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Periodic limb movements 
in patients with obstructive sleep 
apnea syndrome
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The aim of the study was to assess the factors associated with periodic limb movements during sleep 
(PLMS) among obstructive sleep apnea syndrome (OSAS) patients and identify the role of PLMS in 
patients with OSAS. 303 adult patients with OSAS were included in the study. All patients completed 
physical examination, Epworth sleepiness scale (ESS), and polysomnography. Diagnosis of PLMS was 
made if the periodic leg movements index (PLMI) was ≥ 15. Chi-square test, ANOVA, univariate and 
multivariate logistic regression analyses were conducted to identify factors associated with PLMS 
among OSAS patients. Statistical analyses were performed with SPSS 26.0 for mac. Statistically 
significant difference was considered if P value < 0 .05. Among the 303 adult patients with OSAS, 
98 patients had significant PLMS and the other 205 had no significant PLMS. Compared with OSAS 
patients without PLMS, OSAS patient with PLMS were older, had shorter REM duration and greater 
apnea–hypopnea index (AHI) (P < 0.05). The study suggests that PLMS is a matter of concern among 
patients with OSAS. A better understanding of the role of PLMS among OSAS patients could be useful 
in better recognition, intervention and treatment of OSAS.

Obstructive sleep apnea syndrome (OSAS), as a clinical common and frequently-occurring sleep-related respira-
tory disease, is mainly manifested as apnea and reduced ventilation during sleep, accompanied by symptoms, 
such as snoring, disordered sleep structure, decreased arterial oxygen saturation at night and daytime sleepiness.

Periodic limb movements during sleep (PLMS) are frequently observed in OSAS patients. These spontane-
ous and repetitive muscle contractions frequently involve flexion of the toe, ankle, knee and hip1. PLMS was 
considered responsible for sleep fragmentation, and a complaint of excessive daytime sleepiness (EDS) was 
often regarded as a consequence of PLMS. However, the extent to which PLMS contribute to excessive daytime 
sleepiness and disturbed sleep structure is controversial2, and some researchers consider PLMS simply as a 
polysomnographic observation without functional significance3. Therefore, we conducted the study to explore 
the role of PLMS in patients with OSAS.

Results
A total of 98 OSAS patients with PLMS and 205 OSAS patients without PLMS were included in the study. The 
group of patients with PLMS included 77 males and 21 females, and the mean age was 47.2 ± 12.4 years. The 
control group included 157 males and 48 females, and the mean age was 43.4 ± 12.2 years.

Univariate regression analyses were performed to ascertain possible factors associated with the existence of 
PLMS (Table 1). Among these variables, older age, shorter duration of rapid eye movement (REM) and slow wave 
sleep, greater apnea–hypopnea index (AHI) and arousal index, greater Epworth sleepiness scale (ESS) scoring, 
and greater snoring times were significantly associated with the existence of PLMS in the univariate model. 
Multivariate logistic regression analyses revealed that the existence of PLMS was significantly associated with 
older age (47.2 ± 12.4 vs 43.4 ± 12.2 years, OR = 1.029, 95% CI = 1.007, 1.051), shorter REM duration (63.0 ± 27.2 
vs 73.6 ± 29.1 min, OR = 0.990, 95% CI = 0.981, 0.999) and greater AHI (41.2 ± 26.9 vs 28.3 ± 22.5, OR = 1.023, 
95% CI = 1.012, 1.033) (P < 0.05) (Table 2).
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Discussion
Our study found that OSAS patients with PLMS had significantly shorter REM sleep time than OSAS patients 
without PLMS. Literature about the relationship between PLMS and REM duration were mixed. A previous 
study reported that the duration of sleep stages did not show significant alteration whether they were associated 
with PLMS or not4. Another study found that the presence of increased PLMS was associated with disruption of 
REM sleep5. In addition, PLMS was usually observed in patients with REM-sleep behavior disorder (RBD)6,7. The 

Table 1.   Univariate analysis of differences between OSAS patients with PLMS and without PLMS. ESS 
Epworth sleepiness scale, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, 
PLMS periodic limb movements during sleep, REM rapid eye movement, SWS slow wave sleep, TIB time in 
bed, AHI apnea–hypopnea index, BPM beat per minute. **P < 0.05 is statistically significant.

Variables Non-PLMS (n = 205) PLMS (n = 98) Statistics P value

Age 43.4 (12.2) 47.2 (12.4) F = 6.659 0.010**

Gender

Male 157 (76.5%) 77 (78.5%) χ2 = 0.149 0.771

Female 48 (23.4%) 21 (21.4%)

ESS score 8 (5.5) 9.7 (6.4) F = 5.859 0.016**

Height 166.9 (7.6) 167.7 (7.6) F = 0.812 0.368

Weight 71.2 (12.4) 73.2 (13.0) F = 1.596 0.207

BMI 25.5 (3.7) 25.8 (3.5) F = 0.564 0.453

SBP before sleep 123.1(15.5) 125.2(14.3) F = 1.368 0.243

DBP before sleep 74.0 (11.6) 76.6 (11.7) F = 3.005 0.084

SBP awake in the morning 121.8 (15.0) 125.5(16.0) F = 3.751 0.054

DBP awake in the morning 75.8 (11.2) 78.2(12.3) F = 2.735 0.099

Sleep latency (min)

N1 9.2(11.7) 12.0 (24.4) F = 1.859 0.174

N2 17.1(21.7) 20.8 (32.5) F = 1.382 0.241

N3 72.3(88.9) 84.8(89.7) F = 1.305 0.254

REM 131.4(73.2) 144.4(90.9) F = 1.778 0.183

Sleep duration

N1 + N2 398.1 (258.8) 388.5 (70.0) F = 0.132 0.716

SWS 45.6 (30.7) 30.0 (30.5) F = 17.240 0.000**

REM 73.6 (29.1) 63.0 (27.2) F = 9.110 0.003**

TIB 86.9 (10.9) 84.6 (13.4) F = 2.647 0.105

Arousal index 20.5 (14.3) 26.7 (19.2) F = 9.911 0.002**

AHI 28.3 (22.5) 41.2(26.9) F = 18.983 0.000**

Average SPO2 95.7 (1.8) 95.5 (2.0) F = 1.392 0.239

Minimal SPO2 80.4 (13.2) 77.3 (12.8) F = 3.599 0.059

Snoring

Times 176.8 (169.4) 248.2 (238.2) F = 8.966 0.003**

Duration 68.2 (165.3) 69.2 (75.7) F = 0.003 0.957

Percentage 12.7 (14.3) 14.5 (15.2) F = 0.902 0.343

Heart rate (BPM) 74.0 (10.0) 74.6 (10.8) F = 0.200 0.655

Table 2.   Multivariate regression analysis of factors with PLMS among OSAS patients. **P < 0 .05 is statistically 
significant.

Variable B Exp (B) 95% CI P

Age 0.028 1.029 (1.007, 1.051) 0.011**

REM duration − 0.010 0.990 (0.981, 0.999) 0.029**

AHI 0.022 1.023 (1.012, 1.033) 0.004**

ESS scoring 0.133

SWS duration 0.062

Arousal index 0.724

Snoring times 0.171
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6th World Congress on Sleep Medicine reported that PLMS found to be an independent predictor of mortality 
in a patient cohort study with RBD through a median follow-up of 7.1 years (The 6th World Congress on Sleep 
Medicine, Seoul, Korea) , proposed a hypothesis that PLMS and RBD may partly share a common pathogenesis 
impairment of central dopaminergic transmission6. Further studies were warranted to test the hypothesis.

Our study found that OSAS patients with PLMS were associated with older age, which was consistent with 
previous studies. Previous studies showed that age was positively associated with PLMS8,9, It has been reported 
that PLMS can be found also in normal subjects mostly over the age of 40 years10,11. In addition, Raffaele Ferri 
and his colleges found that typical interval of PLMS was approximately 24–28 s before the age of 55 years but at 
approximately 14–16 s after the age of 65 years12.

Our study found that OSAS patients with PLMS were associated with greater AHI. Literature about the cor-
relation between PLMS and AHI were mixed. Some authors considered PLMS simply as a polysomnographic 
observation without functional significance3. In a recent study, researchers pointed out that there might be two 
types of related leg movement: true periodic ones possibly temporally displaced or paced by the respiratory 
events, and purely respiratory related ones, possibly AHI-independent markers of OSAS severity, signaling the 
presence of frequent arousals, a higher proportion of apneas, and respiratory events of longer duration13. Further 
studies were warranted to explore the correlation between PLMS and AHI.

Our study found that blood pressure and heart rate did not correlate with PLMS. Literature about the cor-
relation between blood pressure, heart rate and PLMS were mixed. Some studies reported an increased blood 
pressure and heart rate in association with PLMS14–16. A proposed mechanism that might link PLMS and car-
diovascular disease includes increased sympathetic cardiovascular modulation17. Some researchers believed 
that the activation of sympathetic cardiovascular modulation may partly be explained by the co-activation of 
leg motor and sympathetic neural fibers in the spinal cord18. Other studies addressing the relationship between 
PLMS and hypertension found an association in unadjusted models, but this was lost after adjusting for potential 
confounders such as age and BMI19. The discrepant results in these studies might be partly explained by important 
methodological differences. including study design, type of population included, type of blood pressure evalu-
ation and other confounding factors20.

Our study found no significant correlation between sleepiness and PLMS. The belief that PLMS could cause 
sleepiness was widely prevalent, and it was expressed in the International Classification of Sleep Disorders21. 
Data from clinical samples may show a higher rate of sleepiness in patients with PLMS, as excessive sleepiness 
is often a symptom which prompts initial clinical evaluation. However, some studies, including our study, did 
not find such relationship22. The discrepancy of the findings may partly be explained by the fact that sleepiness 
is a subjective symptom and it is difficult in quantifying sleepiness. Sleepiness is probably not a unitary concept 
and could reflect essentially different states. Therefore, although ESS could certainly offer valuable information 
of sleepiness, it may not grasp all aspects of sleepiness23.

Our study found that gender was not a risk factor of PLMS among patients with OSAS. According to previous 
studies, findings about gender differences of PLMS were mixed. Some studies reported that females had higher 
prevalence of PLMS than males24, and that females even had a fourfold higher prevalence of PLMS than males 
in patients with sickle cell disease25. However, some population-based and clinical studies found no gender dif-
ferences or even a higher prevalence of PLMS in males than females26,27. The discrepancy of the findings may 
partly be explained by the sample population studied. There were large variations between sample population 
in terms of race, number of participants, age, and OSAS severity.

Limitations of the study need to be pointed out. The patients enrolled in the study were from only one sleep 
disorder center, which might result in potential sampling bias. Larger, multi-center studies are required to explore 
the associated factors of PLMS among OSAS patients A better understanding of the role of PLMS among OSAS 
patients will be useful in better recognition, intervention and treatment of OSAS.

The present studies found that compared with OSAS patients without PLMS, OSAS patient with PLMS were 
older, had shorter REM duration and greater AHI. The study suggests that PLMS is a matter of concern among 
patients with OSAS. A better understanding of the role of PLMS among OSAS patients could be useful in better 
recognition, intervention and treatment of OSAS.

Methods
Participants.  Patients with a chief complaint of snoring were referred to the sleep disorder center of depart-
ment of psychosomatics, Sichuan Academy of Medical Sciences & Sichuan Provincial People’s Hospital from 
2017 to 2019. All patients completed physical examination, ESS and PSG. To be eligible for this study, partici-
pants had to be over 18 years old and meet the criteria of OSAS. Exclusion criteria included severe comorbid 
conditions or medication usage that might influence PLMS. Finally, a total of 303 patients with OSAS were 
enrolled in the study.

Questionnaire.  The most important scale for the assessment of daytime sleepiness is ESS published in 1991 
by Murray Johns28. According to the procedure used in other studies29,30, the participants were asked to com-
plete a validated Chinese version of the ESS questionnaire31 on the night of examination with the guidance of 
an experienced sleep specialist. It consists of a self-administered questionnaire that investigates the extent of 
daytime sleepiness specifically and in a very simple manner. There are 8 items in ESS and subjects are asked to 
rate on a 4-point scale (0–3) his/her chances of dozing in each of 8 different situations that are often encountered 
in daily life. ESS scores > 10 reflected the presence of extensive daytime sleepiness as it is commonly applied in 
sleep studies in China32,33.
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PSG data collection.  The gold standard diagnostic method for OSAS is a full-night PSG34. The frequency 
of episodes of apnea and/or hypopnea per hour of sleep, also known as AHI, as well as the lowest observed oxy-
hemoglobin saturation during sleep is used as the main criteria for severity assessment.

All patients had to have a minimum of 8 h of monitored sleep in the sleep disorder center. PSG monitoring 
(Philips Alice Version 6, Netherland) was used for data acquisition. During PSG recording, we monitored brain 
activity using six electroencephalographic (EEG) placements (F3—A2, F4—A1, C3—A2, C4—A1, O1—A2, 
O2—A1), muscle tone by chin electromyography (EMG), eye movements by electrooculography (EOG), heart 
rate by electrocardiography (EKG), oxygen saturation by finger pulse oximeter. The way of measuring respiratory 
effort is with bands with stretch sensors placed around the chest and/or abdomen. Thermal sensor was used for 
detecting apnea events and a nasal pressure sensor for detecting hypopnea events.

Snoring sensors was used to assess the main patterns of snoring and their characteristics. Position monitoring 
was used to record body position change.

Sleep stages and associated events were assessed and analyzed according to the international criteria of the 
American Academy of Sleep Medicine (AASM)35. According to the AASM criteria35, hypopnea was defined 
as ≥ 30% decrease in flow from baseline for at least 10 s with an associated oxygen desaturation of ≥ 3% or an 
associated arousal. An apnea was defined as more than 90% reduction in airflow for at least 10 s. The onset of a 
leg movement event is defined as the point at which there is an 8 μV increase in EMG voltage above resting EMG; 
the ending of a leg movement event is defined as the start of a period lasting at least 0.5 s during which the EMG 
does not exceed 2 μV above resting EMG. Bilateral leg movements separated by less than 5 s between movement 
onsets are counted as a single leg movement. Leg movements occurring during a period from 0.5 s preceding a 
respiratory event to 0.5 s following are not scored according to AASM criteria. Periodic limb movements (PLM) 
are defined as repetitive leg movements lasting from 0.5 to 10 s, separated by an inter-movement interval rang-
ing from 5 to 90 s, organized in series of at least 4 leg movements. According to the American Academy of Sleep 
Medicine (AASM), a PLMS index (PLMI) of ≥ 15 was considered clinically significant36.

Statistics.  Statistical analyses were performed with SPSS 26.0 for mac. The summary of descriptive statistics 
was presented as mean (with SD) for continuous variables and as frequencies (with percentages) for categorical 
variables. ANOVA was used for comparison of quantitative data. Univariate and multivariate logistic regression 
analyses were conducted to identify associated factors of PLMS among OSAS patients. Statistically significant 
difference was considered if P value < 0 0.0537.

The study was reviewed and approved by the Ethics Committee of Sichuan Academy of Medical Sciences & 
Sichuan Provincial People’s Hospital, and conducted in accordance with the Declaration of Helsinki. The approval 
protocol number of the research ethics committee was 2016LY12.

Ethics approval and consent to participate.  The research was approved by the Ethics Committee of 
Sichuan Academy of Medical Sciences & Sichuan Provincial People’s Hospital. Written informed consent was 
obtained from all the participants.

Consent to publish.  Written informed consent was obtained from all participants for the publication of any 
potentially identifiable images or data included in this article.

Data availability
The data used and analyzed during the current study are available from the corresponding author on reasonable 
request.
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