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Abstract
Introduction: Previous work demonstrated a prevalence of
14.6 per 100,000 manifest Huntington’s disease (HD) pa-
tients and 8.3 per 100,000 identified pre-symptomatic gene
expansion carriers (IPGEC) in Northern Scotland. Many of
those at high risk of having a huntingtin (HTT) gene ex-
pansion remain untested with the exact number being
unknown. Objectives: The objective of this study was to
estimate how many people in Northern Scotland are at 50%
risk of having a HTT gene expansion to help with HD clinic
service planning and to calculate how many people could
access an effective treatment if available. Methods: Clinical
and pedigree records from the North of Scotland Genetic
Clinic were examined to estimate numbers of manifest HD
patients, IPGEC, and individuals at 50% risk. Results: The
prevalence of those at 50% risk living in Northern Scotland
was 45.2 per 100,000 people. Every manifest HD patient in
Northern Scotland has 4.4 relatives at 50% risk and every
patient with a HTT gene expansion has 2.9 relatives at 50%
risk. There are up to 415 (46.2 per 100,000) adults who could
access an effective treatment if available, but this number is
likely to be an underestimate as not all manifesting indi-

viduals seek diagnosis. Conclusions: Despite high predictive
testing rates, at least 2.2 adults are living with the HTT gene
expansion for every one of the 14.5 per 100,000 manifest HD
patients in Northern Scotland. Regional variation in rates and
ascertainment need to be factored into future service
planning, including genetic counselling and testing, man-
agement, and treatment delivery. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Huntington’s disease (HD) is an autosomal-dominant
neurodegenerative condition, usually with an adult onset,
with as yet no cure [1]. The introduction of direct genetic
testing for pathogenic triplet repeat expansions within the
gene huntingtin (HTT) has led to increasing ascertain-
ment of HD worldwide [2]. Prevalence estimates are
increasingly important for service planning, especially
with the growing expectation of disease-modifying
therapies [3–5]. Genetic testing, genetic counselling,
and HD care services are free at the point of care within
the NHS in Scotland. These services are funded and
organised by 14 territorial health boards [6, 7].

Previously, we demonstrated that the ascertained
prevalence of manifest HD patients in the North of
Scotland had risen by 45.9% from 1984 to 2020, to 14.6
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per 100,000 people for manifest HD patients, with an
additional 8.3 per 100,000 people identified through
predictive testing as identified pre-symptomatic gene
expansion carriers (IPGEC). Furthermore, we showed
that general practice data can underestimate HD prev-
alence by 2.2 per 100,000 people [8].

However, many individuals with the HTT gene ex-
pansion remain untested, some at 50% risk and others at
lower risk. As we move forward towards the treatment
era, estimating the number of individuals that could need
disease-modifying therapies is increasingly important to
plan local services and to inform future budgeting.
Previous studies estimated numbers at risk theoretically
and empirically [9–13]. We hypothesised that as more
individuals undergo predictive testing, the number of
people untested at 50% risk would reduce. We therefore
sought to undertake empiric estimation of the number of
individuals at 50% risk and therefore to estimate the
number of people with a HTT gene expansion that might
need treatment should an effective one be developed.

Materials and Methods

Patient Inclusion Criteria
Individuals living in the North of Scotland who had a

pathogenic HTT gene expansion (defined as having 36 or
more CAG repeats) on January 1, 2023, were included.
First-degree relatives of these individuals (therefore their
children and full siblings) were also included. These were
separated into three categories: (1) manifest HD patients
who were assessed as being symptomatic by a certified
assessor; (2) IPGEC who had not yet developed motor
signs; and (3) those at 50% risk (aged 0 or older), who
were a first-degree relative of someone with a knownHTT
gene expansion, which included both pre-symptomatic
and symptomatic patients.

Sources of Ascertainment
In our previous study [8], we created a register of HD

patients using NHS Grampian Clinical and Laboratory
Genetics records. This register was updated for all
manifest HD patients and IPGEC living in the North of
Scotland on January 1, 2023. Cases were ascertained from
five health board areas served by the North of Scotland
HD clinic: NHS Grampian, NHS Highland, NHS Orkney,
NHS Shetland, and NHS Western Isles, as shown in
Figure 1. This clinic is the only HD clinic in the North of
Scotland, undertaking genetic counselling, testing, and
symptomatic management, and we work directly with
family organisation services. All NHS laboratory HD

testing in Northern Scotland goes through our clinic, and
any testing in the private sector in Northern Scotland is
extremely minimal (we are not aware of any at the time of
writing). Therefore, the vast majority of manifesting and
pre-symptomatic HD patients in the North of Scotland
are known to our service. Clinical Genetics records
contain a pedigree for each HD family living in the North
of Scotland, where self-reported family information is
obtained from each patient during their appointment at
the Genetic Clinic, as well as before the appointment
using pre-clinic questionnaires. Pedigrees have been
constructed, with confirmation of diagnosis of affected
cases from case notes wherever possible. This records
system has been in place since the 1980s, with more
recent records electronic to aid linking of nuclear families
into extended kindreds. Using the pedigree and ques-
tionnaires, we identified those at 50% risk living either
within or outside of the North of Scotland. Those at 50%
risk were separated into children (those under age 18) and
adults (those aged 18 or older).

Statistical Analysis
The prevalence for each category of patient (for the

whole of the North of Scotland and per constituent health
board) was calculated. Population data were obtained
from the published 2021 estimates fromNational Records
for Scotland census data for each local council area [15]
which formed part of each health board. The ratio of
manifest HD patients to the number at 50% risk (in-
clusive of those living outside of Northern Scotland
identifiable on family history review) was calculated, as
well as the ratio of patients with a HTT gene expansion
(inclusive of manifest HD patients and IPGEC) to the
number at 50% risk. An estimate of the number of people
who could potentially access an effective treatment for
HD if available was also calculated by adding the number
of manifest HD patients and IPGEC, to half of those at
50% risk.

Results

Prevalence Data
In the North of Scotland on January 1, 2023, the

prevalence of manifest HD patients, IPGEC, and those at
50% risk was 14.5 per 100,000, 7.8 per 100,000, and 45.2
per 100,000 people, respectively. Prevalence per health
board in the North of Scotland for each category of
patient is shown in Table 1 and Figure 2. Highland has the
highest prevalence estimates of the health board areas
served in Northern Scotland, with the Islands being the
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Fig. 1. Map of Scottish health board areas
served by the North of Scotland Genetic
Clinic where Grampian, Highland, Orkney,
Shetland, and theWestern Isles are defined.
Figure modified from NHS Scotland [14].

Table 1. HD prevalence data for regions in North of Scotland on January 1, 2023, for manifest HD patients, IPGEC, and relatives at
50% risk

Location Population Category Number of individuals (number
aged under age 18 in brackets)

Prevalence (per 100,000
people, to 1 dp)

Grampian 586,530 Manifest 86 14.7
IPGEC 46 7.8
50% risk 271 (38) 46.2

Highland (excluding Argyll
and Bute)

238,060 Manifest 37 15.5
IPGEC 19 8.0
50% risk 110 (26) 46.2

Islands (Orkney, Shetland,
Western Isles)

72,120 Manifest 7 9.7
IPGEC <5 6.9
50% risk 24 (7) 33.3

Total (North of Scotland) 896,710 Manifest 130 14.5
IPGEC <70 7.8
50% risk 405 (71) 45.2

North of Scotland is inclusive of Grampian, Highland, and the Islands. Those at 50% risk are inclusive of all ages, with the number
in brackets defining how many relatives are under age 18.
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lowest. To protect anonymity and following NHS Scot-
land guidance, <5 was used where there were less than 5
patients in that category.

Ratio Calculations
The 200 people with a known HTT gene expansion

(the sum of IPGEC and manifest HD patients) in the
North of Scotland collectively had 574 relatives at 50%
risk. Of these 574 at risk relatives, 405 reside in Northern
Scotland and 167 live outwith the area. On average, each
person with a HTT gene expansion had 2.9 relatives at
50% risk. Likewise, the average number of relatives at 50%
risk (IPGEC and manifest) per manifest case was (574 at
risk/130 manifest cases).

Treatment Access Calculations
If an effective treatment for HD was available, there

are up to 403 (44.9 per 100,000) people living in the
North of Scotland who could access it. However, if you
also include half of those living outside of the North of
Scotland at 50% risk, this number rises to up to 486 (54.2

per 100,000) people. If only adults are included (those
age 18 and over), then this number is 415 (46.2 per
100,000) people.

Discussion

Here, we have empirically calculated for the first time
howmany people in the North of Scotland are at 50% risk
of having a HTT gene expansion (45.2 per 100,000
people) and that 46.2 per 100,000 adults in Northern
Scotland could access an effective treatment for HD if
available. The strengths of the study included using
population-based data with clinical record review on a
case-by-case basis. Only one HD Clinic is based in
Northern Scotland which means that we had access to all
the known HD families and records in the region.
However, the study was limited by only including those at
50% risk of having aHTT gene expansion. There will also
be those at 25% risk or less residing in Northern Scotland,
which would mean that the true numbers of those who

Fig. 2. Prevalence of manifest HD patients, IPGEC, and relatives at 50% risk of HD in the Northern Scottish
health boards.
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may need to access our service (and indeed other
healthcare services in Northern Scotland) now and in
future will likely be significantly higher. There may also
be families residing in the North of Scotland who are not
known to the HD Clinic. Furthermore, the family in-
formation is self-reported whichmay not be fully accurate
or reliable. Ascertained cases outwith the North of
Scotland might be biased to underreporting, given the
case notes would not be available to the study team as they
would be for residents, and there can also be secrecy in
families.

Few previous studies have examined the ratio of
symptomatic HD patients to those at risk, with the most
recent estimate being from 2011 [9–13]. Conneally [9]
calculated this figure to be 1:5 on a theoretical basis.
Tassicker et al. [10] found this ratio to be 1:4.2 using
empirical evidence from HD services in VIC, Australia.
Morrison et al. [11], similarly using empirical evidence
in Northern Ireland, found this ratio to be 1:4.4 in 1991
and 1:4.2 in 2001. On the other hand, Harper [12]
found, empirically, that for every person with HD, there
were around 8 people at high risk in Wales, while
Simpson and Johnston [13] previously estimated the
Grampian figure to be 1:10. The symptomatic to at risk
ratio for the North of Scotland calculated in this study at
1:4.4 is similar to that seen in more recent studies
despite high test rates in our region. Indeed, the increase
in testing in our region can clearly be demonstrated by
the change in the ratio in Grampian from 1 in 10 in 1989
to 1 in 4.4 demonstrated in the current study. The
average number of children a woman has in Scotland
has fallen from 2.53 in 1971 to 1.70 in 1985 and 1.30 in
2023 [16]. Therefore, nowadays, a person with HD will
on average have less relatives at risk than they would
have had 40 or 50 years ago. This would help explain
this change in ratio for the North of Scotland. Previous
estimates of the percentage update of predictive testing
have ranged from 3% to 24% [10, 11, 17–20]. Using the
calculation from the paper by Tassicker et al. [10], our
predictive test uptake estimate is around 24.9% (where
there was 297 predictive tests done and D was 1,194),
which demonstrates the high testing rates in our region,
given 24.9% is higher than previous estimates. We
postulate that the ratio calculations would likely be
higher in regions with lower testing rates.

HD research is in an exciting phase where a range of
potential therapeutic avenues are being explored and
clinical trials are underway [3–5]. If, and when, the
hopes for effective disease-modifying treatments are
realised, up to 403 (44.9 per 100,000) people living in the
North of Scotland could access this treatment (that is the

sum of manifest HD patients, IPGEC, and half of those
at 50% risk). Likely, there are at risk relatives living in
Northern Scotland who we are unaware of, as their
relative who has a HTT gene expansion lives outwith the
North of Scotland. We can include half of those at 50%
risk who live outside the North of Scotland but have a
relative living in the North of Scotland with a HTT gene
expansion, which would at least cover a proportion of
people we are unaware of. Using the figures available, up
to 486 (54.2 per 100,000) people could access an effective
treatment if we include manifest HD patients, IPGEC,
and half of those at 50% risk. Given treatments would
usually not be given to children, there would be up to 415
adults who could access an effective treatment (46.2 per
100,000 people).

Our estimates assume migration into Northern
Scotland HD Community broadly equals migration out.
The most recently available Scottish Government data
demonstrated that net migration inward increased
substantially in 2021–2022, largely due to international
student migration, not migration from within Scotland
or the UK [21]. However, the population increase in
North of Scotland health boards represent less than 1%
of the total population (Grampian 760 per 100,000
people, Highland 451 per 100,000 people, Islands 632
per 100,000 people) and indeed is somewhat less than
that seen in the major cities (Greater Glasgow and Clyde
1,357 per 100,000 people, Lothian 1,306 per 100,000
people [21, 22]). Buruma et al. [23] found that men with
HD tended to have lower socio-economic status and
women with HD tended to marry men with lower socio-
economic status. In our experience, social and economic
deprivation leads to reduced mobility, but this requires
further study. Certainly, many of our HD families have
been resident within Northern Scotland for many
generations, as evidenced by the founder effect within
Northern Scotland [8]. Indeed, 81.5% (163/200) of our
manifesting cohort have affected relatives known to our
service, and we have documented several six or seven
generation kindreds residing in Northern Scotland [24].
Taking all these aspects together, we propose that
variation in general population migration trends is
having minimal impact on HD numbers overall.
However, this aspect needs to remain under review, as
different languages and transcultural aspects can com-
pound the complexity of caring for those with this
multifaceted long-term condition.

It may be that not everyone with a pathogenic HTT
gene expansion will require potential disease-modifying
treatment. For example, the benefits compared to the
risks of a treatment may not be sufficient for those who
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will not develop manifestations until very elderly. We
have focussed here upon diagnosed manifest prevalence
in today’s clinical practice. Increasing numbers of cases
with 40 or more CAG repeats are coming to our at-
tention in old age, as families and their clinicians see the
benefit of diagnosis, and as geriatricians become more
aware of the condition. Kay et al. [25] studied anony-
mized population-based cohorts including individuals
from Northern Scotland. They reported that 1 in 2,500
people in Western populations have a fully penetrant
expansion (40 or more CAG repeats) and 1 in 400
people have a HTT expansion [25–27]. Based on these
data, we would expect 356 people in the North of
Scotland to have a fully penetrant HTT allele and 1,885
to have a reduced penetrance allele (36–39 CAG re-
peats) (total 2,241). In our cohort, of 200 manifest HD
cases, only 11 have reduced penetrant HTT alleles (5.6%
of the cohort), with 189 having fully penetrant HTT
alleles. Taking into account IPGEC and the estimated
numbers of those not yet manifesting from our 50% risk
estimates, we know of 391 with fully penetrant alleles,
which is more than the 356 people estimated using the
Kay et al. [25] data, suggesting that our ascertainment of
manifest cases is indeed high. In contrast, we have only
identified 0.6% of individuals in the North of Scotland
with a reduced penetrant HTT allele. We speculate that
the majority of these individuals will not manifest HD,
or if they do, will do so with minimal symptoms, and
likely need not be included in our estimates for those
who may benefit from disease-modifying therapies.
However, these data do suggest that reduced penetrance
alleles are considerably less penetrant than estimates
from testing in high penetrance, symptomatic settings
suggest. Although many of these individuals will not
become symptomatic, it is plausible that manifest
prevalence in this group is under-ascertained due to
mild or atypical symptoms.

As expected, the prevalence estimates for the North of
Scotland have remained relatively unchanged over the
last 3 years, but there has been a slight decrease in both
manifest HD and IPGEC prevalence for the North of
Scotland. This may be linked to the COVID-19 pan-
demic, which began in 2020 when prevalence was last
locally estimated. Scottish healthcare services were
challenged by the pandemic, and there were a large
number of excess deaths in Scotland in the year of our
prevalence estimate [28].

Guttman et al. [29] proposed that 114 HD patients
could access an intrathecal medication per clinic per year.
This is only 27.5% of the 415 adults who would likely need
treatment in Northern Scotland. They estimated that

2 days of both a neurologist’s and nurse’s time in a
suitable clinic facility would be required per week to
implement this treatment, which current resources in
Canada cannot support [29]. The situation is more
challenging in Scotland where there are fewer specialist
physicians and there is a shortage of trained staff.
Whether or not disease-modifying treatments will ulti-
mately require intrathecal administration, the monetary
and societal burden of HD is substantial, as evidenced by
the costs of long-term supportive care [30]. It is likely new
models of service and/or funding will be needed to realise
the benefits of effective treatment in Northern Scotland
and elsewhere. The figures calculated in the present study
therefore have substantial relevance for the future service
planning of HD care in the North of Scotland and
beyond.

Future work could include calculating those at 25%
risk and less of having a HTT gene expansion, as this
would give even more accurate figures of those who
could access an effective disease-modifying treatment in
future if available and for the future service planning of
the HD Clinic in the North of Scotland. Moreover,
future research could also include examining the impact
of socio-economic status and other factors on migration
in HD families in Northern Scotland, and how the net
migration rate for individuals with an HTT gene ex-
pansion compares to other regions within Scotland and
the wider UK.

In conclusion, despite high rates of pre-symptomatic
testing and smaller family size, there are still a large
number of people at 50% risk as yet untested (at least 2.2
adults are living with the HTT gene expansion for every
one of the 14.5 per 100,000 manifest HD patient in
Northern Scotland). Regional variation in rates and as-
certainment will need to be factored into future service
planning, including: genetic counselling and testing,
management, and treatment delivery.
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