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Experts and patients alike describe Restless Leg Syndrome(RLS) both  as  a  miserably impairing  disorder  
and  as “the most common disorder you have never heard of.” Critics do not regard RLS as a disorder at all 
but, rather, as the fabrication of an omnivorous pharmaceutical industry 

RLS is a waking sensorimotor disturbance.Those afflicted describe an intensely uncomfortable, 
overwhelming urge  to  move  the  legs  (often  accompanied  by dysesthesias), predominantly in the 
evening or at night,  that  is  present  at  rest  and  relieved  only temporarily by movement.  

Periodic Limb Movements (PLM) in sleep, which was originally 
called “nocturnal myoclonus” consist  of  recurrent  involuntary 
dorsiflexion of the foot and lower 



RLS 

Forty-seven years ago, Ekbom  reported  that  25%  of  people  with  RLS have low serum iron 
levels and that 24% of those with iron deficiency  anemia have RLS 

There is striking ethnic disparity in reported prevalence of RLS 5 to 15% in Western Europe (Clinically 
significant RLS, requiring daily treatment, has a prevalence of 2.7% in European and North American 
populations)  0.1% in  Singapore,2%  in  native  Ecuador, 3.2% in Turkey, 4.6% in elderly Japanese, 
unknown prevalence in Africa 
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Periodic Leg Movement Disorder (PLMD) is a PSG 

Disorder 

• PLMS are present in up to 6% of the general population (Res Commun 

• Chem Pathol Parmacol 1982) 

• PLMS are present in  45% of adults aged 65 years or older  (Sleep 1991) 

• PLMS  can be detected in asymptomatic individuals 
 

 

 

 

 
 



PLMS 



Pathophysiology of PLMs  
• The pathogenesis of PLMs is not clear 

• There is neuronal hyperexcitability with involvement of brain stem and spinal 

cord structures, in particular the central pattern generator for gait and 

decreased dopaminergic transmission 

 

• It is supported that PLMS are generated in the spinal cord. In 

particular, de Mello et al. observed PLMS in patients with complete 

spinal cord lesions; thus, the spinal cord seems to be sufficient to 

produce periodic activity of the legs 

 

• Dopaminergic agonists regarded as first line treatment 



PLMS 
 Typically recorded from the tibialis anterior (TA) muscle, which extends, proximally, from the 
lateral condyle and superior two thirds of the anterolateral surface of the tibia (interosseous 

margin) to, distally, the medial and plantar surfaces of the medial cuneiform and the base of the 
1st metatarsal. Its main function is to dorsiflect the foot and ankle. It receives direct 
innervation from the L4, L5, and S1 spinal segments through the deep peroneal nerve 

World Association of Sleep Medicine/ IRLSSG/AASM   

PSG gold standard test for PLMs 



Leg Movements-PSG 

• Surface  electrodes  must  be  placed  at  2−3  cm  apart  or  1/3  of  

the  length  of  the  anterior tibialis 

• Impedance should be ≤10 K for clinical studies but ≤5 K is 

recommended  for  research  studies 

• Bilateral  recordings  are  required.  Two  channels,  one for  each  leg  

are  strongly  recommended  for  all  studies  and  required  for  

research 

• Recording LM activity from other muscles is recommended only for 

research purposes or for special clinical conditions (eg, arm 

restlessness, bruxism, RBD, painless  legs  moving  toes  syndrome )  

 

 

 







PLMs / OSA 
• PLMs are found in 24-48% of patients with OSA 

• The current criteria for the scoring of a leg movement as a PLMS excludes 
those associated with respiratory events (Respiratory Related Leg Movement-
RRLM) 

• RRLM are provoked by respiratory-related arousals 

• “Genuine” PLMS can occur in OSA as part of the phenotypic spectrum of RLS 

• Presence of PLMS not related to respiratory events 

• Presence of  RLS 

• Severity of the respiratory disturbance 

The occurrence of RRLM might be  
influenced by at least three main factors 



OSA-PLMs 

OSA PLM 

• Respiratory events 

• Periodicity of the events 

• Respiratory arousals 

• Autonomic arousals 

• Respiratory related leg 

movements 

• Fragmented sleep/Autonomic 

activation 

• Daytime sleepiness/fatigue 

• Cardiovascular morbidity 
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Physiopathology of 

RLS/PLMS in sleep-disordered breathing 

• Intermittent hypoxia associated with apnoeic events has also been linked with 

dysfunction of the dopaminergic pathway suggestive of a possible 

relationship between OSA and RLS (Sleep. 2005) 

• Dysfunctional dopaminergic pathway is implicated in the genesis of RLS, 

which seems to be affected in obese people (lower dopamine D2 receptor 

availability in the striatum of obese people) Neurolog y 2009 



Two different scoring criteria for Respiratory Related Leg Movement  

are available 

• WASM/IRLSSG: RRLM are consider leg movements as respiratory 

related when a leg movement occurs at the end (± 0.5 s) of an apnea 

or hypopnea 

• AASM: RRLM any movement occurring within 0.5 sec preceding the 

start of an apnea event, and during 0.5 sec following the end of a 

breathing episode 

• These criteria are based on consensus and empiric experience and 

have not been addressed with analytic approaches 

• LM very rarely occur at the beginning or during the apnea, but many 

follow the end of the apnea, often exceeding the time window of 0.5 

sec and are not picked up by either method 



Sleep Medicine 2016 



Respiratory Related Leg Movements/Arousals 

Sleep Medicine 2016 



This study shows that individuals with RRLM consistently have NRLM with features typical for 
“genuine” PLMS 

In the current study, patients with OSA in whom these “genuine” PLMS are not observed, 
RRLM also were not observed. 

Subjective sleepiness was found to be similar in the two groups 

 Retrospective chart review  with OSA and RLS 
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Conclusions 
• RRLM might represent part of a phenotypic spectrum that  also includes 

“genuine” PLMS because they cluster clearly in the patients who also have 

typical PLMS not correlated with the respiratory events 

• It is possible  that the same genetic background might  predispose the 

individuals to present typical PLMS, when no other strong synchronizing 

mechanisms are at work, or RRLM, when the more powerful respiratory rhythm 

takes the lead and  forces LM to synchronize with it accordingly 

• This might also suggest that in discussion of future scoring criteria, RRLM  

should not be excluded from the analysis of PLMS 

• The definition of RRLM is based on WASM/IRLSSG3 similar to those indicated by 

the AASM, which are consensus based 

•  There is need to explore in more detail the time structure of LM, apnea, and 

arousals that might provide important hints for a better understanding of how 

these phenomena interact with each other 



 

• We found that the frequency of periodic limb movements in sleep correlated with the 
presence of  allele  A  of  marker  rs3923809 

• AA homozygotes had almost twice as many limb movements per hour of sleep as did non-
carriers  (P<0.001)  

  Further  study  is  required to determine whether the A allele of marker  rs3923809  is  associated  with  
periodic  limb movements  outside  the  context  of  RLS 

A Genetic Risk Factor for Periodic Limb Movements in Sleep 



This sequence variant does not appear to be a gene for RLS but, rather, for periodic limb movements in sleep 





Clinically significant RLS occurred in 8.3% of OSA patients compared with 2.5% in the 
control group 





The PLMs may increase in moderate to severe OSA due mainly to “unmasking” of 
underlying PLMD (spotaneous PLMs) 

The PLMs may decrease in mild OSA post-CPAP due to resolution of PLMs associated with 
respiratory effort-related arousals (induced PLMs secondary to RERAs) 

PLM seen during CPAP titration may be related to a concurrent sleep disorder because of 
“unmasking” in patients with treated OSA 





• This study showed that PLMs do not disappear with the elimination of AASM 

defined hypopnea, but with the elimination of flow limitation and the 

associated instability of NREM sleep (CAP) 

•  PLM induces “hypopnea” (ie,  PLM would increase inspirations secondary 

leading to a compensatory physiologic pause related to the “hyperbreath” 

associated with some degree of CO2  depletion) 

• PLMs monitored in the legs are also simultaneously seen in the abdominal 

muscles, and both EMG bursts disappear with optimal PAP pressure with the 

absence of flow limitation 



Controversy CPAP-PLMs 

• CPAP therapy can  induce or worsen PLMS (Chest 1989) 

• Severe OSA patients experienced an increase in the number of PLMS 

during CPAP treatment, whereas a decrease in PLMS was observed 

among mild OSA patients during CPAP therapy (Sleep 2003) 

• PLMS  decreased with CPAP treatment whether the patients had mild 

or severe OSA (Respir.Med. 2002) 

• Severity of RLS symptoms has also been found to improve after 3 

months of CPAP therapy in patients affected by the combination of 

RLS and OSA (Sleep Med. 2006) 

• Mandibular advancement device can also induce PLMS in OSA 

patients who did not have a diagnosis  of PLM at baseline (Sleep Breath. 

2010) 
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There is sympathetic predominance in patients with OSA and PLMS. Therefore, comorbid OSA 
and PLMS may negatively affect the cardiovascular system of patients 

PLMS and arousals and their correlated durations seem to indicate that both events might be 
regulated by a complex mechanism, such as heart rate and blood pressure  rather than being 
connected by a simple reciprocal cause/effect relationship 



Treat OSA 

PLMs=0 PLMs 

Clinical History 
for RLS/other 

sleep disorders 

 Yes 
No  

Wait and 
see? Treat  



Conclussions 

• OSA and PLMs coexist (PLMs 24-48% in OSA) 

• Pathophysiologic Interactions among two disorders are complicated 

• OSA, treated or not  can induce PLMs 

• There is a specific genetic background for PLMs. RRLMs may be a 

different phenotype of the same genetic disorder   

• PLMs in OSA could affect sympathetic activation and cardiovascular 

morbidity but rather not daytime sleepiness  

• PLMs in OSA should be treated  only if there is another sleep disorder 

or PLMs are sustain 

• The main issue is the controversy of scoring rules for LMs and the 

relation of RRLMs with PLMs  

 

 




