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A B S T R A C T   

Introduction: Data on Huntington’s disease (HD) epidemiology, treatment patterns, and economic burden in Israel 
are scarce. 
Methods: Annual prevalence and incidence of HD (ICD-9-CM 333.4) were assessed in the Israel-based Maccabi 
Healthcare Services (MHS) database 2016–2018. Adherence (medication possession rate [MPR], proportion of 
disease covered) were assessed for adult people with HD (PwHD) 2013–2018. Healthcare resources utilization 
(HCRU) and costs related to inpatient and outpatient visits and all medications in 2018 were assessed for PwHD, 
who were randomly matched to MHS members without HD (1:3) by birth-year and sex. 
Results: Overall, 164 patients had at least one HD diagnosis. Annual prevalence and incidence were 4.45 and 
0.24/100,000, respectively. A total of 67.0% of adult patients (n = 106) were taking tetrabenazine (median MPR 
and proportion of disease covered, 74.3% and 30.2%, respectively), 65.1% benzodiazepines (75.8% and 32.3%), 
and 11.3% amantadine (79.2% and 6.0%). Over a 1-year follow-up, PwHD (n = 81) had significantly more 
neurologist, psychiatrist, physiotherapist, and speech therapist visits (P < 0.05 for each) and more hospitali-
zation days (P < 0.0001) compared with matched controls (n = 243). Total healthcare and medication costs per 
patient (US dollars) were significantly higher for PwHD than controls ($7,343 vs. $3,625; P < 0.001). 
Discussion/Conclusion: PwHD have greater annual HCRU and medical costs than MHS members without HD in 
Israel. Among those who have taken medications, adherence was lower than 80% (both MPR and proportion of 
disease covered), which may translate into suboptimal symptom relief and quality of life.   

1. Introduction 

Huntington’s disease (HD), an incurable, inherited neurodegenera-
tive disease comprising a triad of movement, cognitive, and psychiatric 
disorders, along with metabolic disturbances, profoundly affects pa-
tients’ quality of life, from the psychological impact of parental diag-
nosis, through progressive decline in functional abilities, to possible 
requirement for 24-hour care in the end stages [1–4]. Two drugs, tet-
rabenazine and deutetrabenazine, are approved by the US Food and 
Drug Administration (since 2008 and 2017, respectively) and the 

Ministry of Health of Israel (since 2004 and 2021, respectively) to treat 
chorea associated with HD [5,6], but they do not alter the long-term 
course of the disease. 

HD prevalence varies by geographic region, being generally lower in 
Asian populations and highest in North America [7], with substantial 
medical costs and informal care worldwide [8–11]. Understanding the 
burden of HD in individual communities is important to provide 
appropriate healthcare facilities and resources for patient care [7]. 
However, in Israel, the burden of HD has not yet been characterized. The 
current study identified the epidemiology of HD and healthcare resource 
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utilization (HCRU), including the marginal economic burden of HD in 
the Israeli population. 

2. Methods 

2.1. Study design and data source 

We retrospectively analyzed data from the Maccabi Health Services 
(MHS) database, a nationwide health plan (payer-provider) representing 
26% of the population in Israel with a >99% annual retention rate. Data 
are automatically collected and include comprehensive medical data: 
diagnoses, laboratory data from a single central laboratory, full phar-
macy prescription and purchase data, consultations and hospitalization 
and extensive demographic data. The study was approved by the Insti-
tutional Ethics Committee of Maccabi Health Services (study number 
0111-19-MHS) which granted a waiver of consent due to the anonymity 
of the analyses. 

2.2. Study population 

All people with HD diagnosis according to the International Classifi-
cation of Disease, ninth Revision, Clinical Modification (ICD-9-CM) code 
333.4 who were diagnosed by (1) a neurologist (2) hospital-discharge 
report, (3) medicine pre-authorization, (4) “chronic patient” diagnosis, 
or (5) ≥ 2 diagnoses of HD by any other healthcare professional, at any 
time prior to 2019, were identified. No age limits were used for preva-
lence and incidence analyses. For treatment patterns and economic 
burden assessment, only people with HD (PwHD) over the age of 18 
years who had at least 12 months of MHS continuous enrollment prior to 
diagnosis, were included. To better reflect current therapeutic regimens, 
treatment patterns were assessed for PwHD who were alive between 
2013 and 2018. In order to have 1 full calendar year of data, healthcare 
resources utilization and related costs were assessed in PwHD who were 
alive on January 1, 2018. These patients were randomly matched (1:3) 
to MHS members without HD by birth-year and sex. 

2.3. Outcomes 

Prevalence was assessed for each year from 2016 to 2018 and 
included all living HD patients in the MHS database, regardless of age, 
out of the total number of MHS insurers who were alive on July 1 of each 
year. Incidence analyses included the number of newly diagnosed HD 
patients who had ≥ 1 year of continuous enrollment in the MHS data-
base prior to their first HD diagnosis (to ensure incident cases), 
regardless of age for each year from 2016 to 2018 out of the total 
number of MHS insurers who were alive and had ≥ 1 year of continuous 
data on July 1 of each year. Confidence intervals (CIs) were calculated 
using binomial distribution. Annual mortality rate included HD patients 
who died in a specific year of all MHS members alive on July 1 of that 
year. Median survival time data were also collected. The end of follow- 
up was defined as the earliest of: (1) date of death, (2) end of data 
availability in the MHS database, or (3) December 31, 2018. 

Treatment patterns were assessed from 2000 to 2018 for the iden-
tified population. All medications evaluated were available in Israel 
since 2000. Adherence to treatment (percentage medication possession 
rate [MPR]) was defined as the number of days covered by the treatment 
divided by the total duration (number of days between first and last 
purchase plus number of days of medication supplied by last purchase). 
MPR was calculated using medications purchased after the first HD 
diagnosis. Proportion of disease covered was defined as the number of 
days covered by the medication divided by the disease duration (from 
first HD diagnosis to end of follow-up). Permanent discontinuation was 
defined as a gap of more than 120 days between the last purchase (in 
addition to the number of days of medication supplied) and the end of 
follow-up. Temporary discontinuation was defined as a gap between two 
consecutive purchases greater than the number of days of medication 

supplied by the last purchase plus a grace period of 120 days. 
Time to first purchase of HD medication was recorded for each new 

HD medication class purchase (see Table S1 in the Appendix for medi-
cations). If a patient initiated ≥ 1 HD medication class, the time to each 
class was counted. The proportion of patients with ≥ 1 purchase of an 
antipsychotic medication was also recorded (see Table S2 in the Ap-
pendix for medications). 

The population comorbidities were assessed using MHS highly vali-
dated chronic disease registries (i.e., cardiovascular disease [12], dia-
betes [13], hypertension [14], chronic kidney disease [12], and cancer 
[15]). The MHS cancer registry is based on the national cancer registry 
and thus all cancer types were included in this analysis. Socioeconomic 
status (SES) scores were ranked with 1 (lowest) to 10 and derived for 
commercial purposes by Points Location Intelligence using geographic 
information systems and data related to expenditures at retail chains, 
credits, and housing. This score is highly correlated with SES measured 
by the Central Bureau of Statistics [16]. SES was categorized into low 
(1–4), medium (5–6), and high (7–10). 

2.4. Statistical analysis 

Descriptive statistics are presented as n (%), mean (standard devia-
tion [SD]), or median (interquartile range [IQR]), as appropriate. Me-
dian survival time was calculated using Kaplan-Meier survival analysis. 
Patient characteristics for the HD and non-HD groups were compared 
with P values calculated from independent t tests for continuous vari-
ables and chi-square tests for categorical variables. Significances and 
estimated means were calculated using generalized linear models with 
negative binomial with log-link distribution for HCRU and gamma dis-
tribution with log-link distribution for cost analysis. 

HCRU was categorized as any hospitalization (not including day 
hospitalization), emergency room (ER) visit, or outpatient visit to a 
general practitioner, psychiatrist, neurologist, orthopedist, physiother-
apist, or speech therapist. 

Healthcare costs are presented in US dollars (conversion factor ac-
cording to purchasing-power parities in 2018 of 1 USD = 3.752 Israeli 
Shekels [ILS]) and were assessed for any hospitalization plus ER visits, 
all outpatient visits in the MHS and hospital outpatient clinics, all 
medications purchased by the patient, and total healthcare and medi-
cation costs (sum of hospitalizations, ER visits, outpatient visits, and all 
medications). 

3. Results 

3.1. Patient characteristics and disposition 

A total of 164 MHS members with ≥ 1 HD diagnosis made by reliable 
sources were identified from 2000 to 2018 (Fig. S1). Of these, 106 PwHD 
were alive at some point between 2013 and 2018 and were used to assess 
treatment patterns. Mean (SD) age at diagnosis was 49.3 (13.6) years and 
57.5% were female. Median (95% CI) time from first diagnosis to end of 
follow-up for PwHD alive from 2013 to 2018 was 8.3 (7.2–9.4) years. 

In total, 81 PwHD were eligible for HCRU and cost assessments and 
were randomly matched, based on birth-year and sex, with 243 MHS 
members without HD. There were no significant differences in patient 
characteristics and rates of common comorbidities between groups 
(Table S3). Mean (SD) age at the beginning of 2018 was 56.4 (13.8) years; 
59.3% of patients were female in both groups. Six patients in the HCRU 
and cost analyses did not have a full calendar year of follow-up due to 
death (HD, n = 3; non-HD, n = 2) and other reasons (HD, n = 1). 

3.2. Prevalence, incidence, and mortality rates 

Annual prevalence and incidence over time are shown in Fig. 1. From 
2016 to 2018, mean prevalence rate was 4.45 (95% CI 3.71–5.55) per 
100,000 and mean incidence rate was 0.24 (95% CI 0.11–0.55) per 
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100,000 for PwHD. Mean annual mortality rate was 0.18 per 100,000 
and median survival time was 13 years post-diagnosis (95% CI 11–15; 
Fig. S2). 

3.3. Medication use 

Of the 106 PwHD alive from 2013 to 2018, 71 (67.0%), 69 (65.1%) 
and 12 (11.3%) were taking tetrabenazine, benzodiazepines, and 
amantadine, respectively, at one point during the study. Of those who 
initiated treatment, 58 (81.7%), 55 (79.7%), and 11 (91.7%) patients, 
respectively, either permanently or temporarily discontinued treatment 
before end of follow-up. Median (IQR) time from HD diagnosis to 
treatment initiation was 20.3 (0.7–50.8), 52.9 (8.5–94.9), and 31.5 
(0.1–84.0) months, respectively. Median MPR and proportion of disease 
covered are shown in Table 1. Additionally, 24.5% and 45.3% of pa-
tients were using first-generation and second-generation antipsychotics, 
respectively. 

3.4. HCRU and healthcare costs 

PwHD had significantly more visits to neurologists, psychiatrists, 
physiotherapists, and speech therapists compared with MHS members 
without HD over 1-year of follow-up (all P < 0.05; Fig. 2). There were no 
statistically significant differences between PwHD and those without 
HD, respectively, in the number of ER visits (mean [95% CI]: 0.38 
[0.25–0.58] and 0.26 [0.19–0.34]; P = 0.125) and hospitalizations (0.18 
[0.11–0.32] and 0.11 [0.08–0.17]; P = 0.169). However, hospitalized 
PwHD were admitted for longer durations vs. members without HD 

(estimated mean [95% CI]: 4.46 [3.51–5.68] vs. 0.90 [0.75–1.10] days, 
respectively; P < 0.0001). 

Total healthcare and medication costs for HCRU in 2018 were signif-
icantly higher for PwHD vs. members without HD (P < 0.0001; Fig. 3A). 
Costs for outpatient and inpatient visits were also significantly higher for 
PwHD vs. those without HD (P < 0.05 and P < 0.001, respectively); 
medication costs were similar between groups (Fig. 3B). 

4. Discussion/conclusion 

Although the epidemiology and natural history of HD have been 
studied in a few large observational studies [17–20], real-world data on 
the burden of HD in Israel are scarce. This retrospective database study 
found annual prevalence and incidence rates of 4.45 and 0.24 per 
100,000 patients, respectively, for the MHS population. Among those 
who had taken medications, adherence was lower than 80% (both MPR 
and proportion of disease covered), which suggests HD symptoms may 
be undertreated in Israel. Lastly, this study found HCRU and healthcare 
and medication costs for PwHD were significantly higher than for 
matched patients without HD. 

The prevalence and incidence of HD in the current study, based on 
the MHS population, were comparable to those reported previously in 
the Western population for patients of all ages (prevalence, 4.45 vs. 5.70 
per 100,000 patients; incidence, 0.24 vs. 0.38 per 100,000 patients) 
[21]. Due to a strong genetic component in HD pathophysiology, vari-
able HD prevalence and incidence rates are expected [22]. A recent 
systematic review reported an average HD prevalence of 0.4 per 
100,000 in Asia and 7.33 per 100,000 in North America [7]. In Middle 
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Table 1 
Adherence to dispensed HD medications among PwHD alive from 2013 to 2018 (n = 106).  

Drug* MPR† (median [IQR]) Proportion of disease covered 
(median [IQR])‡

Tetrabenazine 74.3% (52.5%–99.0%) 30.2% (5.3%–54.0%) 
Benzodiazepines 75.8% (33.6%–100.0%) 32.3% (7.6%–62.8%) 
Amantadine 79.2% (53.2%–95.2%) 6.0% (1.3%–48.0%) 

HD, Huntington’s disease; MPR, medication possession rate; IQR, interquartile range. 
* HD medications in each class are listed in Supplementary Table 1 in the Appendix. 
† Adherence was based on the MPR, which was defined as the number of days supplied divided by the number of days in the period between the first and last 

purchases of medication after HD first diagnosis. 
‡ Proportion of disease covered was defined as the number of days covered by the medication divided by the disease duration (from HD first diagnosis to end of 

follow-up). 
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Eastern or South European populations, prevalence rates range between 
2.5 and 5.4 per 100,000 persons [23,24]. Future real-world studies will 
help to mitigate uncertainty in the epidemiology of HD in Israel. 

At the time of the study, mainly tetrabenazine, benzodiazepines, 
amantadine, and antipsychotics were used in Israel to treat HD. In our 
study, patients had cumulative coverage by tetrabenazine, benzodiaze-
pines, and amantadine for a median of 6–32% of the time since their first 
documented diagnosis. Our analysis does not reflect patients’ manage-
ment of HD symptoms over a long-term period (e.g., beginning/termi-
nating different treatment regimens, switching medications or 
temporary discontinuations throughout the treatment period). Addi-
tionally, there were many discontinuations in all three medication 
classes, suggesting there may be efficacy or tolerability issues and a 
potential treatment gap in some patients. 

Of treatment options available in Israel at the time of the study, 
tetrabenazine was the only medication indicated for chorea associated 
with HD. Although we cannot confirm whether all PwHD in our study 

experienced chorea symptoms, the proportion is expected to be very 
high, as chorea is typically prevalent in ~ 90% of those with adult-onset 
HD [3]. If we apply this information on our cohort, we find that 74% (n 
= 71) of the patient with “assumed chorea” (96 patients, 90% of 106 
patients) initiated tetrabenazine, similar to a recent US retrospective 
chart review, in which ~ 74% of PwHD with chorea initiated tetrabe-
nazine therapy [25]. In our study, patients were covered by tetrabena-
zine for only ~ 30% of disease duration. Possible reasons for this low 
coverage may include inadequate chorea control, tolerability issues, or 
prioritization of treatment for other HD symptoms. Chorea often begins 
early and persists over time following natural disease progression [2]; 
therefore, we anticipate efficacy or tolerability concerns with available 
treatment may affect adherence and effective chorea control. This im-
plies there is an unmet need for additional HD treatment options in 
Israel. 

Consistent with previous studies, healthcare costs for HD patients in 
Israel were higher than costs in people without HD. Estimated costs in 
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this study are within the range of those reported from studies in other 
parts of the world. In a US analysis of the MarketScan commercial and 
Medicaid databases, annual costs were $4,947 per person (US dollars) in 
early stages of HD, increasing to $22,582 in late-stage commercial pa-
tients, and $3,257 in early-stage Medicaid patients to $37,495 in late- 
stage Medicaid patients [11]. In another study, total annual HD costs 
in Peru were approximately $1.2 million (2015 US dollars), with direct 
healthcare costs accounting for approximately $85,000 [9]. 

We found that PwHD had more visits to the neurologist, psychiatrist, 
physiotherapist, or speech therapist, reflecting their HD symptoms (e.g., 
chorea, behavioral issues, motor impairment). The HD population also 
had significantly longer hospital stays, which is consistent with findings 
from a previous study in pediatric patients [26]. Potential reasons for 
longer hospital stays include psychosocial and behavioral challenges 
and metabolic disturbances associated with HD, which may increase the 
likelihood of discharge to residential care facilities [27]. 

To our knowledge, this is the first real-world data study comparing 
HCRU and costs between HD and non-HD populations in Israel. A 2018 
study comparing HCRU and costs between pre-diagnosis and post-diagnosis 
PwHD in the US population found higher HCRU in the 6-month post-HD 
diagnosis category compared with the 6-month pre-diagnosis group, high-
lighting the need for efficacious, tolerable, and continuous treatments for 
people with HD that do not exacerbate psychiatric-associated comorbidities 
[10]. Other studies have shown that cost increase is directly proportional to 
increasing disease severity [11], and more than half of this cost is associated 
with long-term/nursing home care [8]. Despite the possible explanations 
for greater economic burden in HD described above, PwHD are not 
consistently treated with medications to address their HD symptoms. The 
relationship between efficacious and tolerable treatment and HCRU, and 
whether treatment adherence reduces healthcare costs, warrants further 
investigation. 

One study limitation is the small cohort size, as the Maccabi database 
represents ~ 26% of the Israeli population. Additionally, we were un-
able to differentiate patients with and without chorea, family origin, and 
number of children. Furthermore, PwHD are sometimes primarily 
diagnosed with psychiatric disease (e.g., schizophrenia) and the diag-
nosis may not be changed to HD. Therefore, the actual prevalence and 
incidence of HD may be higher than reported here. 

In conclusion, prevalence and incidence of HD in the Israeli popu-
lation were consistent with those described in literature. Given the low 
coverage rate for HD medications in this study, HD symptoms, including 
chorea, may be undertreated in Israel. PwHD have greater annual HCRU 
and, consequently, higher medical costs than people without HD in 
Israel. These real-world data on the epidemiological, clinical, and eco-
nomic burden of HD may help clinicians and decision-makers better 
quantify the needs of PwHD in Israel and allocate resources accordingly. 
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