
ORIGINAL ARTICLE

Geographic differences in the incidence of Huntington’s disease
in Sardinia, Italy

Antonella Muroni1 & Maria R. Murru2
& Lucia Ulgheri3 & Margherita Sechi4 & Tommaso Ercoli4 & Francesco Marrosu4

&

Cesa L. Scaglione5
& Anna Rita Bentivoglio6

& Martina Petracca6 & Paola Soliveri7,8 & Eleonora Cocco2,4
&

Stefania Cuccu2
& Marcello Deriu9

& Chiara Zuccato10,11
& Giovanni Defazio1,4

Received: 26 December 2020 /Accepted: 22 March 2021
# Fondazione Società Italiana di Neurologia 2021

Abstract
Background The frequency of Huntington’s disease (HD) may vary considerably, with higher estimates in non-Asian popula-
tions. We have recently examined the prevalence of HD in the southern part of Sardinia, a large Italian Mediterranean island that
is considered a genetic isolate. We observed regional microgeographic differences in the prevalence of HD across the study area
similar to those recently reported in other studies conducted in European countries. To explore the basis for this variability, we
undertook a study of the incidence of HD in Sardinia over a 10-year period, 2009 to 2018.
Methods Our research was conducted in the 5 administrative areas of Sardinia island. Case patients were ascertained through
multiple sources in Sardinia and Italy.
Results During the incidence period 53 individuals were diagnosed with clinically manifested HD. The average annual incidence
rate 2009–2018 was 2.92 per 106 persons-year (95% CI, 2.2 to 3.9). The highest incidence rate was observed in South Sardinia
(6.3; 95% CI, 4.2–9.5). This rate was significantly higher (p<0.01) than the rates from Cagliari, Oristano, and Sassari provinces
but did not significantly differ (p = 0.38) from the Nuoro rate.
Conclusions The overall incidence of HD in Sardinia is close to the correspondent estimates in Mediterranean countries. Our
findings highlight also the possibility of local microgeographic variations in the epidemiology of HD that might reflect several
factors, including a possible founder effect in the rural areas of South Sardinia and Nuoro.

Keywords Huntington disease . Incidence

Introduction

Huntington’s disease (HD) is a neurodegenerative disease
caused by a fully penetrant autosomal dominant mutation in
the huntingtin gene (HTT) localized on chromosome 4 [1].

This mutation encodes an expansion to 36 CAG triplet repeats
or greater that provokes accumulation of the mutant
Huntington protein in specific neuronal populations and pro-
gressively leads to neuronal degeneration [1]. Clinical symp-
toms usually manifest between 35 and 45 years of age (but can
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also occur in childhood or in the elderly) and may include
chorea, psychiatric manifestations, cognitive dysfunctions up
to dementia [1–4].

Although HD is considered a rare disease, its frequency
may vary considerably with higher estimates in non-Asian
populations [5–9]. Previous studies estimated average HD in-
cidence at 0.5–1 per 106 persons-year in populations of Asian
descent and at 1–8 per 106 persons-year in non-Asian popu-
lations and [6–8]. In Europe, the incidence of HD also varied
widely with higher estimates in the UK, lower estimates in
Finland, and intermediate estimates in Mediterranean coun-
tries like Greece and Spain [5–9]. In Italy, the only incidence
study recently conducted in Northern Italy provided an inci-
dence rate of 3 per 106 persons-year [9].

We have recently examined the prevalence of HD in a
restricted area of Sardinia, a large Italian Mediterranean island
characterized by genetic and socio-cultural isolation through-
out the centuries [10]. Analysis of this population resulted in
an overall prevalence rate of 5.98 × 105 [11], an estimate in
line with the prevalence reported in several Mediterranean
countries. However, we observed marked regional
microgeographic differences in the prevalence of HD across
the study area, similar to the findings from two recent studies
that simultaneously assessed HD prevalence in neighboring
regions of Finland [12] and Sweden [13].

In the present study, we assessed the incidence of HD in the
overall Sardinia over a 10-year period (2009 to 2018) in order
to compare the incidence of HD in this genetic and socio-
cultural isolate with European countries [8, 9], and also to
further explore the basis for the previously highlighted
microgeographic variability in HD prevalence [11].

Methods

Our research was conducted in the 5 administrative areas of
Sardinia island (Fig. 1). The Island covers a surface of about
24,040 km2. During the study period, population decreased from
1,672,404 (January 1, 2009) to 1,639,591 (December 31, 2018)
inhabitants, with an average of 1,663,859 inhabitants at the mid-
dle of the period, 814,953 men and 848,906 women (Italian
Statistical Institute: www. istat.it). Figure 1 also shows the med-
ical facilities for HD across Sardinia. These included one labora-
tory providing genetic analysis for HD since 1993 (Binaghi
Hospital, Cagliari), two tertiary referral centers for HD, the
Institute of Neurology of the University of Cagliari and the
Institutes of Neurology and Genetics of the University of
Sassari, and 7 general neurology centers. All the aforementioned
centers are part of the National Health System network with free
access for Sardinian population.

To identify individuals with HD, we first referred to the one
genetic laboratory and the two tertiary referral centers for HD.
Additional cases were actively sought out through contact

with the other public neurologic institutions in Sardinia, and
with neurologists from tertiary referral centers in Italy where
Sardinian HD patients could likely have been evaluated
(Institute of Neurology from the Universities of Bononia,
Genoa, Rome Sapienza, Rome Cattolica, and Naples
“Federico II,” and the Neurologic Institutes C. Besta and
Humanitas from Milan, Italy).

Patient records were reviewed in order to confirm the di-
agnosis that was accepted if the patient had a phenotype sug-
gesting HD (i.e., chorea and/or psychiatric signs and/or cog-
nitive decline) and an expansion of the CAG repeat in the
HTT gene greater than 36. Age at disease onset was the age
at first symptoms. Juvenile HD (onset < 21 years), late HD
(onset > 60 years), and the rigidWestphal variant [2] were also
taken into consideration. Asymptomatic individuals who
screened positive at the genetic test were not included in this
survey. Number of CAG repeats was also assessed in a sample
of 63 normal subjects hosted in the study areas. The study was
approved by the Institutional Review Board of the University
Hospital of Cagliari.

An incident case was defined as any individual fulfilling
the aforementioned criteria and who resided in the study area
at the time of clinical onset in the incidence period (January 1
2009 to December 31 2018). The incidence of HD was calcu-
lated on the basis of the number of clinically symptomatic
cases newly diagnosed by genetic testing per million inhabi-
tants per year during the period 2009 to 2018. The average
population was the population at the middle of the period.
Data were computed for the whole region and for each of
the five administrative areas. Age-adjusted incidence rates
were adjusted by the direct method to the 2011–2020
European standard population [14]. In a sample of randomly
selected 63 normal subjects who were born in the study area,
mean number of CAG repeats was 17.6 + 2.2.

Fig. 1 Sardinia provinces and medical facilities for Huntington’s disease
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Data were expressed as mean and standard deviation (SD)
unless otherwise indicated. Differences between groups were
tested by the Mann-Whitney U test, while Spearman rho was
computed to assess correlation between variables. Difference
between two rates was checked by the statistical software
MedCalc that uses the “Test based Method” and the “Exact
Poisson Method” given by Sahai H and Khurshid A [15].

Results

During the incidence period, 53 individuals who resided in
Sardinia (36 women and 17 men aged 55.7 + 14.1 years) were
diagnosed with clinically manifested HD. Mean age of neuro-
logical symptom onset was 48.9 + 12.6 years and mean age at
diagnosis was 50.3 + 13.7 years. There was 1 patient with
juvenile onset (< 21 years) and 2 patients with late HD onset
(> 60 years). All patients received genetic confirmation: mean
number of CAG repeats was 42.9 + 2.4 in the HD allele, 17.8
+ 2.4 in the normal allele (p < 0.001). The length of the CAG
repeat in the expanded allele was inversely correlated with age
at diagnosis (Spearman rho = −0.77, p<0.0001).

The average annual incidence rate 2009–2018 was 2.92 per
106 persons-year (95% CI, 2.2 to 3.9). Incidence tended to be
higher (p = 0.01) in women (3.9 per 106 persons-year; 95%
CI, 2.7 to 5.5) than in men (1.8 per 106 persons-year; 95% CI,
1.0 to 3.0), and in the age band 40 to 59 years (Fig. 2).

Stratifying by Sardinian provinces (Table 1), the highest
incidence rate was observed in South Sardinia (6.3; 95% CI,
4.2–9.5). This rate was significantly higher (p<0.01) than the
rates fromCagliari (1.9; 95% CI, 1.1–3.9), Oristano (0.6; 95%
CI, 0.1–3.5), and Sassari (2.2; 95% CI, 1.2–3.9) provinces but
did not significantly differ (p = 0.38) from the Nuoro rate (3.2;
95% CI, 1.6–6.7). We did not observed any significant differ-
ence among provinces in regard to sex distribution, age at HD

onset and mean CAG repeats in diseased and normal subjects
from each study area (Table 1).

Among the 53 incident cases, 5 patients and their parents
were Italians born outside Sardinia, whereas the remaining 48
cases were from Sardinian families. Among the 48 incident
cases of Sardinian ancestry, 43 (from 22 families) had an
established family history of HD while 5 cases were apparent-
ly sporadic. Parents of the 5 patients with negative family
history were either alive or had died at the age of 65 years or
older without symptoms compatible with HD. Since addition-
al DNA molecular analysis aiming at identifying or excluding
an intermediate allele in one or more asymptomatic first-
degree relatives could not be carried out, these patients were
considered “possible” new mutations.

Limiting analysis to the 48 patients of Sardinian origin, the
average annual incidence rate was 2.65 per 106 persons-year
(95% CI, 2.05–3.52). Most HD families of Sardinian ancestry
(14/22, 64%) were concentrated in South Sardinia and Nuoro,
two provinces that accounted for about one-third of the
Sardinian population. Considering patients of Sardinian an-
cestry from these two areas together yielded a combined inci-
dence rate of 5.2 per 106 persons-year (95% CI, 3.5–7.4), a
rate that was significantly different (p= 0.01) from the corre-
spondent Cagliari, Oristano, and Sassari rates.

Discussion

This study reports an average incidence rate of 2.92 per 106

persons-year in Sardinia over a 10-year period. Incidence was
higher in women than inmen and in the age band 40–59 years.
Our analysis also highlighted regional variation in the inci-
dence of HD across the 5 administrative areas of Sardinia,
with the higher incidence rate in the provinces of South
Sardinia and Nuoro.

Fig. 2 Age-specific average annual incidence rates (× 1,000,000 persons-year) in Sardinia, 2009–2018
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The overall incidence rate observed in Sardinia was lower
than the estimates recently reported in the UK and North
America [6], higher than the estimates from Iceland,
Finland, and Asian countries [6] and slightly lower than the
estimates from other Mediterranean countries like, Greece and
Spain [7, 8]. With regard to Italy, the Sardinian estimate was
close to the incidence rate recently observed in the city of
Ferrara (3 per 106 persons-year) [9].

To our knowledge, microgeographic variations in the inci-
dence of HD have never been reported even though regional
differences in the prevalence of HD have recently been ob-
served in neighboring regions of Finland [12], Sweden [13],
and Sardinia [11]. Indeed, the heterogeneity of the estimates
of the incidence of HD in Cagliari and South Sardinia prov-
inces is consistent with the varying prevalence rates of HD in
the same areas [11]. The variability in the incidence of HD
across Sardinia might merely be due to differences in the
access to health care and diagnosis for HD patients.
Localization of clinical and genetic point references for HD
in Cagliari and Sassari, however, would have provided a
greater incidence of HD in these areas, which it was not.
Likewise, variability in genetic modifiers of the expression
of the disease like specific haplotypes in the HTT gene and
length of the CAG repeats in normal chromosomes [16, 17] is
unlikely to be an explanation for the observed heterogeneity in
the estimates of the incidence of HD. Although we did not
assess specific risk haplotypes for HD, the CAG repeat length
in normal alleles was uniform across Sardinia. It is interesting
that 9% of the cases were from outside the Sardinian commu-
nity, for which we have no explanation. However, limiting
analysis to Sardinian patients did not modify the
microgeographic variations in the incidence of HD highlight-
ed in this study.

Regional differences in the epidemiology of HD have re-
cently been associated with sociodemographic factors [18].
Hence the two administrative regions characterized by higher
incidence (South Sardinia and Nuoro provinces) were rural

areas with lower migratory fluxes, lower socioeconomic con-
ditions, and less specialized health care. The provinces char-
acterized by lower incidence (Cagliari, Oristano, and Sassari
provinces), on the other hand, were more urban regions with a
greater intensity of migratory fluxes, higher socioeconomic
conditions, and more specialized health care. The higher inci-
dence of HD and the greater concentration of HD families in
more rural areas with lower migratory fluxes (South Sardinia
and Nuoro provinces) would be consistent with a founder
effect but also with possible differences in the expression of
epigenetic disease modifiers. For instance, rural areas of
Sardinia host several millions sheep and dairy intake has re-
cently been associated with risk of phenoconversion in HD
[19]. Interestingly, the combined incidence rate from these
two areas was close to the incidence rates observed in Spain
[7] and Greece [8]. This might suggest potential common
modifiers of the expression of the disease in the
Mediterranean area.

Our study may have limitations. Like previous epidemio-
logical studies, this was a service-based study and incomplete
case ascertainment would have likely occurred. Owing to the
hypothesized rarity of HD, however, population-based study
are difficult to perform and also ethically unfeasible. Although
the frequency of underdiagnosis is difficult to quantify, our
ascertainment methodology (the study was conducted by
checking multiple data sources) probably limited ascertain-
ment bias inherent to study design. Supporting this view,
study population resembled the general population of HD
cases for several demographic and clinical features, i.e., the
higher incidence of the disease in the fourth to sixth decade
[1], the frequency of patients with juvenile and late-onset HD
[2, 3], and also the greater incidence in women than in men.
Although information on gender distribution was inconsistent
in most epidemiological studies, the largest study of
Huntington’s disease epidemiology to date noted slightly
higher HD frequency among women as compared to men
[20]. We do not know whether the supposed isolated cases

Table 1 Population, incidence rates, and demographics of incident cases according to the province of residence

Province

Cagliari South Sardinia Oristano Nuoro Sassari

Average population 2009–2018 430,245 361,992 162,659 215,348 493,615

N. patients (N. patients who were born outside of Sardinia) 9 (1) 24 (1) 1 7 12 (2)

Incidence rate (95% Confidence Interval) 1.9
(1.1–3.9)

6.3
(4.2–9.5)

0.6
(0.1–3.5),

3.2
(1.6–6.7)

2.2
(1.2–3.9)

Sex (women/men) * 6/3 15/8 1/0 4/3 9/2

Mean age (years) at diagnosis + SD ** 51.8+12.4 48.6+12.7 30 54+18.1 51.7+15.7

Mean CAG repeats + SD

HD allele § 43.4+2.2 43.3+2.3 39 42.1+2.7 42.8+2.8 (11)

Normal allele (n. chromosomes) §§ 17.7+2.1 (18) 17.3+1.9 (30) 17.4+1.7 (10) 18.1+2.5 (24) 17.5+2.7 (34)

* Chi-square test, p = 0.75. ** One-way ANOVA: F=0.33, P= 0.8. §One-way ANOVA: F=0.53 p=0.66. §§ One-way ANOVA: F=0.45, p=0.77
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are indeed new mutations. However, our findings are in line
with Falush et al. [20] who estimated that the new mutation
rate for HD is likely to be 6 to 14% of currently known cases
in each generation.

In conclusion, our findings highlight the possibility of geo-
graphic variations in the incidence of HD in Sardinia that
might reflect several factors. Although the overall incidence
of HD in Sardinia is lower than those found in the UK,
Australia, and Americas, and higher than those of North
Eastern Europe, Asia, and Africa, it is close, particularly in
the more rural areas, to the correspondent estimates in other
Mediterranean countries like Greece and Spain [5–9]. The
homogeneity of incidence estimates in the Mediterranean area
would also suggest potential common modifiers of expression
of HD in this area. Among possible candidates, nutrients from
the Mediterranean diet might affect HD clinical expression
but, to date, only a few studies have explored the issue [21].
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