Furby Hannah (Orcid ID: 0000-0002-7279-1812)

Natural History and Burden of Huntington’s Disease in the UK: A
Population-Based Cohort Study

Hannah Furby, PhD,*" Athanasios Siadimas, MSc,?" Loes Rutten-Jacobs, PhD,? Filipe B. Rodrigues,
MD,? Edward J. Wild, PhD3?

'Roche Products Ltd, Welwyn Garden City, UK
2F, Hoffmann-La Roche Ltd, Basel, Switzerland

3Huntington’s Disease Centre, UCLQueen Square Institute of Neurology, University College London,
London, UK

“Jointfirstauthors

Correspondingauthor: Hannah Furby, PhD, Roche Products Ltd, Welwyn Garden City, UK, [+44 7717
432688], Hannah.furby@roche.com

Runningtitle: Burden of HDin the UK
Table/figurelimit: 4/8

Keywords: Huntington’s disease, prevalence, incidence, mortality, comorbidity

This article has been accepted for publication and undergone full peer review but has not been
through the copyediting, typesetting, pagination and proofreading process which may lead to
differences between this version and the Version of Record. Please cite this article as doi:
10.1111/ene.15385

This article is protected by copyright. All rights reserved.



http://orcid.org/0000-0002-7279-1812
mailto:Hannah.furby@roche.com
http://dx.doi.org/10.1111/ene.15385
http://dx.doi.org/10.1111/ene.15385

Abstract (word count: 226/250)

Background
Huntington’s disease (HD) is arare neurodegenerative disease that presents with progressive
psychological, cognitiveand motorimpairment. These diverse symptoms place ahigh burden on the
patient, families and the healthcare systems they rely on. This study aimedto describe the
epidemiology and clinical burden inindividuals with HD compared with controls from the general
population.

Methods
This cohort study utilised datafrom general practitioner (GP) medical records to estimate the
prevalence andincidence of HD between Jan 2000 and Dec2018. A cohort of incident HD cases were
matched 1:3 to controls from the general population, in whom common clinical diagnoses,
medications and healthcare interventions were compared at the time of first recorded diagnosis and
at a time close to death. Incidence rates of common diagnoses and mortality were compared with
matched controlsinthe time following HD diagnosis.

Results
Prevalence of HDincreased between 2000 and 2018, whilstincidence remained stable. Prevalence
of psychiatricdiagnoses and symptomatictreatments were higherin HD cases than controls. A
higherrelative risk of psychoticdisorders, depression, insomnia, dementia, weight loss, pneumonia
and falls was observedin HD cases. Risk of death was >4 times higherin HD, with a median survival
of ~12 yearsfrom first recorded diagnosis.

Conclusions
This study demonstrates the significant and progressive clinical burden inindividuals up to 18 years
afterfirstrecorded diagnosis.



INTRODUCTION

Huntington’s disease (HD) isarare, genetic, neurodegenerative diseasethat typically affects people
in mid-life andis ultimately fatal (1, 2). HD is characterised by cognitive, behavioural and motor
symptoms that contribute to functional decline, including the ability to walk, talk and self-feed (3, 4).
Cognitive and behavioural manifestations such as depression, apathy and irritability can occuryears
before diagnosis of motoronsetand deteriorate steadily as the disease progresses (5-7). Motor
symptoms are initially subtle and graduallyworsen overtime, typically including chorea, dystonia,
abnormal gaitand balance, difficulty with speech and swallowing, and bradykinesia (4).

The estimated prevalence of HD varies globally and appears to have increased in the years since
predictive testing became available. Inastudy of HD epidemiology inthe UK, Evans et al, 2013,
reported thatthe prevalence of HD doubled between 1990 and 2010 (8), although incidence
seemingly appears constantat 7.2 new cases (95% confidence interval [Cl] 6.5-7.9) per million
personyears (PY) (9). Whilstthe reason forincreasing prevalence is unclear, the heavy burden that
the disease places onindividuals with HD and their families warrants efforts to better understand
the epidemiology of the disease and the associated clinical burden it places on individuals and public
health systems.

In this population-based study, we describe the epidemiology and clinical disease burden associated
with HD overan 18-year study period using linked UK electronicmedical records (EMRs). This study
reports the incidence, prevalence and mortality of HDin the UK, describes the clinical profile of
patients attwo time points (at first recorded diagnosis and close to death) and providesincidence
rates of relevantclinical diagnoses, medications, healthcare interventions compared with a matched
cohort from the general population.

METHODS

Study population
HD cases were defined as those with >1 Read code indicative of adiagnosis of HD (F134.00
Huntington’s chorea; Eu02200 Dementiain HD) as defined previously (Evans et al, 2013; Wexleret
al, 2016). Individuals were aged 218 years at the time of first recorded HD diagnosis (HDindex) and
had >1 day of eligible dataduring the study period. Free text associated with the HD diagnosis code
was reviewed to ensure that diagnosis codes with reference to a patient without HD or with a family
history of HD were notincluded.

An overall UK-wide HD cohort was used for estimating prevalence and incidence of HD. Prevalent
individuals were those with adiagnosis of HD any time priorto, or during, the study period (2000—
2018), whilstincidentindividuals were those who had theirfirst recorded diagnosis of HD during the
study period, withouta prior record of HD. A minimum 1year of continuous enrolment, freefrom
HD diagnosis wasrequired to limit the likelihood of a prevalentindividual being defined as part of
theincident cohort.

For the comparative analysis, arestricted cohort of incidentindividuals with HD was defined, who
were also eligible forlinkage to the Office for National Statistics (ONS) death registry and 2015 small
area-level English Index of Multiple Deprivation (IMD) (a deprivation score assigned to each GP
according to multiple domains such asincome, employment, education and crime withinthe GP
postcode) (10). HD cases were matched to a control group from the general Clinical Practice
Research Datalink (CPRD) population who did not have any recorded codes indicative of HD, but who
had eligible dataforresearch at the time of HD index of the equivalent case individuals. Controls



were matched 3:1 (sex, year of birth, socio-economic status [IMD] and practice location) to HD
cases. Since the English IMD was used, the comparative analysis was restricted to individuals
registered at GP practicesin England.

Study design
This was a cohort study that took place between 1January 2000 and 31 December 2018. Annual
prevalence andincidence of HD were first described in the overallHD cohort. Prevalence of clinical
diagnoses, medications and healthcare interventions of interest were described in the restricted
cohort of incident HD cases and matched controls at two equivalent time points: 1) at the time of HD
index (i.e. the date of first recorded diagnosis), and 2) 3 months priorto death (i.e. a proxy for more
advanced disease). Incidence rate ratios (IRRs) were calculated to explore relative rates of clinical
diagnosisin HD cases and controlsinthe years afterindex. Survival timeandrisk of death were
comparedin HD cases and controls and underlying cause of death described.

Data sources
The CPRD-GOLD captures primary care data from anonymised GPs across the UK. With coverage of
~7% of the UK population, itis thoughtto be broadly representative of the UK general populationin
terms of age, sex and ethnicity (11).

For the comparative analysis, datawere linked to the ONS death register which captures complete
death recordings of all individuals in England and Wales, including occurrence, date and cause of
death. Data were also linked to small area-level English IMD as a composite measure of socio-
demographicdeprivation. More information on linkage of CPRD data can be found here:
https://cprd.com/linked-data.

Statistical methods

Prevalence of HD
Overall prevalence of adult HD (218 years) was reported as the number of cases of HD per 100,000
people (£95% Cl) across the entire study period. Annual prevalence was calculated (cases of HD per
100,000 people and 95% Cl for each calendaryear between 2000 and 2018). Results were stratified
by age group, sex and geographical location (across the UK). Alinearregression model wasfitto
examine whetherthe trend was statistically significant overtime.

Annualincidence of HD
Annualincidence (newly diagnosed cases of HD per 100,000 PY and 95% Cl for each calendaryear
between 2000 and 2018) was calculated asthe total number of adultsin the UK whose first HD
record occurred duringeligible datain each given calendaryear, divided by the total person time of
individualsinthe at-risk population (i.e. no previous diagnosis of HD) and eligible for>1day during
that year. Trends were assessed vialinear regression analysis.

Disease burden inincident HD cases versus matched controls
Demographics
Demographicsincluding age, sex, IMD, Charlson comorbidity index (CCl), CCl comorbidities, marital
status, body mass index (BMI), smoking status, alcohol consumption status, weight and geographical
region were described forthe overall (UK) and restricted (England only) matched cohorts.
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Characteristics were assessed by looking back up to 1 year before HD index. Demographicsin the
matched controls were described at an equivalent time pointto the respective matched case or
usingthe closest available data. Group comparisons were conducted with t-test/Mann—-Whitney U
testfor continuous variables and Chi-squared/Fisher’s exact test for categorical variables, as
appropriate.

Prevalence of clinical diagnoses, medications andinterventions of HD in England
Code lists were compiled for specified clinical diagnoses, medications and interventions of relevance
to individuals with HD defined a priorifollowing literature assessment and clinical input (see Code
listin supplementary materials). A look-back period of 1 year was used to capture diagnosis codes on
or before each time point of interest. Percentage of individuals who experienced aclinical event
duringthislook-back window was reported. To compare HD cases with controls, crude and adjusted
odds ratios (ORs) were obtained viainverse probability of treatment-weighted generalised linear
models, adjusting forage, gender, region, BMI, smoking status, alcohol status, socio-economic status
(IMD), and CCl. P-values and Cls were calculated via non-parametricbootstrapping and corrected
with the Benjamini—Hochberg method for multiple comparisons.

Incidence of clinical diagnoses of HD in England
Incidence of clinical diagnoses followingindex was calculated per 1,000 PY (95% Cl). The number of
individuals who experienced their first record of an event duringthe study period was divided by the
total number of years in which individuals wereatrisk of experiencing the event. Person timewas
calculated up until the firstevent, death, end of eligible data or end of the study period, whichever
came first. Crude IRRs and p-values werereported to compare incidence in HD cases with controls,
with Benjamini—Hochberg correction for multiple comparisons.

Mortality
The Kaplan—Meier (KM) method was used to estimate the unadjusted survivaltimes forincident HD
and matched controls, from HD index date (or equivalentin controls) until death orend of the study
period, whichever came first. Median survival time (95% Cl) was calculated. Date of death was
defined asthe earliest date recorded in CPRD or ONS, to avoid overestimation of survival rates.
Those that were lost to follow-up in CPRD were assumed to be alive for the duration of the study
period unless adeath date was seeninthe ONS death registry. Hazard ratio (HR), reflective of risk of
deathin HD versus controls, was calculated via Cox proportional hazards regression method with
adjustmentfora priori baseline covariatesincluding age, sex, IMD, CCl, smoking, alcohol
consumption, BMl and geographical region atindex. Primary underlying and mentioned cause of
death (ICD-10 codes) were described for cases and controlsindependently.

RESULTS

Prevalence and incidence of HD in the UK
Overall, 881 prevalent cases of HD were ascertained during the study period, from a total population
of 10,757,951 persons(Table 1). Prevalence of HD per 100,000 people (95% Cl) was 8.2 cases (7.7—
8.8) and was highestinthose aged 55-64 years (N=1,211, 10.3 cases[9.7-10.9]) (Table S1). Highest
prevalence was reportedin Scotland (N =173, 11.2 cases [9.7-13.0]) and lowestin London (N = 38,



3.1 cases [2.2-4.2]) (Table S2). Prevalence was similarin males (N = 414, 8.0 cases[7.3-8.8]) and
females (N =462, 8.3 cases [7.6-9.1]).

Annual prevalence steadily increased throughout the study period, with prevalence estimates
ranging from 4.3 cases (3.6-5.1) per 100,000 in 2000 to 9.2 cases (8.1-10.5) per 100,000 peoplein
2018 (B =0.27, p < 0.001).

There were 586 incident cases of HD from a total at-risk population of 10,756,901 persons
(correspondingto 80,048,926 PY) duringthe study period (Table 1). There was no evidence that
incidence increased overtime (f=0.004, p = 0.4), with 16-44 newly diagnosed cases peryear
identified. In 2018, incidence of HDwas 0.8 (0.5-1.19) per 100,000 PY.

Demographics
Of the overallincident HD populationinthe UK (N = 586), 54% were female. The median age atfirst
recorded diagnosis was 54 years (interquartile range [IQR] 44-66) and the majority (44.9%) of
individuals were aged 45-64 years at the time of HD index. Of these, 264 HD patients were eligible
forinclusioninthe matched comparative analysis. Gender (50% male) and age distribution were
similartotheiroverall cohort and exactly matched to non-HD controls (Table 2, S3).

Prevalence of clinical diagnoses
At HD index, depression (9% vs. 3%, 4.34, 1.90-8.68, p <0.001), falls (6% vs. 2%, 2.19, 0.79-5.09, p =
0.09), and fractures/breaks/sprains (5% vs. 2%, 2.5, 0.83-5.96, p = 0.09) were more prevalentin HD
casesthan controls; only depression exceeded p <0.05 after model adjustment. Controls were more
prevalentthanindividualwith HD for hypertension (6% vs. 11%, 0.43, 0.23-0.89, p < 0.05) and
diabetes (4% vs. 7%, 0.39, 1.9-8.68, p < 0.05) (%, OR.qj, 95% Cl) (Table S4).

Three months before death, anxiety (11%vs. 5%, 2.11, 0.7-5.6, p =0.15), depression (28% vs. 6%,
4.28, 1.72-8.67, p < 0.001), falls (25% vs. 8%, 2.5, 1.18-4.73, p < 0.05), insomnia(25% vs. 4%, 8.82,
3.62-20.19, p <0.001), and fractures/breaks/sprains (20% vs. 10%, 1.83, 0.85-3.35, p = 0.09) were
more prevalentin HD cases. Cardiovascular disease was more prevalentin controlsthanin
individuals with HD (48% vs. 27%, 0.49, 0.29-0.79, p < 0.01) (%, OR.qj, 95% Cl) (Table S4).

Incidence of Other Clinical Diagnoses in HD Cases versus Controls
Incident rates of the following were statistically higherinindividuals with HD cases than controls:
psychoticdisorders, psychosis, insomnia, dementia, depression, pneumonia, weight loss and falls.
Incidence of cardiovascular disease, hypertension and diabetes was higherin matched controls.
Cases per 1,000 PY, IRR, 95% Cl and P-values are shownin Table 3. Data summarisingthe number of
individuals atriskand person time used to calculate IRRs can be foundin Table S5.

Prevalence of healthcare interventions
At HD index, homecare/domesticvisits (9% vs. 3%, 2.64, 1.24-5.29) and physiotherapy (6% vs. 3%,
1.38, 0.55-2.90) were more prevalentinthe HD cohort (%, OR.q4;, 95% Cl). After model adjustment,
homecare/domesticvisits were more than twice as prevalentinindividuals than controls (OR.q;=
2.64, p =0.03) (Table S6).



Three months before death, individuals with HD generally received more interventions than
controls; however, in most cases the number of records was not powered to perform significance
testing. Homecare and domesticvisits were >4times more prevalentinindividuals with HD at the
time point 3 months priorto death compared with controls (OR,4;=4.39, p < 0.001).

Molecular pathology procedures (including coded interactions with geneticists and genetic
counselling) were more commonin HD than controls at index (11% vs. 0%) and close to death (14%
vs. 0%). Statistical modelling was not conducted due to zero eventsin the control cohort (Table S6).

Prevalence of medication records
At index, antipsychotics (11% vs. 3%, 3.71, 1.70-6.83), antidepressants (33%vs. 14%, 3.04, 2.04—
4.53), sleep medication (19% vs. 7%, 3.01, 1.75-4.99), and diazepam (9% vs. 3%, 2.79, 1.29-5.81)
were more common inindividuals with HD compared with controls (%, OR.4;, 95% Cl).

Three months before death, antipsychotics (58% vs. 11%, 7.08, 3.88-12.00), sleep medications (53%
vs. 19%, 3.71, 2.23-5.70), antidepressants (63vs. 22%, 3.38, 2.12-5.33), and diazepam (24vs. 9%,
2.62, 1.18-4.81) was higherin HD after model adjustmentuse of the following medications (%, OR.g4;
95% Cl).

Tetrabenazine was higherthan controls at HD index (6% vs. 0%) and close to death (39% vs. 0%) but
was not modelled (Table S7).

Mortality
Of the incident cohort, 106 HD cases (40%) and 114 controls (14%) died during the study period. KM
survival curve (Figure. 1) shows a median survival time of 12.4 years (95% Cl 10.6-15.2). Median age
at deathin individuals with HD and controls was 71 (IQR 59-79) and 81 (IQR 73-86) years,
respectively. Individuals with HD were at 4.5 times greaterrisk of death than controls (HR 4.51, 95%
Cl 3.36-6.06, p < 0.001) after multivariable adjustment of baseline covariates (Figure S1).

The most common underlying cause of death inthe HD cohort was HD (n = 62; 59.6%). The most
commonly mentioned causes of death (any mention) were HD (78.3%), bronchopneumonia
(unspecified) (15.9%), pneumonitis due to food and vomiting (10.4%), unspecified dementia (6.6%),
and sepsis (6.6%) (Table S8).

DISCUSSION
Thisis the first study to explore the burden of HDin UK EMRs and provides updated epidemiological
estimates onthe prevalence, incidence and mortality of HDin the UK/England. In addition to
expanding upon prior observations, ourstudy uniquely introduces a control comparatorarm which
isabsentin many population-based studies.

Overall, 881 prevalentand 586 incident cases of HD were identified in the UK CPRD-GOLD database
between 2000 and 2018. A strength of the CPRD database compared with patientregistries such as
Enroll-HD (NCT01574053) isthat it includesallindividuals seen by GPsin the UK, notjust those
participatinginlong-term clinical trials where they are seen by HD specialists. Prevalence doubled
from 4.3 cases per 100,000 in 2000 to 9.2 cases per 100,000 in 2018. These figures align with aglobal
systematicreview(12) and when considering studies only conducted in the UK, our results fall within
the range (5.96-12.3 cases per 100,000 people) of those reported previously (8, 13). Increased
prevalence was not explained by anincreased incidence of HD, whereby our findings corroborate
priorevidence thatincidence of HDin the UK does not increase steadily overtime (9). Increasing life



expectancy of the UK general population orbetter symptomatictreatments that prolonglongevity in
individuals with HD may explain the increased prevalence observed. The UK is known forits active
clinical researchinthe field of HD which may contribute to a higher case ascertainment compared
with other European countries, ratherthan a difference inthe underlying epidemiology across
European countries.

Global variationin HD prevalence is partly explained by the average cytosine adenine guanine (CAG)
repeatlengths and frequency of different huntingtin gene haplotypes acrossindividuals. For
example, prevalence is 10-100 times lowerin East Asian populations (12, 14) whose HD
chromosomes are typically found on haplotype C, compared with Western European populations
who are typically haplotype A. Geneticfactors that may influence prevalence could not be
accounted forin this study since geneticdataare not available in CPRD. Prevalence varied across the
UK, with the highest prevalence in Scotland, which may be attributed to better case ascertainment
due to higherunderlying geneticsusceptibility in the ancestral populations, increased disease
awareness and education, and access to world-leading specialist HD care. Lower prevalence in
London may be attributed to the higher cost of livingand the high population density which would
decrease the numerator and denominatorrespectively, leadingtoa lower net prevalence inthe
capital.

Median age of firstrecorded diagnosis was 54 years and 56 yearsin the UK-wide cohortand
incident-matched cohort, respectively, which was higherthan the age of motor symptom onset
typically reportedinthe literature (3, 15). Identifying the exact point at which a patientis diagnosed
with manifest HD can be hard to determine inregular healthcare settings. It may be that GP
reporting of HD diagnosis may be delayed, since aclinical diagnosisitselfis commonly givenina
specialist neurology setting priortoinforming the GP. Conversely, some patients, particularly in rural
populations, may not be known to specialists,and GPs may manage the diagnosis and management
of disease inthe early stages. Since the GP acts as the gatekeeperto NHS specialist services, we
considerthe first GP recorded diagnosis as usefulindex definition for public health planning.

A later primary care diagnosis may also contribute to the shortersurvival time (~12years) observed
inour study compared with otherglobal studies, which report survival of 15-25 years (16-20). This
may be partly attributed toindex definition (e.g. first recorded diagnosis vs. motor symptom onset)
and/orthe methods used. Forexample, aretrospective chartreview by Roos etal, 1993, (18)
reported a median survival timeof 16.2 years, however onset of choreatic movements (aged 40 + 12
years) was used to define index in this study, and data from this specialist centre have biased
findings towards earlier detection and longer life expectancy due to better specialist management.
To our knowledge, thisisthe first study to report HD-related mortality in the UK; using this robust
deathregistry and our findings demonstrate a~4 timesincreased risk of death compared with the
general population. The most common underlying cause of death was ‘Huntington’s disease’,
demonstrating the fatal effects of HD, although unfortunately the immediate cause of death, such as
pneumonia, infections orsuicide (21), which may be useful fortreating professionals, was not
captured.

Our findings describe a picture of high psychiatricburden inindividuals with HD compared with the
general population, including a higherincidencerate of psychosis, depression and sleep disturbances
afterdiagnosis. Inline with otherreports, it was noted that depression is the most prevalent clinical
diagnosis associated with HD (22). The high rate of sleep disturbancesin those closerto death
reflects the progressive disruption in circadian rhythms whichis a progressive phenotype of HD (23).
Beyond the psychiatricsymptoms of HD, we also report on the rate of other physical comorbidities,
including higher prevalence of falls. Increased falls are often one of the earliest signs of HD,



precedingaclinical diagnosis of HD, and are explained by loss of muscle control and gait
disturbancestypical of HD, which occur more frequently as the disease progresses.

Notall comorbidities werehigherin HD, for example, diabetes and hypertension were lowerin
individuals with HD than controls at the time of diagnosis. A study using data from the Enroll-HD
database attributed lower prevalence of hypertension to antihypertensive medication use, although
the causal relationshipis not clear (24). Both diabetes and hypertension are well-established risk
factors for cardiovasculardisease, which might explain the lower prevalence of cardiovascular
disease inindividuals with HD than matched controls at the later time point.

There are no disease-modifying treatments currently available for HD. Symptomatictreatments may
influencesurvival, forinstance by reducing suicidality orimproving mobility. We found that the odds
of taking antidepressants, diazepam and othersleep medications were up to 4 times higherin HD
and use of antipsychotics was up to 8 times. Togetherthese findings are in line with the incidence of
psychiatricand motor diagnoses reported in this cohortand demonstrate the importance of these
symptomatictherapiesinstandard clinical care. Ourfindings also describe increased
homecare/domesticvisits in HD patients, particularly those closerto death, thereby demonstrating
theincreasing burden on the UK healthcare system, particularly laterin the disease course.

Limitations
CPRD only captures clinical diagnoses recorded by primary care physicians and therefore diagnoses
and drugs/interventions given in a hospital setting are not captured. This may be particularly
importantforunderstanding more progressed patients. Unlike registry studies like Enroll-HD, data
on the causative CAGrepeat expansion and established Unified Huntington's Disease Rating Scale
(Huntington Study Group, 1996) (25) are not capturedin CPRD. Furthermore, we cannotrule outthe
possibility of misclassification (e.g. where pre-manifest HD gene carriers were falsely coded as
manifest HD gene carriers after receiving a positive genetictest) and/or miscoding errors, since the
quality of case ascertainment depends on multiple factors including whetherthe team enters them,
the clinician’s ITskills, time, certainty of diagnosis, how important they believe codingis and
organisational issues (26). A proxy for late-stage disease was used here to demonstrate increased
burden at more advanced stages, however alternative ways of staging HD in routine clinical care
data warrant investigation.

CONCLUSIONS
Prevalence of HD continued toincrease throughout the UK, though not because of increased
incidence, which remained stable throughout the study period. Median survival fromfirst GP record
to death was 12.4 years. Psychiatricburden was higherin individuals with HD compared with
controlsand increasedinthose closerto death. Incidencerates of psychoticdisorders,insomnia,
dementia, depression, pneumonia, weightloss and falls were also higherinindividuals with HD,
whilstincidence of cardiovascular disease, hypertension and diabetes were higherin the matched
controls without HD. This study provides updated epidemiological estimates on the prevalence and
incidence of, and mortality in, HD, which together, increase our understanding of the physical,
psychiatricand publichealth burden of HD.
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FIGURE AND TABLE CAPTIONS

Figure 1. Kaplan—Meier curve showing survival probability in individuals with HD and non-HD
controls

HD, Huntington's disease.

TABLE 1. Annual prevalence and incidence of HD between 2000 and 2018
Cl, confidenceinterval; HD, Huntington’s disease
*Individuals 218 years ofage with>1 Read code indicating a diagnosis of HD during that year.

*Total numberof persons 218 yearsineachcalendaryear(priorto 31 December) with>1 day of eligible data duringthat
year.

$Individuals 218 years ofage with>1 Read code indicating a diagnosis of HD bya physicianatanytime duringor prior to
thatyearwhois alive and contributing>1 dayof eligible data duringthatyear.

T Total person time (years), from 1st Jan ofthe given year, until the first recorded diagnosis of HD, end ofeligible data or the
end of that year (whichever occurs first), summed across all individuals in the at-risk population (i.e. no previous diagnosis
of HD and eligible for>1 dayduringthe study period).

TABLE 2. Key demographics of the overall and restricted cohorts at the time of firstrecorded
diagnosis of HD (HD index)

CCl, Charlsoncomorbidityindex; GP, general practitioner; HD, Huntington’s disease; | QR, interquartile range; NA, not
applicable; SD, standard deviation.

TABLE 3. Clinical diagnoses with the largest IRR between HD cases and controls
Cl, confidence interval; HD, Huntington’s disease; IR, incdidence rate; IRR, incidence rate ratio.

IRR was calculatedas the IR in HD cases divided bythe IRin controlsand wascorrected for multiple comparisons. P-values
were adjusted for multiple comparisons testing using the Benjamini—Hochberg method.

Annual prevalence Annual incidence

Incidencerate

Prevalence per (per 100,000

Prevalent Total 100,000 persons IncidentHD person years

Year HD cases™ | population® (95% Cl) cases$ Personyears" [95% Cl])

2000 135 3,129,421 4.3 (3.6-5.1) 23 3,129,160 0.7 (0.49-1.10)
2001 157 3,596,005 4.4 (3.7-5.1) 24 3,595,685 0.7 (0.45-0.99)
2002 171 3,995,208 4.3 (3.7-5.0) 22 3,994,836 0.6 (0.36-0.83)
2003 200 4,373,088 4.6 (4.0-5.3) 29 4,372,677 0.7 (0.46-0.95)
2004 231 4,609,702 5.0 (4.4-5.7) 34 4,609,238 0.7 (0.53-1.03)




2005 260 4,722,313 5.5(4.9-6.2) 39 4,721,803 0.8 (0.60-1.13)
2006 280 4,827,097 5.8 (5.2-6.5) 37 4,826,562 0.8 (0.56-1.06)
2007 305 4,890,036 6.2 (5.6-7.0) 44 4,889,487 0.9 (0.67-1.21)
2008 305 4,872,637 6.3 (5.6-7.0) 31 4,872,045 0.6 (0.45-0.90)
2009 313 4,892,957 6.4 (5.7-7.2) 30 4,892,354 0.6 (0.43-0.88)
2010 323 4,887,786 6.6 (5.9-7.4) 40 4,887,175 0.8 (0.60-1.11)
2011 326 4,797,035 6.8 (6.1-7.6) 33 4,796,420 0.7 (0.49-0.97)
2012 337 4,728,123 7.1(6.4-7.9) 38 4,727,505 0.8 (0.59-1.10)
2013 335 4,679,927 7.2 (6.4-8.0) 30 4,679,300 0.6 (0.45-0.92)
2014 332 4,419,097 7.5 (6.8-8.4) 35 4,418,502 0.8 (0.57-1.10)
2015 312 3,946,409 7.9 (7.1-8.8) 28 3,945,852 0.7 (0.49-1.03)
2016 280 3,246,514 8.6 (7.7-9.7) 33 3,246,061 1.0 (0.72-1.43)
2017 251 2,851,811 8.8 (7.8-10.0) 16 2,851,397 0.6 (0.35-0.91)
2018 239 2,593,243 9.2 (8.1-10.5) 20 2,592,867 0.8 (0.50-1.19)
Clinicaldiagnoses HD cases Controls IRR

Cases per 95% Cl Cases per 95% CI IRR 95% Cl P-value

1,000 1,000
person years person years
Psychotic 3.98 1.69-9.24 0.22 0.04-1.25 18.00 | 2.10-154.05 | <0.001
disorders
Psychosis 6.40 3.22-12.49 0.67 0.23-1.95 9.62 2.55-36.25 | <0.001
Insomnia 36.33 25.85-47.39 9.01 6.54-12.18 4.03 2.59-6.27 <0.001
Dementia 17.47 11.26-26.11 4.69 3.06-7.13 3.72 2.03-6.82 <0.001
Depression 53.87 38.88-66.94 15.43 11.90-19.40 3.49 2.40-5.07 <0.001
Pneumonia 7.93 4.28-14.42 244 1.36-4.35 3.25 1.38-7.65 <0.01
Weight loss 15.07 9.41-23.35 473 3.08-7.18 3.19 1.70-5.99 <0.001
Falls 42.43 30.56-54.03 14.86 11.44-18.73 2.86 1.95-4.19 <0.001
Cardiovascular 41.87 29.76-54.07 81.81 66.66-85.68 0.51 0.37-0.71 <0.001
disease
Hypertension 20.00 12.98-29.51 45.24 37.00-50.57 0.44 0.28-0.69 <0.001
Diabetes 3.27 1.27-8.34 13.02 9.82-16.82 0.25 0.09-0.69 <0.01
Overall HD-incident Restricted HD-incident
cohort cohort
N (%) N (%)

Total 586 264 (100.0)
Sex Female 317 (54.1) 133(50.4)
Age group 18-34 60 (10.2) 29 (11.0)




35-44 101 (17.2) 42 (15.9)
45-54 137(23.4) 55 (20.8)
55—64 126 (21.5) 54 (20.5)
65-74 100(17.1) 51 (19.3)
75+ 62 (10.6) 33 (12.5)
Mean (SD) 54.40(15.26) 55.30(15.81)
Median (IQR) 54 (44-66) 56 (44-67)
Region East Midlands 14 (2.4) 11 (4.2)
East of England 43 (7.3) 34 (12.9)
London 23 (3.9) 18 (6.8)
North East 6 (1.0) 6 (2.3)
North West 57 (9.7) 43 (16.3)
Northern Ireland 11 (1.9) NA
Scotland 132(22.5) NA
South Central 52 (8.9) 35 (13.3)
South EastCoast 56 (9.6) 33 (12.5)
South West 47 (8.0) 38 (14.4)
Wales 82 (14.0) NA
West Midlands 52 (8.9) 38 (14.4)
Yorkshire & the Humber 11(1.9) 8 (3.0)
Body mass index Underweight (<18.5) 40 (6.8) 19 (7.2)
Normal (18.5-24.9) 267 (45.6) 133(50.4)
Overweight (25.0-25.9) 140 (23.9) 60 (22.7)
Obese (30.0+) 54 (9.2) 16 (6.1)
Missing 85 (14.5) 36 (13.6)
CCl group 0 474(80.9) 220(83.3)
1 74 (12.6) 28 (10.6)
2 30 (5.1) 12 (4.5)
3 6 (1.0) 3(1.1)
4+ 2 (0.3) 1(0.4)




Survival probability

;

Strata HO-incident =+~  Mon-HD controls =

1.00 5
075+
0,50+
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P 0,0001
0.00
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