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Abstract

Spinal and bulbar muscular atrophy (SBMA), also known as Kennedy’s disease, is a rare, X-linked hereditary lower motor
neuron disease, characterized by progressive muscular weakness. An expanded trinucleotide repeat (CAG > 37) in the andro-
gen receptor gene (AR), encoding glutamine, is the mutation responsible for Kennedy’s disease. Toxicity of this mutant
protein affects both motor neurons and muscles. In this review, we provide a comprehensive, clinically oriented overview of
the current literature regarding Kennedy’s disease, highlighting gaps in our knowledge that remain to be addressed in fur-
ther research. Kennedy’s disease mimics are also discussed, as are ongoing and recently completed therapeutic endeavours.
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Introduction

Spinal and bulbar muscular atrophy, also known as Ken-
nedy’s disease (SBMA; OMIM 313200), is a rare, X-linked
hereditary lower motor neuron disease, characterized by
progressive muscular weakness. An expanded trinucleo-
tide repeat (CAG > 37) in the androgen receptor gene (AR),
encoding glutamine, is the mutation responsible for Kenne-
dy’s disease [1]. It is one of the nine neurological disorders
caused by a CAG repeat expansion (polyglutamine diseases)
and was the first disease where a pathogenic-expanded tri-
nucleotide repeat was identified [2]. Toxicity of the mutant
protein affects both motor neurons and muscles.

Although earlier reports exist, particularly in the Japanese
literature, description of Kennedy’s disease is accredited to
William R. Kennedy who described this entity in 11 patients
from two different kindred in 1968, noting the sex-linked
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recessive pattern of inheritance [3]. Harding et al. reclassi-
fied Kennedy’s disease as X-linked bulbospinal neuronopa-
thy suggesting a sensory neuronopathy in addition to motor
neuron loss [4]. In 1986, the causative genetic defect was
localized at the DXYSI marker, in the X chromosome. In
1991, La Spada et al. [1] identified this genetic defect to be
an expanded CAG repeat in the first exon of the AR gene.

In this review, we provide a comprehensive, clinically ori-
ented overview of the current literature regarding Kennedy’s
disease, highlighting gaps in our knowledge that remain to
be addressed in further research.

Methodology

Literature searches were conducted on MEDLINE (Pub-
Med), Scopus, and clinicaltrials.gov, using several key words
and their combinations. Search terms included: Kennedy’s
disease, spinal and bulbar muscular atrophy, spinobulbar
muscular atrophy, bulbospinal muscular atrophy, and lower
motor neuron disease. References from the selected articles
were also thoroughly screened for other pertinent articles.
Additional searches were performed for specific topics (e.g.,
sleep disorders and autonomic dysfunction). During the
screening of the abstracts/full texts, the publications that
were not relevant to this review were removed. No language
or publication period restrictions were applied to the initial
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searches. However, only English-speaking publications were
further studied in detail.

Prevalence of SBMA

Kennedy’s disease is a very rare disease in most populations.
Consequently, prevalence studies of SBMA are uncommon
[5]. A recent study from the UK identified only 61 patients
over 9 years, despite the creation of a national register for the
disease [6]. Nevertheless, previous reports have suggested
that SBMA may be underestimated due to limited physi-
cian awareness [7], the often quoted prevalence of 1-2 per
100,000 resulting from an underdiagnosis. In fact, Fischbeck
reported a prevalence that approaches 1 in 40,000 and Gui-
detti et al. a prevalence of 1.6/100,000 in Reggio of Italy
[8, 9]. Several founder effects are observed, particularly in
genetically isolated areas such as the Vasa Region in West-
ern Finland (13/85.000 male inhabitants) [10]. A founder
effect also exists in the Japanese population, which explains
the fact that Kennedy’s disease is much more common in the
Japanese than in other ethnic populations [11].
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Pathogenesis: mechanism

The exact mechanism by which coding CAG triplet repeat
expansion leads to neurodegeneration remains to be eluci-
dated. The common neuropathological feature of all poly-
glutamine diseases are intranuclear inclusions consisting
of misfolded polyglutamine-expanded proteins in affected
neuronal populations (Fig. 1).

In SBMA, there is increasing evidence that toxicity of the
mutant protein is caused by an androgen-dependent gain of
function by the receptor (androgen-dependent neurodegen-
eration). In normal subjects, the presence of androgen bind-
ing by the receptor results in nuclear translocation and regu-
lation of androgen-responsive elements in the genome. In
contrast, in Kennedy’s disease, the androgen binding by the
receptor results in aggregation of the mutant receptor, fol-
lowed by formation of nuclear inclusions (in tissues where it
is expressed), and impairment of its function [12]. Toxicity
of the mutant androgen receptor is thus mediated through
transcriptional dysregulation and other not well-defined
mechanisms [13]. However, a loss-of-function mechanism
is also important, explaining the endocrine clinical mani-
festations of the patients, such as gynecomastia and reduced
fertility, in addition to weakness and muscle atrophy.

In affected individuals, degeneration of anterior horn cells
in the spinal cord is observed [14]. In addition to neuro-
genic muscle atrophy, changes in muscle are also noted, with
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Fig. 1 Schematic diagram showing the pathomechanism of SBMA
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evidence of a primary myopathic process, including necrotic
myofibers and myofibers with centrally located nuclei [15].
Inclusions of mutated androgen receptor (AR) protein are
shown by immunohistochemical methods [16]. The exact
mechanism and role of the motor neuron and muscle in the
pathogenesis in patients with SBMA are not yet clear [17].
Findings in SBMA mice have partly supported the idea of
degeneration of skeletal muscle initially, which resulting in
motor neuron dysfunction and loss [18].

Genetic counselling: affected males
and females carriers

Asking for family history is important, as patients with
Kennedy’s disease usually have other affected relatives.
SBMA is inherited in an X-linked recessive pattern in con-
trast to all other polyglutamine diseases that are transmitted
in an autosomal-dominant pattern. It affects mainly men.
Asymptomatic women usually transmit the disease and only
a minority of female carriers (>38 CAG repeats) report mild
symptoms such as cramping or tremor [7]. Highly skewed
inactivation of the affected X chromosome relates with
asymptomatic female carriers of SBMA [19]. In addition,
female carriers are protected by their low levels of circulat-
ing androgens and, consequently, lower level of androgen
receptor stimulation [20].

The absence of X-linked family history does not exclude
the diagnosis of Kennedy’s disease. Genetic status of the
mother determines risk to offspring. The probability of
inheriting the pathogenic-expanded CAG trinucleotide
expansion for each offspring is 50%, based on the fact that
all tested mothers are heterozygotes. Affected males do not
transmit the pathogenic CAG trinucleotide expansion to
their sons, and all their daughters will be heterozygotes (car-
riers) [20]. As described in other coding CAG triplet repeat
disorders, paternal transmission leads to intergenerational
increases in CAG repeat size, indicating that unstable CAG
repeats occur during spermatogenesis [21]. This results in
the well-described phenomenon of anticipation that is dis-
cussed below.

Diagnosis

Diagnosis is established with genetic testing of CAG tri-
nucleotide repeats in the androgen receptor (AR) gene.
Expanded repeat lengths of 38—-68 CAGs in the AR gene
are reported in patients with Kennedy’s disease [22, 23].
The CAG repeat length range in a normal population is
11-32 CAGs. Interestingly, a contracted CAG repeat in the
AR gene was reported in three brothers with mental retarda-
tion [24].

An allele of 37 CAG repeats was found in a 46-year-old
asymptomatic patient, suggesting that SBMA may mani-
fest as reduced penetrance disease, although follow-up data
have not been reported on this case to settle the matter [25].
Given that age at onset of Kennedy’s disease is usually esti-
mated between 30 and 50 years and an inverse correlation
exists between the age at onset and CAG repeat length, it is
expected that such patients could manifest late-onset Ken-
nedy’s disease, so late, in fact, that some patients may die
before clinical manifestations appear [25]. Consequently,
patients with 35-37 CAG repeats should be evaluated peri-
odically over their entire lifespan, in accordance with fam-
ily history, neurological examination findings, and geno-
type—phenotype correlations in other family members. Age
of onset also inversely correlates with number of CAG triplet
repeats in other CAG repeat diseases, such as Huntington’s
disease [26].

A molecular genetic diagnosis should ideally be estab-
lished in an affected family member before testing unaf-
fected family members. Sensitivity and specificity of
SBMA molecular gene testing are, excepting human error,
100%, and it is available in clinical reference laboratories
worldwide.

Laboratory testing of serum creatine kinase (CK) and
electrophysiology studies are frequently abnormal at the
time of diagnosis. Creatine kinase (CK) level is usually ele-
vated, in about 80% of SBMA patients (> 3—4 times), and it
may precede other symptoms [27]. Liver enzymes are also
often elevated, and metabolic disturbances such as diabetes,
dyslipidaemia, and hypercholesterolemia are noted [28—-30].
A recent study has demonstrated that serum creatinine lev-
els begin to decrease before symptom onset, suggesting that
they may be a useful biomarker for preclinical SBMA pro-
gression [31].

Differential diagnosis: Kennedy’s disease
mimics

Time to SBMA diagnosis after onset of weakness averaged
5.5 years, and the time from first medical evaluation to diag-
nosis averaged more than 3 years [32]. This could be attrib-
uted to the fact that many patients with Kennedy’s disease
are misdiagnosed in the beginning as having amyotrophic
lateral sclerosis (ALS), as there are a lot of common symp-
toms and signs between SBMA and other motor neuron dis-
eases. Parboosingh et al. reported that 2% of patients diag-
nosed with ALS actually suffer from Kennedy’s disease [33].
Unlike SBMA, disease progression in ALS is significantly
more rapid. Moreover, androgen insensitivity is not observed
in ALS. On examination, individuals with ALS have upper
motor neuron signs, such as hyperreflexia and spasticity,
and greater asymmetry is noted. However, early on in the
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disease, these may not be evident. In comparison to ALS,
lower sensory nerve action potential (SNAP) amplitudes are
seen in Kennedy’s disease, providing another useful tool in
the differential diagnosis of these two diseases [34].

Hereditary causes that can mimic SBMA include spinal
muscular atrophy (SMA) type IV and distal hereditary motor
neuropathies (dHMN5s) [35]. An overlap of symptomatology
also exists between SBMA disease and other diseases such
as metabolic myopathies, myasthenia gravis, and polymy-
ositis [36]. Other non-hereditary Kennedy’s disease mim-
ics include progressive muscular atrophy (PMA), infections
(post-polio syndrome), structural lesions (spinal cord arte-
riovenous malformations), paraneoplastic syndromes, and
toxins (chronic lead poisoning) [20].

Atypical SBMA cases may often lead to misdiagnosis.
Unusual clinical presentations such as jaw drop, myotonia-
like symptoms, and pure symptomatic bulbar phenotype
have been rarely reported, expanding the known phenotype
associated with SBMA [37-39]. In addition, a 29-year-old
patient with SBMA with a 68 CAG repeat expansion in the
AR gene, the largest repeat CAG size that has been reported
so far, presented with atypical manifestations [23]. This
patient had the early onset of disease at age 18, autonomic
dysfunction, and abnormal sexual development.

Clinical phenomenology

Muscle weakness and wasting of the limbs, bulbar weak-
ness, tremor, cramps, fasciculations, sensory neuropathy,
gynecomastia, and sexual dysfunction are the major clini-
cal manifestations of Kennedy’s disease (Table 1) [3, 40].

Intra-familial variability in clinical features of the disease
has been reported [41].

Motor manifestations

As SBMA is a lower motor neuron disease, muscle weakness
is the main clinical motor manifestation. The most common
presenting symptom that brings patients to the hospital is
lower limb weakness (90%) [6, 22]. However, other symp-
toms such as cramps or tremor may precede the onset of
muscle weakness. We should note that early in the disease
course, muscle weakness in the lower limbs is usually more
proximal than distal, which could serve as a clinical hint in
differential diagnosis with dHMN. Tremor is usually a high-
frequency postural tremor of the hands. Postural leg tremor
has also been described in some SBMA patients [42]. On
examination, muscle atrophy, fasciculations, decreased, or
absent tendon reflexes are observed. Bulbar muscle weak-
ness is rarely the presenting symptom. Usually, it follows
lower limb weakness and manifests as fasciculations of
the tongue with midline furrowing due to wasting of glos-
sal muscles (Fig. 2, video-supplementary file), fascicula-
tions—myokymia of perioral region, dysarthria, and dyspha-
gia [43, 44]. In almost 80% of SBMA patients, dysphagia is
found, particularly during the later course of the disease [43].
Laryngospasms are noted in some patients [45]. Twitching
movements of the chin (perioral fasciculations-myokymia),
known as “quivering chin”, may appear due to spontaneous
motor unit discharges or voluntary contractions of the perio-
ral muscles [46]. Perioral fasciculations are also an impor-
tant clinical hint to the diagnosis of Kennedy’s disease, espe-
cially if associated with other characteristics of Kennedy’s

Table 1 Cardinal clinical features and other instrumental findings in Kennedy’s disease

Cardinal clinical features

Other instrumental findings

Neurological
Lower limb muscle weakness and atrophy
Upper limb muscle weakness and atrophy
Bulbar muscle weakness (dysarthria and dysphagia)

Fasciculations (tongue and diffuse muscle fasciculations and perioral
myokymia-quivering chin)

Tremor

Cramps

Decreased or absent tendon reflexes

Sensory symptoms (numbness and tingling)
Non-neurological

Gynecomastia

Testicular atrophy

Reduced fertility

Erectile dysfunction

Elevated CPK

Hyperlipidemia

Diabetes

Non-alcoholic fatty liver disease

EMG/NCS: acute and chronic diffuse denervation atrophy,
(anterior horn cell loss), and low SNAP amplitudes (sensory
neuropathy)
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Fig.2 61-year-old SBMA patient with wasting of the tongue, scallop-
ing of the borders, and midline furrowing

disease like proximal muscle atrophy and gynecomastia [47].
Respiratory failure is uncommon, even in advanced stages of
the disease. However, any indications or respiratory distress
should prompt further respiratory testing.

Non-motor manifestations

Sensory symptoms, like numbing and tingling, are also
reported mainly in the distal limbs, in more than half of
SBMA patients, but usually in later course of the disease
[48]. Although autonomic nervous system involvement is not
considered as part of Kennedy’s disease, evidence exists that
the autonomic nervous system may be subclinically involved
[49].

While the neurological features of SBMA patients are
well known, the non-neural clinical involvement has been
less extensively investigated. Signs of androgen insensitiv-
ity, such as gynecomastia, reduced fertility, and testicular
atrophy, are observed in SBMA affected males, sometimes
beginning in adolescence and continuing through adulthood
[36]. SBMA patients may experience problems such as low-
sperm count and erectile dysfunction.

Regarding sleep abnormalities in SBMA, obstructive
sleep apnea (OSA) is the most common sleep disorder [50].
Sleep quality is poorer in Kennedy’s disease patients in com-
parison to controls. It is noteworthy that, in a recent study,
22% of SBMA patients showed periodic limb movements
in sleep [50].

Cardiological investigations indicate a Brugada-like elec-
trocardiogram, with a coved or saddle-back-type ST-segment
elevation in more than one right precordial lead, in about
12% of patients in a Japanese study [51]. A downregulation
of the SCN5A is thought to be the causative effect, leading
to sodium reduction in the myocardium [51]. No signs of
structural cardiomyopathy are reported in this study, but it
is noteworthy that a symptomatic Brugada syndrome was
recorded in two patients, who died abruptly. Interestingly,

an Italian study confirmed Brugada ECG abnormalities in
three SBMA patients (4%), albeit at a lower percentage [29].
However, Brugada syndrome is known to be more frequent
in the Asian than the European population. These findings
highlight the need for ECG testing in SBMA patients. More
specifically, to enhance sensitivity for the detection of Bru-
gada-like ECG changes, the recommendation is to record in
non-conventional upward right precordial leads, V1-V2 over
the IIT and II intercostal space. Patients presenting with these
abnormal findings in ECG should be monitored closely by a
cardiologist, avoid high fever, hypokalemia, and use antiar-
rhythmic drugs with caution [51]. Further studies are needed
to evaluate ECG changes in SBMA in other populations.

Metabolic disturbances are also reported In Kennedy’s
syndrome. Total cholesterol, LDL, and triglycerides are usu-
ally elevated, and diabetes often coexists in SBMA patients
in several studies, implying the existence of a partial meta-
bolic syndrome in these patients [6, 22, 29, 32, 52]. Non-
alcoholic fatty liver disease is observed in a recent study
[53]. The underlying mechanism is unknown and therapeu-
tic dilemmas exist regarding the use of statins in SBMA
patients. Statin-associated muscle toxicity is a well-known
adverse event of statins, raising safety issues when consider-
ing statins as treatment in SBMA patients [29].

In a recent study, more than 40% of patients with SBMA
reported moderate or severe lower urinary tract symptoms
(LUTS) in the absence of benign prostatic hyperplasia [29].
The exact mechanism responsible for bladder obstruction is
not yet clear. Androgen sensitivity is postulated, since low
androgen levels have been associated with a higher risk of
bladder outlet obstruction [29].

Central nervous system involvement has also been
described in SBMA patients. Recent studies highlight
decrease in grey matter volume, particularly in frontal areas.
White matter atrophy is also reported [54]. These findings
are in agreement with clinical aspects of SBMA phenotype,
such as behavioural abnormalities, and with histopathology
of the disease [55, 56]. In addition, glucose hypometabolism
in frontal areas was found in a study of ten SBMA patients
who underwent PET studies [57]. Results of all relevant
studies suggest a subclinical involvement of the upper motor
neuron in Kennedy’s disease.

Age of onset

Age of onset is usually estimated between 35 and 40 years
[28]. However, there are a few cases reporting onset before
adulthood [58]. Age of onset and symptoms at onset are still
under debate, due to the high variability between studies.
Manifestations such as gynecomastia, testicular atrophy, and
tremor may precede, by years, the onset of muscular weak-
ness, appearing even in adolescence. Unreliable information
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regarding the initial manifestations of SBMA may lead to an
erroneous age of onset of SBMA. This could be attributed to
the fact that manifestations like tremor or cramps are often
not recognized as onset manifestations. Only motor symp-
toms are usually reported as onset symptoms of SBMA.
Furthermore, SBMA patients may not be fully aware of
symptoms such as easy fatigability, tremor, or cramps, and,
thus, may not be able to pinpoint the exact age of onset of
each symptom [7]. Nevertheless, non-motor manifestations
should also be recognized as onset manifestations [40].

Genotype-phenotype correlations

An inverse correlation exists between the number of CAG
repeats and age of disease onset, as assessed by muscle
weakness [1, 59]. In addition, earlier age of disease onset
correlates with reaching individual activity daily living
(ADL) milestones earlier (handrail, cane, wheelchair-bound,
death), as it is described in those with longer CAG repeats
[22]. Consequently, SBMA males with a larger number of
CAG repeats tend to have earlier disease onset and reach
disability milestones earlier [59]. Bulbar symptoms, gyne-
comastia, and insulin resistance also correlate with the
length of the CAG repeat [22, 60]. However, progression
rate (defined as rate of decline between milestones) is not
correlated with CAG repeat size [22].

Only 60% of the variability observed could be attributed
to CAG repeat number, indicating that other factors such as
environmental effects, and genetic and epigenetic modifiers
exist [20]. The fact that relatives with SBMA and an identi-
cal CAG repeat number may have different disease course
further supports this statement.

Electrodiagnostic studies and muscle biopsy

Over 90% of patients with Kennedy’s disease will have
abnormal nerve conduction studies [28]. Symptomatic
female carriers with cramps or tremor may also have abnor-
mal electromyography [34, 61]. Diffuse denervation atrophy,
anterior horn cell loss, and sensory neuropathy are common
findings in electrodiagnostic testing of SBMA patients. Low
SNAP amplitudes are observed. A significant proportion
though is reported to have normal SNAPs [10]. Small myeli-
nated and unmyelinated fibers are also involved, as shown
in a skin biopsy study, which could explain the neuropathic
pain reported by some SBMA patients [62]. Furthermore,
a neurophysiological study of trigeminal reflexes indicated
a trigeminal ganglionopathy [63]. Myopathic changes, such
as central nuclei and myofibrillar disorganization, have been
noted in addition to neurogenic changes (fiber-type group-
ing, angulated fibers) in muscle biopsy [64]. Regarding the
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quivering chin, grouped repetitive discharges suggestive
of myokymia have been recorded, although there is some
controversy around whether they constitute true myokymia
rather than fasciculations [48, 65].

Prognosis and management of Kennedy'’s
disease

A slow disease progression in Kennedy’s disease patients
is described, with good mobility preservation until the late
stages of disease [13]. The use of a wheelchair starts at a
median age of about 60 years [22]. Even in the early stages
of the disease, SBMA patients can present with manifesta-
tions such as dysarthria, which may progress to dysphagia.
Life expectancy of these patients, however, is not signifi-
cantly affected [40]. SBMA patients usually have a normal
life expectancy, although there is a higher risk of choking
and aspiration pneumonia because of bulbar weakness [22].
In comparison to other motor neuron diseases (e.g., ALS),
disease progression is slow, with muscle strength declining
only by 2% per year [66].

Currently, no disease-modifying treatment is established
for SBMA. As a result, management of SBMA is focused
on preventing complications of the disease, such as falls,
fractures, aspiration, and reduced mobility. While dyspnoea
is unusual, shortness of breath should be investigated with
pulmonary function testing. A swallowing study should be
performed in patients with dysphagia to exclude aspiration
risk. Video fluorography with barium is used to assess such
deficits in swallowing [44]. Specific exercises adjusted to
the functional level of each patient and prophylactic meas-
ures are advised to reduce the risk of aspiration and enhance
mobility of SBMA patients. However, the exact role of exer-
cise is not yet clear and there was no significant effect from
different studies [67].

Clinical trials and ongoing studies

The therapeutic target of most clinical trials in SBMA is
to reduce the AR ligand. To date, most trials have failed to
demonstrate a clear therapeutic benefit, paving the way for
a promising intervention in SBMA.

Leuprorelin is a hormone analogue that reduces the
production of testosterone and, consequently, dihydrotes-
tosterone. It was shown to decrease disease manifestations
in transgenic mouse models of SBMA [68]. Subsequent
studies on patients with SBMA did not show a signifi-
cant improvement compared with placebo in the ALS
Functional Rating Scale (ALSFR) [69, 70]. However, a
recent long-term study concluded that treatment with leu-
prorelin acetate appears to delay the functional decline
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and suppress the incidence of pneumonia and death in
SBMA patients [70]. Dutasteride, is another agent, a
Sa-reductase inhibitor, which was evaluated in a 2-year
randomized, double-blind, placebo-controlled study of 50
SBMA patients and found to have no effect on the pri-
mary measure of muscle strength [66]. Clenbuterol is a
B2-adrenoceptor agonist usually used in asthma, as it has
an anabolic effect, increasing skeletal muscle mass and
decreasing body fat. Therefore, a pilot trial was conducted
to test efficacy and tolerability of clenbuterol in 16 SBMA
patients, showing an increase in the 6-min walk test and
forced vital capacity after 12 months [71]. Further rand-
omized placebo-controlled studies of drugs in this class
are needed to investigate functional efficacy. Recently,
a RNA interference strategy to target AR for suppres-
sion was studied, achieving reduction of polyglutamine-
expanded AR expression in a mouse model of SBMA
using miRNAs targeting AR [72].

Clinicaltrials.gov was searched for ongoing studies.
Presently, three ongoing studies investigating patients with
SBMA were noted. (1) NCT02124057 is an observational
study of hepatic function in patients with SBMA. Prelimi-
nary data in SBMA patients indicated increased hepatic
fat. This study has been recently published, reporting the
evidence of non-alcoholic liver disease in nearly all of the
participants with SBMA, expanding the phenotypic spec-
trum of the disease and providing a potential biomarker for
future studies [53]. (2) NCT02501395—MRI in patients
with Kennedy’s disease—is an observational case—con-
trol study which aims to investigate the muscle involve-
ment in patients with Kennedy’s disease using MRI. (3)
NCTO02156141—High Intensity Training in patients with
SBMA (HIT in Kennedy)—is an interventional clinical
trial, investigating if high intensity training can increase
daily functionality without causing muscle damage in
patients with SBMA.

Current status and future prospects

Kennedy’s disease is a rare disease. There is an urgent need
to obtain data in rare diseases from different populations
with variable genetic backgrounds so as to confirm pheno-
typic homogeneity and obtain sufficient power for future
clinical trials. This could be achieved by connecting differ-
ent SBMA clinics and creating a network of international
collaborations, an international SBMA registry [73]. In this
context, a European neuromuscular workshop on SBMA
took place in March 2015, and an agreement was made
between several SBMA centres to use a common protocol
for SBMA patients, to build an international SBMA registry
[74].

Conclusions

SBMA is not just a lower motor neuron disease but a com-
plex disorder affecting different systems, including the
central nervous system. Insights on the expanding phe-
notypic spectrum of Kennedy’s disease may unravel the
pathogenic mechanisms of the disease and identify novel
biomarker candidates, contributing towards future thera-
peutic interventions.
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