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Introduction

Sleep disorders are frequent in patients with neuromuscular disorders but they are
poorly recognized. Even with recognition of these disorders, they are sometimes
wrongly attributed to be a consequence of their underlying neuromuscular diseases.
With advances in sleep medicine and relatively more patients undergoing polysomno-
grams (PSG), the knowledge about sleep disorders in this patient population is increas-
ing. Also, early recognition and treatment of sleep disorders have shown to improve not
only the quality of life but also the life expectancy in some of these patients.

Common sleep-related complaints are fragmented sleep, breathing difficulty
during sleep, abnormal limb movements during sleep, insomnia, muscle pain, early
morning headaches, daytime sleepiness, etc. [1].

Common Sleep Disorders in Neuromuscular Disorders

Sleep-related breathing disorders
Insomnia

Sleep-related movement disorders
Circadian rhythm sleep-wake disorders
Parasomnias
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Sleep Disordered Breathing in Myopathies
and Muscular Dystrophies

Sleep disordered breathing (SDB) are a group of disorders that occur as a result
of abnormal breathing pattern during sleep. According to International
Classification of Sleep Disorders (ICSD-3), these include obstructive sleep apnea
syndromes, central sleep apnea syndromes, sleep-related hypoventilation disor-
ders, and sleep-related hypoxemia disorders. The prevalence of obstructive sleep
apnea (OSA) (defined as respiratory disturbance index (RDI) or apnea-hypopnea
index (AHI) >5) in healthy adult population was found to be 13% in men and 6%
in women [2].

The estimated prevalence of SDB in neuromuscular diseases is about 36-53% in
adults [3]. The exact prevalence of SDB in myopathies and muscular dystrophies is
not known. However, it is to be noted that this study [3] included patients with
Duchenne’s muscular dystrophy, myotonic dystrophy along with other congenital
and metabolic myopathies. In patients with muscle disease who have SDB, the pres-
ence of SDB itself could increase their morbidity and mortality. SDB could be an
earlier manifestation in these patients, who eventually may develop respiratory fail-
ure [3, 4].

Normal Breathing Pattern During Sleep

Breathing normally varies significantly between wakefulness and sleep, and
between supine and upright postures as well. In supine position, there is a mild
reduction in inspiratory and expiratory reserve volumes and hence a reduction in the
vital capacity and total lung capacity is seen.

During NREM sleep, there is a reduction in respiratory rate, tidal volume, pha-
ryngeal dilator muscle activity, and ventilator drive of wakefulness, resulting in
slight increase in the partial pressure of carbon dioxide in blood. In REM sleep,
muscle atonia develops. Even though, ventilation is decreased further, due to varied
involvement of muscle groups in REM (the pharyngeal and intercostal muscles are
affected the most and the diaphragmatic muscles are affected the least), in a normal
individual, the only muscle which is still able to maintain breathing during REM
sleep is diaphragm. Hence, the role of intercostal muscles in NREM and diaphragm
in REM are vital [5, 6].

Mechanisms of SDB in Patients with Muscle Disease

Normal functioning of respiratory muscles and diaphragm is essential to carry out
breathing during sleep. Their structural integrity and functions are especially
important in supine position and in REM sleep. In myopathies and muscular dys-
trophies, involvement of these muscles and diaphragm makes the patient suscep-
tible for SDB. Reduction in lung volumes and capacities, diaphragmatic weakness,
coexisting cardiac abnormalities, and mechanical airway obstruction could be
some of the mechanisms that would contribute to the sleep disordered breathing
[Fig. 4.1].
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Pathophysiological mechanisms responsible for SDB patients with myopathy and muscular dystrophy
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Fig.4.1 Pathophysiological mechanism responsible for SDB in patients with myopathy and mus-
cular dystrophy

Reduction in Lung Volumes and Capacities

Restrictive ventilatory defect in pulmonary function testing develops once respira-
tory muscles of the chest wall are involved in the muscle disorders. When compared
to normal individuals, these patients have significantly lower inspiratory and expira-
tory reserve volumes and slightly higher residual volumes. These in turn cause
reduction in VC, FRC, and TLC. The lung capacities are much lower in supine
position during sleep [6, 7].

The decreased lung capacities are also associated with decrease in pharyngeal
airway cross section, due to fall in caudal traction force, further increasing the risk
of obstructive sleep apnea [8, 9]. Thus, there are severe nocturnal desaturations
especially during REM sleep. The nocturnal pulse oximetry in these patients typi-
cally demonstrates a “saw-tooth” pattern. The final result is hypoventilation that
leads to chronic hypercarbic respiratory failure [10]. The importance of vital capac-
ity as an independent marker to assess disease progression has already been empha-
sized in patients with DMD and acid maltase deficiency [4, 15].

Involvement of the Diaphragm

Patients with muscle disease can present with diaphragmatic weakness or paralysis.
Clinically, this can cause exertional dyspnea, orthopnea, paradoxical breathing, and
recurrent pneumonias [11, 12]. With more understanding of the role of diaphragm
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in sleep, the sleep pattern in these conditions has been better studied in recent times.
These patients tend to have disrupted nocturnal sleep, daytime somnolence, and
fatigue. Diaphragmatic weakness has been reported in patients with rigid spine
muscular dystrophy [13, 14]. In a study that included 27 subjects with acid maltase
deficiency, 13 were found to have diaphragmatic weakness and 12 out of these 13
patients were diagnosed to have SDB in polysomnogram [15]. Diaphragmatic
weakness can be a consequence of critical illness myopathy and inflammatory
myopathies [16] as well and can pose difficulty in ventilator weaning [17].

Coexisting Cardiac Abnormalities

Cardiac abnormalities are frequently seen in some types of myopathies and muscu-
lar dystrophies and contribute significantly towards the mortality in these condi-
tions. Some examples include Emery-Dreifuss muscular dystrophy [18], certain
types of Limb-Girdle muscular dystrophy (types 1B, 1D, 2A, 2C, 2E, and 2F),
Duchenne’s and Becker’s muscular dystrophies [19, 20], myotonic dystrophy [21],
mitochondriopathies [22], nemaline myopathy [23], and congenital fiber type dis-
proportion [24]. Cardiac manifestations include conduction abnormalities, systolic
and diastolic dysfunctions, and intra-cardiac thrombus formation. Cheyne-Stokes
breathing can be a consequence of cardiomyopathy in these patients and may be a
poor prognostic factor [25].

Anatomical Airway Obstruction

SDB in patients with muscle diseases are usually related to hypoventilation [5].
However, it is also possible to see obstructive sleep pattern in some of these patients.
Macroglossia and fibro-fatty replacement of tongue muscles have been reported in
patients with acid maltase deficiency (Pompe’s disease) leading to obstruction in the
airway and OSA [26]. In Duchenne’s muscular dystrophy, patients were found to
have a bimodal pattern [5] with the increased presence of OSA, at least in the first
decade and hypoventilation later on [27-29]. SDB can also occur in both types of
myotonic dystrophy with OSA being more common in type 2 (DM2) and central
sleep apnea in type 1(DM1) [30, 31].

Insomnia in Myopathies and Muscular Dystrophies

Insomnia is defined as continuing difficulty initiating or maintaining sleep despite
enough chances and conditions to sleep, thereby affecting daytime functioning
(ICSD-3). In patients with muscle disease, it is not uncommon to see insomnia. The
frequent reasons of insomnia in these conditions are muscle pain, hypoventilation/
hypercapnia, and also the side effects from medication used to treat these conditions
and are listed in Fig. 4.2 below.

Pain is commonly reported in patients with muscle diseases, especially in
Duchenne’s muscular dystrophy, fascioscapulohumeral muscular dystrophy
(FSHD), myotonic dystrophy, and inflammatory myopathies. It is well known that
chronic pain/fatigue can cause insomnia and disrupted nocturnal sleep. This has
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Fig. 4.2 Causes of Causes of insomnia in myopathies and muscular dystrophies:
insomnia in myopathies
and muscular dystrophies 1) Chronic hypoventilation/ hypercapnia

2) Muscle pain

3) Steroid use for treatment of muscle disease

been previously documented in patients with cancer, fibromyalgia, traumatic brain
injury, and arthritis [32-36]. Likewise, patients with muscle diseases and muscle
pain are also prone to have insomnia. In a case series of four patients with FSHD,
all of them were found to have prominent muscle pain in the absence of significant
muscle weakness. The muscle pain was severe enough to cause both sleep onset and
maintenance insomnia in these patients. In another study which included 55 patients
with FSHD, 42 had chronic pain with higher incidence of alpha delta waves during
sleep (this alpha intrusion during N3 sleep has been linked with non-restorative
sleep) and a reduction in N3 sleep [36, 37].

Insomnia has also been reported in patients with long standing Duchenne’s mus-
cular dystrophy who were referred for non-invasive ventilation. Insomnia was
thought to be a consequence of chronic hypoventilation and hypercapnia in these
patients though other unknown mechanisms are likely to contribute as well [38].

Medicines that are used in the treatment of the muscle conditions can contribute
to insomnia. A 6-month prednisone trial in patients with Duchenne’s muscular dys-
trophy, which included 103 patients, showed that these patients had insomnia along
with other behavioral symptoms like depression, irritability, and hyperactivity.
Sleep-related symptoms were present in 48% of patients who were on prednisone,
daily dose of 0.75 mg/kg but increased to 64%, with 1.5 mg/kg dose [39]. This indi-
cates that insomnia could be a dose-dependent side effect of prednisone.

Sleep-Related Movement Disorders

These are disorders in which sleep disturbance is a consequence of simple com-
monly stereotypical movements that occur either during sleep onset or maintenance.
Unlike parasomnias, these disorders do not present with abnormal complex behav-
iors like eating, walking, dream enactment, etc.

ICSD-3 includes restless legs syndrome (RLS), periodic limb movement disor-
der (PLMD), sleep-related leg cramps, bruxism, rhythmic movement disorder, and
sleep-related movement disorders due to a medical condition, medication/substance
use under this category. Of these, RLS is the only disorder that has been reported in
patients with muscle diseases specifically in myotonic dystrophy [40].

Restless legs syndrome, also known as Willis-Ekbom disease is a disorder char-
acterized by an uncontrollable need to move the legs, with aggravation of symptoms
towards the end of the day and during inactivity. Patients also report complete or
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limited improvement of symptoms with activity. As a result, the sleep cycle gets
disrupted in about 90% of the patients (ICSD-3). In general, RLS can be idiopathic
or secondary to some predisposing factors like iron deficiency anemia, pregnancy,
chronic renal failure, and medications like antihistamines, dopamine antagonists,
and antidepressants except bupropion.

A study done by Mayo clinic which included 30 genetically confirmed myotonic
dystrophy type 2 participants(DM2) who were compared with 43 age and sex-
matched controls, six patients were found to have RLS symptoms, and three of
those had low ferritin levels [40]. Dopamine dysfunction in the striatum and sub-
stantia nigra has been linked to the pathophysiology of RLS. Iron being the cofactor
for dopamine synthesis, deficiency in iron and ferritin and decreased levels of these
in the CSF of these patients is a key factor responsible for causing RLS symptoms
[41, 42]. Similarly, in patients with myotonic dystrophy, an RNA toxicity-related
abnormal functioning of dopaminergic pathway involving the hypothalamic A1l
nuclei is noted [40].

RLS is a clinical diagnosis made if the above-mentioned clinical criteria are met.
PSG is not required to diagnose patients with RLS. But, a coexisting finding in PSG
which could be noted in patients with RLS is the presence of PLMS and PLMW
(periodic limb movements of sleep and wakefulness, respectively). This has been
reported in DM2 patients also [40, 42].

RLS has also been reported in a patient with Duchenne’s muscular dystrophy
who had history of analgesic abuse and chronic pain after taking amitriptyline for
chronic pain [43].

Disorders of Central Hypersomnolence

This includes diseases that can present with excessive daytime sleepiness (EDS)
and in which the sleepiness is not a consequence of disrupted nocturnal sleep or
circadian abnormalities. The disorders included under this category are narcolepsy
type 1 and 2, idiopathic hypersomnia, Kleine-Levin syndrome, insufficient sleep
syndrome, hypersomnia secondary to medical or psychiatric illness, and hypersom-
nia secondary to medication or substance use (ICSD-3).

Patients with muscle diseases can have EDS secondary to various reasons like
SDB, medication use, etc. But in certain group of patients like myotonic dystro-
phy, excessive sleepiness can occur in the absence of other factors. The prevalence
of EDS could vary between 50% in childhood onset DM and about 70-80% in
adult onset patients [44, 45]. A possible “central” etiology wherein structural
abnormalities of the cerebral gray and white matter areas have been identified in
these patients resulting in daytime sleepiness, cognitive abnormalities, and even
depression. Loss of dorsal raphe serotonin producing neurons, which play a vital
role in sleep-wake modulation, has also been described in neuropathological anal-
ysis. Even though EDS was also noted in DM 2 patients, it was less common than
in DM 1. DM 2 patients had higher frequency of depression due to atrophy of
limbic region [46].
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A narcolepsy-like state with reduced CSF orexin levels was noted in these
patients. Unlike narcolepsy with cataplexy, these patients were found to be negative
for HLA-DQB1#0602, (a genetic association seen in almost all patients of narco-
lepsy with cataplexy when compared to general population) and instead patients
with DM1 and EDS showed a higher incidence of HLA haplotype DRW6-DQW1
when compared to controls in few studies [47]. In PSG, there was evidence of
decreased sleep onset latency and MSLT showed >2 sleep onset REM periods
(SOREMPs) which denotes the presence of REM within 15 min of sleep onset
(ICSD-3). These findings which are typically seen in patients with narcolepsy were
also found in these DM patients with narcolepsy-like state. They also showed good
treatment response to modafinil [47].

Parasomnias

These are abnormal complex movements associated with behavioral changes, dream
enactment, perceptions, and autonomic changes that occur either during sleep onset,
maintenance, or during arousal. These disorders can result in physical injuries to the
patients or their bed partners. These are classified as NREM and REM parasomnias.
NREM parasomnias include confusional arousals, sleepwalking, sleep terrors, and
sleep-related eating disorders. REM parasomnias include REM sleep behavior dis-
order, recurrent isolated sleep paralysis, and nightmare disorder. Figure 4.3 high-
lights the various different parasomnias.

Even though there are no reports of patients who had history suggestive of any
parasomnias, few patients with myotonic dystrophy were found to have increased
EMG activity during REM sleep suspicious for REM behavioral disorder. This find-
ing in PSG during REM sleep is called REM sleep without atonia (RSWA) [45, 48].

Circadian Rhythm Disorders

These are disorders that occur due to mismatch between our internal circadian
rhythm and outside environment resulting in difficulties with patient’s personal and

NREM parasomnias: REM parasomnias:

- Confusional arousals - REM sleep behavior disorder

- Sleep walking - Recurrent isolated sleep paralysis
- Sleep terrors - Nightmare disorder

- Sleep related eating disorders

Fig. 4.3 NREM and REM parasomnias
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social life. Under this category, some of the disorders included are delayed sleep-
wake phase disorder, advanced sleep-wake phase disorder, irregular sleep-wake
rhythm disorder, free running disorder or non-24 h sleep-wake rhythm disorder, jet
lag disorder, and shift work disorder. To the best of our knowledge, so far there have
been no reports of Circadian rhythm disorders in patients with myopathy and mus-
cular dystrophy.

Conclusion

Having understood about the different types of sleep disorders that can occur in
patients with muscular dystrophies and myopathies, special attention needs to be
given to obtain sleep history in these patients. Appropriate investigations includ-
ing polysomnograms, MSLT, or even referral to sleep clinics can be considered
depending on what type of sleep disorder is suspected.

Key Points

1.

2.

10.

Breathing normally varies significantly between wakefulness and sleep, and
between supine and upright postures as well.
In a normal individual, the only muscle which is still able to maintain breathing
during REM sleep is diaphragm.

. When compared to normal individuals, patients with muscle disease have sig-

nificantly lower inspiratory and expiratory reserve volumes and slightly higher
residual volumes. These in turn cause reduction in VC, FRC, and TLC.

The decreased lung capacities are also associated with decrease in pharyngeal
airway cross section, due to fall in caudal traction force, further increasing the
risk of obstructive sleep apnea.

. The frequent reasons of insomnia in patients with muscular dystrophy and

myopathy are muscle pain, hypoventilation/hypercapnia, and also the side
effects from steroid use.

A narcolepsy-like state with reduced CSF orexin levels was noted in myotonic
dystrophy patients.

. Few patients with myotonic dystrophy were found to have increased EMG

activity during REM sleep suspicious for REM behavioral disorder. This
finding in PSG during REM sleep is called REM sleep without atonia
(RSWA).

In patients with myotonic dystrophy, an RNA toxicity-related abnormal func-
tioning of dopaminergic pathway involving the hypothalamic A1l nuclei is
noted, which might contribute to RLS symptom:s.

A possible “central” etiology wherein structural abnormalities of the cerebral
gray and white matter areas have been identified in myotonic dystrophy
patients resulting in daytime sleepiness, cognitive abnormalities, and even
depression.

Appropriate investigations including polysomnogram MSLT or even referral to
sleep clinics can be considered depending on what type of sleep disorder is
suspected.
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