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Abstract  
Background and Objective: Periodic limb movements of sleep (PLMS) and obstructive sleep apnea (OSA) are two 

common sleep disorders that frequently co-occur in one subject. In this study, we evaluated the polysomnographic 

(PSG) features of patients with OSA with and without PLMS. 

Materials and Methods: Patients with OSA diagnosed by PSG who referred to our sleep clinic over 2 years were  

studied for PLMS during a standard diagnostic sleep study. PSG features including apnea-hypopnea index (AHI),  

oxygen desaturation index (ODI), and sleep quality were evaluated and compared between patients with OSA with and 

without PLMS. 

Results: We evaluated 122 patients with OSA, of whom 17 had comorbid PLMS. Mean sleep quality was significantly 

lower in patients with PLMS compared to those without PLMS (P < 0.05). There was no significant difference in terms 

of mean age, gender, arousal index (AI), ODI, and apnea/hypopnea between the two groups. 

Conclusion: Patients with OSA with PLMS comorbidity have remarkably lower sleep quality and this finding is inde-

pendent of the severity of arousals or respiratory events. Proper evaluation, diagnosis, and treatment of PLMS comor-

bidity in patients with OSA might improve treatment response. 
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Introduction
1
 

Periodic limb movement of sleep (PLMS) is a 

common sleep disorder with a prevalence of about 

25% in adults which significantly increases with 

age (1). PLMS is defined as at least four consecu-

tive episodes of stereotypic movements of one or 

both limbs, predominantly legs. These movements 
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which include toe extension, ankle dorsiflexion, 

and occasionally knee or hip flexion should occur 

with an interval of 5-90 seconds during any stage 

of sleep and last 0.5-10 seconds (when unilateral) 

or 0.5-15 seconds (when bilateral) (2). Move-

ments could be accompanied by various levels of 

arousal or awakening; however, the patient is usu-

ally unaware of both movements and arousals. 

PLMS could be seen in healthy populations and 

usually bears no clinical significance unless ac-

companied by otherwise unexplained disturbances 

in sleep and/or daytime sleepiness, with an index 
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of > 15 PLMS per hour [periodic limb movement 

index (PLMI)] (3); hence, it is named periodic 

limb movement disorder (PLMD). 

PLMS coexists frequently with other types of 

sleep disorders including restless leg syndrome 

(RLS) (4), rapid eye movement (REM) sleep be-

havior disorder (RBD) (5), narcolepsy (6), and 

obstructive sleep apnea (OSA) (7, 8); therefore, a 

diagnosis of PLMD cannot be established before 

these conditions are treated appropriately (3, 9). 

OSA is another common adult sleep disorder 

with an estimated global prevalence of approxi-

mately 50% (10). About 24% to 50% of patients 

with OSA have PLMS (7, 11). OSA-PLMS coex-

istence raises several issues. First, OSA is fre-

quently accompanied by limb movements (LM) 

before, during, or after an apnea/hypopnea event 

this might interfere with the correct diagnosis of 

PLMS in these patients. To address this issue, it 

has been suggested that only LM events > 0.5 

seconds apart from an apnea/hypopnea event be 

counted as PLMS (2). However, there is compel-

ling evidence that respiratory-related LMs 

(RRLMs) occur at a different timespan, mostly 

near the end of the respiratory events (12-14), 

which might probably cause an underestimation 

of PLMS events in the presence of ap-

nea/hypopnea events. This evidence has been used 

as an explanation for the observed aggravation or 

“unmasking” of PLMS after OSA treatment using 

continuous positive airway pressure (CPAP) de-

vices (15-20). 

Second, while OSA is a known risk factor for 

the development of hypertension (HTN) and car-

diovascular and cerebrovascular events (18), a 

growing body of evidence indicates that PLMS 

might independently be associated with sympa-

thetic hyperactivity (19), HTN (20, 21), and a 

greater risk of cerebrovascular (22), cardiovascu-

lar (23-25), and cognitive disorders (26), although 

this evidence has been inconsistent (23, 27-29). 

There is an open question that OSA-PLMS 

comorbidity might further increase the risk of 

vascular disease. 

Third, it is not yet known how PLMS coexist-

ence would affect treatment compliance and success 

in patients with OSA and whether concurrent PLMS 

treatment would increase this rate and decrease the 

cardiovascular consequences of OSA (18, 20). 

In this study, our objective is to evaluate the 

polysomnographic (PSG) features of OSA with 

and without PLMS to better understand the effects 

of PLMS-coexistence on PSG features of patients 

with OSA. This would serve as a first step to the 

assessment of the significance of this coexistence 

in treatment and then prognosis. 

Materials and Methods 

Participants: Patients referred to our universi-

ty sleep clinic for the diagnosis of sleep apnea 

from 2017 to 2020 were studied. Pregnant  

participants and patients with a history of para-

somnias, coexisting neurological disorders affect-

ing RLS such as Parkinson’s disease or neuropa-

thies, heart failure, chronic kidney disease, and 

those who had been on medication with effect on 

RLS (such as antidepressants, antihistamines, or 

opiates) were excluded. All patients underwent a 

standard diagnostic PSG study. A total of 225  

patients, who were diagnosed with OSA based on 

the American Academy of Sleep Medicine 

(AASM) criteria (3), were included. Besides, the 

diagnosis of PLMS was made based on the  

criteria of AASM (3).  

According to that, RRLMs, which are defined 

as LMs that occur during a period from 0.5 sec-

onds preceding a respiratory event to 0.5 seconds 

following that, were excluded. The International 

Restless Legs Syndrome Study Group (IRLSSG) 

criteria were used for the diagnosis of RLS in all 

patients (30, 31). 

Protocol of this study was approved by our in-

stitutional research ethics board (code: 

IR.MUMS.fm.REC.1395.390). All participants 

signed a written consent form and the study was 

conducted following the Declaration of Helsinki.  

PSG study: Overnight PSG was performed  

using Harmonie Software 7.0 (Stellate Systems, 

Montreal, Canada). Electroencephalograms 

(EEGs) (6 channels), bilateral anterior tibial 

muscle electromyograms (EMG), arterial oxygen 

saturation, chest and abdominal movements, and 

nasal airflow were recorded. Scoring of ap-

nea/hypopnea events and determination of sleep 

stages were performed based on AASM recom-

mendations (32). 

In this regard, an apnea event was defined as 

a ≥ 90% decrease in airflow for at least 10 sec-

onds. A hypopnea event was defined as a ≥ 30% 

decrease in airflow lasting for ≥ 10 seconds ac-

companied by at least 3% oxygen desaturation or 

arousal. Likewise, respiratory effort-related 

arousals (RERAs) were defined as flattening ≥ f 

the inspiratory portion of the nasal airflow pres-
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sure for at least 10 seconds leading to arousal 

which does not fulfill the criteria for an apnea or 

hypopnea event and is not accompanied by oxy-

gen desaturation. Accordingly, the apnea-

hypopnea index (AHI) is calculated as the num-

ber of apnea and hypopnea events per hour of 

sleep. Arousal index (AI) and oxygen desatura-

tion index (ODI) were defined as the number of 

arousal events and the number of ≥ 3% arterial 

oxygen desaturation events per hour of sleep, 

respectively. 

PLMS was assessed using AASM diagnostic 

criteria (3) based on a PLMI ≥ 15 during a stand-

ard diagnostic PSG study (33). 

Statistical analysis: Descriptive statistics in-

cluding frequency and percentage and mean  

± standard deviation (SD) were used to describe 

appropriate data. Normally-distributed variables 

were compared by independent samples t-test, and 

non-normally-distributed variables were com-

pared by Mann-Whitney U test between the two 

groups. The relationship between categorical vari-

ables was analyzed using the chi-square test. Sta-

tistical analyses were performed using the SPSS 

software (version 20, IBM Corporation, Armonk, 

NY, USA). P-values less than 5% were consid-

ered statistically significant. 

Results 

After the exclusion of patients meeting the 
aforementioned exclusion criteria, 122 patients 
who fulfilled AASM criteria for OSA (3) includ-
ing 100 (82%) men and 22 (18%) women were 
included in this study. The mean age of partici-
pants was 45.1 ± 12.6 years (18-68 years). Of all 
patients, 18 (13.5%) were diagnosed with PLMS, 
17 (94.4%) of them being men. The mean AHI 
was 26.5 ± 24.8 (range: 5-136), of which 43 
(35.25%) cases were mild (AHI: 5-15), 50 
(40.98%) were moderate (AHI: 15-40), and 29 
(23.77%) cases were severe (AHI > 40). Charac-
teristics of the patients with and without PLMS 
and their PSG features are presented in table 1. 

There was no significant difference between 

the two groups (with vs. without PLMS) in terms 

of age (P = 0.17), gender (P = 0.64), Epworth 

Sleepiness Scale (ESS) score (P = 0.68), and past 

medical and drug history. 

 
Table 1. Characteristics of patients with obstructive sleep apnea (OSA) with and without periodic limb movements 

of sleep (PLMS) 

Characteristic OSA without PLMS (n = 105) OSA with PLMS (n = 17) P-value 

Gender   0.300 

Men 84 (68.90) 16 (13.10)  

Women  21 (17.20) 1 (0.80)  

Age (year)  45.51 ± 12.84 45.65 ± 11.00 0.880 

ESS score 9.15 ± 5.99 10.06 ± 7.19 0.680 

Wakefulness after sleep onset (minute) 81.67 ± 54.80 136.12 ± 62.59 0.001* 

Sleep latency (minute) 28.78 ± 43.49 19.24 ± 26.47 0.760 

Number of awakenings  26.04 ± 14.93 31.65 ± 17.92 0.130 

Sleep to N3 latency (minute) 81.80 ± 72.50 205.90 ± 165.49 0.006* 

Sleep to REM latency (minute) 149.53 ± 112.23 231.65 ± 126.03 0.008* 

Duration of N1 stage (minute) 20.38 ± 14.38 25.94 ± 14.81 0.070 

Duration of N2 stage (minute) 48.79 ± 10.48 48.47 ± 11.35 0.910 

Duration of N3 stage (minute) 16.78 ± 9.12 12.94 ± 7.62 0.100 

Duration of REM stage (minute) 13.72 ± 7.78 13.00 ± 9.25 0.590 

AI 23.21 ± 14.43 30.18 ± 21.31 0.180 

Desaturation index 15.64 ± 9.93 32.07 ± 19.82 0.850 

AHI    

Total 27.88 ± 22.79 34.75 ± 33.94 0.940 

Mild (≤ 15) 36 (29.51) 7 (5.74) 0.840 

Moderate (15-30) 44 (36.07) 6 (4.92) 

Severe (> 30) 25 (20.49) 4 (3.28) 

RLS 46 (43.81) 9 (52.94) 0.480 

Sleep quality index 77.41 ± 14.23 65.53 ± 19.70 0.010* 
According to these findings, latencies to N3 and also rapid eye movement (REM) sleep were significantly higher when periodic limb 

movements (PLM) accompanied obstructive sleep apnea (OSA). 
Data are presented as mean ± standard deviation (SD) or number and percentage. All comparisons were performed using Mann-Withney U 

test, except N2 and N3, for which t-test was performed. 
*Significant value 
OSA: Obstructive sleep apnea; PLMS: Periodic limb movements of sleep; ESS: Epworth Sleepiness Scale; AHI: Apnea-hypopnea index; 

REM: Rapid eye movement; AI: Arousal index; RLS: Restless leg syndrome 
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Among PSG indices, AI (P = 0.18), ODI  

(P = 0.85), and AHI (P = 0.94) were not signifi-

cantly different between the two groups. Sleep 

latency, defined as the time from lights off to the 

first epoch of sleep, was similar in the two groups 

(P = 0.38). Mean sleep quality, defined as the  

percentage of total sleep time to the total time 

spent in bed, was significantly lower in patients 

with PLMS compared to those without PLMS 

(65.53 ± 19.70% vs. 77.41 ± 14.23%, P = 0.01). 

This result remained significant after adjustment 

for the degree of apnea/hypopnea, entering AHI, 

and desaturation into the multivariate analysis 

(Table 2). We also found a significantly longer 

total duration of wakefulness after sleep onset in 

the PLMS group (136.12 ± 62.59 vs. 81.67 ± 54.80, 

P = 0.001); however, the number of awakening 

episodes was not significantly different between 

the two groups (31.65 ± 17.92 vs. 26.04 ± 14.93, 

P = 0.13). 

 
Table 2. Comparison of sleep quality after adjustment 

for apnea-hypopnea index (AHI) and desaturation index 

 Beta 95% CI P-value 

PLMS category -11.168 -19.141 to -3.194 0.006 

AHI -0.048 -0.222 to 0.127 0.591 

Desaturation -0.043 -0.274 to 0.188 0.714 

Further adjustment for history of mood disorders 

PLMS category -11.232 -19.318 to -3.146 0.007 

AHI -0.039 -0.215 to 0.137 0.661 

Desaturation -0.054 -0.286 to 0.179 0.649 
CI: Confidence interval; PLMS: Periodic limb movements of sleep; 

AHI: Apnea-hypopnea index 

Discussion 

In this study, we evaluated the effect of PLMS 

on the PSG features of patients with OSA. Our 

findings show that patients with OSA with or 

without PLMS experienced similar frequency of 

arousal, oxygen desaturation, and apnea/hypopnea 

events during sleep. Nonetheless, sleep quality 

was worse in those who had PLMS in addition to 

OSA. This implies that PLMS might independent-

ly decrease sleep quality and this effect is not me-

diated by the severity of sleep apnea/hypopnea. 

Iriarte et al. compared 4 groups including pure 

PLMS, pure OSA, OSA plus PLMS, and healthy 

controls, and found that compared to healthy con-

trols, sleep quality was worse among patients with 

pure PLMS accompanied by more episodes of 

arousal; however, they could not find any differ-

ence between pure versus PLMS-associated OSA 

patients in terms of sleep quality (34). Haba-

Rubio et al. evaluated 618 subjects with PLMS in 

their cohort study (29) and found that sleep archi-

tecture was altered significantly in patients with 

PLMS presenting with increased N2 but de-

creased N3 and REM stages. This was accompa-

nied, and probably explained by an increase in 

sleep latency and arousal in these patients. Similar 

sleep structure abnormalities occur in patients 

with OSA (35). 

In our study, although not statistically signifi-

cant, we found that N1 duration was higher and 

N3 duration was lower in OSA patients with 

PLMS compared to those without PLMS and 

these were accompanied by longer duration of 

wakefulness after sleep onset. As a significant 

statistical finding, latencies to N3 and also REM 

sleep were higher when PLMS accompanied 

OSA. This further emphasizes that patients with 

PLMS-comorbid OSA might suffer from more 

severe sleep architecture abnormalities. 

Baran et al. found that PLMI significantly  

increased after CPAP titration in patients with 

moderate and severe OSA (AHI: 15-30 and > 30, 

respectively) compared to those with mild OSA 

(15). Although they did not report sleep quality in 

their sample, they found that OSA severity deter-

mined the CPAP effect on PLMS and that  

“unmasking” of a previously unrevealed PLMS 

occurred mainly in the moderate and severe OSA 

cohorts. Repetitive RRLMs which occur in severe 

OSA may mask coexisting PLMS in these pa-

tients. Treatment with CPAP improves RRLMs, 

thereby allowing for better identification of a 

preexisting PLMS. Our study showed that in pre-

titration assessment, the presence of PLMS was 

not associated with OSA severity. Hence, it is im-

portant to assess patients with OSA precisely for 

coexistent PLMS and its severity. This will allow 

us to better counsel patients about the expected 

treatment effects and their course.  

Altogether, we conclude that PLMS in associa-

tion with OSA might have additional independent 

effects on sleep architecture and quality, which 

based on current literature, may not improve or 

even become worse by OSA treatment. Hence, 

clinicians might consider that residual sleep inef-

ficiency due to PLMS might contribute to poor 

clinical response. Therefore, a careful search for 

PLMS while performing PSG in patients with 

OSA before and after CPAP treatment and ad-

dressing this condition is highly recommended. 

It should be noted that the cross-sectional na-

ture of this study is an important limitation and 
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further generalization of our results should appre-

ciate this fact. Moreover, we did not evaluate the 

effect of OSA treatment on PSG parameters and 

the quality of life of the patients. Future studies 

assessing detailed PSG data in a longitudinal de-

sign both before and after treatment will provide a 

better understanding of the therapeutic implica-

tions of PLMS and the effect of specific PLMS 

treatment on adherence and response to OSA 

treatment and the resulting cardiovascular risk. 

Conclusion 

PLMS is prevalent among patients with OSA. 

In addition, this comorbidity can result in lower 

sleep quality, independent of the severity of 

arousals or respiratory events. Appropriate eval-

uation, diagnosis and treatment of PLMS comor-

bidity in patients with OSA might contribute in 

improving the efficiency of treatment of OSA. 
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