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Prevalence of periodic limb movements in sleep and association with obstructive 
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Abstract 

 

Introduction: Periodic limb movements during sleep (PLMS) and obstructive sleep apnea (OSA) are two 

common sleep disorders. Similarity in periodicity of PLMS and OSA led us to hypothesizethe existence of 

a common central generator responsible for both OSA and PLMS. We aimed to investigate association 

between PLMS and OSA from polysomnogram and response from continuous positive airway pressure 

(CPAP) treatment. 

 

Objectives: To identify 1) prevalence of primary periodic limb movements in sleep, 2) prevalence of 

secondary periodic limb movements in sleep and 3) the association between PLMS and OSA, and how 

much CPAP treatment improves PLMS and other sleep parameters. 

 

Materials and Methods: A cross-sectional descriptive study, 88 subjects were conducted at 

Phramongkutklao Hospital,Thailand in 2013-2017. Seventy-nine subjects out of 88 patients had both OSA 

and PLMS. Then, the association of PLMS and OSA were compared before and after continuous positive 

airway pressure treatment.  

 

Results: Prevalence of PLMS and OSA was 89.77% in 5 years polysomnogram collection. Primary and 

secondary PLMS showed that mean age (63 versus 54.4 years old) and sleep efficiency (63 versus 76.1 %) 

were significantly different (p-value 0.011 versus 0.004, respectively). No significant correlation was 

observed for BMI, arousal index and genders.  

 



Conclusion: Obstructive sleep apnea is a very common co-morbidity among the patients diagnosed with 

periodic limb movement in sleep. Most patients were dramatically improved their sleep parameters i.e. 

PLM index, and sleep efficiency after CPAP treatment. 

 

 

Trial registration: Institutional Review Board Royal Thai Army Medical Department R164h/60_Exp. 

Trial registration date: November 7, 2017. 

 

Keywords: periodic limb movements during sleep (PLMS), obstructive sleep apnea (OSA), continuous 

positive airway pressure (CPAP) treatment 
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Introduction 

 

Periodic limb movement in sleep (PLMS) is defined as repetitive limb movements (mostly of the 

legs), occurring mainly during non-rapid eye movement (non-REM, NREM) sleep, it is characterized by 

dorsiflexion of unilateral or bilateral toe(s) and ankle(s), occasionally followed by flexion of hip(s) and 

knee(s).  It occurs 20 – 40 seconds per time and in every 20 – 90 minutes.  Patients usually have not recognized 

the symptoms as the occurrence is very short in sleep, however it would produce inability to sleep continuously, 

and causing sleep fragmentation.  This condition can be detected in every age group and both genders, but it is 

more commonly found in middle-aged adults or older.  In elderly age > 60 years old, the prevalence of PLMS 

is up to 34 %.(1) The etiologies of this condition is still unknown, but earlier studies are demonstrated its 

associations with some medical co-morbidities, i.e. chronic renal failure, electrolyte imbalances and 

tricyclic antidepressants or monoamine oxidase inhibitors used. High-resolution functional magnetic 

resonance imaging identifies abnormal signal over the red nucleus and brainstem, showing anatomical 

correlation to PLMS.(2) 

Obstructive sleep apnea (OSA) is a condition in which muscles of primary airway relaxing during 

sleep, causing narrowing of primary airway passage, deoxygenation and hypercarbia. By compensatory 

mechanism, brain will promote arousal in order to have further rebreathing. People with frequent arousals 

often present with feeling sleepy, feeling unwell and headache at the morning time which is defined as 

excessive daytime sleepiness (EDS). Moreover, EDS can cause mood disorders and cognitive impairment 

i.e. attention, memory, or work/social performances. In addition, EDS is one of the risks of accident at 

work or driving, cardiovascular diseases for example hypertension, coronary artery disease, congestive 

heart failure, arrhythmias, stroke, pulmonary hypertension and metabolic syndrome. 

From an epidemiologic study about obstructive sleep apnea in various regions (appendix 1), it 

was reported that the prevalence of OSA, diagnosed by apnea-hypopnea index (AHI) > 5 times/hour, was 

24.0 % and 9.0 % in Western male and female respectively (3).  For Asian countries, the prevalence of 

OSA in male and female Chinese (China and Hong Kong) (4) were  8.8 % and 3.7 % respectively while 

Korean male and female were 27.0 % and 16.0 % respectively (6).  In Thailand, OSA was detected 15.4 % 

in male and 6.3 % in female (7). EDS among OSA patients were reported 4.8 % in male and 1.9 % in 

female (7), which there was no different in frequency of EDS among different countries. A hypothesis, 

“Apnea phenomenon”, claims that periodic limb movement in sleep would occur in the temporal relationship 

with OSA, at around the range of 30 – 40 seconds after OSA. Some studies suggested that using continuous 

positive airway pressure (CPAP) treatment for OSA would be beneficial in improving PLMS. 



Nevertheless, PLMS can be primary PLMS (no factor identified) or secondary PLMS from OSA or other 

conditions.  

We here would like to conduct this research in order to identify the prevalence of PLMS and 

association with OSA in our Division of Neurology, Phramongkutklao Hospital, Thailand. We hypothesized 

that Secondary PLMS is more common and treatment of OSA would improve PLMS and sleep parameters. 

 

Materials and Methods 

  

This study is a cross-sectional retrospective descriptive and analytic study, reviewing the result of 

polysomnography from 2013-2017 (5 years), from Neurology Sleep Center, Phramongkutklao Hospital.  

 Objectives and outcome measures were to identify 1) prevalence of primary periodic limb 

movements in sleep, 2) prevalence of secondary periodic limb movements in sleep and 3) the association 

between PLMS and OSA, and how much CPAP treatment improves PLMS and other sleep parameters 

Selection criteria were patients whose age was older than 18 years and diagnosed with PLMS 

from the Polysomnography result (PLMS index>5), scored by 2 experienced sleep technicians. Sample 

size calculation for the prevalence study was 43; therefore we planned on recruiting studied patients more 

than this number. Demographic data were collected including age, gender, body mass index (BMI), sleep 

and PLMS variables. The occurrence of OSA and CPAP implementation were also included.  

 

 

 

Research Outcomes measurement 

Prevalence of periodic limb movements in sleep and obstructive sleep apneas were calculated in 

number and percent. We grouped the patients into primary and secondary PLMS based on OSA co-

morbidity in which primary OSA was the patients with no OSA or mild OSA (respiratory disturbance 

index, RDI <15) and secondary PLMS [RDI ≥ 15, moderate (RDI 15-29) and severe OSA (RDI ≥ 30)], 

as flowchart.  

 

 

 

 

 



Flowchart of the study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical analysis and ethical issue 

 Continuous variables were presented in mean and SD while categorical data were presented in 

number and percent. To identify the difference or association, chi-square test and independent sample t-

test were analyzed for parametric variables and Wilcox-Signed-Ranks test was for paired-related sample 

(non-parametric variables). P-value <0.05 indicated significant difference. Statistical analysis was tested by 

SPSS program 15.0. This study was reviewed by Institutional Review Board Royal Thai Army Medical 

Department with an approval number R164h/60_Exp and trial registration date on November 7, 2017.  

 

 

PLMS patients were screened from polysomnogram (n= 88) 

PLMS with OSA patients (n= 79) 

Primary PLMS patients (n= 28) 

Secondary PLMS patients (n= 41) 

Non-severe OSA patients (n= 17)  

Severe OSA patients (n= 62) 

Before and after CPAP treatment  

PLMS without OSA patients (n= 9) 

No CPAP treatment (n= 10) 



Results 

From total polysomnogram 386 patients, 88 patients with PLMS (PLM index > 5 per hour of 

sleep), 79 (89.7 %) had OSA (RDI > 5/hour). The mean age of the patients with combined PLMS and 

OSA was 59.3 years old, SD 14.6, ranged 26-87 years old. Fifty-five (69.6%) were males. Mean body 

mass index (BMI) was 27.8 kg/m2, SD 7.4.  

The mean sleep onset latency was 16.6 minutes (SD18.6), and the mean sleep efficiency was 

69.7 % (SD 19.8). Total percentage of REM sleep was 10.1 %, N1 (NREM stage 1) 26.4 %, N2 (NREM 

stage 2) 58.8 %, N3 (NREM stage 3 and 4) 4.7 %. REM RDI and non-REM RDI were 25.1/hour and 

56.7/hour respectively. The mean PLM index of total sleep from 88 patients with PLMS was 36.9 /hour 

(SD 32.9). 

Mean RDI before and after CPAP were 56.8 /hour (SD 29.9) and 7.9 /hour (SD 12.6) 

respectively. Sixty-nine patients (87.3%) performed CPAP implementation, total PLMS index before and 

after CPAP were 36.9 /hour (SD 32.9) and 14.8 /hour (SD 21.3), respectively.  The details of sleep 

variables before and after CPAP were showed in Table 1, figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1: Patient characteristics before and after CPAP treatment (n = 69) 

 

 Before CPAP 

Mean ± SD 

(range) 

After CPAP 

Mean ± SD 

(range) 

P-value 

Sleep efficiency (%) 69.7 ± 19.8 

(17.8 - 98.3) 

75.8 ± 17.5 

(20 - 97.8) 

0.013 

Total sleep RDI (/hour) 56.8 ± 29.9 

(3.2 - 135) 

7.9 ± 12.6 

(0 - 95.6) 

<0.001 

Total arousal index (/hour) 34.5 ± 19.5 

(0 - 82.3) 

20.2 ± 11.6 

(0 - 50.8) 

<0.001 

Arousal index from respiratory problem (/hour) 26.9 ± 19.3 

(0 - 82.3) 

13.9 ± 12.6 

(0 - 49.8) 

<0.001 

Arousal index from PLM (/hour) 0.4 ± 1.6 

(0 - 11.1) 

0.2 ± 0.5 

(0 - 3.3) 

0.530 

PLM index total sleep (/hour) 36.9 ± 32.9 

(5.2 - 127.9) 

14.8 ± 21.3 

(0 - 119) 

<0.001 

PLM index NREM (/hour) 38.5 ± 33.9 

(2.7 - 132.4) 

17.3 ± 24.4 

(0 - 119) 

<0.001 

PLM index REM (/hour) 9.6 ± 22.4 

(0 - 105) 

5.9 ± 14.9 

(0 - 62.1) 

0.264 

 

 

 

 

 

 

 

 

 

 



Figure 1: Patient characteristics before and after CPAP treatment (n = 79) 

 

 
 

In primary PLMS group (n = 28), mean age was 63 years old, mean BMI was 26.1 km/m2, and 

mean sleep efficiency was 63 %. Mean RDI was 60.8 /hour, mean arousal index from respiratory problem 

23.1 /hour, and the mean PLMS index total sleep 32.4 /hour. Whereas in secondary PLMS group (n = 41) 

mean age was 54.4 years old, mean BMI was 28.7  km/m2, mean sleep efficiency was 76.2 %, mean RDI 

was 63.2 /hour,  and the mean PLM index total sleep 37.6 /hour. The details of both subgroups were 

compared in Table 2, Figure 2. Primary PLMS patients were significantly older than the secondary group 

(63 and 54.4 years old respectively, p-value 0.011). After using CPAP treatment, sleep efficiency in 

secondary PLMS group was more significantly improved when compared with primary group (p-value 

0.004). There was no gender effect between groups (p 0.95).  

Subgroup analysis of non-severe OSA and severe OSA showed that non-severe OSA had 

significantly more number of awakenings per hour (22.2 versus 11.6, p 0.001). By contrast severe OSA 

group had significantly higher in desaturation index per hour (6.9% versus 4%, p 0.001). Non-severe OSA 

group had total arousal index significantly less than severe OSA group (23.4 versus 37.5, p 0.007). Non-



severe OSA group had significantly less total CPAP arousal than severe OSA group (12.9 versus 21.4, p 

0.032).  

 

 

Table 2: Group statistics between primary PLMS (n = 28) and secondary PLMS (n = 41) after using 

CPAP treatment. 

 

 

 Primary PLMS(n=28) 

Mean ± SD 

Secondary PLMS(n=41) 

Mean ± SD 

p-value 

Age (year) 63.0 ± 14.7 54.4 ± 12.5 0.011*** 

BMI 26.1 ± 4.2 28.7 ±6.8 0.083 

Sleep efficiency (%) 63.0 ± 21.4 76.1 ± 15.5 0.004*** 

%N1 28.9 ± 23.3 23.7 ± 16.4 0.286 

%N2 57.6 ± 22.7 62.0 ± 19.5 0.395 

%N3 6.8 ± 13.9 3.1 ± 6.3 0.135 

%REM 6.6 ± 9.7 11.1 ± 14.1 0.149 

Total sleep RDI (/hour) 60.8 ± 24.1 63.2 ± 29.3 0.723 

REM RDI (/hour) 18.0 ± 29.0 33.6 ± 34.2 0.052* 

NREM RDI (/hour) 62.1 ± 24.0 63.5 ± 29.9 0.842 

Total arousal index (/hour) 32.3 ± 20.8 37.5 ± 19.2 0.290 

Arousal index from respiratory problem (/hour) 23.1 ± 19.5 30.6 ± 18.9 0.116 

Arousal index from PLM (/hour) 0.6 ± 1.7 0.1 ± 0.4 0.046 

 

 

 

 

 

 

 



Figure 2: Group statistics between primary PLM (n = 28) and secondary PLM (n = 41) after using 

CPAP treatment. 

 

 
 

Discussion  

Individuals diagnosed with PLMS from overnight sleep study of our sleep center, 

Phramongkutklao Hospital, were identified OSA of 89.7%. From our observation, primary PLMS were 

recovered by CPAP less than secondary PLMS. Therefore, primary PLMS patients should not be treated 

by CPAP but preferred to medical treatments.  In severe OSA group, it was found that there was more 

frequent numbers of desaturation and higher index of total sleep RDI and REM RDI as well as arousal 

index. Also, PLM index in severe OSA was also significantly higher than non-severe OSA. This means 

that the pathophysiology of leg movements would be related to hypoxemia causing activation of basal 

ganglia and dopaminergic pathways.  

 Our study had some limitations according to retrospective data and small sample size. For the 

future perspective, the researchers should enroll more number of patients and well-designed study as well 

as a long-term prospective interventional trial using CPAP. However, this was the first PLMS study in 

Thailand which would informed that PLMS could be secondary from respiratory events which preferred 

CPAP treatment rather than medical treatment i.e. dopaminergic agents.  

 

 



Conclusion  

 Prevalence of PLMS with any degrees of OSA was very high (89.8%). PLMS in the groups with 

severe OSA showed markedly improved after using CPAP. Therefore physicians should aware of these 

comorbid conditions. 
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Appendix 

Appendix 1:In studying epidemiology of Obstructive Sleep Apnea 

 

Study 
Population 

(each) 

Age 

(Year) 

Prevalence (percentage) 

 

AHI > 5 AHI > 5  

symptom*** 

total male female total male female 

Young (U.S.A., 1993)(3) 602 30-60 - 24.0 9.0 - 4.0 2.0 

Ip (China/Hong Kong, 2001)(4) 153 30-60 - 8.8 - - 4.1 - 

Ip (China/Hong Kong, 2004)(5) 106 30-60 - - 3.7 - - 2.1 

Kim (Korea, 2004)(6) 457 40-69 - 27.0 16.0 - 4.5 3.2 

Neruntarat (Thai, 2010)(7) 199 37.2+9.2** 11.4 15.4 6.3 4.4 4.8 1.9 

 

* diagnose criterion AHI > 5 times/hr. (diagnose in sleepingfrom Type 1) 

** Average + standard deviation 

*** Excessive daytime sleepiness (EDS) symptom 

 

 Appendix 2: Operational definition(12) 

 

 - Apnea is the status of no air passing in and out or decrease of breath at least 90% from 

normal for minimum 10 seconds long.  

- Apnea Hypopnea Index (AHI) is the indicator mentioning the status of apnea and 

hypopnea totally to be the number of times per hour of sleeping. 

- Oxygen Desaturation Index (ODI) is the indicator mentioning the decrease of oxygen 

desaturation as set such as at least 3% or at least 4% totally to be the number of times per hour of 

sleeping. 

 - Obstructive Sleep Apnea(OSA)  is the status of muscle shrink at the initial respiratory 

during sleeping, which caused respiratory to be shrunk and narrowed, effecting breath to pass less 



than usual or unable to pass in and out even using more strength in respiration. The said incident 

affected Oxygen desaturation and carbon dioxide congestion in the blood.  When reaching to a 

certain level, body will have a mechanism to protect itself by making arousal at the brain in order to 

let muscle at the initial respiratory tighten and open wide for enough respiration one more time. The 

said incident will happen periodically again and again, effecting arousal at the brain periodically and 

unable to sleep completely as usual.   Patients then still feel sleepy even they have slept all night. 

 - The severity of OSA is classified as follows:  

  None/Minimal:  AHI < 5 per hour  

  Mild:   AHI ≥ 5, but < 15 per hour  

  Moderate:  AHI ≥ 15, but < 30 per hour  

  Severe:   AHI ≥ 30 per hour  

 - Periodic limb movements of sleep index (PLM index) of 5 or more that is associated 

with disturbed sleep and excessive daytime sleepiness. 

 - Periodic limb movement disorder (PLMD) has been defined as >15 PLMS per total 

hours of sleep time, associated with sleep disruption and excessive daytime sleepiness unexplained 

by other causes. 

 

Appendix 3: Data Collection Form 

  

No 1 2 3 4 5 

HN      

Age (year)      

Sex(1 = Male, 2 = Female)      

BMI(kg/m2)      

No of awakening 
 

     

SO latency(minute)      

S efficiency (%) 
 

     

%REM 
 

     

%NREM1      

%NREM2      

%NREM3 

 
 

     



Average desaturation(%)      

REM RDI      

NREM RDI 
 

     

Sleep RDI       

Arousal Res 
 

     

Arousal PML 
 

     

Arousal Total  
 

     

PLM_I_REM      

PLM_I_NREM      

PLM_I_S      

CPAP( 1= Yes, 2 = No)      

CPAP_S_efficiency(%)      

CPAP_RDI      

CPAP_Arousal Respiration       

CPAP_Arousal PML      

CPAP_Arousal Total      

CPAP_PML_I_REM      

CPAP_PLM_I_NREM      

CPAP_PLM_I_S      

 

Appendix 4: Ethics Problem 

This studying was made with data collection from the patient medical records.  The search of 

history was taken from the medical records so as to obtain data for research.  This performance must 

be allowed by authorities of the medical records and the director of the hospital. The obtained data 

will be used in academic studying only and no disclosure of the patients, which our data must be kept 

as confidential. 

 

 

 


