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Summary

Objective: Obstructive sleep apnea syndrome (OSAS) is characterized by repetitive nocturnal apnea episodes. Periodic limb movements (PLMs) is known as the
nocturnal, stereotypic, repetitive movements of the lower extremities. The aim of this study was to investigate the presence of PLMs in patients with OSAS, and
the relationship between PLM and OSAS severity.

Materials and Methods: One hundred forty-one patients who had a pre-diagnosis of OSAS were enrolled into the study. All subjects’ blood pressure,
heart rate measurements, and neurologic examinations were performed by the same neurologist. Sociodemographic characteristics were recorded. Overnight
polysomnography (PSG) was performed in all patients and results were analyzed. Patients with an apnea-hypopnea index (AHI) of 25 were accepted as having
OSAS, and a PLM index (PLMI) of =5 were accepted as having PLM.

Results: One hundred two patients were diagnosed as having OSAS. The control group consisted of 39 patients who had normal polysomnographic findings. The
patients with OSAS were older and their body mass indexes (BMI) were higher compared with the control group. Systolic blood pressure was higher in the OSAS
group. Alcohol use was found to be a risk factor for OSAS. PLM was more common in the OSAS group than in the control group (30.3-10.2%). PLM frequency
was associated with the severity of OSAS.

Conclusion: The presence of PLM was associated with OSAS severity, higher systolic and diastolic blood pressure, and REM sleep depletion in OSAS. PLM seen
in patients with OSAS may be regarded as an indicator of disease severity, and should alert the physician to increased complications.
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Oz

Amac: Obstriiktif uyku apne sendromu (OUAS) uykuda sik tekrarlayan apneler ile karakterize bir bozukluktur. Periyodik bacak hareketleri (PBH) alt
ekstremitelerde uyku sirasinda ortaya ¢ikan, tekrarlayici ve stereotipik 6zelligi olan hareketlerdir. Bu ¢alismada OUAS’da PHB varli31 ve PBH nin OUAS siddeti
ile iligkisi aragtirildi.

Gereg¢ ve Yontem: OUAS 6n tanili 141 birey ¢aligmaya dahil edildi. Katilimcilarin kan basinci, nabiz 6lglimleri, nérolojik muayeneleri yapildi. Hastalarin
tiimiine 1 gece siireyle polisomnografi incelemesi yapildi ve sonuglar analiz edildi. Polisomnografi incelemesinde apne hipopne indeksi (AHI) 25 olmasi OUAS,
periyodik bacak hareket indeksi (PBHI) 25 olmasi PBH olarak kabul edildi.

Bulgular: Yiiz iki hasta OUAS tanis1 aldi. Polisomnografi incelemesi normal saptanan 39 birey kontrol grubunu olugturdu. OUAS hastalar1 daha yagli ve viicut
kitle indeksi (VKI) daha yiiksek bulundu. Sistolik kan basinci OUAS grubunda daha yiiksekti. Alkol kullanimi OUAS igin risk faktorii olarak saptandi. PBH nin
OUAS hastalarinda kontrol grubuna gore daha sik oldugu gozlendi (%30,3-10,2). PBH sikligi OUAS siddetine paralel olarak artmaktaydi.
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Sonuc: OUAS hastalarinda PBH varlig: hastalik siddeti, sistolik ve diyastolik kan basinci yiiksekligi ve REM uyku siiresinde azalma ile iligkili bulundu. PBH

varligi OUAS hastalarinda hastalik siddetinin bir gostergesi olarak kabul edilebilir ve klinisyeni artmig komplikasyon riskleri agisindan uyarabilir.

Anahtar kelimeler: Obstruktif uyku apne sendromu, periyodik bacak hareketleri, polisomnografi

Introduction

Obstructive Sleep Apnea Syndrome (OSAS) is characterized by
repetitive pharyngeal collapse and transient apnea episodes due to
loss of dilatatory pharyngeal muscle tonus (1). OSAS is seen in
4-20% of adults in the population. Fifty percent of obese males are
known to have the disorder and the prevalence increases with body
mass index (BMI) (2). OSAS has been associated with daytime
sleepiness, fatigue, and negative effects on social life as well as
cardiovascular diseases and elevated risk of sudden death (3,4).
OSAS poses a significant public health problem that requires early
diagnosis and treatment because it is a common disorder and has a
modifiable risk factor (4).

Periodic leg movements (PLM) is a clinical picture comprising
of involuntary, repetitive, stereotypical, brief, and segmental
movements, often of the lower extremities during sleep. PLM
affects slightly more than 6% of the population (5) and 65% of
the elderly population aged over 65 years (6). PLM have been
associated with restless leg syndrome (RLS), which is reported in
more than 80% of patients with RLS (7). PLM are also common in
several sleep disorders including OSAS, narcolepsy, and rapid eye
movement (REM) sleep behavior disorder (8). In their retrospective
study that examined 798 subjects, Al-alawi et al. (6) reported PLM
in half of all patients with OSAS, and associated the presence of
PLM with advanced age and increased weight. Authors have also
reported that PLM in association with OSAS does not influence
daytime sleepiness or blood pressure (6). However, other studies
have reported that PLM in patients with OSAS is associated with
increased daytime symptoms (9). There are growing numbers of
reports that suggest PLM as a novel risk factor in hypertension,
cardiovascular, and cerebrovascular disorders (10,11). A recent
study found a relationship between PLM and elevated diastolic
blood pressure, irrespective of the apnea-hypopnea index (AHI)
(12). PLM has also been reported to be a component of chronic
diseases including congestive heart failure, chronic renal failure,
Parkinson’s disease, and sleep apnea (11).

The objective of this study was to determine the prevalence of
PLM in patients with sleep apnea, and investigate the relationship
between PLM and OSAS severity. Additionally, we aimed to study
the relationship of the presence of PLM in patients with OSAS and
blood pressure, sleep efficacy and duration, and REM sleep.

Materials And Methods

Patients

Subjects who were pre-diagnosed as having OSAS at the
Neurology Outpatients’ clinic upon presentation with symptoms
of snoring, apnea, daytime sleepiness, and fatigue during the
6-month period of study recruitment were included in this study.
The study protocol was approved by the Ethics Committee of
Mersin University Medical Faculty (Decree number 2008/126)
prior to the performance of any study procedures. All patients

provided written informed consent after being informed of the
study procedures. A total of 141 patients were interviewed.
The patients were assessed using a structured interview scale.
Demographic features including age, sex, height, weight, and
education level were recorded. Status of smoking and alcohol
consumption as well as mean amounts and duration, concomitant
diseases, and medication history were questioned. Following the
completion of the interview scale, the study physician performed a
neurologic examination, blood pressure, and pulse measurements
of all patients at the outpatients’ clinic.

Patients with restless leg syndrome, history of cerebrovascular
disease, restricted cooperation due to other diseases, or those using
medications that could potentially affect the polysomnography
examination were excluded from the study.

Polysomnography

All patients underwent overnight polysomnography. Surface
electrodes were used for electroencephalographic recordings (C3-A2
and C4-A1, O1-A2 and O2-A1). Electrodes were placed to obtain
bitemporal electrooculographic, submental, electromyographic
(bilateral tibialis anterior) and electrocardiographic recordings.
Thoracic and abdominal pneumobands were placed in a pressure
transducer to record changes in thorax and abdomen movements.
A pulse oximeter was placed on the patients’ fingertips and the
findings were recorded using an EMLA S7000 device (Flaga hf.
Medical Devices, Iceland) by a certified technician for at least six
hours during the polysomnography.

Polysomnography recordings were scored using 30-second
long epochs using the Somnologica 3.3.2 (Flaga Inc) software.
Sleep recordings were assessed using 30-second epochs and staged
in accordance with the guideline criteria released by the American
Academy of Sleep Medicine (AASM) (13). Automatic analyses of
apnea and hypopnea were double-checked by the study physician.
The AHI was obtained by dividing the total sum of apnea and
hypopnea count with the duration of sleep in hours. Patients with
an AHI =5 were defined as patients with OSAS; those with an
AHI 5-15 were classified as mild, 16-30 as moderate, and >30
were classified as having severe OSAS. Stages of sleep were scored
as N1, N2, N3, and REM sleep. Leg movements were also scored
in accordance with the AASM guidelines; i.e. leg movements
lasting 0.5-10 seconds and causing a minimum of 8 pV increase
in resting EMG activity were scored. PLM was described as 24
consecutive movements lasting 5-90 seconds (14). The PLM index
(PLMI) was calculated by dividing the total count of periodic leg
movements with the duration of sleep in hours. Leg movements
associated with respiration were excluded from analysis; hence the
conventional definition of PLMI =5 was considered positive for
PLM (13).

Statistical Analysis

The relationship between categorical data was tested using
Chi-square or Fisher’s exact Chi-square test, continuous data were
compared with the independent samples t-test in parameters
with uniform distribution, and the Mann-Whitney U test for
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parameters with non-uniform distribution. One-way ANOVA was
used to compare more than two groups. Risk factors of diseases
were determined with logistic regression analysis. Descriptive
statistics were presented as mean + standard deviation, median,
and interquartile intervals, and categorical data were presented as
frequency and percentages. All analyses were performed with the
Predictive Analytics Software (PASW,; a registered trademark of
SPSS Inc.) version-18 package. A p value <0.05 was considered
statistically significant.

Results

The total of 141 study patients comprised 104 men (73.8%)
and 37 women (26.2%). The age range of the study group was
between 18-79 years and mean age was 47.3x11.3 years. One
hundred two patients (72.3%) were diagnosed as having OSAS
due to AHI =5. The control group consisted of 39 patients
(27.7%), who had normal polysomnography. The mean age in
the OSAS group was 49.3+11.3 years, and 41.9+9.2 years in the
control group. The patient group was statistically significantly
older (p<0.001; Table 1). The OSAS group consisted of 80 men
(78.4%) and 22 women (21.6%); the control group comprised 24
men (61.5%) and 15 women (38.5%). Men were predominant in
both groups. There were statistically significantly more men in the
OSAS group compared with the control group (78.4% vs. 61.5%;
p=0.041). The mean BMI was 31.6+5.8 kg/m? in the OSAS group,
and 27.3+4.6 kg/m?2 in the control group. BMI was statistically
significantly higher in the OSAS group (p<0.001). Additionally,
all patients with BMI>36 had severe OSAS. Alcohol consumption
and systolic blood pressure values were statistically significantly
greater in the OSAS group (p=0.006 and p=0.049, respectively).
Smoking rates were comparable in both groups (p=0.987).

Patients with PLM had significantly higher AHI (p<0.001)
and shorter REM durations (p=0.003), were significantly older
(p=0.020) and more overweight (p=0.002). Systolic and diastolic
blood pressure was higher in patients with PLM (p=0.004 and
p=0.010, respectively; Table 2).
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PLM was identified in 19.4% of patients with mild OSAS,
29.2% of patients with moderate OSAS, and 57.4% of those with
severe OSAS (Table 3). A statistically significant relationship was
determined between the severity of OSAS and the presence of
PLM (p=0.002). A comparison of patients with OSAS with regard
to age revealed that patients with mild OSAS were statistically
significantly younger than patients with moderate and severe
OSAS (p=0.009). A comparison with regard to BMI revealed that
patients with severe OSAS weighed significantly more compared
with patients with mild and moderate OSAS (p<0.001). Systolic
blood pressure was greater in patients with severe OSAS (p=0.035),
but diastolic blood pressure was comparable between the groups
(p=0.228; Table 3).

Discussion

In our study, PLM was determined in 30.3% of patients with
OSAS and 10.2% of the control group. PLM was particularly
predominant in patients with severe OSAS (17% with mild OSAS,
23% with moderate OSAS, and 43% with severe OSAS). In the
study of Haba-Rubio et al. (15), PLM was reported in 38.5% of
patients with OSAS. Our results are in line with those reported
in the literature. The study of Baran et al performed in 2003 on
patients with OSAS and PLM demonstrated that CPAP therapy
provided a reduction in the PLM index in patients with mild
OSAS, whereas no improvement was seen in PLM in patients
with moderate or severe OSAS (16). In their study, Carelli et al.
(17) demonstrated that apnea and hypopneas improved but PLM
remained unchanged with CPAP therapy, and that OSAS and PLM
did not originate from identical generators.

The frequency of PLM is known to increase with age, and our
results demonstrated that the PLM group was older and incidence
increased with OSAS severity. Manconi et al. (18) associated leg
movements during sleep with increased AHI. PLM was described in
59.5% of patients with OSAS when PLMI was accepted as =5, and
authors have suggested that the presence of PLM might indicate
a different patient group. Our results were in line with the latter

Table 1. Clinical and polysomnography findings of obstructive sleep apnea syndrome and control groups
OUAS (n=102) Control (n=39) p
Age 49.3x11.3 419492 <0.001
BMI 31.6+£5.8 27.3+4.6 <0.001
SBP 120.8+13.6 115.9+12.7 0.049
DBP 77.1£11.8 74.6+10.2 0.243
Sleep efficacy 89.9+12.3 91.0+13.4 0.649
Sleep duration 370.6+£65.9 373.6+48.3 0.798
REM 38.7+26.4 46.4+26.9 0.126
PLM 3(0-11) 1(0-3) 0.034
Smoking 42 (41.2) 16 (41.0) 0.987
Alcohol 16 (15.7) 0(0.0) 0.006
RLS 12 (11.8) 1(2.6) 0.112
*Continuous data are expressed as mean + standard deviation and median (25-75%), and categorical data are expressed as n (%). OSAS: Obstructive sleep apnea syndrome,
BMI: Body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, REM: Rapid eye movements, PLM: Periodic leg movements, RLS: Restless leg syndrome
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Table 2. Comparison of the study group by the presence of periodic leg movements

PLMI =5 (n=46) PLMI <5 (n=95) p
AHI 40.2+28.6 18.4+22.4 <0.001
Age 504+12.1 45.7+10.6 0.020
BMI 32.9+7.5 29.2+4 4 0.002
SBP 124.1+14.8 1172123 0.004
DBP 80.0+10.3 74.7+11.6 0.010
Sleep efficacy 89.8+13.1 904+12.3 0.763
Sleep duration 373.8+68.3 370.3+58.2 0.758
REM 31.3+£25.5 45.5+26.1 0.003
Smoking 17 (37.0) 41 (43.2) 0.483
Alcohol 5(10.9) 11 (11.6) 0.901
RLS 7(152) 6 (6.3) 0.119

RLS: Restless leg syndrome

*Continuous data are expressed as mean * standard deviation, and categorical data are expressed as n (%), OSAS: Obstructive sleep apnea syndrome, AHI: Apnea-
hypopnea index, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, REM: Rapid eye movements, PLMI: Periodic leg movements index,

Table 3. Clinical and polysomnographic effects of the severity of obstructive sleep apnea syndrome

Mild (5-15) (n=31) Moderate (16-30) (n=24) | Severe (>30) (n=47) p
AHI 442+11.5 51.849.1 51.5+11.4 0.009
Age 28.7+£3.0 28.8+3.3 34.9+6.5 <0.001
BMI 118.4+11.9 116.7+£12.7 124.5+14 4 0.035
SBP 75.2+£9.6 75.4+10.6 79.3x13.5 0.228
DBP 91.4+12.2 86.7+12.0 90.6x12 .4 0.332
Sleep efficacy 371.5£67.9 352.3+57.9 379.5+67.9 0.260
Sleep duration 43.9+23.8 45.9+28.7 31.7+£25.5 0.040
REM 0 (0-4) 1.5 (0-9) 7 (0-15) 0.007
Smoking 10 (32.3) 10 (41.7) 22 (46.8) 0.441
Alcohol 2 (6.5) 4(16.7) 10 (21.3) 0.209
RLS 309.7) 5(20.8) 4 (8.5) 0.285

*Continuous data are expressed as mean * standard deviation and median (25-75%), and categorical data are expressed as n (%), OSAS: Obstructive sleep apnea
syndrome, AHI: Apnea-hypopnea index, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, REM: Rapid eye movements, PLM: Periodic

leg movements, RLS: Restless leg syndrome

reports, which suggests that PLM might be associated with severe
OSAS. Several studies have associated PLM with hypertension,
increased cardiovascular and cardiac arrhythmia risk, and also in
patients without sleep apnea (19,20,21). In our study, systolic
blood pressure was significantly higher in patients with severe
OSAS, but diastolic blood pressure was comparable between the
groups (mild, moderate, and severe OSAS groups). However, both
systolic and diastolic blood pressures were significantly higher in
patients with OSAS and PLM. In their 2014 study, Dean et al. (12)
reported that PLM (PLMI 25) was associated with higher diastolic
blood pressure irrespective of AHI. The presence of PLM in patients
with OSAS may be a factor of increased oxidative stress. Elevated
systolic and diastolic blood pressure in patients with hypertension
carries greater risk compared with isolated elevation of systolic
blood pressure (22). Thus, the presence of PLM in patients with

OSAS contributes to vascular risk by increasing diastolic blood
pressure. Another study reported that PLM also caused increased
blood pressure and heart rate in healthy individuals without OSAS
(11).

In our study, BMI was statistically significantly higher in the
OSAS group, and severe OSAS was determined in all patients with
BMI greater than 35. Obesity is one of the most important risk
factors for OSAS and increased weight is known to be associated
with increased disease severity, whereas weight loss is associated
with decreased disease severity. Hypertension was more common
in the OSAS group.

Consequently, the results of our study demonstrate that PLM is
significantly more common in patients with OSAS, particularly in
those with severe disease. The presence of PLM indicates a different
and more risky group among patients with OSAS. Additionally,
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diastolic blood pressure was significantly higher in patients with
PLM; although it did not differ between control and OSAS groups,
or between OSAS subgroups. The independent effect of PLM on
other parameters could not be investigated in our study due to
the limited number of patients. Further studies on greater patient
populations should be performed to enlighten the independent
effects of PLM.
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