization, skilled nursing facility, hospice, or other inpatient facility costs.
e
Outpatient costs include ED, physician office, lab, or other outpatient facility costs.
f
Costs reported for full HD pharmacy category including tetrabenazine, deutetrabenazine, neuroleptics, amantadine, riluzole, donepezil, minocycline, nabilone,
coenzyme Q10, and energy metabolites.

disease or end of life. Fourth, we matched the study
cohorts based on demographic, but not clinical characteristics, which may have led to confounding in our results.
Fifth, similar to prior studies, our eligibility criteria required
only one diagnosis of HD without a second confirmatory
diagnosis4–6. While the final cohort may contain beneficiaries with a misdiagnosis of HD, the rate of misdiagnosis is
expected to be low due to the availability of genetic testing that can confirm the diagnosis. Finally, administrative
claims are intended for billing purposes, not research.
Claims data capture events relevant to medical billing and
pertinent diagnoses, and may not capture all underlying
symptoms, comorbidities, and other adverse events.

Conclusions
The results of this study demonstrate the substantial economic burden associated with HD. Medicare beneficiaries
with HD have significantly higher healthcare utilization and
costs compared with beneficiaries without HD, which were
primarily driven by higher inpatient hospitalization and
pharmacy utilization. As expected, such clinical and economic burden increases with the progression of HD among
Medicare beneficiaries and is most intensive at the end of
life. Our findings reflect the need for effective treatments
that delay or prevent disease progression, which may
reduce the burden associated with HD.
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Figure 4. Annual and quarterly healthcare costs by disease stagea and at end of lifeb (all-cause)c.
a
Late-stage disease markers identified first: nursing home, feeding tube, incontinence, bedsore, hospice care, at least two falls within one month, and dysphagia. Middle-stage disease
markers identified second: home assistance, physical therapy, dementia, gait disorder, dysarthria, speech therapy, and having two falls in one month. Beneficiaries without late or middlestage disease markers were defined as an early-stage diseases.
b
At the end of life, Pre Q1 was defined as the 3 months immediately preceding death and Pre Q2 was defined as the 3 months preceding Pre Q1.
c
Costs reported by disease stage reflect annual costs; end-of-life costs reported in Q1 and Q2 reflect quarterly costs.

$45,000
$40,761

$40,000
$35,000

$18,696

$30,000
$25,000

HD pharmacy costs
$20,000
$15,000

Outpatient costs

$5,264
$16,987

$16,872

b

Inpatient costs

$3,199
$13,264
$1,347

$12,053

$10,000

$12,441

$5,000
$0
Early

$3,110

$16,801

$11,852
$761

$2,645

$651

$2,174

Middle
v
Disease
Stage

$10,505

$1,032
$6,363

Late

Pre Q1

Pre Q2
End of

Figure 5. Annual and Quarterly Healthcare Costs by Disease Stage and at End of Life (Huntington’s Disease-Related)a.
a

Costs reported by disease stage reflect annual costs; end-of-life costs reported in Q1 and Q2 reflect quarterly costs.
Costs reported for full HD pharmacy category including tetrabenazine, deutetrabenazine, neuroleptics, amantadine, riluzole, donepezil, minocycline, nabilone, coenzyme Q10, and energy
metabolites.
b
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