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Abstract

Background: Periodic limb movements during sleep (PLMS) and obstructive sleep apnea syndrome (OSAS) are two
frequent coincident sleep disorders. The association of PLMS with OSAS severity and predictors of PLMS in OSAS
patients were investigated.

Material and method: This is a retrospective study that enrolled adult patients > 16 years old who visited the sleep
unit at Mouwasat Hospital, Saudi Arabia, between January 2021 and October 2021. All were subjected to full medical
history, clinical examination, Epworth Sleepiness (ESS), STOP-Bang questionnaires, and standard overnight polysom-
nography. Subjects were subdivided into two groups based on PSG findings: group I, OSA patients (153). Patients
were classified into mild n=57 (AHI>5 and < 15), moderate n=35 (AHI> 15 and < 30), and severe n=61 (AHI > 30).
Group Il, control group included 100 subjects.

Result: There was a higher frequency of PLMS in OSA patients vs control group (with a statistically significant value).
The study showed a statistically significantly positive correlation between PLMI and each of AHI, hypopnea index,
desaturation index, and PLMs with arousal index, in contrast; it had a statistically significantly negative correlation with
BMI among the OSA group. By performing multivariate logistic regression to predict the possible factors associated
with the existence of PLMS among the OSA group, it was showed that the apnea index and desaturation index were

statistically significant predictors.

standing this complex relationship.

Conclusion: The present study showed that OSA patients with PLM were older; had greater AHI, hypopnea index,
desaturation index, and PLMs with arousal index; and had lower BMI. Further studies are needed for better under-
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Background
The recent third international classification of sleep dis-
orders (ICSD-3) categorizes sleep disorders into six main
groups, with sleep breathing disorders (SBD) and sleep
movement disorders (SMD) in the second and sixth
groups of this classification respectively [1].

Periodic limb movement disorder during sleep (PLMs)
is the most common alteration in the SMD group, which
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appears in polysomnograms as frequent episodes of mus-
cle contractions each lasting 0.5 s and no longer than
10 s, separated by an interval of 5-90 s. PLMS at the rate
of 15 or more/hour of sleep is considered abnormal and
is supportive for diagnosis of PLMD if associated with
hypersomnia/insomnia, which could not be explained by
other current sleep disorders or other disorders [2].

Obstructive  sleep  apnea—hypopnea  syndrome
(OSAHS) is the most frequent in the SBD group, charac-
terized by frequent episodes of upper airway obstruction
during sleep causing repetitive arousals and sleep disrup-
tion [3].
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Although both PLMS and OSAHS may be associated
with cortical awakening or autonomic activation, it is
important to differentiate between them. As some body
movements may be found during or behind apnea events
with difficulty in their identification by clinicians, fur-
thermore the association of upper airway resistance syn-
drome (UARS), the component event being respiratory
effort-related arousal (RERA), with PLMS is found in cer-
tain patients [4].

Since both PLMS and OSAS are two common sleep
disorders, the present study aimed to assess the preva-
lence of PLMS in different OSAS severity and detect pre-
dictors of PLMS in OSAS patients.

Material and methods

This is a retrospective study that enrolled adult
patients > 16 years old who visited the sleep unit at Mou-
wasat Hospital, Saudi Arabia, between January 2021 and
October 2021.

The protocol of the study was approved by the hospital
research ethical committee, and written informed con-
sent was obtained from every participant.

High risk for OSA was according to STOP-BANG
Score >3 [5]; ESS score>11 [6] was included in the
study.

We considered two groups in this work based on
PSG findings: group I OSA: 153 patients with AHI>5
events/h with further classification into mild n=57
(AHI>5 and <15), moderate n=35 (AHI > 15 and < 30),
and severe n=61 (AHI > 30), and group II control group:
n =100 patients with AHI<5 events/h.

Patients with other sleep disorders as restless leg syn-
drome, narcolepsy, and rapid eye movement sleep behav-
ior disorders were excluded. Patients with a history of
Parkinson’s disease, kidney disease, pregnancy, multiple
sclerosis, or medications, e.g., lithium, some antidepres-
sants, and dopamine-receptor antagonist that might
induce PLMS, were also excluded. Those with mood
disorders, alcoholism, congestive heart failure, and dys-
rhythmias were not included in the study.

Methods

Prior to PSG, all subjects underwent full medical his-
tory taking, clinical examination, and completion of both
questionnaires: Epworth Sleepiness (ESS) and Stop Bang
scales.

We performed standard attended overnight polysom-
nography (PSG) at the sleep laboratory using the PSG
device SOMNOscreen " plusTM.

In standard PSG, electroencephalogram, electrooc-
ulogram, electrocardiogram, chin electromyogram
(EMG), oronasal airflow, oxygen saturation by finger
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pulse oximetry, thoraco-abdominal and leg movements,
and a digital microphone for snoring detection were all
recorded.

Data obtained from PSG included in this study
Total time in bed, total sleep time, sleep efficiency, and
oxyhemoglobin saturation.

Apnea (complete cessation of airflow breathing at
nostrils and mouth for at least 10 s or more), hypopnea
(decrease in rate and depth of breathing by 50% for 10 s
or longer).

Indices and oxygenation
Apnea—hypopnea index (AHI): to grade OSA, the aver-
age number of apnea and hypopnea per hour of sleep [7].

1- Respiratory disturbance index (RDI): measures not
only apneas and hypopneas, but also respiratory
event-related arousals (RERAS) that measure disrup-
tions in sleep other than apneas or hypopneas.

2- Oxygen desaturation index (ODI): average number of
desaturation episodes per hour of sleep. A decrease
in the mean oxygen saturation of >4% over the last
120 s, that lasts for at least 10 s considered a desatu-
ration episode [8].

3- Periodic limb movement index (PLMI), PLM-arousal
index: total number of sleep-related PLMs per hour
of sleep associated with an EEG arousal.

4- Other indices: wake and arrhythmia indices also
included.

Statistical analysis

Data analysis was performed using the Statistical Package
of Social Science (SPSS) software version 22 in windows
7 (SPSS Inc., Chicago, IL, USA). Simple descriptive analy-
sis was done in the form of numbers and percentages of
qualitative data, and arithmetic means as central ten-
dency measurement, and standard deviations as a meas-
ure of the dispersion of quantitative parametric data.
Independent samples ¢ test and the Mann—Whitney test
were used to compare two independent groups. One-way
ANOVA test and the Kruskal-Wallis test were used to
compare quantitative measures between more than two
independent groups of quantitative data. Chi-square test
was used to compare two and more than two qualitative
groups. The MC-Nemar test was used for paired depend-
ent qualitative data. Bivariate Pearson correlation test
was used to test the association between variables. Mul-
tiple linear regressions were used to test the association
between quantitative dependent and independent vari-
ables and detection of risk factors. The P-value <0.05 was
considered statistically significant.
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Results

We considered two groups in this work based on PSG
findings: group I OSA patients (n=153): 98 males
(64.1%) and 55 females (35.9%), their age ranged from 16
to 83 years old with mean= SD of 49.6 £13.1, their body
mass index (BMI) ranged from 20 to 60.4 kg/m? with
mean=+SD 30.05+8.9, STOP-Bang score mean=£SD
52+£1.1, ESS score with mean+SD 17.4+1.4. They
were further subdivided according to AHI into mild
OSA n=57/153 (37.2%), moderate OSA n=235/153
(22.9%), and severe OSA n=61/153 (39.9%). While in
group II non-OSA as the control group (n=100): 66
males (66%) and 34 females (34%), their age ranged from
16 to 68 years old with mean+SD 38.7+10.2, their
BMI ranged from 20.08 to 53.8 kg/m? with mean=SD
36.3+8.7, STOP-Bang score mean+SD 4.7+1, ESS
score mean+SD 16.7 +1.1.

Regarding the comparison between OSA and control
groups, OSA group showed a statistically significantly
higher mean of age, STOP-Bang, ESS score, RDI, AHI,
desaturation index, arrhythmia index, PLMI, wake index
in addition to a significantly lower mean of total sleep
time, sleep efficiency, minimal SpO,, and average SpO,.
On the other hand, there was no statistically significant
difference between the two groups regarding sex, BMI,
total time in bed, baseline O, saturation, and PLMs with
arousal index.

There was a statistically significantly higher frequency
of PLMS in the OSA vs control group (35.9% vs 14%).

Further comparison of study parameters in different
AHI severity among OSA group (n=153), severe group
(n=61) showed a statistically significantly higher mean
of ESS score, RDI, and desaturation index while lower
mean minimal SPO, than mild and moderate groups.

When comparing the study parameters, there was a
statistically significantly positive correlation between
PLMI and each of OSA severity (AHI, hypopnea index),
desaturation index, and PLMs with arousal index. In con-
trast, there was a statistically significantly negative corre-
lation with BMI.

Multivariate logistic regression analyses were per-
formed to predict the possible factors associated with the
existence of PLMS among OSA; it was showed that apnea
index and desaturation index were statistically significant
predictors (Tables 1, 2, 3, 4, and 5).

Discussion
PLMS is usually coincidentally noted with OSA in PSG;
however, few studies were conducted in this context.

The present study aimed to assess the prevalence of
PLMS in different severity of OSAS and further detection
of predictors of PLMS in OSA patients.
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Table 1 Comparisons of study parameters in different study

groups
Variables Cases (N=153) Control P-value
(N=100)

Sex

Male 98 64.1% 66 66% 0.8

Female 55 359% 34 34%
PLM groups

PLM <15 98 64.1% 86 86% <0.001*

PLM>15 55 35.9% 14 14%
AHl severity level

Mild 57 372% 100 100%  <0.001*

Moderate 35 229% 0 0%

Severe 61 399% 0 0%
Age (years) 49.6 13.1 387 102 <0.001*
BMI (kg/mz) 3005 89 363 87 0.12
STOP-Bang score 52 1.1 4.7 1 <0.001*
Epworth score 174 14 167 1.1 <0.001*
Total time in bed 76 14 79 1.2 0.09
Total sleep time 6.4 14 6.8 13 0.03*
Sleep efficiency 837 10.3 863 78 0.03*
RDI 347 226 94 124 <0.001*
Apnea index 6.8 129 062 088 <0.001*
Hypopnea index 218 19.2 2.2 13 <0.001*
Baseline O, saturation 939 3.1 946 25 0.09
Minimal SpO, 78.7 105 847 97 <0.001*
Average SpO, 929 39 942 36 0.01*
Desaturation index 308 26.8 8.8 15.2 <0.001*
Arrhythmia index 37.1 726 288 897 <0.001*
PLMs index 14.7 19.9 56 8.8 <0.001*
PLMs with arousal index 1.8 33 1.2 2.1 0.1
Wake index 6.1 7.3 43 45 0.03*
AHI 287 229 2.8 13 <0.001*

PLM Periodic limb movement, AHI Apnea-hypopnea index, BMI Body mass
index, RDI Respiratory disturbance index

Previously by using PLMI>5 as clinically significant
[9], studies showed that the prevalence of PLMS was
4-11% in adults [10]. Other studies showed a higher
prevalence of PLMS in OSA (48%) in Canada [11] and
(33%) in the USA [12], while Huang and Yu [13] showed a
lower prevalence of PLMS in OSA (7.1%).

While the present study used PLMI cutoff of>15 as
the PLMD criterion [2], it showed a statistically sig-
nificantly higher frequency of PLM in the OSA group
(n=55/153) than in the control group (n=14/100)
(35.9% vs 14% respectively). Another study showed
PLMS prevalence was 20.1% in OSA patients (n=364) in
China [14]. Similarly, a study done by Murase et al. [15]
found a significantly higher prevalence of PLMS in the
OSA-positive cohort (n=46/254) than the OSA negative
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Table 2 Comparisons of study parameters in different PLM
groups among cases

Variables PLM< 15 PLM> 15 P-value
(N=98) (N=55)

Sex

Male 116 63% 48 69.6% 03

Female 68 37% 21 30.4%
AHI severity level

Mild 44 449% 13 236%  0.01*

Moderate 23 235% 12 21.8%

Severe 31 316% 30 54.5%
Age (years) 491 137 50.5 11.9 0.5
BMI (kg/mz) 39.1 93 3605 78 0.03*
STOP-Bang score 5.1 1.1 54 1 0.1
Epworth score 174 14 174 1.3 0.8
Total time in bed 7.7 14 76 14 06
Total sleep time 6.4 1.5 6.4 1.2 0.9
Sleep efficiency 833 119 844 6.1 0.5
RDI 333 199 372 26.7 0.3
Apnea index 6.9 13.02 6.6 13.03 0.9
Hypopnea index 172 149 30.1 229 0.001*
Baseline O, saturation 936 34 94.6 2.2 0.04*
Minimal SpO, 779 1.9 79.9 7.5 03
Average SpO, 925 43 93.8 28 0.05*
Desaturation index 273 238 37.1 30.8 0.02
Arrhythmia index 422 724 279 729 0.2
PLMs with arousal index 045  0.89 4.2 4.5 <0.001*
Wake index 59 8.1 6.2 58 0.8
AHI 24.1 191 36.7 266 0.001*

cohort (n=_8/88) (18.15 vs 9.1% respectively). In contrast,
a study done by Huang and Yu [13] showed a lower prev-
alence of PLMS in OSA 0.8% (n=3/378).

Different hypothesis to understand the association
between PLMS and OSA, one possible hypothesis is
through obesity as a risk factor for OSA and dysfunc-
tion of the dopaminergic pathway which is involved in
the genesis of PLMS [16, 17]. This hypothesis is against
our present study as it showed a statistically significantly
negative correlation between PLMI and BMI among the
OSA group. Similarly, a study done by Murase et al. [15]
found that PLMS and OSA patients had lower BMI than
those with OSA only.

Another hypothesis demonstrated that PLMS may
occur together with subtle hypopneic events and epi-
sodes of increased upper airway resistance that might
be identified by esophageal manometry as measuring
respiratory effort-related arousals [4]. The present study
in agreement with this hypothesis. Since esophageal
manometry is impractical in our sleep center, we used
RDI instead; it showed that OSA patients with PLM
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had non-significant higher mean RDI than non-PLM
(37.2£26.7 vs 33.3+19.9 respectively). Also, the present
study showed a statistically significantly positive correla-
tion between PLMI and hypopnea index.

The present study found that OSAS patients with
PLMS were older than OSAS patients without PLMS
(non-statistically significant) (mean=£SD 50.5+£11.9 vs
49.1413.7 respectively).

This is agreed with facts that PLMS can be found nor-
mally in people over 40 years old [18]; others also found
that the typical interval of PLMS changes with age; before
the age of 55 and after age 65 years old, the interval was
24-28 s and 14-16 s respectively [19].

Similarly, other studies found that both age and PLMS
were positively associated [20, 21].

Regarding gender, the present study found that sex
was not considered a risk factor of PLMS among OSA
patients similar to a study done by Zhou et al. [22].

While some researchers considered PLMS as PSG
findings without functional significance [23], the pre-
sent study pointed out that there was a statistically sig-
nificantly positive correlation between PLMI and each of
AHI, hypopnea index, desaturation index, and PLMs with
arousal index. Also when multivariate logistic regression
analyses were performed to predict the possible factors
associated with the existence of PLMS among OSA, it
was found that apnea index and desaturation index were
statistically significant predictors.

Similar to our study, authors found that increase in
PLMI was positively correlated with greater AHI [22, 24],
while another study [25] proved the hypothesis that sleep
apnea and PLMS are not generated by a common central
generator and that the periodicity of PLMS was unlike
that of OSA.

The present study found that nocturnal hypoxemia may
be involved in the pathophysiology of PLMS. Similarly, a
study performed by Ucar et al. [26] proved the hypothesis
that hypoxia can also prompt PLMs in addition to other
factors, e.g., anemia, chronic uremia, other metabolic
disorders, and medications, although overnight lactate
level has no effect on the occurrence of PLMS.

Regarding the kind of relationship between PLMS,
arousal, and sympathetic over-activity, whether PLMS is
part of the arousal process or causative of it is unclear.
The present study found a statistically significantly posi-
tive correlation between PLMI and PLMs with arousal
index, and when multivariate logistic regression analyses
were performed PLMs with arousal index was considered
as a predictor of the existence of PLM among OSA. The
present study was in agreement with a different hypoth-
esis: PLMS induces arousal and that PLMS may be con-
sidered one of the manifestations of generalized arousal
during sleep [27].
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Table 3 Comparisons of study parameters in different AHI severity degrees

Variables AHI P-value
Mild (N=57) Moderate (N =35) Severe (N=61)

Sex

Male 31 54.4% 24 68.6% 43 70.5% 0.2

Female 26 45.6% 11 31.4% 18 29.5%
Age (years) 49.6 14.1 494 124 493 126 0.9
BMI (kg/mz) 40.2 9.1 357 87 374 8.6 0.06
STOP-Bang score 5 1.1 52 1.1 53 1.01 0.2
Epworth score 17.1 14 17.2 12 17.8 14 0.01*
Total time in bed 7.8 1.5 7.9 1 73 14 0.09
Total sleep time 6.6 1.6 6.7 0.98 6.2 14 0.2
Sleep efficiency 84 10.9 83.7 83 834 10.7 0.9
RDI 20.7 154 264 133 526 20.5 <0.001*
Apnea index 22 26 4 56 128 184 <0.001*
Hypopnea index 7.3 35 17.6 7.02 379 20.5 <0.001*
Baseline O, saturation 939 35 943 26 938 29 0.9
Minimal SpO, 79.2 1.5 81.7 10.1 764 9.5 0.04*
Average SpO, 93.03 43 935 3.6 926 3.7 0.6
Desaturation index 224 23.6 20.3 20.2 44.7 274 0.001*
Arrhythmia index 40.7 68.9 18 40.7 446 878 0.2
PLMs index 109 17 14.6 22.7 183 204 0.1
PLMs with arousal index 1.6 43 1.5 1.8 2.1 29 0.6
Wake index 73 9.3 4.8 38 5.6 6.5 0.3

Table 4 Correlation between PLM index with study parameters
among cases

Table 5 Multivariate linear regression analysis to determine the

Variables PLM index o )
prediction power of different parameters on PLM
r P-value - -
Variables B Std. Error  Beta Sig
Age (years) 0.11 02
5 Constant —472 499 - 03
BMI (kg/m?) —0.19 0.01*
Age (years) 0.16 0.11 0.11 0.1
STOP-Bang score 0.10 0.2 5
BMI (kg/m?) —0.06 0.16 —0.03 0.7
Epworth score —0.02 0.8
. . St score 1.16 147 0.06 043
Total time in bed —0.09 0.3
. Epworth score —19 1.1 —-0.13 0.07
Total sleep time —0.05 0.5 o
. Total time in bed —0.77 28 —0.05 0.8
Sleep efficiency 0.08 03
Total sleep time 032 33 0.02 0.9
RDI 0.12 0.1
) Sleep efficiency 0.21 0.21 0.11 03
Apnea index 0.11 0.15
) RDI —024 0.14 —0.27 0.08
Hypopnea index 0.24 0.003* )
) . Apnea index 0.29 012 0.19 0.01*
Baseline O, saturation 0.11 0.2 i
o Hypopnea index 0.16 0.97 0.25 0.8
Minimal SpO, 0.10 0.2 ) )
Baseline O, saturation 0.16 097 0.03 08
Average 5SpO, 0.12 0.2 o
o Minimal SpO, 0.04 0.17 0.02 0.8
Desaturation index 022 0.006*
o Average SpO, 044 0.92 0.08 0.6
Arrhythmia index 0.004 09 0
) . Desaturation index 0.17 0.07 0.23 0.02%
PLMs with arousal index 0.64 0.001* o
. Arrhythmia index 0.007 0.01 0.03 04
Wake index 0.07 04
PLMs with arousal index 3.4 039 0.58 <0.001*
AHI 0.27 0.001* .
Wake index 0.18 0.18 0.07 03

AHI 0.16 0.13 0.18 0.2
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A study done by Sforza et al. [28] supports the hypothe-
sis that PLMS induces arousal; they found that PLMS are
followed by autonomic activation, increase in HR, a sig-
nificant increase in EEG activity, and subsequent arousal.
Similarly, Winkelman [29] proposed the same hypothesis.

In contrast, other studies found that some form of cor-
tical and autonomic activation starts before PLMS and
that leg movements are considered a part of ongoing
activation process. Ferri et al. [30] found an increase in
both HR about 1 s and EEG power 7-8 s before the onset
of PLMS. Similarly, Ferrillo et al. [31] found an increase
in EEG activity before PLMS (about 3 s before for delta
band activity and 1 s before for other EEG bands) and an
increase in HR (about 4 s before PLMS).

Conclusion

The present study showed that OSA patients with PLM
were older; had greater AHI, hypopnea index, desatura-
tion index, and PLMs with arousal index; and had lower
BMI. Larger multi-center studies are needed for better
understanding this complex interaction. Further investi-
gations are needed to identify and treat PLM of respira-
tory origin (RERA-induced PLMS) because agents used
to treat PLMD, e.g., benzodiazepine, may cause exacerba-
tion of sleep-disordered breathing.

Limitations

The present study did not investigate the effect of contin-
uous positive airway pressure (CPAP) used in the treat-
ment of OSA on PLMSI and other PSG variables.
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