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Abstract 

We present a retrospective 21-year follow-up of two sisters with X-linked biallelic CAG expansions in the androgen receptor ( AR ) gene 
causing Kennedy disease. Two sisters inherited CAG expansions from their mother who was a carrier and their father who had Kennedy 
disease. Genetic testing revealed alleles comprising 43/45, and 43/43 CAG repeats in the younger and older sister, respectively. They were 
referred to a neurologist for further evaluation. Both reported similar symptoms with chronic backache, pain and cramps in upper- and lower 
extremities, and fasciculations in their faces and extremities. Neurological examination demonstrated postural hand tremor in both and EMG 

revealed chronic neurogenic changes. Reevaluation of the patients at ages 74 and 83 showed slight progression of clinical manifestations. As 
opposed to male patients, these two females showed minimal disease progression and have maintained normal level of function into old age. 
© 2021 The Author(s). Published by Elsevier B.V. 
This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Kennedy disease or spinobulbar muscular atrophy 

SBMA), is known as an X-linked, lower motor neuron and 

uscle disease caused by expanded CAG repeats (CAG > 

7) in the first exon of the androgen receptor ( AR ) gene. It is
 rare disorder with a prevalence in Europe ranging from 1 to 

.5/100,000 in men [ 1 , 2 ]. The onset of neurologic symptoms 
s usually between age 30–50, and inversely correlated 

ith the CAG repeat length [3] . Common symptoms are 
ramps, fasciculations and progressive wasting of bulbar and 

imb muscles as well as androgen insensitivity resulting in 

ynecomastia and reduced fertility in men [3] . Recent studies 
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eport a wide variety of systemic manifestations [ 4 , 5 ]. Female 
eterozygous carriers are usually asymptomatic, but some 
eport cramps and postural tremor [6] . Information on disease 
anifestation and progression in females with biallelic AR 

AG expansions is sparse [7] . The two elderly sisters with 

ennedy disease presented here have been subjected to 21 

ears of follow-up. The aim of this case report is to bring 

orth more evidence on Kennedy disease symptoms, signs, 
rogression and prognosis in females. 

. Case report 

The two sisters, studied in this report, belong to a large 
amily with many men with Kennedy disease ( Fig. 1 ). When 

he sisters’ cousin ( Fig. 1 . II.5) was confirmed to have 
ennedy disease, his family was offered genetic counseling 

nd testing. The sisters ( Fig. 1 . II.1 and II.2) were found to
ave biallelic expansions and accordingly they were referred 
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Fig. 1. Family pedigree. The index in this family is individual II.5. He was diagnosed with Kennedy disease at age 53, and is a first cousin of the two sisters 
(II.1 and II.2) who are indicated by black arrows. The sisters’ parents (I.1 and I.2) were first cousins. Their mother (I.2) carried an expansion and their father 
(I.1) had symptoms of Kennedy disease, but never underwent genetic testing. The sisters had one brother (II.3) with severe Kennedy disease. Their sons (II.3, 
III.4 and III.5) all have Kennedy disease, while their daughters (III.1, III.2 and III.6) are obligate carriers. 
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or neurological evaluation. According to information from 

he two sisters, their daughters are healthy obligate carriers, 
ith normal body mass indexes (BMI), and show no signs of 
eurologic or metabolic diseases ( Fig. 1 . III. 1, 2 and 6), but
heir sons were severely affected by Kennedy disease ( Fig. 1 . 
II. 3, 4 and 5). 

The youngest sister (II.1) is compound heterozygous for 
3 and 45 CAG repeats in the AR gene. She had a 
edical history of cancer cervix in situ when she was 

0 years old. She was 53 years old when first assessed 

t our neurological department. She reported shoulder and 

ack pain, cramps in muscles of her arms and legs and 

asciculations in both arms and legs. Except for fasciculations, 
he neurological examination was normal. Meanwhile, 
he had been diagnosed with diabetes mellitus type 2, 
levated cholesterol levels including LDL and triglycerides, 
levated liver enzymes, hepatic steatosis, hypertension and 

ypothyroidism. Due to subjective memory impairments, she 
nderwent neuropsychological testing and brain MRI at 58, 
oth with normal results. A neurological follow-up at the 
ge of 59 describes additionally postural hand tremor. At 
3 she fell on ice and had a proximal humerus fracture. At 
ge 74, symptoms and findings on neurological examination 

ere assessed as unchanged at the neurological outpatient 
epartment. However, in recent years her voice gradually 

ecame weaker. Although she had no swallowing difficulties, 
 videofluoroscopy at age 74 found a slight residue in the 
allecula. She also developed moderate urinary incontinence 
nd constipation. CK levels were normal, ranging between 

5 and 167 U/L. EMG in proximal and distal arm and 

eg muscles when she was 53, 59 and 74 years of age 
howed a moderate to pronounced chronic neurogenic pattern 

ith sparse spontaneous activity which did not change 
ignificantly ( Fig. 2 ). Results from nerve conduction studies 
ere normal at the initial investigation. Later examinations 

evealed minimal abnormalities like a mild carpal tunnel 
yndrome and slightly prolonged F-response latencies at the 
ast examination ( Table 1 ). Muscle MRI findings in the lower 
xtremities at 74 years of age was in accordance to her age. 
2 
he has been fit and lean her whole life, and her BMI at 74 

ears of age was 51/1.58 m 

2 = 20.5. 
The oldest sister (II.2) is homozygous for 43 CAG 

epeats in exon 1 of the AR gene. She had a past medical 
istory of aseptic meningitis, migraine, adenoma in her 
ight breast (14 years old), colon cancer (48 years old) 
nd ductal carcinoma in situ in both breasts (68 years 
ld). Polysomnography examination demonstrated sleep apnea 
yndrome, and osteopenia was verified on bone density 

easurements when she was 73 years old. After a fall, 81 

ears old, vertebral fractures were detected on Th12, L1 and 

n several ribs. 
She was consulted at our neurological outpatient 

epartment at the age of 62, reporting symptoms that 
egan in her late fifties. She complained about pain in her 
houlders, arms and back, and to a lesser extent in her 
highs and calves. Furthermore, she described cramps and 

asciculations in her face and extremities. At the onset of 
er neurological symptoms, she had slightly elevated HbA1c, 
levated cholesterol levels including LDL, hypertension, 
levated liver enzymes and mild urinary incontinence. The 
eurological examination was normal. She was followed-up 

t the age of 65, 73, 77 and 83. These examinations revealed 

ddition of a postural tremor in her hands at 65 years of age, 
ubjectively a slight increase in her cramps and fasciculations, 
nd her voice becoming weaker from 73 years of age. The 
eurological consultations did not reveal other changes during 

ollow-up. Blood glucose, cholesterol levels and liver enzymes 
tayed stable. At the neurological consultation at the age 
f 83, symptoms were described as unchanged with pain, 
ramps, fasciculations and postural hand tremor. She had 

o other bulbar symptoms than a slightly weak voice. She 
omplained of urinary incontinence and constipations that 
ad slightly progressed from her late fifties. Her CK levels 
ave been normal with values between 115 and 170 U/L. 
MG, performed when she was 62, 65 and 83 years old, 
ll showed a chronic neurogenic pattern of moderate degree 
ith a few fibrillations and fasciculation potentials ( Fig. 2 ). 
he abnormalities were most pronounced in hand- and leg 
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Table 1. 
Nerve conduction studies of the two sisters (II.1 and II.2) with Kennedy disease. 

Patient Il. 1 Il. 2 

Year 1999 2020 1999 2020 
Median nerve 
DL, ms 3.8 3.8 3.6 3.8 
CMAPa, mV 6.0 6.8 6.5 5.7 
CV, m/s 57.5 60.7 60.5 56.7 
F-latency, ms 22.4 24.5 22.6 22.4 
SNAPa, uV 70 17.9 104 36.2 
Sensory DL, ms 2.0 2.41 2.1 2.3 
Peroneal nerve 
DL, ms 4.6 3.6 3.6 3.3 
CMAPa, mV 6.0 1.4 9.0 3.6 
CV, m/s 43.9 41.2 49.2 48.7 
F-latency, ms 40.8 48.6 40.4 44.0 
Tibial nerve 
DL, ms 5.4 3.8 4.6 3.2 
CMAPa, mV 7.0 7.1 8.6 6.2 
CV, m/s 42.0 45.6 46.3 47.9 
F-latency, ms 45.6 49.8 46.0 46.8 
Sural nerve 
SNAPa, uV 10.0 2.8 2.7 1.5 
CV, m/s 45.0 54.9 42.9 55.8 

Abbreviations: DL, distal latency; CMAPa, compound muscle action potential amplitude; 
CV, conduction velocity; SNAP, sensory nerve action potential amplitude. 
∗Abnormal values in bold are evaluated from Z -scores taking age and height into account. 
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uscles and did not change significantly over time. Nerve 
onduction studies were essentially normal ( Table 1 ). At 83 

ears of age muscle MRI of the lower extremities did not 
how any significant signs of neuropathy or myopathy. She 
as been fit and lean into old age, and her BMI at 83 years
f age was 60 kg/1.6 m 

2 = 23.4. 

. Discussion 

By following two sisters with biallelic expanded AR CAG 

epeats, from detection of the expansions until old age, 
e observed minimal disease progression on neurological 

xamination, EMG, neurography and lower extremity muscle 
RI. Their daughters are healthy, obligate carriers of the 

R gene expansion. In contrast, the motor manifestations in 

heir sons and other male relatives with Kennedy disease were 
evere and typical for Kennedy disease. 

Female heterozygous carriers are usually asymptomatic, 
ut a few may manifest with mild bulbar symptoms later in 

ife, and many may have slight neurogenic and myopathic 
hanges on EMG and in muscle biopsy [ 6 , 8 , 9 ]. We found
nly one report on females with biallelic AR CAG expansions 
n the range associated with Kennedy disease. Although 

bservations on the natural disease progression in these 
emales are lacking, Schmidt and colleagues describe the 
linical feature of two Canadian sisters aged 34 and 42 

ith biallelic CAG repeat expansions of 46/47 and 47/48, 
espectively [7] . Similar to the patients reported here, both 

anadian patients had cramps, fasciculations and postural 
remor as well as otherwise normal neurological examinations 
7] . In contrast to the two patients reported here, the EMG 

xaminations were normal in the two Canadian patients. 
m

3 
hese findings taken together could point towards an average 
ge of onset being around 40–50 in biallelic females which 

s similar to males [3] . However, the degree of EMG 

bnormalities may vary between affected females or may 

ppear over time ( Fig. 2 ). 
Although muscle cramps and tremor are often the first 

ymptoms of Kennedy disease [3] , the currently described 

wo cases suggest that motor manifestations hardly progress 
n women. Contrary to male patients with Kennedy disease, 
he two sisters described here remained physically fit with 

ittle disease related disability at advanced age. Furthermore, 
n contrast to women with either one or two expanded 

R alleles, men with Kennedy disease have pronounced 

rogression in bulbar and extremity muscle weakness, tremor 
nd fasciculations [ 3 , 10 ]. The prognosis in men is rather 
iscouraging, most patients develop dysarthria and dysphagia, 
nd about half of the patients become wheelchair dependent 
t the age of 60 [ 3 , 10 ]. Additionally, most male patients with
ennedy disease have sensory manifestations, which is rarely 

eported in female carriers [10] . No impact on sensory nerves 
as found in the two female patients reported here ( Table 1 ). 
The CAG expansion in the AR gene causes both a toxic 

ain of function and a loss of function of the androgen 

eceptor. The differences in the neurological manifestations 
etween males and females with Kennedy disease is mostly 

xplained by the fact that binding of androgens to the AR 

nduce toxicity to neurons and muscle cells [11] . Higher 
ndrogen levels in men produce more abnormal and toxic 
rotein aggregates, leading to more manifested neurological 
ymptoms in males as compared to females. In line with 

his, reducing androgen levels proves to reduce disease 
anifestations in transgenic SBMA mouse models [12–14] . 
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Fig. 2. Distribution of electromyographic changes in the youngest (II.1) and 
the oldest (Il.2) sister. Red color denotes pronounced chronic neurogenic 
changes; violet pronounced subacute neurogenic changes with denervation 
activity; blue moderate chronic neurogenic changes; yellow slight chronic 
neurogenic changes; green normal findings. 
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Randomized controlled trials of drugs with antiandrogen 

ffect did not meet significance for their primary endpoints, 
ut this could be due to low statistical power and the 
low progression of Kennedy disease making it difficult to 

nd proper clinical endpoints [ 15 , 16 ]. However, the studies 
4 
et significance for several secondary endpoints [ 15 , 16 ]. 
urthermore, the pooled analysis of two randomized trials 
howed indications of benefit for a testosterone lowering 

rug (Leuprorelin) [17] . The two sisters presented here with 

iallelic CAG expansions in the AR gene, may provide further 
vidence that lower levels of androgens in women produce 
ess toxicity, and they escape the whole neurological picture 
f SBMA. 

Contrary to the neurological picture, the two sisters 
eem to be at least equally affected as men with Kennedy 

isease in manifestations outside the nervous system. Both 

resented with hypertension, non-alcoholic liver steatosis, 
yperlipidemia and elevated blood glucose levels arising at 
he same time as the neurological symptoms. The article 
bout two Canadian patients with CAG expansions on 

oth alleles does not give information on extraneurological 
ndings, and we do not know if the metabolic manifestations 

n the two patients reported here are caused by the AR 

eceptor expansions [7] . Since both have normal BMI and 

heir daughters are healthy with normal BMI, the metabolic 
hanges are less likely caused by other inherited disorders 
r lifestyle habits. Additionally, heterozygous carriers do not 
eem to be affected by metabolic abnormalities indicating 

hat expansions on two alleles could be necessary to express 
etabolic changes [18] . Females have much lower levels 

f androgens than males. It is therefore less likely that 
he findings outside the nervous system are caused by the 
oxic gain of function mechanism in the AR. Because AR 

s important for normal liver function, we speculate that 
he metabolic abnormalities observed in the patients may be 
aused by a loss of AR function in the liver giving steatosis, 
nd disturbed homeostasis of glucose and lipids [19] . 

• Kennedy disease in females with biallelic CAG expansions 
progresses minimally and they maintain good function into 

old age. 
• EMG over the course of female Kennedy disease with 

biallelic CAG expansions does not change significantly. 
• In women with postural tremor, muscle pain, cramps and 

fasciculations, Kennedy disease is a possible differential 
diagnosis. 

• Kennedy disease in females with biallelic CAG expansions 
may have as many manifestations outside the nervous 
system as men. 

eclaration of Competing Interest 

We confirm that we have read the Journal’s position on 

ssues involved in ethical publication and affirm that this 
eport is consistent with those guidelines. None of the authors 
as any conflict of interest to disclose. No financial support 
or the research/manuscript was received. 

cknowledgments 

We thank our colleagues at the National Neuromuscular 
enter, Norway in Tromsø, Norway for contributing to 



K.I. Müller, Ø. Nilssen, M. Nebuchenykh et al. Neuromuscular Disorders xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: NMD [m5+; December 15, 2021;13:7 ] 

p
m

R

 

 

 

 

 

 

[

[

[  

[  

[  

[  

[  

[  

[  

[  
atient investigations and discussions in our interdisciplinary 

eetings. 

eferences 

[1] Lefter S , Hardiman O , Ryan AM . A population-based epidemiologic 
study of adult neuromuscular disease in the Republic of Ireland. 
Neurology 2017;88:304–13 . 

[2] Müller KI , Van Ghelue M , Lund I , Jonsrud C , Arntzen KA . The
prevalence of hereditary neuromuscular disorders in Northern Norway. 
Brain Behav 2020;00:e01948 . 

[3] Rhodes LE , Freeman BK , Auh S , Kokkinis AD , La Pean A , Chen C ,
et al. Clinical features of spinal and bulbar muscular atrophy. Brain 
2009;132:3242–51 . 

[4] Manzano R , Sorarú G , Grunseich C , Fratta P , Zuccaro E , Pennuto M ,
et al. Beyond motor neurons: expanding the clinical spectrum in 
Kennedy’s disease. J Neurol Neurosurg Psychiatry 2018;89:808–12 . 

[5] Arnold FJ , Merry DE . Molecular mechanisms and therapeutics for 
SBMA/Kennedy’s disease. Neurotherapeutics 2019;16:928–47 . 

[6] Mariotti C , Castellotti B , Pareyson D , Testa D , Eoli M , Antozzi C ,
et al. Phenotypic manifestations associated with CAG-repeat expansion 
in the androgen receptor gene in male patients and heterozygous 
females: a clinical and molecular study of 30 families. Neuromuscul 
Disord 2000;10:391–7 . 

[7] Schmidt BJ , Greenberg CR , Allingham-Hawkins DJ , Spriggs EL . 
Expression of X-linked bulbospinal muscular atrophy (Kennedy disease) 
in two homozygous women. Neurology 2002;59:770–2 . 

[8] Sorarù G , D’Ascenzo C , Polo A , Palmieri A , Baggio L , Vergani L ,
et al. Spinal and bulbar muscular atrophy: skeletal muscle pathology in 
male patients and heterozygous females. J Neurol Sci 2008;264:100–5 . 

[9] Sobue G , Doyu M , Kachi T , Yasuda T , Mukai E , Kumagai T ,
et al. Subclinical phenotypic expressions in heterozygous females 
of X-linked recessive bulbospinal neuronopathy. J Neurol Sci 
1993;117:74–8 . 
5 
10] Breza M , Koutsis G . Kennedy’s disease (spinal and bulbar muscular 
atrophy): a clinically oriented review of a rare disease. J Neurol 
2019;266:565–73 . 

11] Parodi S , Pennuto M . Neurotoxic effects of androgens in spinal and 
bulbar muscular atrophy. Front Neuroendocrinol 2011;32:416–25 . 

12] Chevalier-Larsen ES , O’Brien CJ , Wang H , Jenkins SC , Holder L ,
Lieberman AP , et al. Castration restores function and neurofilament 
alterations of aged symptomatic males in a transgenic mouse model 
of spinal and bulbar muscular atrophy. J Neurosci 2004;24:4778–86 . 

13] Katsuno M , Adachi H , Doyu M , Minamiyama M , Sang C , Kobayashi Y ,
et al. Leuprorelin rescues polyglutamine-dependent phenotypes in a 
transgenic mouse model of spinal and bulbar muscular atrophy. Nat 
Med 2003;9:768–73 . 

14] Katsuno M , Adachi H , Kume A , Li M , Nakagomi Y , Niwa H ,
et al. Testosterone reduction prevents phenotypic expression in a 
transgenic mouse model of spinal and bulbar muscular atrophy. Neuron 
2002;35:843–54 . 

15] Fernández-Rhodes LE , Kokkinis AD , White MJ , Watts CA , Auh S ,
Jeffries NO , et al. Efficacy and safety of dutasteride in patients with 
spinal and bulbar muscular atrophy: a randomised placebo-controlled 
trial. Lancet Neurol 2011;10:140–7 . 

16] Katsuno M , Banno H , Suzuki K , Takeuchi Y , Kawashima M , Yabe I ,
et al. Efficacy and safety of leuprorelin in patients with spinal and 
bulbar muscular atrophy (JASMITT study): a multicentre, randomised, 
double-blind, placebo-controlled trial. Lancet Neurol 2010;9:875–84 . 

17] Hashizume A , Katsuno M , Suzuki K , Banno H , Takeuchi Y ,
Kawashima M , et al. Efficacy and safety of leuprorelin acetate for 
subjects with spinal and bulbar muscular atrophy: pooled analyses of 
two randomized-controlled trials. J Neurol 2019;266:1211–21 . 

18] Guber RD , Takyar V , Kokkinis A , Fox DA , Alao H , Kats I ,
et al. Nonalcoholic fatty liver disease in spinal and bulbar muscular 
atrophy. Neurology 2017;89:2481–90 . 

19] Ma WL , Lai HC , Yeh S , Cai X , Chang C . Androgen receptor roles
in hepatocellular carcinoma, fatty liver, cirrhosis and hepatitis. Endocr 
Relat Cancer 2014;21:R165–82 . 

http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0001
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0001
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0001
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0001
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0002
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0002
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0002
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0002
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0002
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0002
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0003
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0003
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0003
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0003
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0003
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0003
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0003
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0003
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0004
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0004
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0004
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0004
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0004
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0004
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0004
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0004
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0005
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0005
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0005
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0006
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0006
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0006
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0006
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0006
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0006
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0006
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0006
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0007
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0007
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0007
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0007
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0007
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0008
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0008
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0008
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0008
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0008
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0008
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0008
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0008
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0009
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0009
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0009
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0009
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0009
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0009
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0009
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0009
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0010
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0010
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0010
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0011
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0011
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0011
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0012
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0012
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0012
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0012
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0012
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0012
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0012
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0012
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0013
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0013
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0013
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0013
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0013
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0013
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0013
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0013
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0014
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0014
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0014
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0014
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0014
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0014
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0014
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0014
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0015
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0015
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0015
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0015
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0015
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0015
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0015
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0015
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0016
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0016
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0016
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0016
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0016
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0016
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0016
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0016
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0017
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0017
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0017
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0017
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0017
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0017
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0017
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0017
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0018
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0018
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0018
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0018
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0018
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0018
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0018
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0018
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0019
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0019
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0019
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0019
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0019
http://refhub.elsevier.com/S0960-8966(21)00705-7/sbref0019

	Kennedy disease in two sisters with biallelic CAG expansions of the androgen receptor gene
	1 Introduction
	2 Case report
	3 Discussion
	Declaration of Competing Interest
	Acknowledgments
	References


