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Abstract

Objective

We sought to assess the prevalence, correlates, and consequences of periodic limb movements
of sleep (PLMS) in persons with obstructive sleep apnea (OSA) and the effect (worsening or
improvement) of continuous positive airway pressure (CPAP) therapy on PLMS in a large
prospective multicenter randomized controlled trial.

Methods

We performed retrospective analyses of data from the Apnea Positive Pressure Long-term
Efficacy Study, a prospective multicenter randomized controlled trial. A total of 1,105 persons
with OSA enrolled in this study underwent a polysomnographic investigation at baseline,
another one for CPAP titration, and another study 6 months after randomization to either
active CPAP or sham CPAP.

Results

Of all participants, 19.7% had PLM index (PLMI) >10/hour, 14.8% had PLMI >15/hour,
12.1% had PLMI >20/hour, 9.3% had PLMI >25/hour, and 7.5% had PLMI >30/hour. The
odds of having a PLMI >10 were higher in older participants (odds ratio [OR] 1.03, p < 0.001),
men (OR 1.63. p = 0.007), those using antidepressants (OR 1.48. p = 0.048), and those with
higher caffeine use (OR 1.01, p = 0.04). After controlling for OSA and depression, PLMS were
associated with increased sleep latency, reduced sleep efliciency, and reduced total sleep time.
No significant relationships were noted between PLMS frequency and subjective sleepiness
(Epworth Sleepiness Scale score) or objective sleepiness (Maintenance of Wakefulness Test).
There was no differential effect of CPAP in comparison to sham CPAP on PLMS after 6
months of therapy.

Conclusions

PLMS are common in patients with OSA and are associated with a significant reduction in sleep
quality over and above that conferred by OSA. Treatment with CPAP does not affect the
severity of PLMS.
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Glossary

AASM = American Academy of Sleep Medicine; AHI = apnea-hypopnea index; APPLES = Apnea Positive Pressure Long-term
Efficacy Study; CPAP = continuous positive airway pressure; ESS = Epworth Sleepiness Scale; HAM-D = Hamilton Rating
Scale for Depression; MWT = maintenance of wakefulness test; OR = odds ratio; OSA = obstructive sleep apnea; PAP =
positive airway pressure; PLMI = PLM index; PLMS = periodic limb movements of sleep; RLS = restless legs syndrome; SOL =

sleep onset latency; TST = total sleep time.

Periodic limb movements of sleep (PLMS) are character-
ized by stereotypical limb movements that are more likely
to occur in the lower extremities. The movements may
be associated with arousals from sleep and the condition
may be associated with reduced sleep quality and
hypertension.' > Retrospective studies suggest a high
prevalence of comorbid PLMS in patients with obstructive

sleep apnea (OSA)."*

Although PLMS are a potential sleep disruptor, their clinical
significance is unclear. They are often seen in association with
other disorders. When in conjunction with restless legs syn-
drome (RLS), the latter is typically treated to allow better
sleep. More complex is the association of PLMS and OSA.
The 2 conditions frequently coexist but it is uncertain whether
PLMS change with treatment of OSA. A study of 84 patients
examined the prevalence of PLMS with different levels of
OSA severity and found that PLMS decreased after continu-
ous positive airway pressure (CPAP) treatment in 20 partic-
ipants, particularly those with mild OSA.> Others have
hypothesized that OSA and PLMS occur concurrently and
that treatment with positive airway pressure (PAP) simply
unmasks the PLMS.® However, these and most other studies
assessing the effect of PAP therapy on evolution of PLMS
suffered from a lack of control group. Finally, the presence of
PLMS during a PAP titration study has been suggested to be
an indication of incomplete resolution of OSA with
treatment.”

The current study involves retrospective analyses of data
from the Apnea Positive Pressure Long-term Efficacy Study
(APPLES), a prospective multicenter randomized con-
trolled trial in persons with OSA. The primary objective of
this study was to assess the effect of CPAP therapy on
neurocognitive outcomes after 6 months of active CPAP or
sham CPAP. Polysomnography was obtained at baseline, for
CPAP or sham CPAP titration, as well as after 4 and 6
months of therapy, providing information about OSA,
PLMS, and sleep quality. Utilizing this large database, we
sought to confirm the prevalence of PLMS in OSA and assess
the clinical and polysomnographic variables associated with
PLMS in persons with OSA. We also aimed to test whether
the presence of PLMS in patients with sleep-disordered
breathing may be an indication of incomplete resolution of
breathing abnormalities with CPAP therapy and whether
treatment has an effect (worsening or improvement) on
PLMS.

Neurology.org/N

Methods

Study design

A detailed description of the APPLES study protocol is
available in an earlier study.® Briefly, participants were
recruited at S clinical centers and those who met the eligibility
criteria underwent diagnostic polysomnography. Those with
apnea-hypopnea index (AHI) of 10 or greater but without
significant hypoxemia (defined as O, saturation below 75%
for more than 10% of the duration of the study) were ran-
domly assigned to receive either active CPAP therapy
(REMStar Pro, Phillips Respironics, Murrysville, PA) or sham
CPAP for 6 months. The sham CPAP appeared identical to
the actual CPAP units and provided only a trivial amount of
pressure (1-2 cm H,0). The active therapy and the sham
CPAP group underwent an actual or a sham titration, re-
spectively, in the sleep laboratory. Polysomnography con-
sisted of monitoring of the EEG (C3-A2 or C4-Al, O2-Al or
01-A2), electro-oculogram (ROC-Al, LOC-A2), chin and
anterior tibialis EMG, heart rate by 2-lead ECG, snoring in-
tensity (anterior neck microphone), nasal pressure (nasal
cannula), thoracic and abdominal movement (inductance
plethysmography bands), and oxygen saturation (pulse oxi-
metry). The anterior tibialis EMG from both legs were used to
score PLMS utilizing American Academy of Sleep Medicine
(AASM) guidelines. (The minimum duration of a leg move-
ment event was 0.5 seconds, the maximum duration was 10
seconds, and the minimum amplitude was an 8 uV increase in
EMG voltage above resting EMG. The leg movements during
a period from 0.5 seconds preceding an apnea or hypopnea
event to 0.5 seconds following an apnea or hypopnea event
were excluded). PLM index (PLMI) was defined as the total
number of PLMS divided by the total sleep time (TST). An
arousal was defined as an abrupt shift in the EEG frequency
for at least 3 seconds after at least 10 continuous seconds of
sleep. Arousal index was defined as the total number of
arousals divided by the TST. The AHI, TST, sleep efficiency,
sleep onset latency (SOL), arousal index, and PLMI were
computed. The change in PLMI from the titration study to
the 6-month follow-up study was compared between the
CPAP and sham control groups to assess whether CPAP
therapy worsens PLMI.

Participants

A total of 1,516 participants were screened and 1,105 were
ultimately randomized (558 to active CPAP and 547 to sham
CPAP) after excluding 268 participants due to exclusion criteria
and 143 participants who withdrew from the study for diverse
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reasons.” Data were available for 849 participants at the
6-month period (443 in the CPAP group and 406 in the sham
group). People using medications likely to affect neuro-
cognitive function or alertness (e.g, hypnotics, sedating anti-
histamines, anticonvulsants, stimulants) were excluded from
the study.

Study measurements

The Hamilton Rating Scale for Depression (HAM-D)® was
administered at the baseline and 6-month follow-up visits and
a score >8 was considered indicative of presence of de-
pression. The Epworth Sleepiness Scale (ESS)'”'" was also
administered at baseline and at 6-month visits and a score >10
suggested excessive daytime sleepiness. Finally, a mainte-
nance of wakefulness test (MWT)'> was considered at the
baseline and the 6-month visits and consisted of four 20-
minute trials in the daytime. The mean sleep latency of all 4
trials was used for these analyses. The data coordinating
center ensured quality assurance and quality control proce-
dures for these data.® Encore Pro SmartCards (Phillips
Respironics) were used to monitor adherence to the therapy.

Statistical analyses

Data from all 1,105 participants were used to analyze the factors
associated with PLMS at baseline. Student unpaired t test was
used to test relationships between continuous variables and x*
test for categorical variables. Linear regression was used with
PLMI as the dependent to analyze the relationship between
PLMI scores and demographic and polysomnographic char-
acteristics at baseline and at 6 months. Logistic regression was
used to assess odds for PLMI >10. Data were expressed as
mean * SD and the statistical significance level was set at p <
0.05 (2-tailed) for all tests. SPSS v 20.0 for Windows (SSPS,
Chicago, IL) was used for statistical analyses.

Standard protocol approvals, registrations,
and patient consent

A detailed description of the APPLES study protocol is
available in an earlier study.® The participants were recruited
from S sites after institutional review board approval at all sites
to enroll human participants. All participants provided written
consent to participate in the study.

Data availability

The article includes analysis of data from APPLES (Clin-
icalTrials.gov identifier: NCT00051363). Researchers can
request data from the APPLES coordination committee. In-
formation on the particular methods used in the study can be
provided by the authors at the request of qualified researchers.

Results

The mean age of the 1,105 participants was 51.6 + 12 years
(range 18-83 years), the mean body mass index was 32.2 +
7.1 kg/m’, and the mean AHI was 40.1 % 25.2 (range 6-156/
hour). The participants included 723 men (65.4%) and 382
women (34.6%).
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Prevalence of PLMS

Of all participants, 19.7% had PLMI >10/hour, 14.8% had
PLMI >15/hour, 12.1% had PLMI >20/hour, 9.3% had PLMI
>25/hour, and 7.5% had PLMI >30/hour. The 75th per-
centile PLMI was 5.5, 80th percentile was 9.3, 90th percentile
was 24.1, and 95th percentile was 37.2.

Clinical and polysomnographic variables
associated with PLMI

Correlation analyses revealed significant correlation between age,
cigarette smoking history (pack-years), and caffeine servings per
week with PLMI (table 1). A higher proportion of men than
women had PLMI >10/hour (22.0% vs 15.4%, p = 0.01) or PLMI
>25/hour (10.7% vs 6.8%, p = 0.04). No correlation was seen
between PLMI and HAM-D score, Profile of Mood States, or
Sleep Apnea Quality of Life Index scores. PLMI was also asso-
ciated positively with sleep onset latency and inversely with sleep
efficiency and TST on polysomnography. A positive correlation
with arousal index approached statistical significance as well.
Linear regression models showed that the association between
PLMI and these sleep variables was independent of AHI and
depression (HAM-D score). There was no significant correlation
between PLMI and AHI, ESS scores, or MWT sleep latency.

Clinical predictors in multivariate models

A linear regression model showed increasing age and total caf-
feine servings per week to be independent predictors of PLMI
(table 2). Logistic regression analyses revealed higher odds of
PLMI >10 with older age (odds ratio [OR] 1.03, p < 0.001),
male sex (OR 1.63. p = 0.007), antidepressant use (OR 1.48. p =
0.048), and caffeine servings (OR 1.01. p = 0.04) (table 3).

Effect of PLMS on sleep quality

When compared with participants with PLMI <10/hour at
baseline, those with PLMI >10/hour had slightly lower AHI
(table 4). Despite the lower AHI, the PLMI >10/hour group
demonstrated lower sleep efficiency and TST, higher arousal
index, and a tendency towards higher sleep latency (table 4).

Analysis of the results from the titration studies revealed no
significant correlation between PLMI and residual AHI on the
titration study (R = =0.07, p = 0.45). PLMI correlated negatively
with TST (R=-0.43, p < 0.001) and sleep efficiency (R = —0.42,
p < 0.001) and positively with SOL (R = 0.20, p = 0.04) and
arousal index (R = 027, p = 0.006) on polysomnography.
Similarly, specifically in participants randomized to CPAP, there
was no correlation between PLMI and the residual AHI on the
titration study (R = —0.008, p = 0.85) but correlated negatively
with TST (R =-0.20, p < 0.001) and sleep efficiency (R = —0.20,
p < 0.001) and positively with arousal index (R = 0.24, p <
0.001). PLMI was an independent predictor of sleep efficiency
(B =-1.13,p = 0.001) on this study when controlled for age and
residual AHIL.

We also assessed the relationship between the residual AHI and
PLMS on the titration study in participants with PLMI >10/hour
at baseline to evaluate whether the presence of PLMS on this
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Table 1 Bivariate correlation between clinical and
polysomnographic variables and the PLM index

at baseline
Variable Pearson correlation p Value
Clinical variables
Age 0.16° <0.001
Body mass index 0.002 0.94
Cigarette smoking 0.09° 0.002
history (pack-years)
Alcohol servings per week 0.04 0.20
Caffeine servings per week 0.09% 0.001
ESS -0.01 0.82
MWT: mean sleep latency 0.04 0.15
POMS score -0.003 0.92
HAM-D total score -0.02 0.52
SAQLI score 0.02 0.52
Polysomnography variables
Total sleep time -0.1067 <0.001
Sleep latency 0.075% 0.012
Sleep efficiency -0.1137 <0.001
AHI -0.05 0.12
Desaturation index -0.054 0.07
Arousal index 0.055 0.07

Abbreviations: AHI = apnea-hypopnea index; ESS = Epworth Sleepiness
Scale; HAM-D = Hamilton Rating Scale for Depression; MWT = maintenance
of wakefulness test; POMS = Profile of Mood States; SAQLI = Calgary Sleep
Apnea Quality of Life Index.

2p <0.05

study may be an indication of an incomplete resolution of
breathing abnormalities with CPAP therapy. There was no cor-
relation between PLMI and residual AHI on the titration study (R
=-0.07, p = 045). The PLMS persisted despite adequate titration
based on AASM recommendations. In this group as well, a linear
regression model showed that PLMI (B = -0.33, p < 0.001) and

increasing age (B = —0.28, p = 0.003), but not AHI (f = —0.03, p =
0.98), were negatively associated with sleep efficiency.

Evaluating the 6-month studies in participants on CPAP therapy,
alinear regression model showed that age ( = —0.27, p < 0.001),
residual AHI (p = -0.14, p = 0.02), and PLMI (B = —0.07, p =
0.01) were independent negative predictors of sleep efficiency.

Effect of PAP therapy on PLMI

The CPAP and the sham groups did not differ significantly in
the baseline PLMI (7.2 + 16.6 vs 6.4 + 13.7, p = 0.4) or the
mean change in PLMI from baseline to 6 months (3.0 + 16.6
vs 22 + 159, p = 0.5). The PLMI in the CPAP group at 6
months (n = 443) was similar to that in the sham group (n =
406) (9.7 £ 19.0 vs 8.7 + 17.0, p = 0.4). The prevalence of
PLMI >25/hour was similar in the CPAP and the sham
groups at baseline (9.5% vs 9.1%, p = 0.9) and at 6 months
(14.7% vs 11.3%, p = 0.15). In the CPAP group, 52.2% had the
same or higher PLMI at 6 months compared to baseline vs
47.8% in the sham group (p = 1.0). Among those with
a baseline PLMI >10/hour, there was a similar decline in
PLMI in both CPAP and sham groups at 6 months (4.2 +
25.4vs —4.8 £25.0, p = 0.9). In addition, the decline in PLMI
at 6 months among those with a baseline PLMI >10/hour was
nonsignificant between the CPAP and the sham groups when
only the participants with average PAP adherence >4 hours/
night were analyzed (—4.3 £ 25.8 vs =8.3 £ 25.1, p = 0.4). We
also looked at the PLMI change from the titration study to the
polysomnography done 6 months later. Age, sex, and PLMI at
the titration study were significantly associated with change in
PLMI 6 months later in a linear regression model, but ran-
domization to the CPAP or the sham group was not a signif-
icant predictor of this change. A multiple regression model in
the participants randomized to CPAP demonstrated no dif-
ference in the mild OSA group and the moderate to severe
OSA group in the change in PLMI with therapy (p = 0.13).
Specifically looking at the participants with mild OSA, there
was no change in the PLMI in the CPAP or the sham groups.

Discussion

In this study, we evaluated the prevalence and predictors of
PLMS in patients with OSA and whether treatment with

Table 2 Linear regression analysis with PLM index as the dependent variable (baseline)

Standardized

Variable B SE coefficient (B) t p Value
Age 0.189 0.038 0.151 4.924 0.000°
Cigarette smoking history 0.050 0.035 0.043 1.403 0.161
(pack-years)

Caffeine servings per week 0.088 0.028 0.093 3.114 0.002?
Alcohol servings per week 0.056 0.098 0.017 0.575 0.565
?p <0.05

Neurology.org/N Neurology | Volume 94, Number 17 | April 28, 2020

Copyright © 2019 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://neurology.org/n

e1824

Table 3 Odds of PLM index (PLMI) >10 at baseline

PLMI 210 PLMI <10 p
Variable (n=218) (n = 887) OR Value
Age,y 552+11.3 50.7+123 1.03 <0.001°
Male, n (%) 157 (73.4) 555 (63.6) 1.63 0.007¢
Antidepressant use, 45 (21.0) 146 (16.7) 1.48 0.048°
n (%)
Alcohol servings per 3.7(0.3) 2.8(0.2) 1.02 0.23
week, mean (SE)
Caffeine servings per 19.5(1.5) 16.5 (0.5) 1.01 0.042

week, mean (SE)

Abbreviation: OR = odds ratio.
2p<0.05

CPAP affects the severity of PLMS. We found that increasing
age, smoking, and caffeine use were associated with more
severe PLMS. The odds of having a PLMI >10 were higher in
older participants, in men, in those using antidepressants, and
with higher caffeine use. After controlling for OSA and de-
pression, PLMS were significantly associated with a reduction
in sleep quality as defined by increased sleep latency, reduced
sleep efficiency, and reduced TST. This association was seen
on the baseline and the titration studies as well as on the
6-month polysomnogram despite adequate treatment of
OSA. No significant relationships were noted between PLMS
frequency and subjective or objective sleepiness. Finally,
treatment with CPAP did not affect the severity of PLMS.

The prevalence of PLMS at baseline was 15%, which is sig-
nificantly higher than that reported in the general population.
Estimates of PLMS prevalence vary widely in the literature, in
part related to the minimum frequency of events considered to
be significant. To clarify this issue, the current study provides
prevalence data based on several different cutoffs to allow easy
comparison between the past and any future studies. For ex-
ample, one retrospective case series of 798 consecutive patients
screened for OSA with polysomnography estimated a 47%

Table 4 Polysomnographic variables associated with
PLM index (PLMI) =10

PLMI 210 PLMI <10
Variable (n=218) (n =887) p Value
AHI 37.3+20.6 40.7 + 26.2 0.042
TST 364.6 + 66.9 379.3+64.7 0.0037
Sleep efficiency 75.8+13.2 78.8+12.5 0.027
Sleep latency 21.8+25.9 18.3+20.9 0.06°
Arousal index 32.2+20.6 28.7+204 0.03%
PLM index 30.4+21.7 1.0+2.1 <0.001¢

Abbreviations: AHI = apnea-hypopnea index; TST = total sleep time.
?p <0.05
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prevalence of PLMS® the prevalence in patients with
comorbid OSA was 48%. However, in this study, PLMS was
defined as a periodic leg movement arousal index >5/hour.
The population was similar to our study in that participants
had a high prevalence of comorbid OSA. In contrast,
a community-based sample of approximately 592 partic-
ipants, using PLMI >15/hour to define PLMS, estimated
a prevalence of 7.6%.” In the current study, the prevalence of
PLMI >1S5/hour was 14.8%, roughly twice the prevalence
reported in the aforementioned study. Finally, another
population-based study of 2,162 men and women in Swit-
zerland estimated a 28.6% prevalence of PLMS using PLMI
>15/hour.”® Notably, the participants in this study were
significantly older (age range 35-75 years, mean 58 years)
than the APPLES participants. Information on any prevalent
OSA was not provided in the earlier 2 studies. Nevertheless,
while several studies including these latter 2 have used
a PLMI cutoft of 15/hour, the current study demonstrates
that a lower cutoff of 10/hour was equally discriminative for
worse sleep quality as well as the common predictors of
PLMS.

Our results confirm prior findings in the literature that
prevalence of PLMS is higher in men and with increasing age,
including studies with and without comorbid OSA®”" The
other clinical predictors of PLMS in the current study include
the number of caffeine servings and antidepressant use. Haba-
Rubio et al.'® studied 2,162 Swiss men and women with
PLMS and also found that antidepressant use was in-
dependently associated with PLMI >15/hour. This sample
did not include information on OSA, thus the current study
remains the largest to date to confirm these clinical predictors
of PLMS in participants with known OSA.

We found that PLMS were independently associated with worse
sleep quality independent of AHI at baseline, titration, and 6
months post-CPAP treatment. Whether and how this worse
sleep quality translates into clinical consequences is not clear.
Some studies have suggested an association between PLMS and
an increased risk of cardiovascular disorders.”'*'> Other studies
have demonstrated a correlation between PLMI and affective
symptoms and fatigue,16 cognitive decline (particularly executive
function) in older men without dementia,'” and lower quality of
life in children.'® One study even suggested a possibility of higher
mortality in those with PLMI >15/ hour.'® Future studies should
be designed to assess the effect of PLMS therapy on clinical
outcomes in persons with OSA. If indeed the therapy of PLMS is
beneficial in patients with OSA, polysomnography may appear to
be the preferential diagnostic study for OSA as it allows making
a concomitant diagnosis of PLMS, an ability lacking in most
home sleep apnea test devices. The negative association seen
between PLMS and sleep quality in the current study is consis-
tent with the past studies that have demonstrated that PLMS
result in sleep disruption.'®*® The current study is among the
largest and demonstrates that in persons with OSA, who already
have a reduced quality of sleep, PLMS significantly worsen sleep
quality further, independent of the severity of sleep apnea.
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We did not find an association between the PLMI and sub-
jective or objective excessive daytime sleepiness. This finding
is consistent with that from an earlier study that found no
significant relation between PLMS and sleepiness.* Similar to
that study, the current study has a large sample size and
includes both subjective and objective evaluation of sleepi-
ness. The current study utilized MWT while the cited study
utilized MSLT. Furthermore, we assessed the effect of PLMS
on residual sleepiness in patients with OSA after 6 months of
CPAP therapy and did not find a correlation. An earlier study
from the APPLES database suggests younger age, more severe
sleep apnea, and depression to be independent predictors of
sleepiness in persons with OSA.>' Hence, adequate treatment
of OSA and depression should be the primary focus in
patients with sleepiness.

While prior studies have shown that PLMS and OSA are
commonly comorbid, there are conflicting data regarding
whether treatment with CPAP influences the presence or se-
verity of PLMS. It has been suggested that treatment of OSA
with CPAP may unmask PLMS.> Another study observed an
increase in PLMS 6 months postoperatively in children with
OSA treated by adenotonsillectomy.”* However, these studies
have generally lacked a control group. We did not find any
correlation between residual AHI and PLMI on the titration
study or the follow-up studies. To our knowledge, the current
study is the first large study to evaluate the eftect of CPAP
treatment on periodic limb movements compared to controls
with sham CPAP. While changes were noted over a period of 6
months, they were similar in the CPAP and the sham group.
Studies lacking a control group may erroneously attribute such
changes over time to PAP therapy.

According to the AASM Clinical Practice Guidelines and
based on the International Classification of Sleep Disorders,
2nd Edition, PLMS are regarded as an incidental finding when
coexistent with sleep-related breathing disorders or RLS. In
such instances, treating the underlying sleep disorder (which
is regarded as the primary sleep disorder) is reccommended as
the first step in therapy. It is suggested that the treatment for
PLMS should only be considered if symptoms persist after
treatment of OSA. However, the current study did not
demonstrate any beneficial effect of CPAP on reducing the
severity of PLMS. It suggests that the 2 disorders may coexist
independently and clinicians should consider concurrent
treatment of the 2 disorders for patients with symptoms
suggestive of a reduction in sleep quality.

The strengths of this study include a large sample size, use of
a control group with sham CPAP, and use of standardized, ob-
jective measurement tools including polysomnography and
MWT, thus reducing measurement error and reporting biases.
The participants underwent repeat polysomnography for titration
as well as after 6 months, providing a reasonably long follow-up.

The study has several limitations that may constrain potential
interpretations. First, while the study assessed PLMS in
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participants with OSA, the data regarding presence or change in
symptoms of RLS over time or with PAP therapy are not
available. It is unclear if the PLMS are isolated and discovered
because of polysomnography or whether RLS symptoms
would have predicted several of these cases. Second, the study
did not report PLMS arousal index. However, we found that
even without specifically taking PLMS arousal index into ac-
count, the PLMI was significantly associated with worse sleep
efficiency. Third, in the absence of a standard definition of
significant PLMI, we chose an index of PLMI >10/hour. A
higher cutoff of 15/hour has been used in several studies but
our results suggest that even a lower cutoff was indicated with
significantly inferior sleep quality. We performed sensitivity
analyses with the 15/hour cutoft and the results were generally
similar to those reported herein. Fourth, several other factors
including chronic kidney disease and medications other than
antidepressants may also be important in pathophysiology of
PLMS, but were not evaluated in depth in the current study.
Fifth, our analyses can only be generalized to persons with both
OSA and PLMS, and not to those without concomitant OSA.
Finally, the current study does not inform whether the therapy
of PLMS would have additive benefit over just the therapy of
OSA with PAP therapy.

To our knowledge, this is the largest randomized controlled
analysis evaluating the effect of PAP treatment on PLMS. Our
results show a high prevalence of PLMS in patients with OSA
compared to those reported historically in the general pop-
ulation, and confirm that male sex, increasing age, caffeine use,
and antidepressant use are significant independent predictors of
PLMS in this group, as in the general population. The study did
not show a differential effect of CPAP in comparison to sham
CPAP on PLMS after 6 months of therapy. However, PLMS had
a negative effect on the objective sleep quality independent of
AHI. These results suggest that sleep quality could improve if
both OSA and PLMS were to be treated concurrently. This is
contrary to the current AASM guidelines that recommend that
treatment of comorbid PLMS should be considered only after
treatment of OSA. Given the adverse health risks associated with
untreated PLMS suggested in prior studies and worse sleep
quality despite CPAP therapy found in this study, further
investigations of concurrent therapy are warranted. Specifically,
trials evaluating the effect of treatment on diverse clinical
measures including symptoms, blood pressure, mood changes,
subjective improvement in sleep, and quality of life, as well as
objective polysomnographic findings such as improvement in
sleep continuity, sleep architecture, and reduction in arousal
index, will provide further insights into the potential benefit of
treating PLMS in concurrence with OSA.
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