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Huntington’s Disease (HD) is a neurodegenerative disease, caused by the expansion of an unstable (CAG)n
in the HTT gene. There is scarce data about the disease in Argentina.
Objective: To describe the demographic, clinical and molecular data in patients with HD from Argentina.
Patients and methods: 59 HD patients were recruited at our department.
Comprehensive interviews, neurological examination and genetic analysis were performed in probands.
Statistical analysis was conducted using G-Stat 2.0 and non-parametric tests (Wilcoxon).
Results: 32 women and 27 men were diagnosed with a mean age of 45.7 � 16.2 years and a mean age at
onset of 35.8 � 14.8 years. We found no gender prevalence and an inverse correlation between size of
mutant CAG repeat sequence and age at onset, r ¼ �0.58, r2 ¼ 33.6, Pearson’s correlation coefficient
p ¼ 0.0008.
Juvenile HD in this series of patients was higher than previously reported (16.6% vs. <10%). The mean
CAG repeat in the expanded allele was 45.1. The number of CAG repeats in Argentinean controls was 17.8,
which is similar to the literature of the European population.
Conclusions: This is the first series of Argentinean HD patients with demographic, clinical and molecular
data. Our findings appear similar to the ones described in Western European populations.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Huntington’s Disease is an autosomal dominant and progressive
neurodegenerative disease characterized by involuntary move-
ments, cognitive impairment, and neuropsychiatric symptoms [1].
HD is caused by the expansion of an unstable CAG triplet in HTT
gene located on the distal arm of chromosome 4 at 4p16.3. This
gene encodes a large protein called huntingtin (HTT), which is
involved in several cellular functions, including vesicle trafficking,
energy production and transcription [2e4].

Recently, HD has been proposed as an interesting model of
monogenic disease for the exploration of the mechanism of this
disease and new therapeutic pathways [5].
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In normal individuals, the number of CAG repeats averages
between 17 and 20 units. Alleles with <26 CAG repeats are normal,
whereas those with repeats between 27 and 35 are classified as
intermediate or normal meiotically unstable alleles [1,5]. Alleles
with 36e39 CAG repeats have a reduced penetrance and often
a later onset; those with �40 CAGs are at risk for HD with 100%
penetrance [4,5]. Approximately 99% show heterozygosis [5,6].

Classical studies have shown an inverse correlation between the
length of the CAG repeat and the age at onset. However, the length
of the CAG repeats accounts for only 50e70% of the variance in age
of onset and does not provide information about the initial symp-
toms or the course or duration of the disease [7]. These findings
suggest that the residual variance could be represented by other
modifying genes or environmental factors [7e11].

Population studies have suggested that the mutation originated
in Europe and then spread around the world through migration
[12,13]. In consequence, prevalence of the disease varies in different
populations. In individuals with European ancestry the prevalence
of HD has been estimated to be 10-fold higher (3e10 affected
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Fig. 1. Age at onset and CAG correlation: Significant inverse correlation between age of
onset and expanded CAG repeats r ¼ �0.58, r2 ¼ 33.6, for Pearson’s correlation coef-
ficient p ¼ 0.0008.

Table 1
Demographic data of HD patients enrolled in the study.

HD Controls

N� of patients 59 90
Range age 11e72 18e60
European ancestry 83% 80%
Mean age at onset 35.82 � 14.78 ys N/A

Abbreviations: HD: patients with Huntington’s Disease. N/A: not applied. ys: years.
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persons per 100,000) than non-European descents (0.11e0.45 per
100,000 in Japan and <0.01 per 100,000 in South African blacks)
[5,14e17].

In Latin American countries, HD shows a wide range of preva-
lence, with 4/100,000 in Mexico City [18] and 1/200,000 in the
general population of Venezuela [7]. However, two widely known
clusters of HD have a striking geographic prevalence: one of them
in Indian-White inhabitants from the Valley of Cañete in Peru
[19,20] and the other on the western coast of Lake Maracaibo, Zulia
State, Venezuela (1/143 and 1/23,000, respectively) [7,8].

In Argentina, to date there is scarce information on HD [21]. The
aim of the present study was to carry out a comprehensive analysis
of demographic, clinical and genetic characteristics of HD patients
from Argentina. We also compared our findings with those re-
ported in different world populations.

2. Methods

A total of 59 consecutive outpatients, originating from various regions of
Argentina were enrolled at the movement disorder department of the Institute of
Neuroscience Buenos Aires (INEBA) between June 2003 and December 2010. Our
department is one of 5 Argentinean centers with neurological training in HD
mentioned by the International Huntington Disease Association.

Patients were included in the order they attended our institution. Initially they
were evaluated at the general neurology department and then referred to the
movement disorders department. The sample was composed by individuals with
a positive family history of HD and with motor, cognitive or psychiatric signs or
symptoms suggestive of HD or molecular diagnosis of HD. For those individuals
without a molecular diagnosis, inclusion criteria were: a positive family history with
at least one relative with positive genetic testing for HD; motor, cognitive or
psychiatric signs or symptoms suggestive of HD; and an extensive negative battery
of tests excluding other similar conditions. Written informed consent was given in
all cases. The study was approved by the Institutional Review Board.

The family history was considered positive when at least one of the parents had
an established diagnosis of HD. Onset was defined as the age at which behavioral,
cognitive, psychiatric or motor abnormality were first reported by the patient,
family, caregiver or identified at the medical records.

Comprehensive interviews and neurological examination were performed by
movement disorder neurologists (EMG, JLE). Premanifest individuals were defined
as carriers of the gene in absence of unequivocal HD signs, determined by a move-
ment disorders specialist (EMG, JLE).

The (CAG)n length was determined after PCR amplification of genomic DNA
isolated from peripheral white blood cells. Genetic analysis for HDwas carried out in
43/59 probands and in 90 healthy controls.

The control series was recruited through volunteer donors at a local blood bank;
it was composed by 90 healthy subjects who had no family history or clinical signs
suggestive of HD or other neurological disorders.

Statistic analysis was conducted using G-Stat 2.0 and non-parametric tests
(Wilcoxon). Correlation was calculated using Pearson-Chi-square correlation test.
A p � 0.05 was considered statistically significant.

3. Results

This sample included 59 Caucasian individuals with diagnosis of
HD. Nineteen patients did not have other family members included
in this series, and forty patients belonged to 15 unrelated families
(of these, 11 families had 2 affected members each, 3 had 3 affected
individuals, and 1 had 9 affected individuals). The overall mean age
was 45 � 16 years (range 11e72 years) with 35� 14 ys mean age of
onset (range 4e63); 10 patients had infantile or juvenile HD
(Table 1). A paternal inheritance was identified in 25 subjects, 6 of
them had juvenile HD (45.4% and 3.5%, respectively), maternal
transmission in 30 individuals (50.8%), and parental transmission
was unknown in 4 individuals (6.8%).

Eighty-three percent of HD patients were of Western European
ancestry (45.6% of them from Spain); other ancestry included:
Mestizo (mixed white and Amerindian ancestry) 1.7%, Arab or East
Asian heritage 1.7%, Amerindian 0% and non available in 13.6%.

Motor symptoms of onset were identified in 19 cases (32.2%),
including: chorea, dystonia, tics and parkinsonism. Psychiatric or
behavioral symptoms were identified as initial symptoms in 38
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patients (64.4%), and behavioral disorders included: apathy,
depression, irritability and anxiety. Two patients were classified as
“premanifest”; suicidal ideation was detected or reported in 2
patients, while 3 patients reported alcoholism.

Genetic analysis for HD was carried out in 43 probands (16 from
Buenos Aires City and the remainder from at least 7 different states
of Argentina,). In 16 patients genetic test was not available due to
social (economic) reasons, were under the age of 18 years, or
refused to undergo molecular genetic testing at the moment of the
present study. Nevertheless, in all these patients HD diagnosis was
supported by family history, by motor, psychiatric or cognitive
symptoms, or by signs suggestive of HD, and all reported a molec-
ular positive study in one relative (nine cases showed a positive
genetic test in one parent, 4 in a grandmother, 2 cases in a son, and
1 in a sister).

Although molecular analysis was performed in 43 HD partici-
pants, in 6 of them molecular data concerning unexpanded allele
was not available. All HD patients were heterozygote.

The mean expanded CAG repeat was 45.1 (range 36e80
repeats), while the mean number in the unexpanded HD allele was
18.9 (range 15e24). There was a significant inverse correlation
between age of onset and expanded CAG repeats r ¼ �0.58,
r2 ¼ 33.6, for Pearson’s correlation coefficient p ¼ 0.0008 (Fig. 1).

Only 18.5% of the pooled normal alleles in HD had �21 CAG
repeats. We failed to demonstrate a correlation between normal
allele in HD patients and age of onset.

The mean CAG length of the expanded allele in patients with
paternal inheritance was longer than patients with maternal
inheritance, but this difference was not statistically significant
(Wilcoxon, p ¼ 0.34, with median CAG repeat length of 45 vs. 43,
respectively) (Fig. 2).

Intermediate alleles (range between 29 and 35) were not found
in this series. Three cases evidenced 36-39 CAG repeats with an
incomplete penetrance; one of these cases was still asymptomatic
at the age of 72 years.

Eight (8) patients had a juvenile onset (age of onset 10e20 ys)
and 2 had infantile onset (age of onset <10 ys). Six (6) patients had
paternal transmission, 3 maternal transmission, and in 1 patient
aracteristics in patients with Huntington’s Disease from Argentina,
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Fig. 3. CAG length in healthy populations: Distribution of normal CAG repeats length
in the controls group around the world. The range observed is 16.2e19, Argentina
present a CAG repeats mean of 17.8 similar to Europe.

Fig. 2. Parental inheritance and CAG repeats: Paternal and maternal inheritance of
CAG repeats expansion. j correspond to media and , correspond to mean.
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parental transmission could not be determined as he was adopted.
Infantile or juvenile onset represented 16.9% of our HD series, with
molecular studies performed in 7 of these cases. Mean CAG repeat
length obtained was 53 � 15 (range 41e80), with a mean age of
onset of 15 � 5 ys (range 4e20 ys old).

Two young patients were siblings and developed hypokinetic
and bradykinetic motor syndrome (Westphal variant) associated
with learning difficulties at school. The remaining patients showed
epileptic syndrome (2 cases) or behavioral, psychiatric and obses-
sive compulsive disorders (9 cases).

All control individuals showed a non-elongated CAG repeat
(number of CAGn �26). The average CAG repeats in normal chro-
mosomes from our 90 controls was 17.8 (range 12e26), 85% of them
with <20 CAG repeats.

Finally, although treatment was not systematically assessed in
this study, most patients were managed with Coenzyme Q10 (42
individuals) as a neuroprotective approach. Olanzapine and
amantadine were employed for abnormal hyperkinetic movement
disorders. Additional treatments included antidepressants, mainly
serotonin reuptake inhibitors. Tetrabenazine is not commercially
available in Argentina.

4. Discussion

In the present study we report a demographic, clinical and
molecular comprehensive data analysis in a series of HD patients
from Argentina.

In agreement with previous reports in the literature, the present
study showed a similar prevalence in both genders as well as an
inverse correlation between the number of CAG repeats in the
expanded allele and age of onset [1,6]. This observation was sup-
ported by data showing that the average of expanded CAG repeat
length was 45.1 in overall HD individuals, while the juvenile variant
was 53.

We failed to demonstrate an interaction among normal and
expanded alleles in HD age of onset.

There is extensive information concerning HD in some clusters
from Latin America, such as in theMaracaibo or Cañete populations
[7,8,19,20]; however, reports from other countries of the region are
scarce. At present, in Argentina there are no studies determining
the prevalence of HD patients.

The carrying out of epidemiological studies represents a major
challenge in our region. The assessment of the average CAG tract
size in general populations has been suggested as an indirect
method to estimate the prevalence of HD. A larger average CAG
tract size was associated with an increase of CAG instability and
a higher risk of HD in terms of prevalence [14,22,23].

The worldwide average control CAG tract size in the general
population is 17e20 repeats [22]. When our data were compared
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with different populations from around the world, we found that
normal CAG repeat length in the Argentine control group was
longer than those found in Africa (mean ¼ 16.2) [17], Japan or
China, but were smaller than in Mexican populations. Perhaps not
surprisingly, controls in the Argentine population demonstrated an
identical CAG repeat length as European controls (17.82 vs. 17.8)
[14] (Fig. 3).

Based upon the aforementioned hypothesis, we can speculate
that themean CAG length of repeats (17.8) in our control groupmay
suggest, in terms of instability, a similar prevalence to European
countries [14] and a higher prevalence than in Asian or Black
African populations.

Interestingly, y80% of the Argentinean population is of Euro-
pean ancestry [24], most of them from Spain and Italy. Therefore, it
is not surprising that 45.58% of HD patients in the present study
reported Spanish ancestry, when considering the high prevalence
of HD in Spain. Nevertheless, we can not exclude other additional
genetic, geographical or environmental factors that may influence
HD prevalence in this population.

On the other hand, 64.4% of patients in our series showed
psychiatric and behavioral symptoms of onset. These non-motor
symptoms were recently identified as a very early expression of
the disease, with occurrence years before HD diagnosis. This
observation provides a new venue for exploration in premanifest
individuals [25e28]. Early detection of these symptoms could favor
an early introduction and monitoring of potential disease-
modifying therapies [29].

The occurrence of juvenile HD in this series of patients was
higher than previously reported (16.6% vs y10%). Nevertheless,
clinical presentation was similar to other international series that
included Parkinsonism, epilepsy, behavior disturbances and
learning difficulties at school. In this group paternal transmission
was determined in >60% of cases, with a slightly lower percentage
than previously detected in other populations. These findings,
however, should be analyzed with caution, taking into consider-
ation institutional bias and the small sample size.

This study constitutes the first approach to describe the epide-
miological, clinical and molecular characteristics of HD in our
population as well as the first to indirectly estimate the prevalence
of the disease in Argentina.

Recently, it has been hypothesized that different HTT haplotypes
(A, B and C) provide an explanation for different geographic
aracteristics in patients with Huntington’s Disease from Argentina,
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mutation rates and prevalence, with a majority of haplogroup A in
HD patients from European countries [14]. In the near future, it may
beworth looking at the threemajor haplotypes in our population as
an additional assessment for the risk factor for HD.

More extensive studies of our largely European ancestry pop-
ulation, as well as comparative studies between Argentinean
and European populations, are still needed to be able to identify
potential modifying factors for age of onset and phenotype
expression of HD.

In conclusion, in the advent of newer promising treatments, it
will be helpful to gain access to larger study populations from
multiple areas of the world including Argentina and other South
American countries.
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