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Abstract

Introduction: Understanding the epidemiology of Hunting-
ton’s disease (HD) is key to assessing disease burden and the
healthcare resources required to meet patients’ needs. We
aimed to develop and validate a model to estimate the diag-
nosed prevalence of manifest HD by the Shoulson-Fahn
stage. Methods: A literature review identified epidemiologi-
cal data from Brazil, Canada, France, Germany, Italy, Spain,
the UK, and the USA. Data on staging distribution at diagno-
sis, progression, and mortality were derived from Enroll-HD.
Newly diagnosed patients with manifest HD were simulated
by applying annual diagnosed incidence rates to the total
population in each country, each year from 1950 onwards.
The number of diagnosed prevalent patients from the previ-
ous year who remained in each stage was estimated in line
with the probability of death or progression. Diagnosed
prevalence in 2020 was estimated as the sum of simulated
patients, from all the incident cohorts, still alive. Results: The
model estimates that in 2020, there were 66,787 individuals

diagnosed with HD in the 8 included countries, of whom 62—
63% were in Shoulson-Fahn stages 1 and 2 (with less severe-
ly limited functional capacity than those in stages 3-5). Di-
agnosed prevalence is estimated to be 8.2-9.0 per 100,000
in the USA, Canada, and the 5 included European countries
and 3.5 per 100,000 in Brazil. Conclusion: The modeled esti-
mates generally accord with the previously published data.
This analysis contributes to better understanding of the epi-
demiology of HD and highlights areas of uncertainty.
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Introduction

Huntington’s disease (HD) is a rare, progressive, ge-
netic, neurodegenerative disease that is ultimately fatal
and has devastating effects on the lives of patients and
their families [1, 2]. Despite identification of the genetic
mutation underlying HD over 20 years ago, current treat-
ment options focus only on symptomatic management
[3].

Several scales have been developed to aid diagnosis
and to follow patients systematically after diagnosis of
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Fig. 1. Flow of patients between Shoulson-Fahn TFC-based stages to obtain the final pool of prevalent patients.

TFC, Total Functional Capacity.

HD. Two of the most used are the Unified Huntington
Disease Rating Scale [4, 5] and 1 of its component scales,
the Total Functional Capacity (TFC) rating scale [6]. The
Shoulson-Fahn system ranks independence in daily ac-
tivities on a scale from stage 1 to stage 5, where stage 5
represents the most severely limited functional capacity
[6, 7]. These stages are based on TFC scores (stage 1: 11—
13, stage 2: 7-10, stage 3: 3-6, stage 4: 1-2, and stage 5: 0).

Understanding the manifest HD population is key to
evaluate disease burden and the resources required to
meet patients’ needs. There are limited published data on
the incidence and prevalence of HD (unless otherwise
stated, incidence and prevalence refer to diagnosed inci-
dence and prevalence throughout this report). Data on
the incidence of HD suggest that it is in the range of 0.1-
0.7 per 100,000 people [2, 8-19]. Higher estimates are
commonly derived from insurance claims data compared
with other sources [20, 21]. Available data suggest that the
prevalence of HD is approximately 10 cases per 100,000
people, with higher prevalence in North America, North-
western Europe, the Middle East, and Australia, where
estimates range from 5.96 to 13.70 cases per 100,000 peo-
ple [19, 22-25] than in Asia, where the prevalence is esti-
mated at 0.41-0.70 cases per 100,000 people [26]. How-
ever, the real prevalence, including undiagnosed individ-
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uals, may be higher than these estimates for a variety of
reasons [27].

The causal structure of disease dictates that incidence,
prevalence, and mortality are interrelated [28]. Incidence
must precede prevalence, and cause-specific mortality
may only follow disease. Based on this premise, an inci-
dence-prevalence-mortality model can be developed to
supplement and/or evaluate agreement between available
data and to explore shifting epidemiological dynamics
[28-30]. The objective of the study described in this re-
port was to develop an epidemiological model to estimate
the prevalence of manifest HD by the Shoulson-Fahn
stage and validate this with population-based prevalence
estimates.

Methods

Study Design Overview

Data on the incidence of HD were derived from a review of
published HD epidemiology data (described in the online suppl.
material; see www.karger.com/doi/10.1159/000516767 for all on-
line suppl. material). Data on the staging distribution at incidence
of HD and on the survival and progression of patients by the
Shoulson-Fahn stage were derived from an observational study of
patients with HD (Enroll-HD: ClinicalTrials.gov identifier:
NCT01574053). The study design is shown in online suppl. Fig. 1.
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Table 1. Estimated 2020 prevalence of HD in 8 countries, overall and by Shoulson-Fahn TFC-based stage, for high-, medium-, and low-

incidence inputs

Country (population, Case Estimated total diagnosed Estimated diagnosed prevalent patients with
thousands) [31] prevalent patients with manifest manifest HD by Shoulson-Fahn stage (% of total
HD (prevalence per 100,000) diagnosed prevalent patients with manifest HD)?
1 (27-28%)® 2 (35%) 3 (24-25%)° 4 (11%) 5 (2%)
Brazil (212,559) High 18,269 (8.6) 5,084 6,406 4,459 1,966 353
Medium 7,406 (3.5) 2,061 2,597 1,808 797 143
Low 4,040 (1.9) 1,124 1,416 986 436 79
Canada (37,742) High 4,010 (10.6) 1,124 1,408 974 427 76
Medium 3,077 (8.2) 862 1,080 747 328 59
Low 2,721 (7.2) 762 955 661 291 53
France (65,274) High 7,232 (11.1) 1,976 2,529 1,785 797 145
Medium 5,789 (8.9) 1,580 2,023 1,429 640 117
Low 4,924 (7.5) 1,343 1,720 1,216 545 100
Germany (83,784) High 9,305 (11.1) 2,525 3,233 2,305 1,047 195
Medium 7,449 (8.9) 2,020 2,587 1,845 840 157
Low 6,336 (7.6) 1,717 2,199 1,570 716 134
Italy (60,462) High 6,799 (11.2) 1,843 2,375 1,685 757 139
Medium 5,443 (9.0) 1,475 1,900 1,349 607 112
Low 2,272 (3.8) 614 792 563 255 47
Spain (46,755) High 5,256 (11.2) 1,423 1,842 1,307 580 104
Medium 4,207 (9.0) 1,138 1,474 1,046 465 84
Low 2,751 (5.9) 743 962 684 306 56
UK (67,886) High 7,364 (10.9) 2,038 2,581 1,803 798 145
Medium 5,895 (8.7) 1,630 2,065 1,443 640 117
Low 5,014 (7.4) 1,386 1,755 1,228 546 100
USA (331,003) High 35,867 (10.8) 9,931 12,572 8,783 3,882 699
Medium 27,521 (8.3) 7,614 9,640 6,740 2,987 541
Low 19,970 (6.0) 5,517 6,987 4,891 2,177 398

HD, Huntington’s disease; TFC, Total Functional Capacity. *Owing to rounding to whole numbers, estimated total diagnosed
prevalent patients with manifest HD may differ slightly from the sum for Shoulson-Fahn stages 1-5. PModeled prevalent staging
distributions vary slightly across countries because of differences in population demographics.

Epidemiological Model of HD

An epidemiological model of manifest HD to estimate preva-
lence, dependent on probabilities of progression and survival by
stage, was developed using Microsoft Excel.

The model included several of the most populous countries in the
world in which a high proportion of the population has Western Eu-
ropean ancestry. Newly diagnosed patients with manifest HD were
simulated by applying incidence rates to the total population in each
country, each year [31]. Incidence was extrapolated when country-
specific data were unavailable (shown in online suppl. Table 1) [10-
17]. In each region, a base incidence rate was applied in 1950. The
base rate was increased linearly until the peak rate, which was desig-
nated as being in 2006, the average year of the medium-case estimates
of peak incidence. This linear increase was effected in order to avoid
overestimating current prevalence, based on the assumption that in-
cidence increased over the last generation due to increased awareness
and improved testing relative to previous decades [32].

Prevalence of Huntington’s Disease: A
Model

The incident patients in each year were allocated across Shoul-
son-Fahn TFC-based stages [6] according to information on the
stage at diagnosis from patients with premanifest HD in Enroll-
HD whose disease became manifest during the observation period.
In the simulation model, each year, some patients remained in the
same stage, some progressed to the next stage, some left the cohort
owing to death, and some new incident patients joined the cohort
(shown in Fig. 1). In each simulated year, the number of prevalent
patients from the previous year who remained in each stage was
estimated in line with the time-varying probability of death or pro-
gression out of that stage. The probability of progression was ap-
plied in each annual cohort to estimate the number of patients who
progressed to the next stage. To generate a stable prevalent pool of
patients, the simulation was undertaken for the period between
1950 and 2020. The total prevalent population in each stage at a
given time point was calculated from the sum of the numbers of
patients currently in that stage from each annual incident cohort.
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Fig. 2. Estimated prevalence (per 100,000)
of manifest HD, 2000-2020 in the USA (a)
and in France, Germany, Italy, Spain, and
the UK combined (b), and comparison
with previously published estimates [11,
15, 16, 20, 23-25, 40, 41]. HD, Hunting-
ton’s disease.
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Staging Distribution at Incidence and Survival (Analysis of

Enroll-HD)

Enroll-HD is a global clinical research platform designed to fa-
cilitate clinical research in HD [33]. Core datasets are collected
annually from all research participants as part of this multicenter
longitudinal observational study. Data are monitored for quality
and accuracy using a risk-based monitoring approach. All sites are
required to obtain and maintain local ethical approval. The study
population includes patients and family members who carry or are
at risk for the HD gene expansion mutation and control partici-
pants who do not carry the mutation. The gene-positive popula-
tion is divided into individuals with manifest HD and those with
premanifest HD.

Data from Enroll-HD Periodic Dataset 4 version 2.0 (data cut-
off October 31, 2018) were used in developing the staging distribu-
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tion of incident patients and progression through stages in the
model. The full Periodic Dataset comprised the clinical data from
15,301 participants.

The staging distribution of incident patients (at diagnosis) was
restricted to patients whose disease was premanifest at baseline
and became manifest during follow-up to ensure that the stage dis-
tribution at diagnosis of manifest HD was captured. Kaplan-Meier
survival curves for overall survival (OS; death) and progression-
free survival (PFS) were estimated by the Shoulson-Fahn stage.
Progression was defined as moving out of the current stage (to a
more advanced stage or death). To avoid left censoring in the data,
estimates were based on total time spent in a stage before moving
to the next stage, rather than time from first enrollment in the da-
tabase. As such, the analysis was restricted to patients whose dis-
ease either became manifest during follow-up or changed from 1

Crowell/Houghton/Tomar/Fernandes/
Squitieri



Table 2. Characteristics of the Enroll-HD cohort by Shoulson-Fahn TFC-based stage

Shoulson-Fahn stage

1 2 3 4 5
N 266 892 943 451 170
Sex, male, n (%) 123 (46.2) 457 (51.2) 467 (49.5) 209 (46.3) 58 (34.1)
Current age, n (%)
<45 years 120 (45.1) 241 (27.0) 216 (22.9) 75 (16.6) 26 (15.3)
45-53 years 64 (24.1) 244 (27.4) 212 (22.5) 102 (22.6) 45 (26.5)
54-61 years 58 (21.8) 219 (24.6) 227 (24.1) 109 (24.2) 36 (21.2)
>61 years 24 (9.0) 188 (21.1) 288 (30.5) 165 (36.6) 63 (37.1)
Mean current age, years (SD) 46.52 (12.16) 51.75 (12.29) 54.43 (12.90) 56.53 (12.55) 56.90 (13.01)
Diagnosed at <18 years old, 7 (%)* 2(0.8) 12 (1.3) 14 (1.5) 11 (2.4) 2(1.2)
Mean CAG tract length, repeats (SD) 43.44 (3.18) 43.92 (3.72) 44.32 (4.31) 44.84 (4.90) 45.18 (4.72)

Mean CAG-age product (SD)
Region, n (%)

426.35 (81.43)

496.03 (84.73)

536.51 (94.03)

582.76 (105.44)

605.45 (99.90)

Australasia 10 (3.8) 36 (4.0) 24 (2.5) 21 (4.7) 4(2.4)

Europe 147 (55.3) 543 (60.9) 610 (64.7) 321 (71.2) 135 (79.4)

Latin America 0 8(0.9) 11(1.2) 6(1.3) 1(0.6)

Northern America 109 (41.0) 305 (34.2) 298 (31.6) 103 (22.8) 30 (17.6)
Race, n (%)

Asian 2(0.8) 6 (0.7) 7 (0.7) 2 (0.4) 0

Black 1(0.4) 5(0.6) 11 (1.2) 6(1.3) 3(1.8)

Hispanic or Latino 3(1.1) 14 (1.6) 23 (2.4) 8(1.8) 4(2.4)

Mixed 6(2.3) 7(0.8) 8(0.8) 3(0.7) 0

Native American 0 2(0.2) 4(0.4) 3(0.7) 0

Other 4(1.5) 14° (1.6) 11(1.2) 7 (1.6) 1 (0.6)

White 250 (94.0) 844 (94.6) 879 (93.2) 422 (93.6) 162 (95.3)

SD, standard deviation; HD, Huntington’s disease; TFC, Total Functional Capacity. *Percent values calculated based on total number
of patients; age at diagnosis data were unavailable for a small proportion of patients. "Includes 1 individual for whom information on

race was unavailable.

manifest baseline stage to another during follow-up. In all time-to-
event analyses, if no progression or death occurred, patient time
was censored at the last visit at which TFC was measured. A Cox
proportional hazards model was used to test for differences in PFS
by stage, with stage 1 as the reference group. Parametric survival
analysis methods were used to derive complete time-to-event
curves, and a one-way sensitivity analysis varying incidence inputs
was conducted, as described in the online suppl. Material. The sur-
vival models by stage were not adjusted for any covariates because
estimates were intended to be representative of patients in the En-
roll-HD database.

Results

Model Outputs and Sensitivity Analyses

Estimates of manifest HD prevalence in 2020 are
shown in Table 1. Medium incidence-input prevalence
rates are estimated to be 8.2-9.0 per 100,000 in the USA,
Canada, and the 5 included European countries and 3.5
per 100,000 in Brazil. The ranges of prevalence estimates

Prevalence of Huntington’s Disease: A
Model

for the USA, and for France, Germany, Italy, Spain, and
the UK combined, are shown in Figure 2. The model es-
timates an overall prevalence of 66,787 individuals in the
8 included countries, of whom 62-63% are in Shoulson-
Fahn TFC-based stages 1 and 2. The modeled prevalence
across all included countries in the sensitivity analyses
was 48,028-94,102 individuals.

Literature Review and Published HD Epidemiology

Data

Eight original studies were identified for inclusion
[10-17]. An overview of these studies is provided in on-
line suppl. Table 2. Additionally, an unpublished estimate
of HD prevalence in Brazil was obtained from the Brazil-
ian HD Patients’ Association.

Based on the data identified, the base (1950) and
peak (2006) incidences of manifest HD were estimated
(shown in online suppl. Table 1). A medium base inci-
dence of 0.50 per 100,000 people was applied across all
included countries except Brazil where, owing to the
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lack of incidence data, low- and medium-case incidenc-
es were back-calculated from prevalence. Across all sce-
narios, peak diagnosed incidence inputs ranged from a
low value of 0.16 per 100,000 people [12] in Brazil to a
high value of 0.90 per 100,000 in the other countries
[15].

Enroll-HD Cohort

Demographic characteristics of the patients in the En-
roll-HD cohort by Shoulson-Fahn stage are shown in Ta-
ble 2. Most patients in the Enroll-HD cohort were diag-
nosed with manifest HD when in stage 1. The proportions
of incident cases of manifest HD in Enroll-HD were 75%
in stage 1, 22% in stage 2, and 3% in stage 3.

A Cox proportional hazards model was used to analyze
PES by stage for the patients in Enroll-HD. The Cox mod-
el showed no marked, ordinal, or statistical difference for
PES between most stages and PFS was therefore assumed
to be the same for all stages (see online suppl. Table 3;
online suppl. Fig. 2).

The OS curves and PFS curve used in the model are
shown in Figure 3. The best-fitting models were the log-
logistic and the Gompertz for PFS and for OS, respec-
tively (see online suppl. Table 4). The Weibull models
were the second best-fitting models for both PFS and OS.
The Weibull models were chosen as the final extrapola-
tions based on the more plausible shape of the Weibull
curves and their use together, despite slightly less good fit.
The estimated median OS time for stage 1 was higher than
clinically plausible, owing to the small number of patients
who died in stage 1 in Enroll-HD. However, using the
Weibull model, the estimated probability of progression
reached 99% by 11.1 years, and the modeled estimate of
OS from stage 2 was plausible. The estimated median PES
(time in stage) for all stages using the Weibull curve was
3.61 years.
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Discussion

To our knowledge, this is the first incidence-preva-
lence-mortality model of HD using natural history data
that takes into account differences in patients’ functional
capacity, scored using the Shoulson-Fahn TFC scale.
The wide range of modeled prevalence in the sensitivity
analyses (48,028-94,102) highlights the uncertainty
around HD epidemiological estimates. However, the es-
timates of prevalence across the selected countries, based
on the model, are generally in accordance with those from
the published literature [8, 11, 15, 24, 25], indicating va-
lidity of the model. Furthermore, the estimated distribu-
tions of prevalence by Shoulson-Fahn stage are compa-
rable to those included in previous reports [34-36].

Two meta-analyses estimated average HD prevalence
in predominantly Caucasian populations of 5.70 (95% CI:
4.42-7.35) per 100,000 and 9.71 (95% CI: 9.32-10.12) per
100,000 using studies from 1985 to 2010 and since 1995,
respectively [8, 37]; a third systematic review concluded
that study methods were too heterogeneous to pool their
estimates [26]. Several recent epidemiological studies
from the USA illustrate the variability in study popula-
tions and methods and ensuing challenges when inter-
preting results [20, 21, 38]. Nevertheless, HD prevalence
is increasing, while incidence has been stable, over the
past several decades at least [13, 26, 37]. This may be at-
tributed to decreased stigma surrounding a diagnosis of
HD, leading to increased willingness of clinicians to in-
clude an HD diagnosis in the records of previously diag-
nosed patients [39] and/or overall increases in life expec-
tancy that will likely be reflected in increased longevity for
individuals with HD. A greater availability of effective
symptomatic treatments for HD may also reduce mortal-
ity, thereby increasing prevalence. Incidence, stage at di-
agnosis and progression and survival in our model gener-
ally reflect recent values for these parameters, and our

Crowell/Houghton/Tomar/Fernandes/
Squitieri



estimated prevalence rates are more in line with later em-
pirical estimates. Our model allows exploration of these
dynamics. However, uncertainty around existing epide-
miological data informing these parameters means there
isaneed for more primary evidence in this area, including
from more representative longitudinal studies, to allow
firm conclusions to be drawn about the magnitude and
drivers of HD epidemiological shifts. Owing to lack of
data, the geographical coverage of our model was limited,
and the modeled estimates for individual countries should
be interpreted with caution.

Among the strengths of our study are the use of natu-
ral history data from a large cohort of patients with HD
to support the modeling of the progression, OS, and PES
of the overall population with HD. Although several dif-
ferent factors may influence an individual’s time to pro-
gression, average rates can be used to generate popula-
tion-level prevalence estimates. Therefore, no stratifica-
tion or adjustment by CAG tract length, age, or other
variables that may influence progression or mortality was
implemented. Moreover, the model was configured so
that death did not compete with progression to the next
stage, with progression being a composite of progression
to the next stage or death.

A limitation of the model is that estimated stage at in-
cidence, time in stage, and time to death are assumed as
constant, based on data gathered in recent years and from
a single source (Enroll-HD) analyzing a predominantly
Caucasian European cohort. It is possible that the pa-
tients participating in Enroll-HD may not be representa-
tive of the general population with HD; for example, they
may be diagnosed earlier in the course of the disease or be
followed more closely, resulting in systematically differ-
ent rates of progression or survival compared with the
general population of individuals with HD. Furthermore,
the year-long intervals between assessments might limit
the granularity of the collected data. However, it was evi-
dent that very few patients skipped stages (online suppl.
Table 5), and dates of death were accurately recorded.
Owing to the short median follow-up in Enroll-HD, it
was necessary to extrapolate the data to alonger duration,
with resulting uncertainty.

Conclusions

Robust estimates of the prevalence of HD are required
to allow better understanding of its impacts and to ensure
adequate medical and societal resources are available.
This analysis contributes to the better characterization of

Prevalence of Huntington’s Disease: A
Model

the epidemiology of manifest HD, highlights areas of un-
certainty and evidence gaps, and enables dynamic predic-
tions of prevalence based on incidence, progression, and
mortality.
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