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ORIGINAL RESEARCH

Healthcare utilization and direct medical costs of Huntington’s disease among
Medicaid beneficiaries in the United States

Anisha M. Patela , Eunice Changb , Caleb Paydarb and Sheila R. Reddyb

aGenentech Inc, South San Francisco, CA, USA; bPHAR (Partnership for Health Analytic Research), Beverly Hills, CA, USA

ABSTRACT
Aims: To provide more recent estimates of healthcare utilization and costs in Huntington’s disease
(HD) in the Medicaid population.
Materials and Methods: This retrospective analysis used administrative claims data for HD beneficia-
ries (�1HD claim; ICD-9-CM 333.4) from Medicaid Analytic eXtract data files from 1 January 2010–31
December 2014. The date of the first HD claim during the identification period (1 January 2011–31
December 2013) was assigned as the index date. If a beneficiary had multiple HD claims during the
identification period, one was randomly chosen as the index date. Beneficiaries were required to be
continuously enrolled in fee-for-service plans during the 1-year pre-index and post-index periods.
Medicaid beneficiaries without HD were drawn from a 100% random sample and matched (3:1) to
those with HD. Beneficiaries were classified by disease stage (early/middle/late). All-cause and HD-
related (any utilization related to HD diagnosis or symptoms associated with HD) healthcare utilization
and costs were reported.
Results: A total of 1,785 beneficiaries without HD were matched to 595 beneficiaries with HD (139
early-, 78 middle-, and 378 late-stage). The mean (SD) annual total costs were higher for beneficiaries
with HD than beneficiaries without HD ($73,087 [$75,140] vs. $26,834 [$47,659], p<.001) and driven
by inpatient costs ($45,190 [$48,185] vs. $13,808 [$39,596], p<.001). Total healthcare costs were high-
est among beneficiaries with late-stage HD (mean [SD] cost: $22,797 [$31,683] for early-stage HD vs.
$55,294 [$129,290] for middle-stage HD vs. $95,251 [$60,197] for late-stage HD; p<.001).
Limitations: Administrative claims are intended for billing purposes and subject to coding errors. This
study did not address functional status, which may provide further insight to late-stage and end-of-life
burden of HD, and indirect costs.
Conclusions: Medicaid beneficiaries with HD have higher acute healthcare utilization and costs com-
pared to beneficiaries without HD, which tend to increase with disease progression, indicating that HD
beneficiaries at later disease stages have greater burden.

PLAIN LANGUAGE SUMMARY
Huntington’s disease (HD) is a degenerative genetic disorder marked by progressive decline in cogni-
tive and motor functions, leading to severe disability and loss of independence. The median and
mean survival time after a diagnosis of HD is 15 years. Little is known about the kinds of health serv-
ices used or costs associated with HD in the United States (US) in the Medicaid population. The study
objective was to estimate healthcare utilization and direct medical spending among Medicaid benefi-
ciaries with HD. The mean annual total costs were higher for beneficiaries with HD than beneficiaries
without HD ($73,087 vs. $26,834). Mean total healthcare costs were highest among beneficiaries with
late-stage HD ($22,797 for early-stage HD vs. $55,294 for middle-stage HD vs. $95,251 for late-stage
HD). Medicaid beneficiaries with HD have higher acute healthcare utilization and costs compared to
beneficiaries without HD, with utilization and costs increasing with disease progression, indicating that
HD beneficiaries at later disease stages have greater burden.
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Introduction

Huntington’s disease (HD) is a multifaceted, genetic, neuro-
degenerative disorder marked by progressive decline in cog-
nitive and motor functions, leading to severe disability and
loss of independence1,2. A recent study estimated HD inci-
dence among US beneficiaries in 2017 to be 6.1 per 100,000

person-years and the prevalence to be 13.1 per 100,000 per-
sons3. Age at onset spans from early childhood to senes-
cence, although typical HD onset occurs between 30–
50 years of age4. The prognosis is particularly poor, and the
median and mean survival time after a diagnosis of HD is
15 years5. In the absence of effective disease-modifying
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therapy, the treatment is mainly aimed at symptomatic relief
for the motor, cognitive, and behavioral anomalies.

As the disease progresses, individuals with HD require
increasing levels of care and support, coupled with extensive
utilization of medical and non-medical resources for optimal
management of the manifestations of this debilitating dis-
ease6–9. However, few studies have investigated the health-
care utilization and costs associated with HD in the United
States (US), particularly in the Medicaid population. Prior
claims analyses have investigated the burden of HD popula-
tions with mixed types of healthcare coverage or in
Medicare alone6,10–15. Of these, two reported results by
Medicaid-insured patients using data through 20096,10. While
these studies shed light on various aspects of HD, there are
no recent or comprehensive studies of disease burden focus-
ing on the Medicaid population.

There is a growing focus on quantifying the economic
burden of HD, to provide national-scale cost and resource-
use estimates in the US. Health policy planners and decision-
makers need to have a comprehensive understanding of the
unmet need and associated resource utilization of HD, par-
ticularly for Medicaid beneficiaries for whom the estimated
prevalence and economic burden of HD may be higher than
for other populations, such as commercially-insured
patients3,6. With this in mind, along with the unique data
elements collected in the Medicaid database, we sought to
provide more recent estimates of healthcare utilization and
direct medical expenditures among Medicaid beneficiaries
diagnosed with HD.

Methods

Study design and data source

This retrospective study analyzed the most recent data from
Medicaid Analytic eXtract (MAX) files from 17US states
(California, Georgia, Idaho, Iowa, Louisiana, Michigan,
Minnesota, Mississippi, Missouri, New Jersey, Pennsylvania,
South Dakota, Tennessee, Utah, Vermont, West Virginia,
Wyoming), between 1 January 2010 and 31 December 2014.
MAX is a research-ready data source which contains
Medicaid administrative claims data including demographic,
eligibility, and enrollment information. It also includes claims-
level records that can be used for detailed analysis of pat-
terns of service utilization, diagnoses, and cost of care
among Medicaid enrollees. All paid claims were included in
the database, therefore, there are no missing data. MAX data
is available for all 50US states from 1999–2012; only 28
states submitted data in 2013, and 17 in 2014. MAX encoun-
ters and utilizations data may be incomplete for Medicaid
enrollees in prepaid plans (such as Health Maintenance
Organization, Prepaid Health Plan, and Primary Care Case
Management) or with dual eligibility (covered by both
Medicaid and Medicare); therefore, in this study, we only
included non-Medicare, full Medicaid coverage enrollees in
Fee-for-Service (FFS) plans.

Beneficiary population

The study population included beneficiaries who had at least
one claim with a diagnosis code of HD (International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM): 333.4) during the identification (ID) period (1
January 2011 to 31 December 2013). The date of the first HD
claim was assigned as the index date. If a beneficiary had
multiple claims with an HD diagnosis code during the ID
period, one was randomly chosen as the index date to cap-
ture all disease stages. Beneficiaries were required to have
continuous enrollment in FFS plans for at least 1 year prior
to (baseline or pre-index period) and 1 year after (follow-up
or post-index period) the index date (Figure 1). Beneficiaries
with dual eligibility were excluded.

A comparison group was drawn from a 100% random
sample of Medicaid beneficiaries and comprised those with-
out HD, defined as beneficiaries without a diagnosis of HD
during the entire study period. Beneficiaries without HD
were exactly matched to HD-beneficiaries on a 3:1 ratio by
calendar year, age, sex, and the US state.

To investigate the outcomes along a continuum of HD
progression, we stratified beneficiaries with HD by disease
stage (early, middle, late). Stage of disease was measured in
the 1-year post-index period based on a published hierarch-
ical algorithm that assigns stage based on the presence of
disease markers (i.e. diagnoses or services) received in claims
during the index year6. Beneficiaries with late stage disease
were identified first based on the presence of any of the fol-
lowing markers: nursing home, feeding tube, incontinence,
bedsore, hospice care, at least two falls within a 1-month
period, and dysphagia. The middle stage disease markers
included: home assistance, physical therapy, dementia, gait
disorder, dysarthria, speech therapy, and having two falls in
a 1-month period. Finally, beneficiaries without late or mid-
dle stage disease markers were defined as having early stage
disease6. Unless otherwise indicated, ICD-9-CM, CPT, and
HCPCS codes were used to identify disease stage markers.

In addition, an end-of-life analysis was performed to
examine the end-of-life care among deceased Medicaid ben-
eficiaries who were diagnosed with HD but subsequently
died between 1 January 2011 and 31 December 2014. All
beneficiaries were required to have continuous enrollment in
the 1-year preceding the date of death (baseline period).

Study measures and analysis

Demographic and socioeconomic characteristics, HD symp-
toms, and comorbidities, including the Charlson comorbidity
index (CCI), were measured during the baseline period. All
healthcare utilization and cost outcomes were measured in
the follow-up period for the main study cohort and stratified
by stage of disease. For the end-of-life care analysis, out-
comes were measured during the last two quarters of life.
All-cause and HD-related (any utilization related to HD diag-
nosis or symptoms associated with HD healthcare utilization)
healthcare utilization outcomes were measured, which
included emergency department (ED) visits, inpatient
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hospitalization, physician office visits, skilled nursing facility
(SNF) care, hospice care, respite care, home health care, resi-
dential care, and use of durable medical equipment (DME).
Medication use was reported for selected HD treatments (i.e.
tetrabenazine, deutetrabenazine, glutamatergic-modifying
drugs [amantadine, riluzole], neuroleptics, donepezil, mino-
cycline, nabilone, coenzyme Q10, energy metabolites such as
creatine and omega-3 fatty acids) and for supportive medica-
tions (i.e. antidepressants, anxiolytics, antiepileptic agents,
antispastic agents, stimulants, or lithium). Costs (all-cause
and HD-related) were calculated for inpatient (e.g. acute hos-
pitalization, SNF, hospice, or other inpatient), outpatient (e.g.
ED, physician office, lab, or other outpatient facility costs),
and outpatient pharmacy services. Costs were adjusted to
2014 dollars using the medical care component of the
Consumer Price Index16.

Among HD beneficiaries who died between 2011 and
2014, outcomes were examined at the end-of-life in the last
two quarters before the date of death: The first quarter (Pre
Q1) was defined as the 3-month period immediately preced-
ing date of death, while Pre Q2 was defined as the 3-month
period preceding Pre Q1.

Descriptive statistics were reported for all outcome meas-
ures (means and standard deviations [SD] for continuous var-
iables; counts and proportions [%] for categorical variables),
including costs, for the main comparison groups and by

disease stage (early, middle, late). Chi-square tests were used
for comparison of categorical outcomes and t-tests or
ANOVA were used for continuous outcomes at a significance
level of 0.05. All statistical analyses were conducted using
SAS version 9.4. Strobe guidelines for observational studies
were used17.

Results

Healthcare utilization and costs in beneficiaries with vs.
without Huntington’s disease

A total of 1,785 beneficiaries without HD were matched to
595 beneficiaries with HD (Figure 1, Table 1). The matched
cohorts had a mean (SD) age of 46.8 (14.4) years, 63.7%
female, and >55% were white, with all regions represented
(29.6% Midwest, 15.5% Northeast, 28.6% South, 26.4% West).
The HD beneficiaries had a lower mean (SD) Charlson comor-
bidity index score (0.9 [1.5] vs. 1.3 [2.0], p<.001) while more
chronic conditions on average at baseline (3.7 [1.9] vs. 3.1
[2.4], p<.001) compared to beneficiaries without HD.

The HD beneficiaries had a higher proportion of all-cause
inpatient hospitalizations (26.1% vs. 15.5%, p<.001), ED visits
(53.6% vs. 41.4%, p<.001), and skilled nursing facility care
(50.4% vs. 10.9%, p<.001) as compared to beneficiaries with-
out HD (Table 2). Compared to beneficiaries without HD, the

Figure 1. Study time frame. Abbreviations. EOL, end-of-life; ID, identification.
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HD beneficiaries had higher prescription drug use for antide-
pressants (56.5% vs. 40.6%), anxiolytics (32.6% vs. 20.9%),
and antiepileptics (50.3% vs. 33.2%) (Table 2; all p<.001).

The mean (SD) annual total costs were higher for HD benefi-
ciaries than beneficiaries without HD ($73,087 [$75,140] vs.
$26,834 [$47,659], p<.001) and were primarily driven by
inpatient costs ($45,190 [$48,185] vs. $13,808 [$39,596],
p<.001) (Table 2, Figure 2).

Healthcare utilization and costs by stage of
Huntington’s disease

In the stratified analyses, the majority of beneficiaries with
HD had late-stage disease: early (n¼ 139; 23.4%), middle
(n¼ 78; 13.1%), late (n¼ 378; 63.5%) (Table 3). Disease strata
varied by mean (SD) age (40.5 [15.9], 42.8 [17.5], 50.0 [12.0]
years) and number of chronic conditions (3.0 [1.8], 3.8 [2.0],
3.9 [1.9]) (Table 3); all p<.001. Late-stage beneficiaries had
higher report of HD symptoms (72.7%, 76.9%, 95.5%; Table
3), higher use of HD treatment (46.8%, 55.1%, 69.8%), anxio-
lytics (23.0%, 26.9%, 37.3%), and antiepileptics (42.4%, 34.6%,
56.3%), all p�.005 (Table 4); and all-cause hospitalizations
(18.0%, 24.4%, 29.4%, p¼.031) (Table 4). Total annual health-
care costs were highest among beneficiaries with late-stage
HD (mean [SD] cost: $22,797 [$31,683] for early-stage HD vs.
$55,294 [$129,290] for middle stage HD vs. $95,251 [$60,197]
for late-stage HD; p<.001) primarily driven by inpatient costs
($68,860 [$44,258] for late-stage HD). The mean total costs
more than doubled between early and middle stages (Table
4, Figure 3). Similarly for HD-related costs, annual healthcare
costs were highest among beneficiaries with late-stage dis-
ease (mean [SD] cost: $9,970 [$22,972] for early-stage HD vs.
$22,484 [$36,528] for middle stage HD vs. $66,070 [$54,193]
for late-stage HD; p<.001) also driven by inpatient costs
($51,005 [$46,939] for late-stage HD) (Table 4, Figure 4).

Huntington’s disease at the end-of-life

In the end-of-life analysis, we identified 5,699 beneficiaries
with a diagnosis of HD between 1 January 2010 and 31
December 2014. Of these beneficiaries, 1,247 died between 1
January 2011 and 31 December 2014. Among deceased HD
beneficiaries, 128 were non-dual eligible and had 1 year of
continuous enrollment in FFS prior to the date of death
(baseline period). Mean (SD) age was 51.2 (11.7) years, 63.3%
were female, and number of chronic conditions in the base-
line was 4.9 (2.3). A high proportion of beneficiaries reported
HD symptoms during baseline (96.9%) (Table 3). Use of HD
treatment and all-cause hospitalizations in the last quarter
before death occurred in 60.9% and 33.6% of beneficiaries,
respectively; mean (SD) total costs were $27,552 ($15,649) in
that same time period (Table 4, Figure 3). While mean (SD)
HD-related costs were $19,647 ($13,943) in the quarter pre-
ceding death and $17,072 ($14,078) the quarter prior, primar-
ily driven by HD-related inpatient costs ($16,173 [$12,769]
and $13,524 [$12,052], respectively) (Table 4).

Discussion

This study provides more recent, comprehensive estimates of
healthcare utilization and costs associated with the

Table 1. Baseline characteristics among Medicaid beneficiaries, with vs. with-
out Huntington’s disease.

Matched
Beneficiaries Beneficiaries
With HDa Without HD
N¼ 595 N¼ 1,785

Age, years, mean (SD) 46.8 (14.4) 46.8 (14.4)
Female, n (%) 379 (63.7) 1,137 (63.7)
Charlson comorbidity index, mean (SD) 0.9 (1.5) 1.3 (2.0)
No. of chronic conditionsb, mean (SD) 3.7 (1.9) 3.1 (2.4)
Symptoms of HD, n (%) 522 (87.7) 487 (27.3)
Dementia 119 (20.0) 47 (2.6)
Depression 57 (9.6) 166 (9.3)
Anxiety 103 (17.3) 303 (17.0)
Cachexia –c –c

Dysphagia 118 (19.8) 68 (3.8)
Chorea 482 (81.0) –c

Race/Ethnicity, n (%)
White 403 (67.7) 989 (55.4)
Black 79 (13.3) 386 (21.6)
Other/Unknownd 113 (19.0) 410 (23.0)

Region, n (%)
Midwest 176 (29.6) 528 (29.6)
Northeast 92 (15.5) 276 (15.5)
South 170 (28.6) 510 (28.6)
West 157 (26.4) 471 (26.4)

Abbreviations. HD, Huntington’s disease; SD, standard deviation.
ap<.001 for comparisons of all baseline measures except age, gender, and US
state (exactly matched) and Depression (p¼.839), Anxiety (p¼.850), and
Cachexia (p¼.045).
bAgency for Healthcare Research and Quality. HCUP Chronic Condition
Indicator [Internet]. Healthcare Cost and Utilization Project (HCUP). 2015.
Available from: www.hcup-us.ahrq.gov/toolssoftware/chronic/chronic.jsp.
cReported per CMS cell size suppression policy (<11).
dThis category includes Hispanic, Asian, North American Native, Other, and
Unknown.

Table 2. Healthcare utilization and costs among Medicaid beneficiaries, with
vs. without Huntington’s Disease (adjusted to 2014 Dollars).

Matched
Beneficiaries Beneficiaries
With HDa Without HD
N¼ 595 N¼ 1,785

Medication use, n (%)
Antidepressants 336 (56.5) 724 (40.6)
Anxiolytics 194 (32.6) 373 (20.9)
Antiepileptic agents 299 (50.3) 593 (33.2)
Antispasticity agents 106 (17.8) 324 (18.2)

All-cause healthcare utilization
Inpatient hospitalizations, n (%) 155 (26.1) 277 (15.5)
ED visits, n (%) 319 (53.6) 739 (41.4)
Physician office visits, mean (SD) 7.8 (21.9) 8.7 (19.7)
Skilled nursing facility care, n (%) 300 (50.4) 195 (10.9)
Hospice, n (%) 58 (9.7) –b

Home health, n (%) 59 (9.9) 109 (6.1)
DME, n (%) 254 (42.7) 684 (38.3)

Total costs, mean (SD) $73,087 (75,140) $26,834 (47,659)
Inpatient costsc $45,190 (48,185) $13,808 (39,596)
Outpatient costsd $14,408 (51,536) $7,846 (17,349)
Pharmacy costs $13,489 (36,491) $5,180 (13,641)

Abbreviations. ED, emergency department; DME, durable medical equipment;
HD, Huntington’s disease; SD, standard deviation.
ap<.001 for comparisons of all outcomes displayed except antispasticity
agents (p¼.854), physician office visits (p¼.338), Home health (p¼.002), DME
(p¼.059), and outpatient costs (p¼.002).
bReported per CMS cell size suppression policy (<11).
cInpatient costs include acute hospitalization, skilled nursing facility, hospice,
or other inpatient facility costs.
dOutpatient costs include ED, physician office, lab, or other outpatient facility
costs.
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management of HD than prior analyses in Medicaid popula-
tions. We found that the Medicaid beneficiaries with HD
have higher inpatient hospitalizations and ED visits as com-
pared to beneficiaries without HD. Furthermore, beneficiaries
with HD had higher use of antidepressants, anxiolytics, and
anti-epileptics compared to those without HD, which reflects

the prevalence of neuropsychiatric symptoms that have been
reported in patients with HD18–21. The higher healthcare util-
ization among HD-beneficiaries translated to healthcare costs
nearly 3-times that of matched beneficiaries without HD (all-
cause annual total cost: $73,087 vs. $26,834 for beneficiaries
with and without HD, respectively), driven by use of

$45,190

$13,808

$14,408

$7,846

$13,489

$5,180

$0

$10,000

$20,000

$30,000

$40,000

$50,000

$60,000

$70,000

$80,000

Huntington's Disease Matched Beneficiaries Without HD

M
ea

n
 C

o
st

s 
($

)

Pharmacy costs

Outpatient costs

Inpatient costs

$73,087

$26,834

Figure 2. Mean annual all-cause healthcare costs among Medicaid beneficiaries with vs. without Huntington’s Diseasea. aBeneficiaries without HD were exactly
matched to beneficiaries diagnosed with HD on a 1:1 ratio by age, sex, calendar year, and US state.

Table 3. Baseline characteristics among Medicaid beneficiaries with Huntington’s disease, by disease stage and at end of life.
Disease Stagea End-of-Life

Early Middle Late
(N¼ 139) (N¼ 78) (N¼ 378) (N¼ 128)

Age, years, mean (SD) 40.5 (15.9) 42.8 (17.5) 50.0 (12.0) 51.2� (11.7)
Female, n (%) 86 (61.9) 46 (59.0) 247 (65.3) 81 (63.3)
Charlson comorbidity index, mean (SD) 0.7 (1.4) 1.0 (1.5) 1.0 (1.5) 2.0 (2.4)
No. of chronic conditionsb, mean (SD) 3.0 (1.8) 3.8 (2.0) 3.9 (1.9) 4.9 (2.3)
Symptoms of HD, n (%) 101 (72.7) 60 (76.9) 361 (95.5) 124 (96.9)
Dementia –c –c 106 (28.0) 48 (37.5)
Depression 14 (10.1) 13 (16.7) 30 (7.9) 12 (9.4)
Anxiety 31 (22.3) 13 (16.7) 59 (15.6) 24 (18.8)
Cachexia –c –c –c –c

Dysphagia –c –c 106 (28.0) 55 (43.0)
Chorea 89 (64.0) 52 (66.7) 341 (90.2) 120 (93.8)

Race/Ethnicity, n (%)
White 90 (64.7) 54 (69.2) 259 (68.5) 96 (75.0)
Black 17 (12.2) –c 54 (14.3) 26 (20.3)
Other/Unknownd 32 (23.0) 16 (20.5) 65 (17.2) –c

Region, n (%)
Midwest 37 (26.6) 37 (47.4) 102 (27.0) 44 (34.4)
Northeast 17 (12.2) –c 68 (18.0) 34 (26.6)
South 50 (36.0) 23 (29.5) 97 (25.7) 49 (38.3)
West 35 (25.2) 11 (14.1) 111 (29.4) –c

Abbreviations. E, early stage; M, middle stage; L, late stage; SD, standard deviation; H0, Null hypothesis.
ap<.001 for comparisons of all baseline measures (H0: E¼M¼ L) except depression (p¼.057), anxiety (p¼.201), cachexia (p¼.176).
bAgency for Healthcare Research and Quality. HCUP Chronic Condition Indicator [Internet]. Healthcare Cost and Utilization Project (HCUP).
2015. Available from: www.hcup-us.ahrq.gov/toolssoftware/chronic/chronic.jsp.
cReported per CMS cell size suppression policy (frequency <11).
dCategory includes Hispanic, Asian, North American Native, Other, and Unknown.�Age at death, years.
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inpatient services such as acute hospitalizations, SNF, and
hospice care. This is consistent with prior work that has
showed patients with HD are admitted to a hospice at a
younger age compared to other patients22.

As would be expected with a progressive degenerative
condition, healthcare utilization and costs tended to increase
with disease severity, with beneficiaries at late disease stage
having more than thrice the cost burden than those with

middle-stage HD (HD-related annual total cost: $22,484 for
middle-stage HD vs. $66,070 for late-stage HD). The primary
driver of cost being inpatient hospitalizations, SNF, and hos-
pice care ($2,392 for middle-stage HD vs. $51,005 for late--
stage HD). In addition, beneficiaries with HD who died
during the study period had elevated healthcare utilization
and costs in the final few months before death, mainly
driven by inpatient services. Furthermore, in HD beneficiaries

Table 4. Healthcare utilization and costs among Medicaid beneficiaries with Huntington’s disease, by disease stage and at end of
life.

Disease Stagea End-of-Lifeb

Early Middle Late Pre Q1 Pre Q2
(N¼ 139) (N¼ 78) (N¼ 378) (N¼ 128) (N¼ 128)

Medication use, n (%)
Antidepressants 72 (51.8) 45 (57.7) 219 (57.9) 58 (45.3) 59 (46.1)
Anxiolytics 32 (23.0) 21 (26.9) 141 (37.3) 53 (41.4) 50 (39.1)
Antiepileptic agents 59 (42.4) 27 (34.6) 213 (56.3) 61 (47.7) 63 (49.2)
Antispasticity agents 26 (18.7) 13 (16.7) 67 (17.7) 21 (16.4) 21 (16.4)
Selected HD treatmentc 65 (46.8) 43 (55.1) 264 (69.8) 78 (60.9) 82 (64.1)
Tetrabenazine 11 (7.9) 14 (17.9) 49 (13.0) –d 11 (8.6)
Deutetrabenazine –d –d –d –d –d

Neuroleptics 51 (36.7) 31 (39.7) 242 (64.0) 72 (56.3) 76 (59.4)
All-cause healthcare utilization

Inpatient hospitalization, n (%) 25 (18.0) 19 (24.4) 111 (29.4) 43 (33.6) 24 (18.8)
ED visit, n (%) 72 (51.8) 47 (60.3) 200 (52.9) 63 (49.2) 43 (33.6)
Office visits, mean (SD) 9.5 (24.2) 19.9 (38.7) 4.6 (13.9) 1 (5.8) 1.3 (6.0)
Skilled nursing facility, n (%) –d –d 300 (79.4) 81 (63.3) 82 (64.1)
Hospice, n (%) –d –d 58 (15.3) 73 (57.0) 34 (26.6)
Home health care, n (%) –d 33 (42.3) 26 (6.9) –d –d

DME, n (%) 63 (45.3) 49 (62.8) 142 (37.6) 39 (30.5) 24 (18.8)
HD-related healthcare utilization

Inpatient hospitalization, n (%) 15 (10.8) 16 (20.5) 88 (23.3) 39 (30.5) 19 (14.8)
ED visit, n (%) 21 (15.1) 14 (17.9) 75 (19.8) –d 12 (9.4)
Office visits, mean (SD) 1.7 (2.9) 3.4 (5.7) 1.3 (6.9) 0.1 (0.3) 0.1 (0.3)
Skilled nursing facility, n (%) –d –d 217 (57.4) 49 (38.3) 53 (41.4)
Hospice, n (%) –d –d 55 (14.6) 63 (49.2) 30 (23.4)
Home health, n (%) –d 16 (20.5) 15 (4.0) –d –d

DME, n (%) 17 (12.2) 20 (25.6) 70 (18.5) 21 (16.4) 21 (16.4)
Total costs, mean (SD) $22,797 $55,294 $95,251 $27,552 $25,041

(31,683) (129,290) (60,197) (15,649) (16,171)
Inpatient costse $3,791 $4,255 $68,860 $21,244 $18,846

(19,134) (11,096) (44,258) (14,819) (14,440)
Outpatient costsf $11,624 $36,420 $10,890 $3,703 $3,411

(18,778) (12,8544) (23,778) (5,104) (6,602)
Pharmacy costs $7,383 $14,619 $15,500 $2,604 $2,784

(18,895) (25,253) (42,650) (5,466) (5,863)
HD-related costs, mean (SD)g $9,970 $22,484 $66,070 $19,647 $17,072

(22,972) (36,528) (54,193) (13,943) (14,078)
Inpatient costs $616 $2,392 $51,005 $16,173 $13,524

(2,373) (6,268) (46,939) (12,769) (12,056)
Outpatient costs $4,422 $9,068 $4,851 $1,824 $1,629

(14,165) (26,664) (17,066) (4,620) (5,166)
HD pharmacy costsh $4,932 $11,024 $10,213 $1,650 $1,919

(18,133) (24,414) (26,175) (5,204) (5,643)

Abbreviations: 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.
ap<.001 for comparisons of all outcomes (H0: E¼M¼ L) except: antidepressants (p¼.447), anxiolytics (p¼.005), antispasticity
agents (p¼.929), deutetrabenazine (P¼N/A), all-cause inpatient hospitalization (p¼.031), all-cause ED visit (p¼.440), HD-related
inpatient hospitalization (p¼.007), HD-related ED visit (p¼.446), HD-related office visit (p¼.020), HD-related DME (p¼.043), phar-
macy costs (p ¼.077), HD-related outpatient costs (p¼.138), and HD-related pharmacy costs (p¼.069). Annual healthcare costs
adjusted to 2014 dollars.
bQuarterly healthcare costs adjusted to 2014 dollars.
cCategory also includes glutamatergic-modifying drugs, energy metabolites, and several miscellaneous drugs (donepezil, minocyc-
line, nabilone, and coenzyme Q10).
dReported per CMS cell size suppression policy (frequency <11).
eInpatient costs include acute hospitalization, skilled nursing facility, hospice, or other inpatient facility costs.
fOutpatient facility costs include ED, physician office, lab, or other outpatient facility costs.
gHD-related: any utilization related to HD diagnosis or symptoms associated with HD.
hHD pharmacy costs include tetrabenazine, deutetrabenazine, neuroleptics, amantadine, riluzole, donepezil, minocycline, nabilone,
coenzyme Q10, and energy metabolites.
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ence, bedsore, hospice care, at least two falls within a 1-month period and dysphagia. Middle stage disease markers identified second: home assistance, physical
therapy, dementia, gait disorder, dysarthria, speech therapy, and having two falls in a 1-month period. Beneficiaries without late or middle stage disease markers
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3-month period preceding Pre Q1. cAnnual costs by disease stage; quarterly costs for end-of-life analysis.
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was defined as the 3-month period preceding Pre Q1. cAnnual costs by disease stage; quarterly costs for end-of-life analysis. dHD-related: any utilization related to
HD diagnosis or symptoms associated with HD. eCosts reported for full HD pharmacy category including: tetrabenazine, deutetrabenazine, neuroleptics, amanta-
dine, riluzole, donepezil, minocycline, nabilone, coenzyme Q10, and energy metabolites.
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with late-stage disease and at the end of life, total HD-
related costs were substantial, and accounted for approxi-
mately 70% of total all-cause costs. In comparison, total
HD-related costs accounted for 44% and 41% of total all-
cause costs for early- and middle-stage beneficiaries, respect-
ively, further illustrating the substantial increase in economic
burden associated HD as the disease progresses. These find-
ings indicate that delaying the disease progression through
early diagnosis and early initiation of therapy and manage-
ment may alleviate the burden of HD on the beneficiaries
and their families, as well as the healthcare system in the US.

The findings of this study highlight the significant eco-
nomic burden of HD in the Medicaid population and are
consistent with the findings of previous studies from the US
and Europe. In a retrospective study by Divino et al. the dir-
ect healthcare costs among Medicaid and commercially
insured HD beneficiaries were estimated to be between
$3,257–4,947 USD in early stages, rising steeply to $22,582–
$37,495 USD in late stages (annualized cost per beneficiary),
between 2002–20096. The authors reported highest total
costs among Medicaid beneficiaries with late-stage HD. Our
study showed a similar trend of increasing costs by disease
stage; however, our cost estimates associated with HD are
higher than those presented in this prior study. The reason
for this difference is unclear but could be attributed to more
recent cost estimates in our study (adjusted to 2014US dol-
lars), to varied calculation methods (the prior study annual-
ized costs), or to compositional differences between the
cohorts (e.g. the HD sample in our study had a higher pro-
portion of female patients). Moreover, in our study, the
inpatient hospitalizations contributed as the major healthcare
cost component as against the outpatient costs which were
the primary cost drivers in the Divino 2013 study6. This dif-
ference may be due to insurance coverage, as long-term
care (e.g. hospice care and SNF) is not fully captured in com-
mercial claims and the majority of patients in the Divino
et al. study were commercially-insured. The vast majority of
the Medicaid beneficiaries in the Divino 2013 study were in
the late disease stage, a pattern similar to our study. The
authors have acknowledged that this could be partially
attributed to the fact that the beneficiaries are eligible to
enter a Medicaid system only after exhausting all other
resources6.

In a recent international survey, direct medical costs of
patients with HD increased with disease severity, also driven
by hospitalizations and residential care costs; additionally,
indirect medical costs accounted for the 66–84% of total
costs driven by lost work productivity and informal care23. In
another UK study, the average annual cost per person with
HD was estimated to be £21,605, with informal care being
the major cost driver9. Although we did not assess the bur-
den of informal care or other societal costs, which could be
substantial in more severely affected beneficiaries suffering
from chronic neurodegenerative disorders such as HD, the
use of SNF and hospice care was observed in 79% and 15%
of beneficiaries with late-stage HD, respectively. One prior
study showed that 54.4% of hospitalized HD patients were
discharged to long-term care facilities due to disability later

in the course of disease24. Additionally, a 2019 literature
review reported that costs at the end of life accounted for
13–25% of the overall expenditures, which is consistent with
our findings of elevated costs in the final months of
deceased Medicaid beneficiaries25. Finally, all-cause costs
reported in our study are higher than those previously
reported in other neurodegenerative diseases. In a recent
2020 study, beneficiaries with Parkinson’s disease were esti-
mated to have annual direct medical costs of $24,439
(2017US dollars)26. Furthermore, an earlier 2010 claims ana-
lysis estimated the annual all-cause cost burden in patients
with multiple sclerosis to be $18,829 (adjusted to 2010US
dollars); this would approximately be $20,442 in 2014US
dollars27.

The strengths of this analysis are derived from the use of
claims databases, which reduce responder bias as compared
to the surveys. Furthermore, this study provides comprehen-
sive estimates in the Medicaid population using the most
recently available MAX data, shedding light on the economic
burden of HD in comparison to those without HD, and by
disease stage and at the end-of-life. However, there are limi-
tations to this study. First, although we used the most
recently available Medicaid claims data, covering 2010–2014,
CMS has since phased out the MAX data and the analyses
cannot be easily updated. Nonetheless, the Medicaid popula-
tion is uniquely vulnerable and often overlooked in studies
of HD. Second, due to CMS policies we are unable to report
median values. CMS seeks to protect the confidentiality of
Medicare and Medicaid beneficiaries by avoiding the release
of information that can be used to identify individual benefi-
ciaries28,29. Median values cannot be reported as they repre-
sent individual patients and any reporting that could identify
(whether directly or indirectly) a beneficiary is prohibited as
a part of the research agreement28,29. Additionally, extreme
values (e.g. minimum, maximum, median, mode, percentiles)
in the output are restricted by CMS and only approved on a
case-by-case basis30. Third, administrative claims are
intended for billing purposes and are subject to coding
errors. Fourth, our study did not address functional status,
which may provide further insight to late-stage and end-of-
life burden of HD, or informal (or indirect) costs, which have
been shown to be a significant driver of costs in HD outside
of the US9. Fifth, as this was a descriptive study with the aim
of estimating costs and describing utilization of Medicaid
beneficiaries with HD, we did not apply a log or gamma
model for costs, or model costs in any way. Our goal was to
describe actual costs in various stages of the disease, rather
than predict these costs or identify characteristics associated
with higher costs. We did not adjust for patient characteris-
tics in our comparison of HD stages, because these charac-
teristics are inherently different across groups. We used a
comparison group of age, gender, region, and year matched
patients to provide estimates of cost and utilization in a dis-
ease-free population. Sixth, as in prior studies our eligibility
criteria only required one diagnosis of HD, instead of a
second confirmatory diagnosis6,10,11. While both underreport-
ing (mild cases) and misdiagnosis may exist in our cohort,
this identification approach has been commonly used by
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previous claims analyses for rare diseases such as HD6,10,11.
Finally, this study analyzed a database of Medicaid beneficia-
ries in 17 States; thus, the study results may not be general-
izable to other Medicaid populations in the US.

Conclusions

This resource utilization and direct healthcare cost analysis
establishes a substantial economic burden associated with
HD in the Medicaid population, notable during the late stage
of the disease and at end of life. While this study provides
direct estimates of healthcare burden among Medicaid-HD
beneficiaries, future studies are needed to account for the
indirect-costs associated with lost productivity, informal care,
and other societal costs in HD. Furthermore, there is a need
for more recent and better-quality data with which to study
the burden of neurologic disorders.
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