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Abstract Gender influence on the clinical manifestations of
Wilson’s Disease (WD) has been suggested; however, brain
MRI pathology based on sexual dimorphism in WD has not
yet been examined. The aim of this study was to analyse the
effect of gender on brain MRI pathology according to the
predominant form of WD. We retrospectively analysed the
brain MR images of 204 newly diagnosed and untreated WD
patients. The predominant form of the disease was neuropsy-
chiatric (n=105), hepatic (n=67) or presymptomatic (n=32).
Overall, neuroimaging pathologies were found in 64.2 % WD
patients. The clinical form analysis revealed significant
gender-related differences. In the neuropsychiatric form, men
presented with cerebellar atrophy and cortical brain atrophy
more often than women (25/58 vs. 11/47; p<0.05) and (23/58
vs. 12/47; p=0.09), respectively. In contrast, women tended to
present with globus pallidus lesions more often than men
(25/47 vs. 20/58; p=0.054). There were no gender differences
observed in the hepatic form, but cortical brain atrophy pre-
sented more often in men than women (3/12 vs. 0/20; p<0.05)
in the presymptomatic form. According to our findings, there is
a gender-dependent brain vulnerability to copper toxicity. We

speculate that these differences are potentially related to an
oestrogen protective effect and are due to differences in
gender-related clinical forms.
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Introduction

Wilson disease (WD) (OMIM 277900), which is also known
as hepatolenticular degeneration, is an autosomal recessive
disorder with copper metabolism disturbances that result in
copper accumulation in many tissues (brain, liver, cornea)
and secondary damage to affected organs (Pfeiffer 2007). In
the brain, pathological changes are mainly localised in the
basal ganglia; however, copper accumulates in all brain
regions. In WD patients with neurological signs (Machado
et al. 2006), localisation of brain magnetic resonance imag-
ing (MRI) lesions are well described (King et al. 1996; Da
Costa et al. 2009; Prashanth et al 2005; Magalhaes et al.
1994; Saatci et al. 1997; Prayer et al. 1990; Marsden 1987)
but the clinical significance of these findings remains un-
clear. Published MRI studies of WD have shown a number
of abnormalities, including focal atrophy, high intensity
lesions and hypointense areas on T2-weighted imaging
(King et al. 1996; Da Costa et al. 2009; Prashanth et al
2005; Magalhaes et al. 1994; Saatci et al. 1997; Prayer et al.
1990). Typical WD brain MRI changes are described as
symmetrical T2 hyperintensity or mixed intensity in the
putamina (with a hyperintense peripheral putamina rim)
and globi pallidi, caudate nuclei, thalami and pons. The
midbrain, cerebellum, corticospinal tracts, cortex and sub-
cortical areas were also affected. In addition, the T1 signal
was generally reduced in the basal ganglia (King et al.
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1996). Unfortunately, these observations are only based on a
small group of patients with neurological symptoms.
Moreover, there are only a few studies that have attempted
to characterise MRI abnormalities in WD and correlate their
findings with symptoms and localisations of the lesions, and
these conclusions are often conflicting (King et al. 1996;
Magalhaes et al. 1994; Saatci et al. 1997; Walshe 1986)

Gender MRI brain differences have been previously
reported in healthy people. Men have a greater brain (mainly
white matter, the amygdala, hypothalamus and fronto-
medial cortex) and cerebrospinal fluid volume, with a great-
er age-related loss in brain volume (specifically in the front-
al and temporal lobes) (Cerghet et al. 2009; Goldstein et al.
2001; Schlaepfer et al. 1995; Zaidi 2010; Franklin et al.
2000). In contrast, women have higher proportions of grey
matter compared to the whole brain volume, larger volumes
of regions associated with language (dorsolateral prefrontal
cortex; superior temporal gyrus) and a larger splenium of the
corpus callosum. In addition to anatomical differences, there
are also data indicating differences in gender-related brain
and glucose metabolism, as observed in regional blood flow
in positron emission tomography (PET) and some advanced
MRI techniques (Cerghet et al. 2009; Goldstein et al. 2001;
Schlaepfer et al. 1995; Zaidi 2010; Franklin et al. 2000).
These differences are also explained by the action of sex
hormones on brain development and metabolism. Both tes-
tosterone and oestrogen are involved in brain development
and act through different receptors (the androgen and oes-
trogen receptors, respectively), which are located in differ-
ent brain regions, to produce structural differences (Cerghet
et al. 2009; Goldstein et al. 2001; Schlaepfer et al. 1995;
Zaidi 2010; Franklin et al. 2000).

Recently, growing evidence has suggested the existence of
gender differences in the clinical course of neurodegenerative
and neuroinflammatory disorders. It is hypothesised that these
differences are mainly related to oestrogens (Shulman 2007)
and different brain iron metabolism (Xiaojun et al. 2008;
Kovalev et al. 2003; Litwin et al. 2012a). Among neurological
disorders, such differences are very well documented in
Parkinson’s disease (PD), Lewy Body Disease (LBD),
Alzheimer’s disease (AD), multiple sclerosis (MS) and
Wilson’s disease (Shulman 2007; Xiaojun et al. 2008;
Kovalev et al. 2003; Litwin et al. 2012a, b; Hafner 2003;
Nasrallah et al. 1990; Tomassini et al. 2005).

In neuropsychiatric disorders, there are some
conflicting data regarding gender differences in brain
MRI. For example, in schizophrenia, males more often
present with brain atrophy and enlarged ventricles (al-
though some studies claim that these symptoms are pre-
dominant in women) (Hafner 2003; Nasrallah et al.
1990). All of these radiological findings may be due to
different gender-related courses of the disease, which is
very well documented in the literature (Hafner 2003;

Nasrallah et al. 1990). Furthermore, in multiple sclerosis
(MS), there are data suggesting that sex hormones mod-
ulate brain damage during the disease course. In MS,
MRI studies have suggested associations between testos-
terone levels and the number of gadolinium-enhanced
lesions in women and between estradiol levels and brain
damage in men (Tomassini et al. 2005). Currently, there
is lack of studies investigating MR gender differences in
other neurological disorders, although clinical gender
differences support the idea that sex-hormones may mod-
ulate brain damage and be an important factor that
affects disease presentation.

Because sexual dimorphism in brains is observed in the
course of many disorders (e.g., schizophrenia and MS), we
performed a study aimed to analyse gender differences in
untreated WD patients using brain MRI.

Patients and methods

In this retrospective study, 204 consecutively newly diag-
nosed WD patients were recruited between 1988 and 2010.
Patients involved in this study were not treated with anti-
copper drugs until MRI examination. The patients were
diagnosed with WD based earlier on clinical symptoms,
abnormal copper metabolism (decreased level of serum
caeruloplasmin and serum copper, increased 24 h urine
copper excretion), the presence of the Kayser-Fleicher (K-
F) ring and, in many cases, a genetic examination. In doubt-
ful cases, the diagnosis was confirmed by measuring the
incorporation of Cu64 into caeruloplasmin at 24 and 48 h.
All the WD diagnoses were also reviewed and confirmed
with Ferenci score (Ferenci et al. 2003). All of the labora-
tory measurements of copper metabolism were performed in
the same laboratory using similar methods (colourimetric
enzymatic assay of caeruloplasmin in serum, Ravin’s meth-
od; atomic adsorption spectroscopy for copper levels in
serum and urine) as described previously (Gromadzka et
al. 2005, 2006).

A routine brain MRI was performed in all cases at the
time of WD diagnosis. Conventional MR imagers with
standard head coils and routine brain protocols were per-
formed. The MR images obtained were collected in our
institution and analysed retrospectively by 2 neuroradiolo-
gists, who were blinded to the patients’ clinical information.
Abnormalities in the brain parenchyma were divided into
six groups: putamen, globus pallidus, caudate nuclei, cere-
bellum, thalamus and pons. The WD lesions were assessed
as hypointensive and hyperintensive (or rarely, hypointen-
sive) in T1- and T2-weighted sequences, respectively. The
presence of atrophic changes (dilatation of the lateral ven-
tricles, widening of the sulci and cisterns) were divided as
follows: cortical brain atrophy, cerebellar atrophy and
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widening of the ventricles were visually assessed subjec-
tively in the T1-weighted sequences. The presence or ab-
sence of brain pathology were scored as: “0”—no
abnormality and “1”—changes in signal intensity or pres-
ence of atrophic changes.

For specific neuroimaging results, analytical differences
in patients were divided into the following groups:

1) according to clinical form at diagnosis—hepatic, neuro-
psychiatric, or presymptomatic

2) according to gender—men or women

The symptomatic group contained patients with clini-
cal signs of WD at diagnosis, and the presymptomatic
group consisted of patients without clinical pathology,
suggesting WD at diagnosis (usually with a family
screening). The predominance symptoms scoring system
at diagnosis was the same like in previous WD papers
(Litwin et al. 2012a). The hepatic symptoms and signs
assessment was based on detailed questionnaire which
included data on: fatigue, weight loss, legs oedema,
jaundice, abdominal swelling, haematemesis, haemor-
rhages, fulminant liver failure, as well as laboratory
examinations (ultrasound examinations—liver and spleen
assessment, aminotransferases, bilirubin, INR, albumen),
that were available from medical history and records.
Neuropsychiatric symptoms and signs evaluation was
also based on detailed questionnaire which included data
on signs like: salivation, dysphagia, speech, writing and
gait disturbances, adynamia, epileptic seizures, involun-
tary movements, mood disorders, anxiety and cognitive
impairment Neurological symptoms were assessed and
ranged from: 0—completely normal to 3—severely im-
paired. Hepatic symptoms were assessed and ranged in four
categories: 0—completely normal; 1—increased level of liver
enzymes without signs of liver cirrhosis; 2—compensated
liver cirrhosis, 3—decompensated liver cirrhosis or acute liver
failure. Patients with hepatic or neurological score of >1 were
classified according higher score, in case the equal result
patient were classified as neurological case.

All of the classifications were determined by the same
group of neurologists in our department.

Statistical analysis

All of the data were analysed using Statistica v.9.0 sta-
tistical software (StatSoft, Cracov, Poland). The mean,
range, percentage, and standard deviation (SD) were
noted in the descriptive summary statistics. Quantitative
variables were compared using the Mann-Whitney U-test.
Categorical variables were compared between groups
using the chi-square test and Fisher’s test; p<0.05 was

considered significant and p<0.1 was borderline signifi-
cant. For multiple comparisons, hypothesis testing was
performed using the Bonferroni correction (the p-value
divided by the total number of pairwise comparisons) to
correct for the possibility that in multiple comparisons,
the null hypothesis would be rejected by chance.

Results

The demographic data, baseline gender differences and clin-
ical characteristics of 204 patients included in this study are
given in Table 1.

Clinical forms of WD and MRI results

Overall, neuroimaging pathology was found in 131 patients
(64.2 %). There were 105 patients with the neuropsychiatric
form of WD and MRI abnormalities were found in 95
patients (90.4 % cases). There were 67 patients in the
hepatic group, and brain pathology was found in 28 patients
(41.7 % cases). There were 32 WD patients with the pre-
symptomatic form, and brain pathology was found in only
8 patients (25 %). Further details on data pertaining to the
clinical forms and brain pathology are presented in Table 1.

The localisation and forms of MRI findings were also
determined in 131 cases. We found lesions in the puta-
men in 66 (50 %) cases, globus pallidus in 59 (45 %)
cases, pons in 55 (41.9 %) cases, and thalamus in 53
(40 %) cases. Atrophy was observed in the cerebellum in
47 (35.8 %) cases and in the cortical brain in 42 (32 %)
cases. Ventricular widening appeared in 39 (29.7 %)
cases, and lesions in the caudate nuclei and cerebellum
were observed in 30 (22.9 %) and 11 (8.3 %) cases,
respectively (Table 2).

Gender and MRI results

The localisation of MRI brain lesions and atrophy in male
and female WD patients with neuropsychiatric, hepatic and
presymptomatic forms is presented in Tables 2, 3 and 4.

Analysis of patients with the neuropsychiatric form indi-
cates a predominance of cerebellar atrophy (p<0.05) and a
tendency toward cortical brain atrophy (p=0.093) in men;
however, lesions in the globus pallidus lesions predominant-
ly occur in women (p=0.054) (Table 2).

We did not find any gender differences in brain MRI
abnormalities in the hepatic form of the disease
(Table 3), however, presymptomatic patients exhibited a
predominance of cortical brain atrophy in men (p<0.05).
After performing the Bonferroni correction for multiple
comparisons, none of the observed differences were
significant.

Metab Brain Dis (2013) 28:69–75 71



Discussion

Based on data obtained from 204 patients, this is one of
the largest neuroimaging studies of WD patients con-
ducted. We confirmed a high ratio of MRI brain findings
in WD patients—generally in 64.2 % of cases. As
expected, there were differences according to the clinical
form of the disease. Abnormalities in the neuropsychiat-
ric, hepatic, and presymptomatic forms were identified in
90.4 %, 41.7 % and 25 % of the cases, respectively.

In general, we found less frequent brain MRI abnormal-
ities compared with previous reports (King et al. 1996; Da
Costa et al. 2009; Prashanth et al 2005; Magalhaes et al.
1994; Saatci et al. 1997; Prayer et al. 1990; Kozic et al.
2003), which may be due to differences in the methods of
patient selection, the examination performed at diagnosis,
patients with all of the clinical manifestations (hepatic neu-
ropsychiatric and presymptomatic), and the large number of
cases. Until now, most studies have presented data obtained
mainly from neurological patients (Machado et al. 2006;

King et al. 1996; Da Costa et al. 2009; Prashanth et al
2005; Magalhaes et al. 1994; Saatci et al. 1997), with very
few patients exhibiting the hepatic form of the disease
(Kozic et al. 2003). We believe that our data are not deeply
biased by our hospital speciality because we had approxi-
mately 30 % of patients with hepatic manifestation at diag-
nosis. In our centre, we diagnosed WD regardless of the
clinical manifestations. However, previous studies have
shown different positive and negative data, providing corre-
lations between the localisations of brain lesions in WD and
clinical symptoms (Kozic et al. 2003; Sinha et al. 2007;
Hitoshi et al. 1991; Alanen et al. 1999; Sudmeyer et al.
2006). However, there has been a lack of data regarding
gender differences in WD. We found several gender differ-
ences in the brain MRI examinations, which are specifically
related to the predominant clinical forms of the disease.
Neuropsychiatric men presented neurodegenerative signs
more often than women, including cortical brain atrophy
and cerebellar atrophy. We did not observe these correla-
tions in the hepatic form; however, cortical brain atrophy

Table 1 Clinical data, baseline gender differences and demographic characteristics of WD patients included in the study (n=204)

Clinical form Male/female ratio Age of onseta Age of diagnosisa Disease latencyb Pathological MRI
findings (%)

Hepatic (n=67) 31/36 All 24.7 (8–55) All 28.5 (6–60) All 3.9 (0–5) 41.7 % (28/67)
Male 23.4 (8–44) Male 28.6 (17–44) Male 4.7 (0–27)

Female 25.8 (14–55) Female 28.5 (6–60) Female 3.3 (0–20)

Neuropsychiatric (n=105) 58/47 All 30.8 (14–57) All 33.5 (17–63) All 2.7 (0–15) 90.4 % (95/105)
Male 30.9 (15–55) Male 33.7 (17–56) Male 2.8 (0–15)

Female 30.7 (14–57) Female 33.4 (21–63) Female 2.6 (0–10)

Presymptomatic (n=32) 12/20 N/A All 23.8 (13–43) N/A 25 % (8/32)
Male 20.1 (8–34)

Female 24.0 (13–43)

All patients (n=204) 101/103 All 28.0 (8–57) All 30.4 (6–63) 64.2 % (131/204)
Male 28.2 (13–57) Male 29.9 (6–63) Male 2.8 (0–20)

Female 27.9 (8–55) Female 30.9 (16–56) Female 3.4 (0–27)

a Values are means with ranges in parentheses
b The disease latency—the time between first symptoms onset and disease diagnosis

Table 2 The gender differences
between the localization of MRI
findings in neuropsychiatric WD
patients

p for significance after Bonferroni
correction: 0.002

Localization Men (n=58) Women (n=47) p-value

Putamen (lesions) 26 (44 %) 27 (57 %) 0.198

Globus pallidus, (lesions) 20 (34 %) 25 (53 %) 0.054

Caudate nucleus (lesions) 11(18.9 %) 12 (25 %) 0.418

Cerebellum (lesions) 6 (10 %) 4 (8.5 %) 0.750

Thalamus (lesions) 26 (44.8 %) 24 (51 %) 0.524

Cerebellum (atrophy) 25 (43 %) 11 (23 %) 0.034

Ventricular widening 23 (39 %) 13 (27 %) 0.197

Pons (lesions) 25 (43 %) 23 (48.9 %) 0.550

Brain cortex (atrophy) 23 (39 %) 12 (25 %) 0.093
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occurred more often in presymptomatic men. Such observa-
tions could be very important in determining the course and
prognosis of WD neuropsychiatric signs because brain atro-
phy is now used as a biomarker of disease progression in
many neurological disorders, such as multiple sclerosis, PD
and Alzheimer disease (Tomassini et al. 2005; Dalaker et al.
2009; Miller and Cronin-Golomb 2010). In previous WD
studies, brain MRI atrophic changes have been reported
from 82 % (King et al. 1996) to 25 % in the hepatic form
(Kozic et al. 2003). The occurrence of MRI atrophic
changes has been proposed to be related to the clinical
predominant form, particularly when the disease was un-
treated and neuropsychiatric symptoms appeared (Da Costa
et al. 2009). The more frequent occurrence of brain cortical
atrophy and cerebellar atrophy in WD men compared to
women may be explained by gender-related differences in
clinical presentation. There is a higher frequency of neuro-
psychiatric signs observed in men and of hepatic signs in
women (Litwin et al. 2012a, b). According to previous data
regarding brain atrophic changes and neuropsychiatric
signs, these observations may explain why men present
neurodegenerative signs in the brain more often than women
(Hafner 2003; Nasrallah et al. 1990). Such mechanisms may
also underlie gender differences in the presymptomatic
group because some of the presymptomatic patients initially
exhibited WD symptoms, and there is a greater possibility

for men to initially display neuropsychiatric symptoms.
Second, atrophic changes in the presymptomatic group
could identify WD men who are vulnerable to symptoms
(for example, because of a lack of compliance). Further
studies regarding the changes in presymptomatic patients
related to gender are needed to verify these hypotheses.

Atrophic gender-related neuroimaging pathology has
been previously reported to significantly occur in other
neuropsychiatric disorders such as schizophrenia (Hafner
2003; Nasrallah et al. 1990) and may be explained by both
oestrogen neuroprotective effects and differences in brain
iron metabolism. In the brain, oestrogens act in the follow-
ing ways: 1) as neurotrophins for dopaminergic neurons; 2)
as antioxidants to protect cells against toxic metabolites; and
3) in dopamine synthesis, affecting uptake and dopamine
receptor expression (decrease of D2 receptors and increase
of the dopamine transporter density) (Miller and Cronin-
Golomb 2010). The “oestrogen protective hypothesis” is
strongly supported by clinical and experimental observa-
tions in extrapyramidal disorders. Extrapyramidal disorders
are a less frequent occurrence of Parkinson’s disease that is
typically displayed at a later onset (2 years) in women and
exhibit differences in their major clinical signs (Shulman
2007; Miller and Cronin-Golomb 2010). Iron brain metab-
olism gender-related differences have also been proposed in
the aetiology of many neurodegenerative disorders (Xiaojun

Table 3 Gender differences be-
tween the localization of MRI
findings in hepatic WD patients

p for significance after Bonfer-
roni correction: 0.002

Localization Men (n=31) Women (n=36) p-value

Putamen (lesions) 7 (22 %) 3 (8 %) 0.168

Globus pallidus (lesions) 5 (16 %) 4 (11 %) 0.722

Caudate nucleus (lesions) 3 (9.6 %) 3 (8 %) 1.000

Cerebellum (lesions) 1 (3 %) 0 (0 %) 0.462

Thalamus (lesions) 0 (0 %) 2 (5 %) 0.495

Cerebellum (atrophy) 2 (6 %) 6 (16 %) 0.270

Ventricular widening 0 (0 %) 2 (5 %) 0.495

Pons (lesions) 2 (6 %) 2 (5 %) 1.000

Brain cortex (atrophy) 1 (3 %) 3 (8 %) 0.617

Table 4 Gender differences be-
tween the localization of MRI
findings in presymptomatic WD
patients

p for significance after Bonferroni
correction: 0.002

Localization Men (n=12) Women (n=20) p-value

Putamen (lesions) 2 (16 %) 1 (5 %) 0.540

Globus pallidus (lesions) 3 (25 %) 2 (10 %) 0.708

Caudate nucleus (lesions) 0 (0 %) 1 (5 %) 1.000

Cerebellum (lesions) 0 (0 %) 0 (0 %) –

Thalamus (lesions) 0 (0 %) 1 (5 %) 1.000

Cerebellum (atrophy) 2 (16 %) 1 (5 %) 0.375

Ventricular widening 1 (8 %) 0 (0 %) 0.094

Pons (lesions) 1 (8 %) 2 (10 %) 1.000

Brain cortex (atrophy) 3 (25 %) 0 (0 %) 0.044
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et al. 2008; Bartzokis et al. 2007; Bruehleimer et al. 2000).
Ferritin iron brain metabolism is different in men and wom-
en (Xiaojun et al. 2008). This problem is not well known in
WD patients, but iron gender differences are thought to
contribute to WD symptoms. It is well known that the
human iron brain level increases with age and in many
neurodegenerative disorders, specifically in the subcortical
and cortical grey matter (Xiaojun et al. 2008; Bartzokis et al.
2007; Bruehleimer et al. 2000). In addition, there are differ-
ences between healthy men and women in brain ferritin iron
accumulation (Xiaojun et al. 2008; Bartzokis et al. 2007).
Bartzokis showed that women have a lower brain iron
ferritin level compared to men (Bartzokis et al. 2007) and
attributed this difference to a menstruation protective mech-
anism. Brain ferritin iron has been proposed to be a risk
factor for neurodegenerative disorders in men. In a PET
study, Bruehleimer et al. showed that WD patients have
increased brain iron uptake (Bruehleimer et al. 2000) due
to a deficiency of WD copper-dependent enzymes in the
mitochondria, which results in compensation by upregula-
tion of iron-dependent enzymes. The side effects of this
mechanism include a higher level of iron in the tissues of
the brain and liver (Litwin et al. 2012c; Bartzokis et al.
2007). According to the findings of Bruehleimer and
Bartzokis (Bruehleimer et al. 2000; Bartzokis et al. 2007),
WD caused increased brain iron uptake, which resulted in
the increased risk of neurodegeneration, specifically in men
(who lack iron protective mechanisms). Thus, our MRI
brain observations in WD patients partially confirmed these
observations; the greater prevalence of neurodegenerative
signs in men indicates gender differences in the brain sus-
ceptibility of this disease.

This hypothesis is also strongly supported by clinical
WD observations; men present with the neuropsychiatric
predominant form more often than women. Conversely,
women present hepatic signs more often than men (Litwin
et al. 2012a, b). The second unexpected observation in the
brain MRI analysis was that lesions of the globus pallidus
tended to occur more often in neuropsychiatric women than
men. This observation may be explained by liver injury,
which can produce hyperintense globus pallidus changes,
producing secondary symptoms and neuropsychiatric signs.
Furthermore, women more often present hepatic signs; cor-
respondingly, they also present globus pallidus changes
more often.

In this study, there are a few limitations. First, there is a
limited number of patients, which may have produced sta-
tistically insignificant results after the Bonferroni correction.
Second, there was a lack of quantitative MRI analysis and a
very long period of retrospective observation (different MRI
devices). However, WD is a rare disease, and the number of
patients included in our analysis is greater than those in the
MRI studies (Kozic et al. 2003). The study was based on a

retrospective analysis, so there was no possibility to perform
a prospective quantitative analysis of the atrophic changes.
In the present report, we present the initial results and
hypothesise about gender effects on brain MRI pathology
in WD; however, this issue should be further investigated in
prospective MRI studies that include new MR techniques.

Conclusions

Taken together, WD patients with MR abnormalities in their
brains consist of mainly patients with the neuropsychiatric
form of the disease; however, some patients also presented
with the hepatic and presymptomatic forms. Changes were
mainly localised to the basal ganglia, pons and thalamus, but
brain cortical and cerebellar atrophy were also present. Some
brain MRI gender differences were observed. Men predomi-
nantly demonstrated the neuropsychiatric formwith cerebellar
and cortical brain atrophy more frequently compared to
females who more often exhibited lesions of the globus pal-
lidus. There were no gender-related differences in the hepatic
predominant form, but presymptomatic patients displayed
cortical brain atrophy more often in men. We propose that
gender differences based on the brain MRI results of WD
patients are due to gender-related differences in the clinical
manifestation of the disease as a result of the protective effects
of oestrogens and iron metabolism differences.

Conflict of interest The authors declare not potential conflict of
interests relevant to this article.

Financial disclosure All financial involvements (e.g., employment,
consultancies, honoraria, stock ownership or options, grants or patents
receiving or pending, royalties) with any organisation or entity with a
financial interest in or financial conflict with the subject matter or
materials discussed in the submitted publication material are complete-
ly disclosed.

We have no relevant financial interest in the submitted publication
material.

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.

References

Alanen A, Komu M, Pentinen M, Leino R (1999) Magnetic resonance
imaging and proton MR spectroscopy in Wilson’s disease. Br J
Radiol 72:749–756

Bartzokis G, Tishler T, Lu H, Villablanca P, Altshuler LL, Carter M,
Huang D, Edwards N, Mintz J (2007) Brain ferritin iron may
influence age- and gender-related risks of neurodegeneration.
Neurobiol Aging 28:414–423

74 Metab Brain Dis (2013) 28:69–75



Bruehleimer M, Leenders KL, Vontobel P, Calonder C, Antonini A,
Weindl A (2000) Increased cerebral iron uptake in Wilson’s
disease: a 52Fe-citrate PET study. J Nucl Med 41:781–787

Cerghet M, Skoff RP, Swamydas M, Bessert D (2009) Sexual dimor-
phism in the white matter of rodents. J Neurol Sci 286(1–2):76–80

Da Costa M, Spitz M, Bacheschi LA, Leite CC, Lucato LT, Barbosa
ER (2009) Wilson’s disease: two treatment modalities.
Correlations to pretreatment and post treatment brain MRI.
Neuroradiology 51:627–633

Dalaker TO, Larsen JP, Bergsland N, Beyer MK, Alves G, Dwyer MG,
Tysnes OB, Benedict RH, Kelemen A, Bronnick K, Zivadinov R
(2009) Brain atrophy and white matter hyperintensities in early
Parkinson’s disease. Mov Disord 24(15):2233–2241

Ferenci P, Caca K, Loudianos G, Mieli-Vergani G, Tanner S, Sternlieb
I, Schilsky M, Cox D, Berr F (2003) Diagnosis and phenotypic
classification of Wilson disease. Liver Int 23(3):139–142

Franklin MS, Kraemer GW, Shelton SE, Baker E, Kalin NH, Uno H
(2000) Gender differences in brain volume and size of corpus
callosum and amygdale of rhesus monkey measured from MRI
images. Brain Res 852:263–267

Goldstein JM, Seidman LJ, Horton NJ, Makris N, Kennedy DN,
Caviness VS, Faraone SV, Tsuang MT (2001) Normal sexual
dimorphism of the adult human brain assessed by in vivo mag-
netic resonance imaging. Cereb Cortex 11:490–497

Gromadzka G, Schmidt H, Genschel J, Bochow B, Rodo M, Tarnacka
B, Litwin T, Chabik G, Członkowska A (2005) Frameshift and
nonsense mutations in the gene for ATPase7B are associated with
severe impairment of copper metabolism and with early clinical
manifestation of Wilson’s disease. Clin Genet 68(6):524–532

Gromadzka G, Schmidt H, Genschel J, Bochow B, RodoM, Tarnacka B,
Litwin T, Chabik G, Członkowska A (2006) p.H1069Q mutation in
ATP 7B and biochemical parameters of copper metabolism and
clinical manifestation of Wilson’s disease. Mov Disord 21:245–248

Hafner H (2003) Gender di f fe rences in schizophrenia .
Psychoneuroendocrinology 28:17–54

Hitoshi S, Iwata M, Yoshikawa K (1991) Mid-brain pathology of
Wilson’s disease: MRI analysis of three cases. J Neurol
Neurosurg Psychiatry 54:624–626

King AD, Walshe JM, Kendall BE, Chinn RJ, Paley MN, Wilkinson
ID, Halligan S, Hall-Craggs MA (1996) Cranial MR imaging in
Wilson’s disease. Am J Roentgenol 167:1579–1584

Kovalev VA, Kruggel F, von Cramon DY (2003) Gender and age
effects in structural brain asymmetry as measured by MRI texture
analysis. NeuroImage 19:895–905

Kozic D, Svetel M, Petrovic B, Dragasević N, Semnic R, Kostić VS
(2003) MR imaging of the brain in patients with hepatic form of
Wilson’s disease. Eur J Neurol 10:587–592

Litwin T, Gromadzka G, Czlonkowska A (2012a) Gender differences
in Wilson’s disease. J Neurol Sci 312(1–2):31–35

Litwin T, Gromadzka G, Czlonkowska A (2012b) Apolipoprotein E
gene (APOE) genotype in Wilson’s disease: impact on clinical
presentation. Parkinsonism Relat Disord 18:367–369

Litwin T, Gromadzka G, Czlonkowska A (2012c) Wilson’s disease:
does iron metabolism impact phenotypic presentation? Liver Int
32(5):869–870

Machado A, Chien HF, Deguti MM, Cançado E, Azevedo RS,
Scaff M, Barbosa ER (2006) Neurological manifestations in
Wilson’s disease: report of 119 cases. Mov Disord 21
(12):2192–2196

Magalhaes AC, Cramelli P, Menezes JR, Lo LS, Bacheschi LA,
Barbosa ER, Rosemberg LA, Magalhaes A (1994) Wilson’s
disease: MRI with clinical correlation. Neuroradiology 36:97–
100

Marsden CD (1987) Wilson’s disease. Q J Med 65:959–966
Miller IN, Cronin-Golomb A (2010) Gender differences in Parkinson’s

disease: clinical characteristic and cognition. Mov Disord 25
(16):2695–2703

Nasrallah HA, Schwarzkopf SB, Olson SC, Coffman JA (1990)
Gender differences in schizophrenia on MRI brain scans.
Schizophr Bull 16(2):205–210

Pfeiffer RF (2007) Wilson’s disease. Semin Neurol 27(2):123–132
Prashanth LK, Taly S, Sinha S, Ravishankar S (2005) Prognostic

factors in patient presenting with severe neurological forms of
Wilson’s disease. Q J Med 98:557–563

Prayer L, Wimberger D, Kramer J, Grimm G, Oder W, Imhof H
(1990) Cranial MRI in Wilson’s disease. Neuroradiology
32:211–214

Saatci I, Topcu M, Baltaoglu F, Köse G, Yalaz K, Renda Y, Besim A
(1997) Cranial MR findings in Wilson’s disease. Acta Radiol
38:250–258

Schlaepfer TE, Hrris GJ, Tien AY, Peng L, Lee S, Pearlson GD (1995)
Structural differences in the cerebral cortex of healthy female and
male subjects: a magnetic resonance imaging study. Psychiatry
Res 61(3):129–135

Shulman L (2007) Gender differences in Parkinson’s disease. Gend
Med 4(1):8–18

Sinha S, Taly AB, Prashanth LK, Ravishankar S, Arunodaya GR,
Vasudev MK (2007) Sequential MRI changes in Wilson’s disease
with de-coppering therapy: a study of 50 patients. Br J Radiol
80:744–749

Sudmeyer M, Saleh A, Wojtecki L, Cohnen M, Gross J, Ploner M,
Hefter H, Timmermann L, Schnitzler A (2006) Wilson’s disease
tremor is associated with magnetic resonance imaging lesions in
basal ganglia. Mov Disord 12:2134–2139

Tomassini V, Onesti E, Mainero C, Giugni E, Paolillo A, Salvetti M,
Nicoletti F, Pozzili C (2005) Sex hormones modulate brain dam-
age in multiple sclerosis: MRI evidence. J Neurol Neursurg
Psychiatry 76:272–275

Walshe JM (1986) Wilson’s disease. Handb Clin Neurol 49:223–228
Xiaojun X, Qidong W, Minming Z (2008) Age, gender, and hemi-

spheric differences in iron deposition in the human brain: an in
vivo MRI study. NeuroImage 40:35–42

Zaidi FZ (2010) Gender differences in human brain: a review. Open
Anat J 2:37–55

Metab Brain Dis (2013) 28:69–75 75


	The effect of gender on brain MRI pathology in Wilson’s disease
	Abstract
	Introduction
	Patients and methods
	Statistical analysis
	Results
	Clinical forms of WD and MRI results
	Gender and MRI results

	Discussion
	Conclusions
	References


