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Gender Differences in the CAG Repeats and
Clinical Picture Correlations in Huntington’s

Disease

Rozdily v poctu CAG opakovani mezi pohlavimi a jejich korelace

s klinickym obrazem u Huntingtonovy choroby

Abstract

Aims.: Huntington’s disease (HD) is a hereditary neurodegenerative disorder. The rela-
tionship between symptom progression and the number of CAG repeats in the mutated
IT15 gene has not been investigated in relation to gender. The aims were to investigate
any correlation between the number of CAG trinucleotide repeats in the IT15 gene and
the age of onset of HD, its symptoms and progress and whether the findings differed
according to gender. Materials and methodology: 41 patients (23 women, 18 men)
with the mutation causing HD were assessed neurologically on the Unified Huntington’s
Disease Rating Scale (UHDRS). The number of CAG repeats on exon 1 of the IT15 gene
was determined by polymerase chain reaction (PCR) amplification and by comparison
of its product with the DNA size standard. Results: Significant correlations between all
UHDRS subscale scores, the number of CAG repeats and time from onset were found in
women only. A correlation between the number of CAG repeats and age of onset was
found in both men and women. Conclusions: The results indicate a correlation between
the clinical status of HD female patients and their CAG repeat lengths. This could be
a result of an additional factor present in females.

Souhrn

Cile: Huntingtonova choroba (HD) je dédi¢na neurodegenerativni porucha. Vztah mezi
progresi pfiznakd a poctem CAG opakovani u zmutovaného genu IT15 nebyl prozatim
z hlediska pohlavi probadan. Cilem bylo zjistit viechny korelace mezi poc¢tem trinukleoti-
dovych repetici CAG u genu IT15 a vékem nastupu HD, symptomy a progresi nemodi,
jakoZ i pripadné rozdily mezi vysledky v zavislosti na pohlavi. Materidl a metodika: 41 pa-
cientl (23 Zen a 18 muzl) s mutaci zpUsobujici HD se podrobilo neurologickému hodno-
cenf podle Jednotné hodnotici skaly Huntingtonovy choroby (Unified Huntington’s Disease
Rating Scale, UHDRS). Pocet CAG repetic na exonu 1 genu IT15 byl stanoven metodou
amplifikace DNA pomoci polymerédzové fetézové reakce (PCR) a porovnanim vysledného
produktu se standardni DNA. Vysledky: Signifikantni korelace mezi vysledky na 3kéle
UHDRS, poctem CAG opakovani a ¢asem propuknuti choroby byly objeveny pouze u Zen.
Korelace mezi poc¢tem CAG opakovani a vékem nastupu nemoci byla objevena jak u Zen,
tak u muzd. Zavér: Vysledky naznacuji korelaci mezi klinickym stavem pacientek s HD
a délkou CAG repetice. To by mohlo souviset s pfitomnosti dalsiho faktoru u Zen.
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GENDER DIFFERENCES IN HUNTINGTON'S DISEASE

Introduction

Huntington's disease (HD) is a hereditary

neurodegenerative, progressive disorder

in which gender impact on disease pro-

gression has not been investigated [1].
The aim of the current study was to ana-

lyze the relationship between the clinical

progression of the disease, as measured
on the Unified Huntington Disease Rat-
ing Scale (UHDRS) [2], and the number of
CAG repeats, the time from onset and the
age of onset in men and women.

In our previous study [3] we found
that the clinical picture of HD, as eva-

luated by UHDRS, correlates with both
the number of CAG repeats and the
time from the onset of the disease in
both genders. However that earlier
study considered 11 patients only.

In the current study we decided to
check men and women separately in

Tab. 1 Parameters of all patients.

Onset Years from CAG repeats Motor Functional Independence Functional Cognitive
age onset number assessment (=) assessment (+) scale (+) capacity (+) assessment (+)
NA 0 43 2 25 100 13 240
NA 0 42 0 25 100 13 287
NA 0 41 0 25 100 13 268
NA 0 42 15 25 100 13 207
NA 0 37 0 24 100 13 149
NA 0 42 5 25 100 13 202
NA 0 40 8 24 100 13 288
NA 0 40 2 25 100 13 292
41 1 42 28 24 100 12 239
44 1 42 15 24 100 12 218
16 1 50 53 11 60 4 161
29 2 42 10 23 90 10 171
31 2 48 18 25 95 12 147
41 2 41 7 23 100 12 227
51 3 42 21 23 95 1M1 187
18 3 70 36 22 100 10 161
29 3 40 16 17 70 6 161
41 4 45 63 19 65 8 60
45 4 48 103 6 50 1 0
64 4 41 53 24 90 11 94
44 4 47 23 24 75 11 121
46 5 43 48 23 70 12 137
38 5 46 33 21 80 10 147
19 5 61 72 13 70 5 97
18 7 52 16 16 70 5 64
42 8 47 114 1 20 2 0
14 8 64 42 14 70 7 176
33 9 75 87 0 30 0 0
26 10 54 63 19 80 9 86
39 10 43 41 19 70 9 134
42 10 43 31 16 85 8 1111
8 10 55 14 15 80 7 121
20 11 58 55 18 60 7 69
31 11 42 20 21 90 12 167
48 12 46 55 18 60 7 101
66 12 41 114 1 20 2 0
14 13 58 34 16 60 5 134
43 13 41 20 24 100 13 228
43 13 41 20 24 100 13 228
8 14 56 24 13 75 4 142
25 16 49 59 18 40 6 64
33,8 5,8 47,3 35,1 18,9 78,5 9 148,4
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GENDER DIFFERENCES IN HUNTINGTON'S DISEASE

order to determine whether there were
any sexual differences in the clinical pic-
ture of the disease.

Subjects and methods

Genetic examinations to confirm HD

were carried out on 41 Polish patients

and gene carriers (23 women and

18 men) aged 16-78, suspected of HD

on the basis of a genetic examination

and on their symptoms, including cho-
reic movements, dementia, reduced
muscle tone and family history. Thirty-
three persons showed full symptoms,
and eight were symptomless (one with

incomplete gene penetration, Table 1).

Nine of our symptomatic probands were

affected with the juvenile form of the

disease. All the patients agreed to un-
dergo a clinical assessment, including
the application of a specific HD clinimet-
ric scale, and all gave their written in-

formed consent [2,4].

The examination procedure was ac-
cepted by the Bioethics Committee of
Poznan University of Medical Sciences
and carried out according to the princi-
ples established in Helsinki.

A genetic examination of the number
of CAG repeats coding glutamin within
exon 1 of IT15 gene (locus 4p 16.3) was
carried out. The material examined was
DNA isolated from leucocytes of the
patients’ peripheral blood. The meth-
ods of examination used were PCR and
the separation of a radioisotope labeled
PCR product against a DNA size marker
(pGEM®-3Zf(+) sequencing ladder) in
polyacrylamide gel [5].

To evaluate the clinical status of the
patient an UHDRS, composed of neuro-
logical and psychological parts, was
used.

Within the neurological part there are
four subscales:

a) a motor assessment — in which motor
disturbances are evaluated,

b) a functional assessment — which eva-
luates disturbances in dealing with
everyday activities (washing, cleaning,
shopping, professional work, etc.),

) an independence scale — which eva-
luates the patient's ability to func-
tion independently when performing

Table 2. Correlations between CAG repeats number
and UHDRS score in female subpopulations.

Correlations between CAG repeats and UHDRS score
in female HD patients with onset in adulthood (AHD)

Kendall Tau correlations
motor assessment score
functional assessment score
independence scale score
functional capacity score
cognitive scale score

Correlations between CAG repeats number and UHDRS score
in female HD patients only (AHD + JHD)

number of CAG repeats
1=0.65; p=0.0019
1=-0.73; p = 0.0004

1 =-0.80; p = 0.0001
t=-0.71, p=0.0073
1=-0.61; p=0.0035

motor assessment score
functional assessment score
independence scale score
functional capacity score
cognitive scale score

Correlations between CAG repeats number and UHDRS score
in female HD mutation carriers and affected females combined together

(1= 0.46; p = 0.0016)
(1=-0.63; p = 0.001)
(1 =-0.54; p = 0.004)
(1 =-0.60; p = 0.002)
(1 =-0.40; p = 0.03)

motor assessment score
functional assessment score
independence scale score
functional capacity score
cognitive scale score

(1=0.55; p = 0.0001)
1=-0.55; p = 0.0001)
1=-0.58; p = 0.00009)
1=-0.61; p = 0.00002)

(
(
(
(r=-0.47;, p=0.0014)

everyday activities (eating, washing,

dressing etc.),

d) functional capacity — which evaluates
the patient’s potential to function in
society and to perform everyday ac-
tivities. This assessment is based on
conversations with the patient’s ca-
rers or relatives.

The psychological part contains a cog-
nitive scale, which consists of a verbal
fluency test, symbol digit modality test
and Stroop test [2,6].

To measure the degree of corre-
spondence between two ordinal-level
variables (i.e. CAG repeats and years
from onset and scale assessments) and
to assess its significance, the Kendall's
Tau test was applied in the study [7].
Moreover, a Weibull regression was ad-
opted using the Bayesian approach [8].
In the model the hazard of onset has
been modeled depending on time itself
(age of patients at onset) and covariates
(number of CAG repeats and gender).

Censored observations (gene carriers)
have also been taken into account.
Two regression analyses have been per-
formed, one for all patients and one for
males and females separately.

The computation was performed using
WinBUGS version 1.4 [9] based on the
simulation technique known as Gibbs
sampling. To achieve convergence, two
parallel chains were run and the first
1,000 samples of each were discarded
(a burn-in), while the following 10,000 cy-
cles (production run) of the Gibbs sampler
were used to estimate each quantity of
interest. An equilibrium state of streams
of values was established via an exam-
ination of within chain autocorrelation
and a comparison of results of the chains
started with over dispersed initial values,
including the use of the Gelman-Rubin
statistic available within the software.

Results
The number of CAG repeats in mutant
allels ranged from 37 to 75, with a mean
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Table 3. Correlations between disease duration and UHDRS score
in female subpopulations.

Correlations between the disease duration and UHDRS score
in female HD patients with onset in adulthood (AHD)

time from onset
1=0.46; p =0.026
1=-0.60; p=0.003
1=-0.70; p = 0.0008
1=-0.51; p=0.01
1=-0.53; p=0.01

Kendall Tau correlations
motor assessment score
functional assessment score
independence scale score
functional capacity score
cognitive scale score

Correlations between the disease duration and UHDRS score
in female HD patients only (AHD + JHD)

motor assessment score (t=0.46; p=0.01)
functional assessment score (t=-0.44; p=0.01)
independence scale score (t=-0.55; p=0.003)
functional capacity score (t=-0.36; p=0.04)
cognitive scale score (t=-0.57; p=0.002)

Table 4. Correlations between CAG repeats number and UHDRS score in
male HD patients with onset in adulthood only.

Kendall Tau correlations
cognitive scale score

number of CAG repeats
(t=-0.45; p = 0.05)

Table 5. Correlations between CAG repeats number and UHDRS score in
male JHD patients only.

Kendall Tau correlations number of CAG repeats
motor assessment score (r=-0.67; p=0.02)

Table 6. Hazard ratios in all patients.

Hazard ratio Mean s.d. 95% Cl
sex 0.516 0.199 (0.223, 0.992)
p-value 0.024

CAG repeats 1.078 0.018 (1.040, 1.111)
p-value < 0.001

Table 7. Hazard ratios (in males and females separately).

Hazard ratio Mean s.d. 95% ClI
CAG repeats (MALES affected) 1.050 0.0222  (1.004, 1.093)
p-value 0.018

CAG repeats (FEMALES affected) 1.198 0.0684  (1.066, 1.331)
p-value 0.002

CAG repeats (FEMALES affected + carriers) 1.269 0.0817  (1.126, 1.450)
p-value < 0.001

number of 47.3 + 8.7. All the patients
were heterozygous for the mutant allele.
The time from the onset of symptoms
ranged from 0 to 16 years, with a mean
of 5.6 + 4.9 years. The age of onset of
the disease varied from 8 to 66 years,
with a mean of 33.8 + 14.7 years.

The following results were obtained
in the particular subscales: motor scale
from O0to 114 (mean 35.1 + 30.6);
functional scale from 0to 25 (mean
18.8 + 6.8); independence scale from
20 to 100 (mean 78.5 + 23.0); func-
tional efficiency from 0to 13 (mean
8.9 £ 3.9). The total score in the psy-
chological examination varied from 0 to
292 (mean 148.4 + 79.9).

Statistically significant negative cor-
relations were found between the num-
ber of CAG repeats and the age at onset
(r=-0.48; p = 0.000072) in both male
and female patients.

In addition, we found many significant
correlations between the CAG repeat
number and the UHDRS score in female
patients with onset in adulthood only, in
female HD patients only (with onset in
adulthood and juvenile onset), and in all
female mutation carriers and female pa-
tients (Table 2).

Significant correlations were also
found between the disease duration
and the UHDRS score, reflecting the pro-
bands’ clinical status in females with
onset in adulthood only, and in those fe-
males (with onset in adulthood and juve-
nile onset) combined together (Table 3).

Interrelations, on the borderline of
significance between CAG number
and cognitive assessment, were found
in the group of men with HD onset in
adulthood (Table 4) and between CAG
number and motor assessment in seven
male JHD patients (Table 5).

The estimated hazard ratios derived
from the Weibull's regression in all the
patients are shown in Table 6. These val-
ues indicate that females have about
a 50 % chance of early disease affec-
tion in comparison to males (Table 6).
Moreover, the affection risk increases
with the number of CAG repeats in all
patients (approximately 8 % for each
additional CAG repeat).
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The estimated Weibull's regression
hazard ratios in males and females sep-
arately are reported in Table 7. The es-
timates shown there indicate a four
to five times stronger impact of CAG
repeats on the rate of disease progres-
sion in females than in males. Combin-
ing all the results (Tables 6 and 7) con-
firming the finding that females have
about half the chance of early affection
by the disease in comparison to males.
However, the influence of CAG repeats
on the rate of disease progression is at
least four times greater in females than
in males.

Discussion

Huntington’s disease (HD) is recognized
as a disorder in which symptom progres-
sion is not entirely dependent on the
number of CAG repeats [10-15]. How-
ever, in homozygous cases, in respect of
a mutant allele, progress of the disease
is quicker than in heterozygous cases
[16,17].

It is believed that the number of
CAG repeats in the IT15 gene corre-
lates with the age of disease onset
[18,19]. However, it has been observed
that other factors determining signifi-
cant variations in onset age exist. Such
factors as the GIuR6 kainate gluta-
mate receptor (GRIK2), apolipoprotein
E (APOE), the transcriptional coactiva-
tor CA150 (TCERG1), the ubiquitin car-
boxy-terminal hydrolase L1 (UCHL1),
p53 (TP53), caspase-activated DNase
(DFFB), and the NR2A and NR2B glu-
tamate receptor subunits (GRIN2A,
GRIN2B) have all been considered as
possible factors influencing variance of
onset [18,20]. It has recently been con-
firmed that GRIN2A and TCERG1 show
an association with the residual age of
HD onset [20,21]. It has also been re-
ported that GRIN2A influences the age
of onset in relation to the gender of the
patient [21]. A number of research re-
ports concerning GRIK2 and APOE give
conflicting results. While a correlation
between the number of CAG repeats
and age of onset has been considered
as stronger if the number of TAA trip-
let repeats within the gene for GRIK2 is

taken into account [18], other studies
have not confirmed this relationship
[20]. In 1999 a claim was made that the
apolipoprotein’s E genotype influences
age of onset in an age specific manner
[22]. However, Saft et al later denied this
allegation [23].

Some special forms of HD have been
described. The most different form of
HD, in terms of both symptoms and pro-
gression, is juvenile HD (JHD) [24,25].
A correlation between the number of
CAG repeats and age of onset is differ-
ent in this group of patients, in which
each CAG repeat has a weaker im-
pact on age of onset than in an adult
HD population [26]. It appears to be re-
lated to differences in the pathogenetic
model of JHD [27].

A relationship between gender and
progression of the disease has not been
investigated. However it has been found,
in the mouse HD model, that gender ap-
pears to play a role in the neuropatho-
logical changes and phenotype differ-
ences [28]. In the mouse model it has
been observed that female offspring
show a tendency to a reduction in the
number of trinucleotide repeats when
they inherit the disease from their male
parents [29]. This suggests the existence
of a repair mechanism present in female
fetuses, probably connected with chro-
mosome X. On the other hand, it has
been reported that the disease develops
earlier in those sons who inherit the mu-
tation from their father. [29-32].

The Weibull's analysis in this study in-
dicates that the gradient of risk of being
affected increases more steeply in fe-
males than in males. This means that
there is a relatively larger number of
women with the same number of CAG
repeats who will start symptoms. In the
male the opposite applies, with the risk
of being affected earlier being higher,
but the number of men with the same
CAG number who will start to exhibit
symptoms in the same time is smaller.
The analysis thus indicates populational
differences between genders in the area
of early HD affectation. However the size
of population in this study is not large
enough to draw a general conclusion.

In carrying out a Kendall correlation,
the following factors were taken into
consideration: evaluation of the clinical
findings in UHDRS and the overall pic-
ture, the number of CAG repeats and
the time from onset. A significant re-
verse correlation between the age at
onset and the number of CAG repeats
was observed in the patients in both
the male and female groups. The lower
UHDRS scores in the functional assess-
ment, independence scale, functional
capacity and cognitive assessments, and
the higher motor assessment score ob-
tained in the group of women, was con-
nected with alarger number of CAG
repeats and a longer time from onset.

Our proband population has been di-
vided into subgroups according to the
type of HD (juvenile or adult) and also
according to the presence or absence of
symptoms. We first tried to find any rela-
tions in a subpopulation of patients with
HD onset in adulthood. Statistically sig-
nificant correlations were found in the
female cohort only. We then decided to
add juvenile HD females to the cohort in
order to find out what influence a juve-
nile pathogenetic model had upon the
earlier results. In many previously pub-
lished reports it has been suggested that
JHD patients should be considered sep-
arately, because of differences in the
pathogenesis and symptomatology of
the disease, although both types are re-
lated to a mutation in the same gene
[24,27]. The effect of another gene, or
of a non-genetic factor being the cause
of the different clinical course of JHD
have also been suggested [24,33,34].
In the light of these latter suggestions
we decided to check what effect the ad-
dition of our JHD female patient popu-
lation would have on the total cohort’s
results. Reconsideration of the correla-
tions we found in the larger group of fe-
male patients (those with adult and ju-
venile onset combined) did not alter the
tendency previously observed. Finally,
we decided to add a group of eight
pre-symptomatic females to this analy-
sis and, again, the tendency previously
observed did not change. In addition,
a similar result has been confirmed in
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a group of pre-symptomatic women
considered separately.

A statistically significant correlation
has only been reported previously be-
tween the age of onset and the number
of CAG repeats [26,35-40]. One report,
concerning a Russian population, is an
exception [41] but this was conducted
with the use of different clinical quan-
tification tools. These authors reported
finding a statistically significant cor-
relation between the number of CAG
repeats and the patients’ psychological
and neurological condition, but they did
not divide their subjects by gender.

The correlations in the female patients
reported here were very strong in con-
trast to the male group. If similar results
are found in a sufficiently large group of
patients this would confirm that there is
a factor in women which is a condition
for compatibility between clinical find-
ings and the genetic picture. The ge-
netic aspects of chromosome X and the
hormonal differences between women
and men should be taken into conside-
ration. This research is the first of its
type conducted on a Polish population
and therefore the cause of the differ-
ences mentioned above requires further
investigation in the field of HD patho-
genesis and with particular reference to
phenotype conditioning cofactors.

It is worth emphasizing the fact that
dating disease onset in HD patients is
difficult especially in retrospective stu-
dies. According to recent studies some
HD symptoms may even start as much
as 10 years before the estimated disease
onset [42].

A recent report of research conducted
on a Slavic population reported longer
survival rates in female HD patients than
in males and suggests the existence of
sexual differences in disease progression
[43].

In future in order to achieve a more
complete picture of the pathological
changes which occur in the course of
HD and to make the diagnostics more
appropriate to the stage of the disease
found when the patient first attends,
the number of probands should be in-
creased and the diagnostics should be

extended to include imaging techniques
e.g. - woxel-based magnetic resonance
imaging (MRI) volumometry, MRI spec-
troscopy and three-dimensional emis-
sion tomography of the single photon, if
available. Quantification of the patients’
clinical status after consecutive time in-
tervals should also be carried out.
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