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Kennedy disease (X-Linked recessive Bulbospinal Neuronopathy): a comprehensive review 

from pathophysiology to therapy. 
 

 

Abstract 

Kennedy's disease, also known as spinal and bulbar muscular atrophy (SBMA), is a rare, adult-onset, X-

linked recessive neuromuscular disease. It is caused by expansion of a CAG repeat sequence in exon 1 of the 

androgen-receptor (AR) gene, encoding a poly-glutamine (polyQ) tract. Poly-Q-expanded AR accumulates 

in nuclei and initiates degeneration and loss of motor neurons and dorsal root ganglia. The disease has been 

retained to be a pure lower motor neuron disease for a long time, but recently the presence of important 

hyper-Creatine-Kinase-emia and of myopathic alterations on muscle biopsy has suggested the presence of a 

primary myopathy underlying a wide proportion of clinical manifestations. The disease, that affects male 

adults, is characterized by muscle weakness and atrophy localized proximally in the limbs and by bulbar 

involvement. Sensory disturbances are associated to the motor phenotype but may be subclinical.  The most 

frequent systemic symptom is gynecomastia related to androgen insensitivity, but other abnormalities, such 

as heart rhythm and urinary disturbances, have also been reported. The course of the disease is slowly 

progressive with normal life expectancy. The diagnosis of SBMA is based on genetic testing, with 38 CAG 

repeats retained to be pathogenic. Even though several therapeutic attempts have been made in mouse 

models, no effective disease modifying therapy is available but symptomatic therapy is beneficial for the 

management of weakness, fatigability and bulbar symptoms.  

 

Keywords: Kennedy’s disease, SBMA, muscular involvement, systemic symptoms, diagnosis, clinical 

trials. 



Introduction 

Spinal and Bulbar Muscular Atrophy (SBMA), also known as Kennedy’s Disease (KD), is an X-linked 

recessive, adult onset, slowly progressive, lower motor neuron disease (MND) characterized by limb and 

bulbar muscle atrophy, weakness and fasciculations [1]. The disease is caused by a CAG repeat expansion in 

the first exon of the androgen receptor gene (AR), with a number of CAG repeats bigger than 38 retained to 

be pathogenic. It affects adult males and the CAG repeat size correlates inversely with disease onset but not 

with disease progression or severity [1].  

In this article, we will review the main epidemiological, clinical and laboratory findings as well as current 

treatment options for the disease together with the pathophysiological aspects and the directions in 

therapeutic research.  

 

Epidemiology 

SBMA is a rare disease with an estimated incidence of 1 case over 400.000 per year [2] and a multiple 

founder effect across the world [3] [4]. For this reason, the prevalence of the disease in various areas can be 

widely different, with isolated regions, such as the Vaasa region in Western Finland, presenting with 

particularly elevated numbers of affected patients [5]. Moreover, SBMA is often not properly diagnosed and 

confused with other neuromuscular diseases, leading to probable underestimation of the real prevalence.  

The age at onset is between 30 and 50 years [6] and the progression of the disease is so slow that the life 

expectation barely decreases [7] and is calculated at 71.3 years of age, with average disease duration of 27.3 

years [8].  

 

Clinical features  

Neuromuscular phenotype. SBMA is a lower MND with slowly progressive phenotype. Muscle weakness 

is usually the main clinical feature of the disease and occurs in 97% of the cases. It usually appears at age 35-

40 and a correlation between CAG-repeats number and age at onset has been noted [9], although poly-Q 

tracts does not seem to affect disease progression [10], [1]. 

The appearance of muscle weakness has been classically considered as the sole onset manifestation. Lower 

limb weakness is indeed the most common presenting symptom (86.7%), followed by upper limb weakness 



(22.2%) [1]. However, more recently, it has been highlighted that other slighter symptoms are often present 

long time before the onset of muscular weakness. More specifically, these symptoms may be hand tremors, 

muscular cramps, myalgias, breast enlargement, premature exhausting during physical exercise and feet 

numbness [11]. 

Hand tremor is often the first manifestation noted by the patients and appears at a median age of 35 years, 

followed by muscle weakness at a median age of 43. The sequential use of walking aids (handrail, cane, 

frame, and wheelchair), bulbar-related symptoms (dysarthria and dysphagia), and erectile dysfunction are 

reported between the ages of 50 and 60 years. Since lower limbs’ proximal muscles are predominantly 

affected, a particular feature of SBMA is the difficulty in stairs climbing and in rising up from a chair [11]. 

Hand tremor is usually a postural high frequency tremor possibly resulting in impairment of daily activities, 

such as writing, cutting or eating [12] [13]. Postural leg tremor has been described in a small number of 

patients and in a single study it seems to correlate with the number of CAG repeats in the AR gene [14]. 

Reduced effort tolerance and fatigability are reported by SBMA patients in every stage of the disease and 

can be limiting in the activities of daily living (ADL). Involvement of the brainstem motor nuclei results in 

bulbar muscle weakness [15], which is a typical feature of SBMA. Though bulbar involvement usually 

follows limb involvement, it is occasionally the presenting symptom. If there is weakness of the masseter 

muscles the mouth may hang open (jaw drop) and may be tremulous [16] [17]. The tongue usually shows 

fasciculations and irregularities at the edges or deep furrowing in the midline due to wasting (Figure 1). 

Tongue atrophy might be associated with difficulty in chewing, vocal cord paresis resulting in dysarthria or 

dysphonia, and pharyngeal paresis leading to dysphagia [18]. The voice becomes nasal because of palatal 

weakness. Some patients may develop laryngospasm, which pathogenesis in still not completely clear [19] 

[20]. Swallowing dysfunction is found in 80% of the cases and is characterized by incomplete food bolus 

clearance through the pharynx [21]. Spontaneous or voluntary contractions of the perioral muscles may elicit 

twitching movements of the chin, also known as “quivering chin”. Respiratory muscles can be progressively 

involved, however an overt respiratory failure is uncommon [9]. 

AR aggregates accumulate not only in spinal cord and brainstem motor neurons, but also in the dorsal root 

ganglia, resulting in decreased vibratory sensation and loss of sensory functions in the extremities [22]. The 

reduction of vibratory sense, associated with motor impairment, leads to weak or absent deep tendon reflexes 



and could be related to an alteration of sensory fibers together with possible autonomic dysfunction [23]. The 

presence of sensory neuropathy may also be associated with neuropathic pain mainly localized distally in 

lower limbs associated with frequent feet numbness and tingling, which has been reported in up to 58% of 

the patients [1]. 

Systemic symptoms. SBMA is not only a neuromuscular disease: a wide clinical spectrum has been 

reported, probably due to the fact that AR expression is diffuse in various regions of the nervous system and 

in non-neural tissues as well [24] [25]. For this reason, other testosterone target tissues can be involved in the 

disease and non-neurological symptoms are present in the majority of the patients. Endocrinological 

disturbances are frequent although serum testosterone levels are usually normal. They predominantly include 

gynecomastia and reduced fertility due to testicular atrophy, azoospermia, oligospermia, erectile dysfunction, 

or reduced libido [26] [27]. Gynecomastia is probably the most common non-neurological manifestation and 

can present at a very young age. Because of the late onset, infertility and reduced libido may not be 

appreciated readily but many patients claim having difficulty conceiving [28]. 

Abdominal obesity, dyslipidemia, liver dysfunction and glucose intolerance are also detected in some 

patients, that frequently develop a complete metabolic syndrome [29] [30]. While gynecomastia and other 

symptoms of androgen insensitivity appear to result from the partial loss of AR function, the remaining non-

neuronal symptoms are likely due to toxicity of the pathogenic AR in these tissues [24]. 

Recently it has also been reported an increased incidence of Brugada’s syndrome in a Japanese cohort of 

SBMA patients (more than 10% of the observed patients) with some sudden deaths (2 out of 144 

observations). The pathophysiology of Brugada syndrome in the context of SBMA has not been completely 

explained but intranuclear inclusions of mutated AR have been demonstrated in myocardial cells [31]. 

Anyway, the only study considering the presence of Brugada’s syndrome in a Caucasian SBMA population 

did not clearly confirm an increased prevalence [30]. At the same time, the presence of a primary 

cardiomyopathy has been ruled out [32]. 

Recently, urological involvement has been described: almost 40% of the patients may present moderate signs 

and symptoms of lower urinary tract obstruction in absence of prostatic hypertrophy, with some of them 

needing an indwelling bladder catheter [30]. The precise mechanism is still not clear but it is probably 



related to androgen insensitivity. These findings are reminiscent of animal models of SBMA since mice 

frequently die after renal failure due to urinary obstruction [33]. 

Neuropsychological involvement. Extensive accumulation of mutant AR in the brain of SBMA patients 

[24] has been demonstrated, and recent studies have focused on the morpho-functional consequences of 

SBMA on the central nervous system. Neuropsychological involvement has been investigated in some small 

studies with partially contrasting results [34] [35] [36] pointing to a possible frontal lobe dysfunction. 

Soukup et al. [37] conducted the first systematic study finding a predominantly prefrontal pattern of 

cognitive dysfunction, in terms of subtle deficits in executive processing, and an altered short and long-term 

memory, justified by the frontal lobe’s involvement in organizing and processing memory content. From a 

clinical viewpoint, it is common for patients with SBMA to have peculiar psychological characteristics such 

as diffidence, marked emotional sensitivity and concentration problems. Such observations are supported by 

the evidence of an alteration in theory of mind functions supporting empathy, which is related to complex 

frontal functions [38]. Magnetic resonance and electrophysiological studies [39] showed subclinical 

abnormalities in the primary motor cortex and other frontal areas of the brain in SBMA patients. More 

recently, magnetic resonance imaging (MRI) studies using voxel-based morphometry (VBM) and diffusion 

tensor imaging (DTI) reported widespread white matter and subtle gray matter changes in the frontal regions 

[40]. Further research [41] found widespread white matter changes in the corticospinal tract and in the limbic 

system, while another study [42] described multifocal white matter changes, mainly in the brainstem. A 

recent positron emission tomography (PET) [43] study also identified hypometabolism in the frontal regions, 

in ten patients with SBMA. 

 

Diagnosis of SBMA  

The gold standard for SBMA diagnosis is the genetic test that estimates CAG expansion number in the AR 

gene, considering more than 38 repeats to be pathologic [44].  

Analysis of family history is important for the preliminary selection of patients who should undergo genetic 

analysis even if the presentation is often sporadic. Symptoms can be unspecific for many years after disease 

onset, often resulting in a significant diagnostic delay. Some non-neural features, such as gynecomastia, can 

be fundamental in orientating the diagnostic process. The increase of creatine phosphokinase (CPK) levels 



may also be suggestive since it is found in almost all patients with levels that can be very high, until 38 fold 

the normal value, and decrease over time with the progression of the disease [10] [45]. Some endocrinal 

findings, for instance glucose intolerance or dyslipidemia, in association with lower motor neuron 

abnormalities, can support the diagnosis of SBMA. The diagnosis is often suspected on an 

electromyographic (EMG) examination performed in the routine work up of a motor neuron disease.  It 

shows a chronic neurogenic pattern with fasciculations that extend beyond the territories affected by 

weakness [4]. The diminution of amplitude of the sensory action potentials, in the context of a MND, is 

suggestive of SBMA. Sensory abnormalities are found in 72 % to 100 % of SBMA patients [6, 10, 11]. 

In addition, muscle biopsies are sometimes performed, mainly when a myopathy is initially suspected. Signs 

of neurogenic atrophy have been described in all the patients: type I and II fibres aggregation, target fibres, 

atrophic fibres and subsarcolemmal nuclei clumping. On the other hand, myopathic abnormalities are 

frequently present, such as a wide variability in fibres size (4-200μm), hugely hypertrophic fibres, spread 

basophilic fibres and necrotic fibres with vesicular nuclei. Myopathic alterations are more incident in 

patients with a higher grade of disability [46].  

Differential diagnosis. Reaching a diagnosis of SBMA may be difficult at the beginning of the disease since 

symptoms are often blurred and unspecific. The most frequent misdiagnosis is Atrophic Lateral Sclerosis 

(ALS), which may present with limbs and bulbar weakness and with evidence of diffuse muscle denervation 

at EMG. However, ALS presents usually a faster progression, with the development of respiratory failure, 

and is typically associated with upper motor neuron involvement. Furthermore, endocrine and sensitive 

abnormalities are not found in ALS. Spinal Muscular Atrophy (SMA) type III and IV may also be 

misdiagnosed for SBMA but usually symptoms appear at younger age, sensitive or endocrine abnormalities 

are not present and the transmission is autosomal recessive. The presence of high serum CK levels together 

with proximal muscle weakness may lead to a diagnosis of myositis, polymyositis, metabolic myopathy or 

other primary myopathies. Combination of bulbar involvement and limbs weakness could also lead to the 

diagnosis of myasthenia gravis, while the neuropathic involvement might be similar to that of chronic 

inflammatory neuropathies or some hereditary sensory-motor neuropathies. Complete differential diagnosis 

is summarized in table 1. 

 



Pathogenesis 

SBMA is an X-linked genetic disorder and a CAG-expansion disease. The polyglutamine-expanded AR 

(polyQ-AR) leads to cell death, especially in spinal cord and brainstem motor neurons. Anyway, the precise 

mechanism of motor neuron degeneration and muscle atrophy is not yet completely clear and probably many 

different pathways are involved (Figure 2). Under normal conditions, upon binding of its ligands testosterone 

and dihydrotestosterone, AR is translocated from the cytosol into the nucleus, where it plays an important 

role in the regulation of gene expression. In SBMA, alteration of this pathway is retained to be a major 

pathogenic process [47] [48], associated with nuclear accumulation of the pathogenic protein [24], which 

may interfere with cellular functions. Nuclear inclusions and diffuse nuclear accumulation of polyQ-AR are 

histological markers of the disease and are found not only in motor neurons, but also in different regions of 

nervous system and in several non-neural cells (liver, cutis, kidney’s proximal tubules, testis, prostate and 

scrotal skin) [24] [49] [25]. Cytoplasmic diffuse accumulation of the mutated protein is possible as well but 

its role in disease pathogenesis in not completely clear and its extend seems to be tissue-dependent [24]. The 

inclusions show a granular aspect with a fibrillary pattern and they do not present any kind of membranes. 

Inclusions containing mutant AR are usually positive for ubiquitin, supporting the hypothesis that toxicity 

could be due to an abnormal response to the polyQ tract that escape degradation through the proteasome. 

Moreover, several proteins are detectable in the inclusions, such as the chaperones Hsp70 and Hsp90, CREB 

Binding Protein (CBP) and other transcription factors. Loss of function of these proteins when they are 

sequestered in the inclusions could contribute to pathogenesis of the disease [50] [51] [52]. It is not 

completely clear which hypothesis is the correct one and whether protein aggregation is a toxic or a 

protective mechanism [53]. Together with aggregates formation, mitochondrial abnormalities and axonal 

transport alterations may participate to disease pathogenesis [54] [55].  

Muscle matters in SBMA. Traditionally, SBMA has been viewed as a cell-autonomous, primary motor 

neuron disease, where neuronal death is, at least in part, due to a toxic gain-of-function in the mutant protein. 

More recently, because of high CPK serum levels [56] [57], which are higher than expected for a purely 

neurogenic disease, together with the presence of myogenic changes in muscle biopsy from patients, the 

hypothesis of a primary myopathic component contributing to the development of pathology has been put 

forward [46] [58] (Figure 3). Evidence of mixed neurogenic and myopathic processes has also been reported 



in mouse models of SBMA. Histopathological analysis of muscle tissues from transgenic and knock-in mice 

expressing polyQ-AR revealed both neurogenic and myopathic features [59] [49] [60] [33]. It is noteworthy 

that in the knock-in mouse model of SBMA, muscle pathology is evident prior to the onset of spinal cord 

pathology [61]; strongly supporting the view that muscle is a primary target of polyQ-AR toxicity [62].  

Androgens have remarkable anabolic effects on skeletal muscle. Reduction of testosterone levels in the 

serum results in a decrease in muscle strength with concomitant increase in fat body mass, while testosterone 

administration both in healthy individuals and in hypogonadal men results in enhanced muscle strength and 

size, increased lean body mass, and improved performance. Interestingly, satellite cells express the highest 

levels of AR in skeletal muscle [63]. Satellites cells are the main target for polyQ-AR toxicity and androgens 

have been shown to promote proliferation and differentiation, which may account for the hypertrophic effect 

of androgens on muscle [64]. Conversely, it is possible that androgens trigger toxic response in satellite cells 

expressing polyQ-AR contributing to muscle deterioration in SBMA [65]: while androgens and AR have 

remarkable hypertrophic effects on skeletal muscle, they have detrimental effects in SBMA muscle. PolyQ 

expansion in AR has been proposed to cause toxicity in muscle through altered gene expression [66]. The 

SBMA phenotype elicited by overexpression of either wild-type or polyQ-AR in mice is associated with 

deregulation of gene transcription in muscle. Another important pathway of toxicity in SBMA muscle is 

alteration of RNA splicing [67]. Expression of polyQ-AR in the muscle of SBMA mice alters RNA 

processing in a hormone-dependent fashion. It remains to be established how these toxic pathways contribute 

to disease pathogenesis and whether the changes in gene expression due to altered gene transcription or 

altered RNA processing are primary or secondary events.  

Damage to motor neurons can also result from non-cell-autonomous toxic processes occurring in other cell 

types, such as muscle and glial cells. These cells provide motor neurons with trophic support, which is 

essential for motor neuron maintenance in adulthood. Neurotrophins and growth factors are two classes of 

trophic factors that protect neurons by activating signaling pathways that prevent initiation of apoptotic 

pathways and promote activation of pro-survival pathways. The expression of neurotrophins and growth 

factors is altered in mouse models of SBMA [68]. This observation highlights the idea that altered trophic 

support to motor neurons from neighboring tissues may be responsible for non-cell-autonomous damage in 

SBMA. IGF-1 is a powerful pro-survival factor for many different cell types, including neurons. IGF-1 



promotes sprouting, axonal growth, and survival of embryonic motor neurons in both normal and 

pathological conditions [69]. IGF-1 protects MN-1 cells expressing polyQ-AR from death [70]. In addition 

to direct effect on motor neurons, IGF- 1 can have positive effects on muscles. IGF-1 has been shown to 

induce muscle hypertrophy and to inhibit muscle atrophy [60] through activation of phosphoinositide 3-

kinase/Akt pathway. IGF-1/Akt signaling promotes muscle hypertrophy by inducing novel protein synthesis 

through inhibition of glycogen synthase kinase 3b and activation of mammalian target of rapamycin (mTOR) 

[71]. The contribution of these pathways to SBMA pathogenesis remains to be elucidated. Recently, 

Lieberman’s group has shown that there is an induction of the unfolded protein response in the muscle of 

both patients and mouse models of SBMA, and that this stress response leads to the activation of macro-

autophagy and to muscle atrophy, further supporting a pathogenic role for autophagy in SBMA muscle [72]. 

The mechanism through which IGF-1 protects SBMA mice from neurodegeneration involves activation of 

Akt and phosphorylation of polyQ-AR, an event that leads to mutant protein degradation by the proteasome. 

Besides a direct role on muscle, muscle-specific overexpressionof IGF-1 may stimulate the secretion of 

growth factors and neurotrophins from muscle, which in turn can have beneficial effects on motor neurons. 

Nonetheless, this finding indicates that muscle represents an important therapeutic target for SBMA and 

supports the idea that muscle damage is critical for disease pathogenesis.  

 

Therapy  

Symptomatic treatment 

Since a disease modifying treatment for SBMA does not yet exist, only a palliative approach is possible, that 

is mainly based on rehabilitation and symptomatic pharmaceutical treatments. Genetic counseling is 

warranted for patients and couples programming a pregnancy. Assisted fecundation therapies may be applied 

if reduced fertility is present.  

In order to preserve motor functions and autonomy as long as possible, regular aerobic physical activity and 

physiotherapy are usually recommended. Ambulation may be helped with assisted devices and sometimes a 

wheel chair may be needed. Muscle cramps are frequent, may be persistent and influence patients’ quality of 

life. Symptomatic treatment with quinine sulfate is usually prescribed and may be efficient even if it has not 



been evaluated by therapeutic trials. The treatment of neuropathic pain is based on the classic drugs used in 

this indication, e.g. antiepileptics and amitriptyline.  

Speech therapy aims at improving voice modification and dysarthria. Behavioral measures can be instituted 

to reduce the risk of aspiration in patients presenting with significant dysphagia. Nutritional control is useful 

for weight control.  Since bulbar symptoms remain relatively moderate, the patients do not need enteral 

feeding or speech augmentation devices during the course of their disease [7]. Aspiration pneumonia, that is 

a predominant cause of death and hospitalization in SBMA patients [10], should be treated proactively with 

antibiotics. Although diaphragmatic weakness remains absent or moderate in the majority of patients, non-

invasive ventilation may be indicated in rare cases [7].  

Since metabolic involvement can ben harming with significantly increased cardio-vascular risk, regular 

biochemical and cardiological monitoring is warranted in order to establish specific treatment for 

dyslipidemia, heart pathology, diabetes and high blood pressure when needed.  

 

Experimental treatments 

Several preclinical studies aiming at slowing down disease progression or to improve muscle function have 

been shown to be beneficial, but none of them univocally demonstrated a positive effect in the translation to 

clinical trials [73].  

Androgen reduction therapy: it is known that SBMA phenotype depends on androgen availability, 

therefore a therapy that aims to decrease androgens level may be beneficial. In mice models therapy with 

GnRH analog Leuprorelin was tested, with evidence of reduction of nuclear inclusions [74]. Another 

approach consists in the use of 5α-reductase inhibitors, such as dutasteride. The enzyme is responsible of 

testosterone conversion in dihysrotestosterone (DHT) that is more potent and consequentially is able to 

induce a major AR activation in the tissues where it is expressed. Blocking 5α-reductase may therefore 

ameliorate disease progression, however no significant improvements in muscle strength was observed in a 

clinical trial [75] [76].  

Interference with transcriptional and post-transcriptional processes: another therapy attempt has been 

the use of sodium butyrate, a histone deacetylase inhibitor. In mouse models, its administration was 

successful, resulting in an increase of weight, muscle strength, movement capabilities and lifespan [77]. 



Furthermore, therapy with microRNA (mirRNA) has been tried for their capabilities to regulate gene 

expression, augmenting the decay of AR mRNA. It has been demonstrated that they can significantly 

improve the phenotype of SBMA mice but has never been tested in human patients [78].  

Allosteric mediation of polyglutamine expanded AR toxicity: a ligand-induced conformational change of 

AR is fundamental to stabilize the receptor and promote downstream pathway. Therefore its inhibition, for 

example using the non-steroid anti-androgen flutamide, may be an ideal target for therapy in SBMA [79] 

[80]. Although the phenotype does not improve, some benefits are detectable in transgenic mice 

overexpressing wild type AR, when flutamide is administered at a prenatal stage [62] [81] [66]. 

The endogenous stress response as a therapeutic target: since intranuclear aggregations are associated 

with ubiquitin and Hsps, the ubiquitin proteasome system is believed to be involved in degradation of normal 

and mutant AR [82]. Overexpression of Hsp70 and Hsp40 has been shown to reduce AR aggregation and 

toxicity in mouse models [83] [84][85]. Moreover, using Hsp inhibitors [86] or co-inducers of the HSR 

mediated by the transcription factor heat shock factor 1 (HSF1) [87] expression levels of Hsps can be 

enhanced. Importantly, it was shown that arimoclomol, a co-inducer of the HSR, significantly improved hind 

limb muscle force and contractile characteristics, rescued motor units, improved motor neuron survival and 

upregulated the expression of the VEGF in the AR100 mouse model of SBMA [88].  

Autophagy-mediated polyglutamine expanded AR degradation: proteins degradation also occurs through 

the autophagy pathway in polyglutamine diseases [89]. This process is mediated by lysosomes and is linked 

to the proteasome degradation system. Autophagy can be enhanced through the use for example of 

rapamycin or trehalose [90] [91]; however it may be unsuccessful in SBMA, because toxic mutant protein is 

localized in the nucleus [72].  

CGRP-mediated toxicity mitigation: a recent study [92] demonstrated that pathogenic AR upregulates the 

gene encoding calcitonin gene-related peptide (CGRP1). In neuronal cells, overexpression of CGRP1 

induces cellular damage via the activation of the c-Jun N-terminal kinase (JNK) pathway, whereas 

pharmacological suppression of CGRP1 or JNK attenuates the neurotoxic effects of pathogenic AR. 

Naratriptan, a serotonin 1B/1D (5-hydroxytryptamine 1B/1D, or 5-HT1B/1D) receptor agonist, decreases 

CGRP1 expression via the induction of dual-specificity protein phosphatase 1 (DUSP1), attenuated JNK 

activity and mitigated pathogenic AR-mediated neuronal damage in cellular and mouse SBMA models.  



Trophic support: one of the main aims of SBMA therapy is to strengthen muscle activity. For this reason, 

β-agonist drugs have been considered as promoter of muscle anabolism increasing muscle mass in mouse 

models [93]. A pilot study on clenbuterol, a well-known β2-agonist, demonstrated an improvement in muscle 

force and resistance that persisted after 12 months of clinical monitoring but was associated with a 

significant increase in CPK serum levels [94]. Interesting data from mouse models support the hypothesis 

that clenbuterol ameliorates satellite cells functions in SBMA inducing myoblast fusion and muscle 

morphology [65] [95], anyway further randomized controlled clinical trials are warranted to confirm the 

efficacy of clenbuterol in SBMA. 

Physical support: Exercise, as a treatment for neuromuscular diseases, has received growing attention in the 

last two decades and new evidence has revoked the older notion that muscle contractions may accelerate the 

disease process [96]. Available studies suggest that conventional aerobic training at mild to moderate 

intensity has no clear effect on motor capabilities in SBMA and may even promote fatigue [97]. Similar 

results are observed in patients with spinal muscular atrophy (SMA) type III: training improves oxidative 

capacity, but not function [98]. These observations point to an exercise-induced fatigue in motor neuron 

diseases, which may relate to a neural fatigue when fewer numbers of motor neurons, each of which have a 

larger motor unit size than normal, have to support sustained muscle contractions. Types of exercise other 

than prolonged aerobic training should be considered in SBMA patients and, in this regard, it is encouraging 

that high intensity aerobic training seems to be much better tolerated and associated with improvements in 

fitness [96]. This type of exercise therefore needs much more investigation and a dedicated clinical trial is 

ongoing (NCT02024932). 

Recently, a sequence of head-lift exercises has been proposed as it seems to ameliorate swallowing 

dysfunction [99]. This hypothesis has been tested in six patients with good results but needs to be confirmed 

in larger and longitudinal trials. 

 

Clinical trials. As stated above, in the past years several clinical trials have been conducted in SBMA 

patients, studying the possible efficacy of both pharmacological and physical therapies. At the time of this 

writing, the clinicaltrials.gov website (www.clinicaltrials.gov) identifies two ongoing interventional trials in 

SBMA. One is a trial (NCT02024932) of the effect of high intensity training in patients with SBMA. The 



other (NCT02024932) is a double-blind placebo-controlled phase I/II (safety, tolerability, and efficacy) trial 

of an experimental compound BVS857 sponsored by the Swiss pharmaceutical company Novartis.  

To date, none of the interventions that were tested have translated into approved therapeutic or preventive 

options for SBMA patients and the results may appear sobering. This situation may depend on different 

reasons: being SBMA a rare disease, setting up cohorts that are adequately sized for full-fledged clinical 

trials, i.e., comprising up to several hundreds of patients, may be a daunting task and the only way to fully 

realize this is to connect different SBMA clinics and to thus create a network of international collaborations. 

Moreover, disease phenotype and progression may be extremely variable between SBMA patients. The 

confounding effect of the clinical heterogeneity is than accentuated by the lack of sensitive and standardized 

outcome measures in such a slow progressing disease. In part because of its low incidence and prevalence, 

most of outcome measures have not been specifically validated in SBMA. It is therefore unfortunate, but not 

surprising, that the completed SBMA trials have relied on different primary outcomes. This lack of 

harmonization significantly compromises the comparability of study results. 

A European NeuroMuscular Workshop on SBMA took place in March 2015, and an agreement was reached 

among several centers to use a common protocol to follow patients toward the goal of building an 

International SBMA Registry [100] [101]. 

 

Biomarkers 

As stated above, there is a critical need for biomarker discovery and validation in SBMA in order to provide 

sensitive outcome measures permitting quantification of disease progression in a smaller number of 

participants and over a shorter period of time than traditional clinical outcomes. Biomarkers can be grouped 

as either “dry biomarkers” or “wet biomarkers”. “Dry biomarkers” rely on functional scales, performed 

tasks, electrophysiology and imaging. Wet biomarkers are biological substances that are measured in a body 

fluid.  

Within the “dry biomarkers” some efforts have been made to define a reliable functional score for SBMA 

patients [102]: first of all, the 6-min walk test is a global measure that has the advantage that it assesses 

fatigue, a prominent symptom in SBMA. It has been shown to be reliable and to change significantly over a 

one year period [103]. Recently a specific functional scale has been proposed [104], which is an adaptation 



of ALSFRS-r, the gold standard functional scale used in amyotrophic lateral sclerosis. The scale has been 

validated in a population of Japanese and American patients and in an Italian population as well [105]. It 

includes novel items regarding bulbar and truncal functions and could be SBMA-FRS a sensitive clinical 

measure to detect disease progression over time. To evaluate motor function, the Adult Myopathy 

Assessment Tool (AMAT) has been proposed. It includes seven timed functional tasks and six endurance 

tasks which seems to correlate well with other physical assessments, such as quantitative muscle testing 

(QMT), gait speed, and physical quality of life [106]. Grip strength is a parameter used in different 

neuromuscular diseases to easily depict muscle weakness progression. Significant changes in grip strength 

have been observed in a 3-year longitudinal study of SBMA patients [107] but no significant change over a 

one year period was detected in another study [103]. A recent study evaluated the measure of tongue 

pressure using an intraoral pressure probe [108]. This measure seems to be reliable but longitudinal studies 

are required to confirm its use as biomarker of disease progression.  

Electrophysiological measures, such as Motor Unit Number Estimation (MUNE), motor unit number index 

(MUNIX) or electrical impedance myography that are proposed as progression biomarkers in MNDs may 

also be applicable in the context of SBMA [102] [109]. Muscle MRI has the potential to be a good biomarker 

of disease progression in SBMA [102]. A small study on muscle MRI showed that imaging can indeed be 

used to quantify muscle atrophy and detect hyperintensities in SBMA patients [110]. Future, longitudinal 

studies are also needed to investigate the value of spinal cord imaging, especially since the measure of spinal 

cord atrophy has been demonstrated to be a sensitive index of motor neuron loss both in amyotrophic lateral 

sclerosis [111] [112] and in SMA [113]. 

Many potential “wet” biomarkers have been investigated in SBMA. Creatinine, a marker of muscle mass and 

metabolism, showed significant change over a three-year period [107]. Similarly, urinary 8-

hydroxydeoxyguanosine (8-OHdG), a marker of oxidative DNA damage, also showed significant change 

over a two-year period in SBMA patients [114]. It remains to be established whether these markers are more 

sensitive than classic clinical measures when there are shorter intervals between assessments.  

 

 

 



Conclusion 

SBMA is a rare and complex syndrome, presenting not only with a well-known neuromuscular phenotype, 

but also with systemic and neuropsychological symptoms. In the last years, knowledge about clinical 

presentation and pathogenesis has widely improved leading to more effective diagnostic protocols and to 

better patients’ management. Clinical trials are being organized but, the disease being extremely rare and 

slow progressing, identification of reliable biomarkers is challenging, making the struggle to find new drugs 

even more difficult. For these reasons, creation of a European network aimed at sharing common evaluation 

protocols is warranted. Recently, the bases for a European registry of the disease have been posed, which 

could be the first step leading to quick biomarkers identification and to development of new therapeutic 

approaches [101]. 
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Figure 1. Tongue atrophy in a patient with SBMA. 

 

Figure 2. Molecular pathogenesis of SBMA. Under normal conditions, AR first interacts with its ligand 

(dihydrotestosterne, DHT) and then migrates into the cell nucleus, where it interacts with specific 

DNA sequences inducing transcription of androgens target genes. PolyQ-AR migrates as well into the 

nucleus after binding with testosterone. Anyway, once in the nucleus it is not able to correctly interact 

with AR target genes. Alteration of this pathway determines abnormal transcription and protein 

production of several genes which may lose their physiological function. At the same time, 

pathologic accumulation of the mutated protein may induce toxicity and neurodegeneration with a 

“gain of function” mechanism. 

 



 

Figure 3. Muscle matters and disease pathogenesis. In the pathogenesis of SBMA, damage to motor 

neurons can result both from cell-autonomous and non-cell-autonomous toxic processes, the last occurring in 

other cell types as for example skeletal muscle cells. These cells are highly androgens sensitive and may 

present alteration of several physiologic pathways after interaction with mutated polyQ-AR. Primary muscle 

dysfunction may alter motor neuron trophism, thus participating in neurodegeneration. Muscle dysfunction 

seems than to result both from primary muscle pathology and from neurogenic atrophy. The two mechanisms 

probably act together in the determination of disease phenotype. 



Other motor neuron 

diseases 

ALS 

ALS variants (flail arm and 

flail leg syndromes, 

progressive muscle atrophy) 

SMA type III and IV 

Neuromuscular junction 

disorders 

Myasthenia gravis 

Neuropathies CIDP 

Hereditary motor neuropathies 

(dHMNs) 

Myopathies Polymyositis 

Metabolic myopathies 

IBM 

Endocrine disorders Hyper- or hypothyroidism 

Hyperparathyroidism 

 
Table 1. Differential diagnosis of SBMA. 

Abbreviations: ALS: amyotrophic lateral sclerosis, CIDP: chronic inflammatory demyelinating neuropahy, 

IBM: inclusion body myositis, SMA: spinal muscular atrophy 





AR

DHT

DHT

PolyQ-AR

AR-DNA interaction

Transcription and 
translation of AR-
target genes

Altered AR-DNA 
interaction

Loss of function

Toxic gain of function

Nuclear inclusions formation

Motor neuron degeneration



Altered RNA 
transcription

Altered RNA splicing
Altered neurotrophins

release

Altered satellite cells trophic 
support

Neurogenic atrophy Non-cell-autonomous muscle atrophy
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