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REVIEWS I

Sex differences in movement disorders

Sara Meoni

Sex-based differences with regard to demographics, clini-
cal features and therapeutic response have been identified
in a range of neurological diseases, including Alzheimer
disease (AD)', ischaemic stroke’ and migraine’. In move-
ment disorders, sex-related distinctions are emerging but
are not yet widely recognized*.

Movement disorders are a heterogeneous group of
neurological conditions that include hypokinetic and
hyperkinetic disorders. The former are characterized by
slowness and paucity of movements, whereas the latter
manifest with excessive, abnormal involuntary move-
ments and postures’. Corticothalamic-basal ganglia and
cerebellar network dysfunctions are well recognized in
the pathophysiology of these disorders. Sexual dimor-
phisms in the dopaminergic system have been found in
the basal ganglia of both patients with Parkinson disease
(PD)®*’ and unaffected individuals'®-". Preclinical evi-
dence suggests that sex steroid hormones modulate the
dopaminergic pathways in both normal and pathological
states™'>"”, and a neuroprotective effect of oestrogens has
been proposed in women with PD>!*"'¢. Sex hormone
changes — for example, during pregnancy — seem to
induce or exacerbate hyperkinetic states such as chorea’,
suggesting that they contribute to sex-related variability
in movement disorders through effects on basal gan-
glia networks. Other factors, including genetics, brain
structure and brain function, might also contribute to
sex-specific disparities in movement disorders (FIG. 1).

Increased recognition of sex differences in movement
disorders, particularly PD, could aid the stratification
of patients for diagnosis, treatment and prevention
in the context of a multifactorial precision medicine
approach". In this Review, we highlight current evidence
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Abstract | In a range of neurological conditions, including movement disorders, sex-related
differences are emerging not only in brain anatomy and function, but also in pathogenesis,
clinical features and response to treatment. In Parkinson disease (PD), for example, oestrogens
can influence the severity of motor symptoms, whereas elevation of androgens can exacerbate
tic disorders. Nevertheless, the real impact of sex differences in movement disorders remains
under-recognized. In this article, we provide an up-to-date review of sex-related differences in
PD and the most common hyperkinetic movement disorders, namely, essential tremor, dystonia,
Huntington disease and other chorea syndromes, and Tourette syndrome and other chronic tic
disorders. We highlight the most relevant clinical aspects of movement disorders that differ
between men and women. Increased recognition of these differences and their impact on patient
care could aid the development of tailored approaches to the management of movement disorders
and enable the optimization of preclinical research and clinical studies.

in this field and emphasize the importance of consider-
ing sex disparities when devising patient management
strategies, formulating public health policies and design-
ing clinical trials for movement disorders. We provide a
brief discussion about potential mechanisms by which
sex might influence disease susceptibility, pathogenesis
and clinical presentation of hyperkinetic and hypo-
kinetic movement disorders. With regard to hypokinetic
movement disorders, we focus exclusively on PD owing
to a lack of literature about sex differences in other par-
kinsonian syndromes, but we cover several hyperkinetic
movement disorders, including essential tremor (ET),
dystonia, chorea and tics.

Following the recommendations of the American
Institute of Medicine'®, we use the term ‘sex’ rather than
‘gender’ in this Review. Sex refers to the definition of
an individual as either male or female on the basis
of reproductive organs and functions assigned by the
X and Y chromosomes, whereas gender also encom-
passes one’s self and social identity, which is rooted in
biology but also shaped by environmental factors.

Parkinson disease

PD is a common neurodegenerative disease'’ mainly
characterized by a-synuclein pathology and loss of
dopaminergic neurons in the substantia nigra pars com-
pacta®. The classic motor symptoms of PD are brady-
kinesia, rigidity, resting tremor, and postural and gait
impairment’. PD has also a constellation of non-motor
symptoms (NMS), including depression, anxiety, pain,
orthostatic hypotension, and urinary, gastrointestinal
and sleep dysfunction, which can precede the motor
features by more than a decade’'.
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Key points

¢ Sex differences in epidemiology, clinical features and/or response to treatment have
been reported in several movement disorders, including Parkinson disease (PD),
essential tremor, dystonia, Huntington disease, Sydenham chorea and tic disorders.

* In the case of PD, male sex is associated with higher incidence and prevalence, earlier
disease onset, more severe motor symptoms and progression, and more frequent
cognitive decline compared with female sex.

* Few data are available on sex differences in hyperkinetic movement disorders,
although craniocervical dystonia is more prevalent in women, whereas most focal
task-specific dystonias and tics are more frequent in men.

* Prospective studies specifically addressing sex differences in risk factors,
symptomatology, disease progression, biomarkers and response to treatment are
needed to develop tailored management strategies for patients with movement

disorders.

Epidemiology

Many studies have indicated that the prevalence and inci-
dence of PD are lower in women than in men*~", with
age-standardized male:female (M:F) incidence ratios
ranging from 1.3 to 2.0 in Western and South American
populations”—*>. However, lower M:F incidence ratios
(0.95-1.20) were reported in Asia*~*°, possibly reflect-
ing methodological issues, genetics, ethnicity and/or
sex differences in behaviour, such as smoking®. A sys-
tematic analysis® of worldwide epidemiological studies
in 2016 reported a M:F age-standardized prevalence
ratio of 1.40, consistent with previous data*»***72,
Environmental factors, such as occupational exposure,
which tends to be higher in men, might partly account
for the male predominance. Overall, both M:F incidence
and prevalence ratios for PD tend to increase with age.
However, this trend is more evident for incidence than
for prevalence, probably because the mortality risk is
higher in men — but not women — with PD than in
the general population®. As men tend to show earlier
PD onset than women**”, and PD mortality increases
with disease duration, mortality from the disease could
also explain the increased incidence without a parallel
increase in prevalence in men™.

Risk factors

Sex disparities in epidemiology support the idea of sex-
related differences in risk factors for PD. Gonadal
hormones and sex chromosomes might modulate dis-
ease risk by influencing epigenetic mechanisms®'>%.
Preclinical evidence™'>" has suggested a potential
neuroprotective effect of oestrogens against dopamin-
ergic damage through anti-inflammatory, anti-oxidative,
and anti-apoptotic mechanisms*”*, in addition to pos-
sible inhibitory effects on the formation and stabiliza-
tion of a-synuclein fibrils — a key pathological feature
of PD.

In some prospective and case-control studies, a
longer lifetime exposure to oestrogens has been asso-
ciated with reduced PD risk and milder symptoms at
onset in women'*"'*-*2, Consequently, the reduction in
oestrogen levels after menopause has been suggested to
increase the risk of PD in women®***’, However, a meta-
analysis including 14 observational studies did not sup-
port a protective effect of hormone replacement therapy
(HRT) on PD risk in women™. Caffeine is reported to

have a protective effect with regard to PD risk, which
might be attenuated by HRT in women**>. Overall, how-
ever, no convincing evidence has been found for a link
between reproductive factors such as age at menarche,
age and type of menopause, fertile lifespan, pregnancy
history and use of oral contraceptives and the risk of PD
in women™.

As regards potential environmental risk factors for
PD, women tend to have a lower exposure to occupa-
tional toxins and a lower incidence of head trauma
than men®, reflecting differences in behavioural and
social factors.

Biomarkers

Several potential biomarkers for PD diagnosis, progno-
sis and risk prediction have been identified in biofluids
and peripheral tissues and through genetic and imaging
studies™. Although several ‘wet’ biomarkers are thought
to exhibit sex differences®*-*', only uric acid seems to
have a strong sex specificity. Serum urate is an inverse
risk factor for PD, particularly in men®*, and urate lev-
els correlate negatively with disease severity in men but
not in women®-*. In a large case—control study*’, higher
uric acid levels predicted a lower risk of PD in men only,
indicating a possible sex-related difference in purine
pathways. Moreover, reduced levels of urate were found
in post-mortem brain tissue from male patients with
PD — but not in brain tissue from female patients —
compared with brain tissue from individuals without
neurodegenerative disease®.

Few studies have examined sex differences in imag-
ing biomarkers for PD. In one MRI study that meas-
ured sex differences in brain structures in patients
with PD%, reduced cortical thickness in multiple brain
regions including the frontal, parietal, temporal and
occipital lobes, associated with altered connectivity,
was found in male patients in comparison with female
patients. In a resting-state functional MRI study in
drug-naive patients with early PD, sex-specific corti-
cal and subcortical connectivity patterns within the
sensorimotor network were reported, with connec-
tivity being better preserved in women than in men’,
possibly related to sex-specific nigrostriatal dopa-
minergic pathways. Similarly, '*I-FP-CIT nuclear
imaging studies in patients with PD indicated higher
physiological striatal dopamine levels in women than
in men at symptom onset and throughout the disease
course’®”’. Moreover, in a '*F-fluorodopa PET study’’,
women with PD had 87% higher *F-fluorodopa uptake
in the right dorsolateral prefrontal cortex than did their
male counterparts.

Taken together, the neuroimaging findings support
structural and functional signatures in women with PD,
characterized by a better preserved presynaptic system
and higher striatal dopaminergic levels at disease onset
in comparison with men. These observations could
explain sex differences in clinical symptoms, disease
course and development of motor complications. In
the near future, neuroimaging techniques could pro-
vide biomarkers to stratify patients according to the risk
of disease progression and development of motor and
non-motor complications over time.
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The interaction between sex and genetics is complex and
poorly understood in the context of PD. Sex seems to
influence the expression of several polymorphisms in
PD?7*7, and genetic factors might differentially influence
the manifestations of PD in men and women.

Mutations in the leucine-rich repeat kinase 2
(LRKK2) gene are a common cause of genetic PD.
These mutations show autosomal inheritance and
incomplete penetrance, and have been described pre-
dominantly in the North African Berber and Ashkenazi
Jewish populations’®. Some studies have found that
male predominance in PD is not evident in some
populations”’"**, possibly owing to a higher preva-
lence of LRRK2 mutations among women than among
men®. LRRK2 mutations also show sex-specific effects
on the manifestations of PD. In a large cohort study®’,
men with PD who had the LRRK2"'* mutation had
milder motor symptoms and higher cognitive function,
a lower incidence of REM sleep behaviour disorder
(RBD) and worse thermoregulation scores than men
with idiopathic PD, whereas women with LRRK26201%
had worse motor complications than women with idio-
pathic PD. Moreover, among patients with LRRK2-
associated PD, women had worse motor complications
but better olfaction than men, suggesting that both sex
and genetics influence the phenotype.

Mutations in the glucocerebrosidase (GBAI) gene
have also been implicated in PD, although unlike the
aforementioned LRRK2 mutations, GBAI mutations
do not seem to influence the sex ratio in PD%. Some
evidence suggests an increased risk of neuropsychiatric
comorbidities, such as anxiety and depression, in men
but not women with GBAI mutations®.

Sex might also contribute to the prediction of PD risk
with high specificity as part of a combined genetic—clinical
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treatment
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score, according to a population-based study®. Further
studies are needed to fully elucidate the relationship
between sex and genetics in PD.

Clinical features

Motor symptoms. Despite a lack of studies specifically
addressing the effects of sex on PD symptoms, several sex-
based differences in the clinical features of PD have been
described (FIG. 2). In comparison with men, women are
more likely to present with a tremor-dominant phenotype
at disease onset and to show slower disease progression.
A slightly older average age and milder motor symptoms
at PD onset" suggest a more benign PD phenotype in
women than in men, probably related to higher baseline
dopaminergic activity’>" and a possible protective effect
of oestrogens. Deficiencies in access to medical care in
women compared with men might also influence the rela-
tionship between sex and age at PD onset; for example,
the tendency of women to seek medical care later than
men could give a misleading impression of later dis-
ease onset in women®**. Evidence from the Parkinsons
Progression Markers Initiative (PPMI)” study supports
an effect of sex on motor progression in newly diagnosed
patients, with women showing slower progression than
men. However, during the disease course, female sex
seems to be independently associated with the develop-
ment of motor fluctuations’, with women tending to have
an earlier onset of wearing-off periods and a higher risk
of developing levodopa-induced dyskinesias™*, as well
as a shorter time to dyskinesia occurrence”. By contrast,
men seem to have more severe motor features throughout
the course of the disease™. A study in autopsy-confirmed
PD found that the diffuse malignant phenotype, charac-
terized by severe motor symptoms, the presence of RBD,
and autonomic and cognitive deficits at diagnosis, was

more frequent in men than in women®.

PD and hormone-related events in women. PD symp-
toms seem to be influenced by the menstrual cycle.
Worsening of PD symptoms can occur just before the
onset of menses, when oestrogen levels are reduced,
whereas progressive improvement can be observed at
the time of ovulation, when oestrogen levels are higher.
These findings support a positive effect of oestrogens
on the dopaminergic system'*-'**. Also consistent with
this idea, in postmenopausal women with PD, HRT is
associated with milder disease symptoms'*'®.
Pregnancy is not a frequent event in women with
PD, as the disease usually manifests after the meno-
pause. However, in women who develop the condition
at childbearing age, PD symptoms have been reported
to worsen during pregnancy and in the postpartum
period'”*'%, and some women present with new PD
symptoms during pregnancy or shortly after delivery'®.
Permanent clinical deterioration that fails to resolve
after delivery has been described in some women'”.
An increased requirement for levodopa during both

pregnancy and the postpartum period has also been
reported'®. Of note, levodopa is a safe treatment during
pregnancy, but amantadine should be avoided. Overall,
PD does not seem to confer an increased risk of fetal or

birth complications'®.

Fig. 1| Factors implicated in the genesis of sex differences in movement disorders.
Factors including genetics, gonadal hormones, sexual dimorphism and the environment
are likely to interact to determine sex differences, which result in differences in
epidemiology, risk factors, biomarkers, clinical features and response to treatment
between men and women with movement disorders.
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Fig. 2 | Sex differences in Parkinson disease. With respect
to Parkinson disease, women (blue bars) tend to have later
age at disease onset; lower prevalence and incidence;
higher rates of tremor phenotype; and a greater likelihood
of dyskinesia, and motor and non-motor fluctuations
compared with men (green bars).

The mechanisms underlying the exacerbation of
PD symptoms during pregnancy and in the early post-
partum period are unknown. Several factors could
interact, including alterations in medication metabolism
related to physiological changes, diet and intestinal tran-
sit variation during gestation, physical and psychologi-
cal stress, or — less likely owing to the relatively short
time frame of pregnancy — disease progression'”. The
dopamine-sparing properties of oestrogens, including
inhibition of dopamine uptake, synthesis and release'’’,
might justify the increase in levodopa intake that has
been observed in the early postpartum period when
oestrogen levels are rapidly declining.

Non-motor symptoms. The available data indicate sex
differences in the prevalence and severity of NMS in
people with PD''". Despite methodological differences
in NMS assessment across PD studies, some NMS seem
to be consistently associated with sex. Mood symptoms
(sadness, nervousness, anxiety and lack of motivation),
restless legs syndrome, constipation and pain are more
prevalent in women®>''>""¢, whereas sexual dysfunction
(reduced or increased interest in sex, difficulty in having
sex and erectile dysfunction), drooling, urinary symp-
toms and excessive daytime sleepiness are more com-
mon in men''>"*"22, Sex differences are less evident for
other NMS, such as sleep disturbances. Overall, women
tend to have a higher NMS burden than men'".

Of note, the vast majority of the studies on NMS
included patients who had already received dopamin-
ergic agents, which represents a major limitation given
the differential effects of dopaminergic treatment on
several NMS'”. One study'*' in 200 untreated patients
with de novo PD showed a similar prevalence of mood

symptoms in women and men, in contrast with previ-
ous studies on treated patients. An important effect of
sex has also emerged for several NMS that are present
in the PD premotor phase, such as olfactory and gus-
tatory impairments, and sexual dysfunction, which are
more prevalent in men than in women'?'. Moreover, in a
large cross-sectional study'* in which several NMS were
assessed for their capacity to differentiate people with
early PD from controls, dysautonomia was a predictor of
PD only in men, whereas RBD was associated with PD
only in women, suggesting that sex-based differences are
present even in the preclinical phase of the disease. These
observations should be kept in mind when developing
biomarkers for early diagnosis of PD.

Unfortunately, we lack longitudinal studies on the
influence of sex on NMS that take into account the age of
the patients, disease progression and severity, and medi-
cations. In a 2-year follow-up study, mood symptoms
(sadness or blues) improved in both sexes after starting
dopaminergic treatment. However, men developed more
daytime sleepiness and increased sex drive than women,
probably as adverse effects of dopaminergic treatment'*.

Interestingly, PD-related non-motor fluctuations
(NMFs) seem to be more frequent in women than in
men’»!#!1>126127 Tn particular, mood-related NMFs, such
as pain, mood changes and anxiety, are more prevalent
in women®®'?. These findings could explain the higher
prevalence of mood-related NMS in women found in
several studies in patients on dopaminergic treatment,
irrespective of disease duration.

An association between health-related quality of life
(HRQoL) and NMS'* has also emerged in PD. Fatigue
and depression seem to be the main determinants of
poor HRQoL in female patients even in the early stages
of PD. By contrast, no association was found between
NMS and HRQoL in male patients, highlighting the
importance of sex-specific therapeutic management.

The relationship between sex and cognition has not
been fully investigated in patients with PD. In a large lon-
gitudinal study in this population, sex accounted for 2.6%
of the predictive data provided by a clinical-genetic risk
score for cognitive decline'*. Studies on the prevalence of
cognitive decline and impairments in specific cognitive
domains in men compared with women have produced
conflicting results'***»'%2, partly reflecting differences
in neuropsychological assessment. Overall, however,
male sex seems to be associated with an increased prev-
alence and risk of PD-associated cognitive impairment
and dementia''®'?#133-1%_ A longitudinal study showed
that the primary predictive factor in the transition from
no cognitive impairment to mild cognitive impairment
or dementia in patients with PD is male sex and that
men progress more rapidly than women'*. However,
another study suggested that although PD-associated
cognitive decline starts later in women than in men, the
rates are similar in both sexes after the age of 80 years'”.
Interestingly, a meta-analysis of studies investigating
cognitive impairment in PD patients without dementia
found greater frontal executive deficits in men than in
women but, in contrast with previous studies, found no
significant differences in visuospatial abilities and verbal
memory between the sexes'’!. These findings, along with
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a milder motor profile at PD onset in women, could be
explained by less severe impairment of the frontal striatal
pathway in the early stages of the disease, possibly related
to the protective effect of oestrogens.

Larger and prospective studies are needed to clarify
whether the higher prevalence of cognitive impairment
in men with PD is sex-related or whether it mirrors
sex differences in cognitive function in the general
population'®.

Response to treatment

Medical treatment. The response to dopaminergic med-
ications differs between men and women, according to
data obtained from retrospective and prospective studies
that were originally designed to measure other outcomes.
Numerous studies have pointed to the use of a higher
dopaminergic dosage, expressed as levodopa equiva-
lent daily dose (LEDD), in men than in women?*"**!"!,
Evidence suggests that this sex difference in LEDD is
related to differences in levodopa pharmacokinetics and
pharmacodynamics between the sexes'**"'*’, with body
weight playing a key role. Compared with men, women
show higher levodopa plasma concentrations, related to
lower body weight'** and reduced rates of levodopa clear-
ance'”, resulting in greater levodopa bioavailability'*-'*S.
This finding could partly explain the sex discrepancy in
levodopa-related complications'”®, such as the higher
rate of dyskinesia and the greater severity of motor
fluctuations and NMFs in women than in men, as dis-
cussed above. However, factors other than body weight,
including abnormal plastic responses to levodopa and
differences in energy metabolism'*®, might interact
and contribute to the differences in levodopa compli-
cations that have been observed between the sexes. In
addition, some genetic factors could modulate the risk of
levodopa-induced dyskinesia; for example, a dopamine
receptor D2 (DRD2) polymorphism®-* is associated
with a protective effect on dyskinesia development in
men but not in women. Moreover, recent data suggest
a sexual dimorphism in genes implicated in dopamine
metabolism, which could explain the need for higher
doses of levodopa in men who carry the G allele of the
monoamine oxidase type B (MAOB) gene'®.

No data are yet available about sex difference in the
response to non-oral dopaminergic treatment, such as
infusional dopaminergic treatments, or other classes of
anti-PD medications, such as anticholinergics, catechol-
O-methyltransferase inhibitors and MAOB inhibitors.
Also, to date, no recommendations have been formu-
lated about the sex-specific management of medical
treatment in PD"*",

Deep brain stimulation. Deep brain stimulation (DBS) is
a well-established treatment for PD, but only a few stud-
ies on sex differences in the response to this intervention
have been conducted. Some studies have found reduced
utilization and later access to surgery in women than
in men'**"**, despite the higher burden of motor com-
plications in the former group. Several hypotheses have
been put forward to explain this discrepancy, includ-
ing more severe anxiety related to surgery and a lower
DBS referral rate among women in countries with low
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socioeconomic status. The benefits from DBS are simi-
lar between sexes, although women tend to show better
quality-of-life outcomes'*-"*". Moreover, DBS seems to
be safe and effective during pregnancy'**.

Essential tremor

ET is an isolated tremor syndrome characterized by bilat-
eral, largely symmetric, postural or kinetic tremor involv-
ing the upper limbs’. ET has a variable frequency range
(4-12Hz) and can also involve the head, vocal cords and
lower limbs, in the absence of other neurological signs,
such as dystonia, ataxia or parkinsonism'®.

Epidemiology
The most robust findings on sex differences in the
epidemiology of ET came from a meta-analysis'® that
included 28 population-based prevalence studies from
19 countries and two large community-based stud-
ies'*™2, This study found M:F prevalence ratios ranging
from 0.78 to 1.19, with a median of 0.95, suggesting no
overall sex differences in ET prevalence. However, some
individual population-based studies have found a signif-
icantly higher prevalence of ET among men than among
women'*"'%°, This male predominance might be attri-
butable to clinical and pathological associations between
ET and PD, which is also more prevalent in men'*. High
levels of heterogeneity in methodology, diagnostic crite-
ria, clinical assessment and ethnicity among the available
studies might partly account for the observed discrepan-
cies in M:F prevalence ratios. Interestingly, although no
substantial sex differences were found in adults, in the
paediatric population, ET seems to be more common in
boys than in girls'®>'%.

To date, no data are available concerning sex
differences in the genetics of ET.

Clinical features
Some evidence suggests that men develop ET earlier
than women. For example, a community-based epi-
demiological study in Sweden published in 1960 found
that 3% of men in the general population had tremor onset
by the age of 18 years, compared with 0% of women'®.
Some studies have demonstrated a specific sex-related
phenotype for ET. Compared with women, men seem
to be affected by more severe postural hand tremor'”,
and head tremor tends to be more prevalent in women
than in men with ET'7°"'72. Moreover, the coincidence of
female sex and severe hand tremor increases the odds
of additionally developing the combination of head and
voice tremor'’%.

Response to treatment

No studies are available regarding the impact of sex on
medical treatment for ET. We also lack evidence about
ET treatment during pregnancy; however, the most
commonly used medications for ET, primidone and
propranolol, are contraindicated in pregnancy owing
to their known teratogenic potential. Similarly, both
topiramate and gabapentin should be avoided during
pregnancy as they have been associated with congeni-
tal malformations and toxicity in animal studies'”**'”°.
In most cases, women prefer to manage their tremor

NATURE REVIEWS | NEUROLOGY
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without medication during pregnancy to minimize the
risk of fetal malformations and developmental disorders.

One study examined the effects of sex on the out-
come of DBS therapy for ET, and no differences in outcome
between the sexes were found for either thalamic or
subthalamic stimulation'”*.

Dystonia

Dystonia is characterized by sustained or intermittent
muscle contractions causing abnormal, often repetitive
movements and/or postures. Dystonic movements are
typically patterned and twisting and can be tremulous'”’.

Epidemiology

Dystonia encompasses a group of clinically and aetiolog-
ically heterogeneous diseases, the most common types
being the adult-onset focal dystonias (AOFDs)'7%'7.
Conflicting data on AOFD prevalence have been
reported, probably reflecting non-uniform methodolo-
gies in epidemiological studies'”. Nevertheless, a clear
female predominance has emerged in all types of cranio-
cervical dystonia, namely, blepharospasm, oromandib-
ular dystonia, Meige syndrome, cervical dystonia and
spasmodic dysphonia. The M:F ratio ranges from 1:1.6
to 1:3.8 depending on the type of dystonia'*"'%, with the
peak age at onset in the sixth decade. Focal task-specific
dystonias (FTSDs) such as writer’s cramp'®”'%, musi-
cian’s cramp and golfer’s cramp'®*'** are more frequent in
men than in women'”'; however, typist’s cramp has been
described more often in women'#'*>. These discrepan-
cies in FTSD prevalence could be linked to differences in
daily life activities, including jobs and hobbies, between
women and men.

With regard to generalized dystonia, no sex predom-
inance has been reported in either idiopathic or inher-
ited dystonias — that is, dystonias associated with DYT1
or DYT6 gene mutations, or myoclonus—dystonia (also
known as DYT11). The one exception is dopa-responsive
dystonia (DRD), which is caused by autosomal domi-
nantly inherited GTP cyclohydrolase 1 (GCHI) defi-
ciency and is more frequent among girls and women
than among men'”.

Acute dystonic reactions are known to be more fre-
quent in men than in women'*, whereas tardive dystonia

is more frequent in women'”.

Risk factors

The most common AOFDs, cervical dystonia and
blepharospasm, are believed to result from the inter-
action of susceptibility genes with genetic and environ-
mental risk factors'. One study'”” showed abnormal
temporal discrimination time (TDT; the shortest time
interval at which two separate stimuli are perceived as
asynchronous) in unaffected female first-degree relatives
of patients with cervical dystonia. The TDT is abnormal
in patients with cervical dystonia'*® or other types of focal
and generalized dystonia'””'*~**! and could be a subclin-
ical marker of carrier status for mutations linked to these
conditions. Abnormal TDT might reflect structural and
functional changes resulting from inherited defective
inhibition within the network connecting the superior

colliculus, basal ganglia and sensorimotor cortex*”.

The findings of abnormal TDT in unaffected female
relatives of patients with cervical dystonia suggest that
the penetrance of the causative mutations is greater in
female than in male carriers. These results could partly
explain why cervical dystonia is more prevalent in
women than in men. The involvement of nuclear hor-
mone receptors in epigenetic programming has been
suggested as an explanation for these observations but
remains speculative’”.

Epidemiological and clinical data suggest that sex hor-
mones influence dystonia. The oestrogens could modu-
late the nigrostriatal dopaminergic system™'>", thereby
exacerbating involuntary motor function. However, the
correlation between dystonia and hormone-related events
in women remains to be elucidated. The menstrual cycle
might result in subjective changes in dystonia symptoms,
as shown by two surveys conducted in large cohorts
of premenopausal women, which reported worsening of
dystonia during menses in around 40% of patients'>**.
Anecdotal reports and small case series suggest that preg-
nancy has variable effects on dystonia symptoms, with
improvement, worsening and no effect all being reported
in the literature'”>******, The menopause and HRT do not
seem to substantially influence dystonia***.

Genetics
Sex might affect the penetrance of some forms of genetic
dystonia. DYT11, which is associated with e-sarcoglycan
(SGCE) gene mutations, shows reduced penetrance on
maternal transmission of the disease allele owing to mater-
nal genomic imprinting of the SGCE gene®”. Thus, most
affected individuals will have inherited the disease allele
from their father. As mentioned above, reduced pene-
trance in men has also been described in DRD associated
with heterozygous mutations in the GCHI gene™”.
X-linked dystonia-parkinsonism (also known as
DYT3 or Lubag syndrome) is caused by a mutation on
the X chromosome and, therefore, is primarily observed
in men. However, some affected women have also been
reported, suggesting that several molecular mechanisms
involving the X chromosome, such as homozygosity for
the disease-causing change, non-random X chromo-
some inactivation or mosaic monosomy X, determine
phenotype expression and severity in female carriers®.

Clinical features
The available data from large epidemiological studies
suggest that motor symptoms in isolated dystonia tend to
develop earlier in men, with a shorter time to diagnosis
and a greater severity than is observed in women'#*'%*!!,
However, DRD associated with autosomal dominant
GCH1 deficiency seems to have a more benign motor
phenotype and a later onset in men than in women'”.
Non-motor features, including pain, and sensory and
neuropsychiatric abnormalities, are increasingly recog-
nized in all types of isolated dystonia®'**"°. Psychiatric
disorders, especially major depressive disorders and anxi-
ety disorders, are more frequent in AOFD than in genera-
lized dystonia. The combination of specific psychiatric
features and female predominance in craniocervical
dystonia suggests a common underlying sex-related
pathophysiology, which remains poorly understood.
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Response to treatment

A large international cross-sectional analysis*'® from the
Dystonia Coalition Project 1 found no sex differences in
the use of oral medications (anticholinergics, benzodiaz-
epines, muscle relaxants, dopaminergics and baclofen)
or botulinum toxin treatment when all types of dystonia
were combined. However, according to evidence-based
recommendations, botulinum toxin treatment is con-
traindicated during pregnancy and lactation in women
with cervical dystonia®'’.

Sex does not seem to influence the response to glo-
bus pallidus internus stimulation, and DBS surgery has
been found to be safe during pregnancy in case series
of women with dystonia'***'*"?. When proposing DBS
to women with dystonia, a rechargeable battery might
be encouraged to avoid surgery scars related to repeated
replacement. In women planning a pregnancy, subclav-
icular rather than abdominal battery placement would
be preferred.
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Huntington disease

Huntington disease (HD) is a rare, progressive neuro-
degenerative disorder that is inherited as an autosomal
dominant trait and is characterized by a variable com-
bination of movement disorders, cognitive impairment

and behavioural symptoms**.

Epidemiology

HD is caused by a polyglutamine triplet (CAG) repeat
expansion in the huntingtin (HTT) gene on chromosome 4
(REF*%). The condition has an autosomal dominant pat-
tern of inheritance and shows equal penetrance and
prevalence in both sexes. However, data from HD animal
models****** and epidemiological cohorts***** suggest
that sex accounts for some variability in disease expres-
sion between men and women. A large American cohort
study*” found a slightly higher HD prevalence among
women than among men (7.05 versus 6.10 per 100,000;
P<0.01), suggesting a possible relationship between sex
and HD.

Risk factors

CAG repeat expansion length is recognized to be the
strongest risk factor for developing HD, with greater
numbers of repeats predicting an earlier age of onset*"*,
However, evidence suggests that other factors contribute
to HD phenotype expression. For example, the apolipo-
protein E €23 genotype is associated with a significantly
earlier age of HD onset in male than in female patients™”,
indicating that this genotype is a risk factor for earlier
onset in men.

Sex hormones might account for a small portion
of the phenotypic variance in HD, with preliminary
evidence from animal models suggesting a protective
effect of oestrogens on neurodegeneration related to
HD progression®**.,

Genetics

Sex differences in normal neurodevelopment have been
described in children who have a family history of HD
but have HT'T CAG repeat lengths below the threshold
for disease development*. Longer repeats are associated
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with advantageous changes in brain structure and IQ
that are more pronounced in girls than in boys.

The sex of the affected parent seems to predict the
intergenerational CAG repeat instability of mutant
HTT?", which tends to be higher with paternal transmis-
sion, possibly because repeat size increases occur more
in the course of spermatogenesis than in oogenesis*”.
Another possible explanation is that a massive expansion
of CAG could destroy the oocyte, resulting in impaired
fertilization*’. Moreover, juvenile-onset HD, manifest-
ing with parkinsonian features rather than with chorea,
tends to be linked to paternal transmission, whereas
maternal inheritance is more frequently associated with
later onset of the disease*".

Clinical features

Several studies have investigated sex effects on the
clinical features of HD. On the basis of two large, inter-
national cohort studies**>**°, women have a more severe
disease phenotype and faster progression, particularly in
the motor and functional domains, than men, and they
tend also to have a longer disease duration, despite no
significant differences in the age of onset”. Men who
inherit HD from an affected mother seem to have a
slower disease course than men who inherit the condi-
tion from an affected father*”. No sex differences have
been reported in the clinical phenotype at onset (usually
characterized by motor symptoms) or in the distribution
across stages of the disease®.

A large study** based on the REGISTRY database
found that HD motor symptoms have a stronger impact
on functional ability and independence in women than
in men, but no sex differences were found in the effects
of functional disability on quality of life.

Investigations of a possible correlation between clini-
cal features and lifetime oestrogen exposure and HRT
in women with HD are limited, mainly because of the
young age of onset of the disease. Reduced plasma levels
of total testosterone and dehydroepiandrosterone sulfate
have been linked to the presence of depression but not
dementia in female patients with HD*. Low plasma
testosterone levels have been associated with high dis-
ease severity and dementia but not with depression or
psychotic features in men with HD**.

Evidence is emerging for a reduced disparity in the
prevalence of depression between women and men in
the HD population compared with the general popula-
tion*”. A large European cohort study found no inde-
pendent effect of sex on depression in HD after controlling
for other variables using an interviewer-rated measure''.
Similarly, another European population study** found no
significant sex differences in anxiety and depressive symp-
toms in HD. In contrast with findings in the general popu-
lation, the similar prevalence in depressive symptoms
between men and women with HD could be related to
the higher levels of disability and functional impairment
in the HD population. No differences in suicidal ideations
or attempts, obsessive—compulsive disorder (OCD) or
psychotic symptoms have been described between men
and women with HD**. A higher prevalence of current or
past nicotine*” or alcohol****? abuse has been reported in

men than in women in this population®”.
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A few studies have investigated sex differences in
body composition in patients with HD. Women with HD
have lower bone mineral density than both healthy con-
trols and affected men, whereas men with the condition
show a significant reduction in lean body mass. Overall,
women tend to be less affected than men with regard to
body composition**, suggesting a different impact of the
disease on energy expenditure and metabolism between
the sexes.

Response to treatment

No studies have specifically addressed sex differences
in medical treatment for movement disorders in HD.
However, in two randomized, double-blind, placebo-
controlled studies****** and one open-label, long-term,
follow-up study**, the dopamine receptor antagonist
tetrabenazine showed similar therapeutic efficacy and
rates of adverse events between men and women who
were receiving the drug to treat choreic symptoms.
In another study?”, from the Enroll-HD database, no sex
differences in the efficacy of olanzapine, risperidone and
tetrabenazine for HD chorea were found.

With regard to the treatment of mood disorders, the
PREDICT-HD study, which mostly involved prodro-
mal carriers of the HTT repeat expansion, found a sex
difference in the use of antidepressant medication, with
women being more likely than men to be prescribed
serotonergic antidepressants***. However, in another
study”?, mostly involving symptomatic patients with HD,
in comparison with men, women had higher rates of cur-
rent use of anxiolytics but not antidepressants, although
they were more likely than men to have used both anxi-
olytics and antidepressants in the past. The discrepancy
between these two studies might reflect increased rates
of prescription of antidepressants in men as the disease
progresses. The past use of anxiolytics and antidepres-
sants in women might suggest that they are more likely
than men to seek help for depression, probably related to
greater disease severity and faster progression.

Most of the literature on pregnancy and HD to date
has focused on genetic counselling in pre-symptomatic
women, which is beyond the scope of this Review.
However, as the mean age at pregnancy is rising in
Western countries, the need to manage sympto-
matic women during pregnancy is likely to increase.
Therefore, studies specifically addressing treatment
during pregnancy in HD are needed. Of note, dopa-
mine receptor blockers are classified according to the
FDA Use-in-Pregnancy Ratings as category C (“Risk
cannot be ruled out. Human studies are lacking ...
However, potential benefits may justify the potential
risk”)* in pregnancy and are contraindicated in the
first trimester. Haloperidol is generally preferred over
the other typical neuroleptics because of the lower risk
of maternal adverse effects*’. With respect to second-
generation antipsychotics, a clinical review found
that in utero exposure to aripiprazole, olanzapine and
quetiapine is not associated with increased risks of
major congenital malformations, whereas risperidone
might carry a slightly increased risk of such malfor-
mations®”. Tetrabenazine has been classified as class C
in pregnancy. Among the tricyclic antidepressants,

desipramine and nortriptyline are preferred in preg-
nant women owing to their minimal adverse effects.
The selective serotonin reuptake inhibitor fluoxetine
also seems to be safe in pregnancy'”.

Sydenham chorea and chorea gravidarum
Epidemiology

Sydenham chorea, also known as rheumatic chorea, is
considered to be an autoimmune neurological mani-
festation of acute rheumatic fever, occurring mainly
in childhood. The prevalence of this condition is three
times higher in women than in men*'. Chorea grav-
idarum can be the initial manifestation of Sydenham
chorea or can represent a recurrence of childhood
Sydenham chorea during pregnancy”*?. Chorea grav-
idarum might be induced by the interaction of hor-
monal changes related to pregnancy with basal ganglia
damage from prior rheumatic fever”’. However, other
causes have been reported to underlie this form of cho-
rea, including systemic lupus erythematosus, primary
antiphospholipid antibody syndrome, syphilis and
encephalitis. Moreover, oral contraceptives can cause
chorea in women, even in the absence of a history of
Sydenham chorea or chorea gravidarum.

Clinical features

Chorea gravidarum arises mostly after the first trimes-
ter of pregnancy, with a prevalent generalized pattern,
although focal and multifocal chorea and hemichorea
have also been reported””’. Complications, including
spontaneous abortion, frequently occur during chorea
gravidarum. With progression of the pregnancy, the sever-
ity of choreic movements tends to decrease. The disease
resolves after delivery in up to one-third of patients but
can last for several months afterwards.

Response to treatment

No sex differences have been reported with regard to the
treatment of Sydenham chorea. Medications for chorea
gravidarum are recommended only in situations where
the health of the mother or fetus is threatened.

Tic disorders

Tic disorders are neurodevelopmental conditions with
onset in the first two decades of life and may or may not
persist into adulthood**. Tics, which represent the core
defining feature of these disorders, are defined as recur-
rent, patterned, usually rapid, non-rhythmic movements
and vocalizations, which can be suppressed voluntarily
to a variable degree. Among the tic disorders, Tourette
syndrome (TS) is characterized by the coexistence of
multiple motor and vocal tics with onset in childhood
and adolescence and lasting for more than 1 year*".

Epidemiology

Chronic tic disorders, including TS, affect men more
than women, with M:F prevalence ratios ranging from 2
to 10 (REFS**%), The striking male predominance in tic
disorders is consistent across nationalities’ but seems
to decrease in adulthood”®, with a female preponder-
ance being reported above the age of 30 years in German
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administrative data*®.
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Risk factors

Some evidence supports a role for increased exposure to
androgenic steroids during the very early phases of neu-
ral development in the pathophysiology of tic disorders.
Patients with TS show enhanced reactivity of the hypo-
thalamic-pituitary-adrenal axis to external stressors,
although they exhibit a normal diurnal cortisol rhythm
and normal restoration of baseline activity of the axis
following the acute stress response. Oxytocin is another
hormone that has been implicated in disorders related to
the TS spectrum, in particular non-tic-related OCD**.

Complications during pregnancy, maternal prenatal
smoking and high stress have all have been implicated as
risk factors for the occurrence of TS in the offspring***%.
Furthermore, maternal prenatal use of nicotine has been
linked to an eightfold increased risk of developing OCD
associated with TS,

Among the risk factors for tic disorders, the involve-
ment of abnormal innate and adaptive immune responses
is the subject of ongoing research’”. Dysfunctional neural-
immune crosstalk has been observed in patients with
TS, in analogy to other neurodevelopmental disorders™.

Biomarkers

In young people (aged 10-25 years) with TS, thinning of
the frontoparietal cortex has been observed in males rela-
tive to females”’. Moreover, a negative correlation between
tic severity and pre-central and post-central cortical thick-
ness has been found to be more prominent in boys than
in girls with TS. These findings could suggest that these
brain areas are important players in the pathogenesis of
tics, especially in male patients. In girls with TS, fronto-
parietal cortex morphology seems to be associated with
tic control, suggesting underlying adaptive plastic changes.

Genetics

Maternal transmission is associated with an earlier age at
onset of tic disorders, greater motor tic complexity and
more frequent compulsive rituals. By contrast, paternal
transmission seems to result in greater vocal tic severity,
earlier onset of vocal tics and more severe attention
deficit-hyperactivity disorder (ADHD)*"*"".

The potential interaction between genetic and environ-
mental susceptibility factors in tic disorders is still poorly
understood. The heritability of TS was calculated to be
0.77 in a large-scale, multigenerational family study”’.
However, a twin family study*” found a lower heritability
(0.25-0.37), suggesting a prominent role for environmen-
tal factors. No differences in familial risk or heritability
of TS between male and female patients have emerged™”.

Like other neuropsychiatric disorders, T'S has a poly-
genic aetiology, and genome-wide association studies are
currently being used to study this movement disorder.
One genome-wide significant locus within the FLT3
gene on chromosome 13, rs2504235, was found to be
associated with TS**. No sex differences in the genetic
expression of tic disorders have been found.

Clinical features

Tic manifestations (type, number, frequency and com-
plexity) do not show significant sex differences. However,
tic frequency has been reported to increase during the
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oestrogenic phase of the menstrual cycle’”. In addition,
female patients seem to have less spreading of motor
tic distribution in adulthood compared with men®”'.
Lessening of tics with increasing age has been found in
both sexes™”.

Sex might have a role in determining clinical comor-
bidities in patients with TS, especially at the onset of the
disease. Some studies have found sex-specific clinical
expression in the spectrum of neuropsychiatric dis-
orders associated with TS*°. For example, onset with
compulsive tics is more typical in female than in male
patients, whereas onset with behavioural issues is more
frequent in males*”. Men more frequently exhibit rage,
which correlates with a higher prevalence of ADHD
— especially ADHD associated with depression — in
men than in women with TS, as well as in the general
population®””*”%, Furthermore, among individuals with
chronic tic disorders, women are more likely than men to
report a history of depression and non-OCD anxiety””.

Sex also influences the neuropsychological profile
of patients with tic disorders. Among children with
TS, girls were slower than boys on a letter-word flu-
ency task?’ — seemingly the only task on which girls
showed a greater TS-related deficit than boys. However,
girls with TS plus ADHD were less impaired than their
male counterparts on this task*®. Interesting, sex is also
thought to influence clinical manifestations in the rela-
tives of patients with TS or other tic disorders. Female
relatives of these individuals are more likely to exhibit
OCD without tics, whereas male relatives are more
likely to exhibit tics®*'~**.

Women might experience greater functional inter-
ference with their social lives from tics than men. An
exploratory research found that women reported
increased rates of tic-related interference with their
social, leisure and domestic activities compared with
men. Moreover, women reported greater public avoid-
ance behaviour, lower quality of life and diminished
physical well-being due to tics*”.

Response to treatment
Among individuals with TS, women have shown a better
response to haloperidol than men, with the latter often
requiring medication changes””. In one study, no sex
differences in treatment-seeking behaviour or attitudes
towards treatment were reported in people with tic dis-
orders™”. Furthermore, the modality of intervention, per-
ceived benefit of the treatment and perceived duration of
benefit did not differ between the sexes. A long-term fol-
low up of the North Dakota childhood study showed that
men demonstrated more variability in tic improvement
related to treatment over time but more improvement
overall than women™.

Neuroleptic drugs are generally contraindicated
during pregnancy, and fluoxetine is preferred for the
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treatment of TS-associated OCD during pregnancy

Conclusions

Through complex correlations and interactions with
environmental and genetic factors, sex differences seem
to influence multiple facets of movement disorders,
including pathogenesis, risk factors, clinical features
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and overall management. Sexual dimorphisms and sex
hormones modulate the dopaminergic system, and
oestrogens seem to predispose to and/or exacerbate
hyperkinetic conditions such as chorea, dystonia and
tics, although overall, tic disorders are more frequent
in men than in women. By contrast, oestrogens might
have a protective effect against PD: compared with
men, women tend to be older at disease onset, exhibit
lower PD prevalence and incidence and are less likely
to develop the diffuse malignant subtype. However,
women also show a higher rate of the tremor phenotype

and more dyskinesia, motor fluctuations and NMFs in
comparison with men.
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