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Abstract We aimed to conduct a cross-sectional study in
order to investigate the effect of periodic limb movements
during sleep (PLMS) on daytime sleepiness in patients with
sleep disordered breathing especially those with obstruc-
tive sleep apnea syndrome (OSAS), diagnosed by
polysomnography (PSG). Our subjects included 233 male
patients who visited our institute during the 25-month
period between June 2012 and June 2013. We scored the
number of Periodic Limb Movements per hour as the
Periodic Limb Movements Index (PLMI) on standard PSG,
and considered that periodic limb movements during sleep
was present in the patients with PLMI >15/h. Non-PLMS
group included those patients with PLMI <15/h. To assess
the sleepiness of participants, we used Japanese version of
the Epworth Sleepiness Scale (JESS) and Japanese version
of the Pittsburgh Sleep Quality Index. We compared the
sleep parameters and sleepiness indicators between patients
with PLMS and age, apnea—hypopnea index (AHI), and
body mass index-matched non-PLMS control groups. JESS
scores were higher in patients with PLMS than in non-
PLMS in both low AHI (<15/h) and high AHI (>15/h)
strata. However, the difference was statistically significant
only in high AHI stratum (P = 0.399 and 0.001,
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respectively). In conclusion, PLMS was associated with
increased JESS especially in patients with moderate-to-
severe OSAS. Although the magnitude of the difference in
those with AHI <15/h was smaller and statistically
insignificant in the present study, this issue warrants further
investigation by enrolling more patients with AHI <15/h.

Keywords Japanese version of the Epworth Sleepiness
Scale - Obstructive sleep apnea syndrome - Periodic limb
movements during sleep - Sleep disordered breathing -
Sleepiness

Introduction

Periodic limb movements during sleep (PLMS) is a fre-
quent finding in polysomnography (PSG), defined as
repetitive episodes of leg muscles’ contraction for
0.5-10 s, separated by free interval of 5-90 s [1]. Limb
movements were not scored if they occurred within 0.5 s
preceding or following an apnea or hypopnea [1]. The
occurrence of PLMS at a rate of >15/h of sleep is regarded
as pathological [2]. PLMS is a common variety among
sleep-disordered breathing (SDB) representing about
20-30 % [3]. PLMS rarely appears below age 50 years,
and its frequency increases with aging [4]. Coleman et al.
[5] demonstrated that in patients with primary insomnia
and significant PLMS, there was no correlation between the
Periodic Limb Movements Index (PLMI) and mean sleep
latency in the Multiple Sleep Latency Test (MSLT). In
patients with sleep disorders with significant PLMS [6],
Mendelson reported that the PLMS-related arousals did not
differ between patients with and without excessive daytime
sleepiness (EDS). Chervin [7] tested the association
between the rate of PLMS and the severity of EDS in 1124
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patients with suspected or confirmed SDB, and found that
the increased leg movements were correlated with
decreased objective sleepiness without any association
with subjective sleepiness or sleep propensity. Thus, the
contribution of PLMS to symptoms of daytime sleepiness
in SDB patients is controversial [8].

Therefore, the purpose of this study was to examine the
association of PLMS with daytime sleepiness in patients
with sleep-related complaints.

Methods
Ethical considerations

This study was conducted in accordance with the Decla-
ration of Helsinki and approved by the local institutional
review board. Written informed consent was obtained from
all participants.

Patients

A cross-sectional study of 233 male (median age 44.6 years,
range 30-59 years) patients suspected of having obstructive
sleep apnea syndrome (OSAS) with snoring or sleep-related
complaints, who visited the Second Affiliated Hospital,
Fujita Health University during the 25-month period
between June 2011 and June 2013 was conducted. The
patients who had narcolepsy with cataplexy (n = 2), restless
leg syndrome (n = 2), hypersomnia (n = 1), parasomnia
(n = 0) and insomnia (n = 0) diagnosed from an interview,
results of PSG and MSLT and according to criteria of
International Classification of Sleep Disorders III [2] were
excluded from the total of 233 patients, leaving 228 subjects
for the present study. All PSG recordings were not including
continuous positive airway pressure titration.

PSG and subjective sleepiness

We conducted standard PSG with various physiological
electroencephalogram parameters (C4-Al, F4-Al and O2-
Al) of the reference electrode derivation principle, elec-
trooculogram, chin/anterior tibial electromyograms,
nasal/mouth-breathing airflow analysis by thermistor and
pressure sensors, chest wall/abdominal motion analysis by
strain gauge, snoring sound analysis by microphone, oxy-
gen saturation analysis by pulse oximetry, and electrocar-
diogram in an electrically shielded room for sleep study.
We calculated the Apnea Hypopnea Index (AHI) using the
alternative substitution rule, 3 % Oxygen Desaturation
Index, arousal index, and PLMI as the number of Periodic
limb movements (PLM) per hour according to the Ameri-
can Academy of Sleep Medicine manual for the scoring of

@ Springer

sleep and associated events [1]. To assess the subjective
sleepiness, we used Japanese version of the Epworth
Sleepiness Scale (JESS) score (as study of drowsiness) [9]
and Japanese version of the Pittsburgh Sleep Quality Index
(PSQI-J) (as evaluation of sleep quality) [10].

Definition of PLMS and selection of the control
group

We defined the PLMS group as that with participants
having a PLMI >15/h and the non-PLMS group as that
with participants having a PLMI <15/h. Control subjects
for PLMS were selected from the non-PLMS by pair-
matching of 10-year age interval, AHI and body mass
index (BMI). This was done separately in patients with
<15/h and >15/h of AHI (Fig. 1). Specifically, we iden-
tified 17 patients with PLMS among total 228 studied
patients, 6 of them had AHI <15/h. We selected non-PLMS
controls from the remaining 211 patients. Namely, we
selected 12 age, AHI, and BMI-matched controls from 72
non-PLMS patients with AHI <15/h and 22 controls from
139 non-PLMS patients with AHI >15/h.

Statistical analysis

Patients’ characteristics and PSG data were presented as
median and inter-quartile ranges as shown in Tables 2 and
3. To compare patient characteristics between PLMS and
non-PLMS groups, we used Mann—Whitney U test. A
matched pair comparison of JESS between PLMS and non-
PLMS groups was conducted by two-way analysis of
covariance taking PLMS and matching variable as factors
and adjusting for AHI as the covariate. All P values were
two sided, with P < 0.05 was considered as statistically
significant. All statistical analyses were conducted using
the SPSS statistical package for Windows version 22.0
(SPSS Inc., Chicago, IL, USA).

stratum with <15 in AHI
PLMS group (n)

E_

non-PLMS group ()
72

pair-matching of age, AHI

and BMI
12
stratum with >15 in AHI
PLMS group (n) non-PLMS group (r)
11 139
pair-matching of age , AHI
and BMI

11 22

Fig. 1 Pair-matching between PLMS and non-PLMS group. AHI
apnea hypopnea index, BMI body mass index, PLMS periodic limb
movements during sleep
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Results

Means for age, BMI and AHI of the patients were
44.6 years, 25.9 kg/m?, and 31.5/h, respectively (Table 1).
Mean PSQI-J and JESS were 6.9 and 10.8, respectively.
Although there was a statistically significant correlation
between PLMI and AHI (Spearman r = —0.247,
P < 0.001), the distribution of PLMI is skewed, and the
relation does not seem clear as indicated by the small
correlation coefficient (Fig. 2).

As expected from the definition, in both AHI <15/h and
AHI >15/h strata, the PLMS-related arousal index and
PLMI were significantly higher in the PLMS group com-
pared with non-PLMS group (Tables 2, 3). However, only
in the AHI >15/h stratum, the JESS score was statistically
significantly higher in the PLMS group compared with

Table 1 Characteristics of the subjects

Male (n = 228)
Mean (range)

44.6 (30-59)
25.9 (18.1-43.6)
31.5 (0.8-106.0)
3.3 (0.0-75.0)
27.6 (0.5-109.1)
79.4 (32.0-95.0)
30.3 (3.2-105.8)
6.9 (0-18)
10.8 (0-24)

Age (years)

BMI (kg/m?)

AHI (events/h)

PLMI (events/h)

3 %DSI (events/h)
Nadir SpO, (%)
Arousal index (events/h)
PSQI-J scores

JESS scores

AHI apnea hypopnea index, BMI body mass index, DSI oxygen
desaturation index, JESS Japanese version of the Epworth Sleepiness
Scale, PLMI periodic limb movements index, PSQI-J Japanese ver-
sion of the Pittsburgh Sleep Quality Index, SpO, oxygen saturation
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Fig. 2 Relation between AHI and PLMI, Spearman r = —0.247,
P < 0.001. AHI apnea hypopnea index, PLMI periodic limb move-
ments index

non-PLMS group. The difference remained significant
even after adjustment for AHI (13.1 vs. 8.0, P = 0.002)
(Table 4). The mean JESS of PLMS group was not sta-
tistically significantly different from that of non-PLMS
group although it appeared higher in the PLMS group than
in the non-PLMS group (9.2 vs. 7.6, P = 0.388).

Discussion

In the present study, we found higher JESS points in PLMS
compared to non-PLMS especially in subjects with
AHI >15/h. Although this is a cross-sectional study and no
inferences about causality is possible, how could a signif-
icant PLMS in OSAS patients affect daytime sleepiness?
This may be explained by the latent sleepiness in PLMS
which appears to have a potentiating effect on sleep apnea
resulting in the increase of the daytime sleepiness of OSAS
patients. In contrast to our results, Al-Alawi et al. [11]
suggested that patients with both OSAS and PLMS were
not sleepier than those with OSAS alone. In addition,
Chervin [7] reported that the rates of PLMS showed no
association with sleepiness or sleep propensity. In other
words, significant PLMS did not influence sleepiness in
either study. On the other side, Kapur et al. [12] showed
that the intensity of sleepiness in patients with moderate-to-
severe SDB was modified, not only by respiratory distur-
bance, sleep fragmentation, and insomnia, but also by the
PLM activity as a comorbid condition, which is consistent
with our findings. Vernet et al. [13] reported that the
patients with excessive sleepiness had more PLM (without
arousal), if they were compared to OSAS patients with and
without residual excessive sleepiness. Though the role of
PLMS on the genesis of daytime sleepiness is unclear as
described above, our results could strengthen the specula-
tion that PLMS affects sleepiness in OSAS patients.

In the present study, we found that PLMS is present in
17 (7.5 %) of 228 male patients aged 30-59 years, whereas
it was estimated as 7.6 % [14] and 6.7 % [15] in other
studies. These other studies’ results are quite similar to our
results.

Difference in JESS was bigger in those with AHI >15/h
and statistically significant in the present study. However,
PSQI-J was not significantly different between PLMS and
non-PLMS groups. This lack of difference may be because
PSQI-J cannot be used to evaluate the severity of sleepi-
ness, but simply the quality of sleep.

A few limitations of the current study should be men-
tioned. First, there is a problem of night-to-night variation
[16, 17]. Since our study consisted of only one night of
PSG, there is a possibility that some individuals with ele-
vated PLMS were not identified during the single overnight
visit. It might also be likely that a first night effect in the
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Table 2 Comparison of the
sleep parameters between

PLMS and non-PLMS groups in

patients with AHI <15/h

Table 3 Comparison of the

sleep parameter between PLMS

and non-PLMS groups in
patients with AHI >15/h
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PLMS group (n = 6) Non-PLMS group (n = 12) P value*

Median (interquartile range) Median (interquartile range)
Age (years) 48.0 (42.5-50.5) 46.0 (42.8-51.3) 0.9626
BMI (kg/m?) 21.7 (20.0-22.9) 22.1 (21.8-22.6) 0.3254
AHI (events/h) 4.2 (3.4-6.9) 5.0 (3.8-8.2) 0.3490
PSQI-J scores 6.0 (5.3-7.5) 6.5 (5.8-8.0) 0.8883
JESS scores 10.0 (9.3-10.8) 6.5 (3.8-12.0) 0.3993
3 %DSI (events/h) 4.0 (1.7-6.5) 3.3 (1.54.8) 0.7787
Nadir SpO, (%) 90.5 (88.5-91.0) 89.0 (88.0-92.0) 0.9626
%SPT (%) 88.2 (85.9-93.8) 88.7 (80.3-92.0) 0.4537
REM, %TST 16.8 (14.3-17.5) 17.9 (10.7-20.1) 0.8514
StageN1 (%TST) 33.8 (19.6-46.6) 29.0 (17.8-38.9) 0.3993
StageN2 (%TST) 45.2 (35.8-61.5) 50.8 (40.5-53.3) 0.9254
StageN3 (%TST) 1.8 (0.0-4.6) 5.8 (1.3-12.9) 0.1744
T-arousal index (events/h) 13.2 (6.8-23.9) 10.1 (6.4-12.5) 0.3490
R-arousal index (events/h) 7.0 (5.0-8.9) 7.3 (5.8-10.5) 0.7787
P-arousal index (events/h) 1.9 (0.8-13.9) 0.1 (0.0-0.1) 0.0007
PLMI (events/h) 35.6 (30.6-42.0) 0.0 (0.0-0.0) 0.0007

AHI apnea hypopnea index, BMI body mass index, DSI oxygen desaturation index, JESS Japanese version
of the Epworth Sleepiness Scale, P-arousal index periodic limb movements during sleep-related arousal
index, PLMI periodic limb movements index, PLMS periodic limb movements during sleep, PSQI-J
Japanese version of the Pittsburgh Sleep Quality Index, R-arousal index respiratory-related arousal index,
REM rapid eye movement, SpO, oxygen saturation, SPT sleep period time, T-arousal index total-arousal

index, TST total sleep time

* Mann—Whitney U test

PLMS group (n = 11) Non-PLMS group (n = 22) P value*

Median (interquartile range) Median (interquartile range)
Age (years) 45.0 (42.0-53.5) 45.0 (42.0-53.8) 0.9999
BMI (kg/m?) 28.1 (25.0-28.6) 25.5 (22.7-27.9) 0.1087
AHI (events/h) 27.4 (25.4-32.8) 34.4 (24.8-42.2) 0.3797
PSQI-J scores 8.0 (5.0-8.0) 6.5 (4.3-10.5) 0.5286
JESS scores 13.0 (12.5-15.0) 7.5 (4.3-10.8) 0.0014
3 %DSI (events/h) 23.7 (17.2-30.9) 25.0 (19.8-36.3) 0.4337
Nadir SpO, (%) 75.0 (74.5-79.0) 80.5 (77.3-84.8) 0.1521
%SPT (%) 87.1 (83.1-91.6) 89.1 (83.0-96.2) 0.4162
REM (%TST) 14.5 (13.4-20.5) 18.2 (11.8-21.1) 0.7916
StageN1 (%TST) 39.4 (32.3-53.5) 50.6 (29.5-60.8) 0.3821
StageN2 (%TST) 42.3 (28.1-46.0) 34.7 (25.0-43.0) 0.1732
StageN3 (%TST) 2.8 (0.0-4.5) 3.3 (0.1-5.6) 0.5023
T-arousal index (events/h) 32.4 (28.5-36.5) 32.4 (20.8-37.6) 0.6843
R-arousal index (events/h) 25.5 (23.2-31.9) 31.4 (19.6-36.1) 0.8937
P-arousal index (events/h) 1.3 (1.0-2.8) 0.0 (0.0-0.1) 0.0002
PLMI (events/h) 24.6 (23.1-45.6) 0.0 (0.0-0.0) <0.0001

AHI apnea hypopnea index, BMI body mass index, DSI oxygen desaturation index, JESS Japanese version
of the Epworth Sleepiness Scale, P-arousal index periodic limb movements during sleep-related arousal
index, PLMI Periodic Limb Movements Index, PLMS periodic limb movements during sleep, PSQI-J
Japanese version of the Pittsburgh Sleep Quality Index, R-arousal index respiratory-related arousal index,
REM rapid eye movement, SpO, oxygen saturation, SPT sleep period time, T-arousal index, total-arousal

index, 7T total sleep time

* Mann—Whitney U test
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Table 4 Matched pair
comparison of JESS between
PLMS and non-PLMS groups
stratified by AHI

Stratum with AHI <15 JESS

PLMS group (n = 6) Non-PLMS group (n = 12) P value*
Crude mean (95 % CI) 9.7 (5.5-13.9) 7.3 (4.4-10.3) 0.341
AHI-adjusted mean (95 % CI) 9.2 (5.9-12.5) 7.6 (5.2-9.9) 0.388
Stratum with AHI >15 JESS

PLMS group (n = 11) Non-PLMS group (n = 22) P value*
Crude mean (95 % CI) 13.4 (10.8-15.9) 7.9 (6.1-9.7) <0.001
AHI-adjusted mean (95 % CI) 13.1 (10.7-15.5) 8.0 (6.3-9.7) 0.002

AHI apnea hypopnea index, CI confidence interval, JESS Japanese version of the Epworth Sleepiness Scale,
PLMS periodic limb movements during sleep

* Analysis of covariance (ANCOVA)

laboratory caused a disruption in sleep or a delay in sleep
onset, [18] resulting in fewer PLMS than otherwise might
have been detected. The use of bed partner interviews may
be helpful for the evaluation of PLM in longer term.

Second, the number of participants with PLMS was
small. In patients with AHI <15/h, the difference of
JESS score between PLMS and non-PLMS groups was
not statistically significant. This may be due to low
statistical power. Indeed, the standardized effect size
[19] in those with AHI <15/h was calculated to be 0.54,
which would have required larger sample sizes than in
this study to be detected. Further studies are needed to
study the association in healthier individuals with AHI
<15/h.

Third, cross-sectional design of the present study pre-
vents us from inferring any causal relationship. Inter-
vention studies may be warranted to investigate causality.
Finally, in the present study, we did not study elderly
patients who are known to have higher PLM activity.
Future studies should include older individuals since there
may be differences in the relationship. Nevertheless, we
believe that this study contributes to add information, to
some extent, for the role of PLMS on the genesis of
daytime sleepiness in patients with OSAS. We construe
we have focused on a point that should be considered
during treatment of OSAS and other sleep-related
disorders.

Conclusion

In conclusion, the relationship between PLMS and JESS
was independent of AHI, and clear on stratum of AHI >15/
h, which may indicate the influence of PLMS on JESS.
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