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Abstract
Both of periodic limb movements during sleep (PLMS) and Parkinson disease (PD) were related with dopaminergic system
dysfunction. We aimed to investigate the detailed association of PLMS severity and PD.
Clinical and overnight polysomnographic data of 2230 adults older than 40 from a community hospital between November 2011

and June 2017 in Taiwan were collected retrospectively. The association of PLMS severity and PDwas analyzed by Fisher exact test,
univariate, and multivariate logistic regression.
The mean age was 55.6 years old (standard deviation=9.8, range=40–91) for all subjects. There were 2205 subjects without PD

and 25 subjects with PD in this study. The distribution of PLMS severity was not significantly different between subjects without PD
and with PD (Fischer exact test, P= .215). Also, PLMS was not significantly associated with PD using univariate and multivariate
logistic regression.
The PLMS severity was not associated with PD.

Abbreviations: AHI = apnea-hyponea index, AMI = acute myocardial infarction, BMI = body mass index, CKD = chronic kidney
disease, DM = diabetes mellitus, EDS = excessive daytime sleepiness, ESS = Epworth sleepiness scale, PD = Parkinson disease,
PLMS = periodic limb movements during sleep, PSG = polysomnography, REM = rapid eye movement, RLS = restless leg
syndrome.
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1. Introduction

Parkinson disease (PD) is the 2nd most common neurodegenera-
tive disorder affecting older adults, characterized by the resting
tremor, rigidity, bradykinesia, postural instability, and some
nonmotor features.[1,2] Excessive daytime sleepiness and sleep
abnormalities are also prevalent in patients with PD.[3] Factors
contributing to sleep disturbances in patients with PD include the
depression or anxiety disorders, dementia, sleep motor disorders,
and/or side effects of medications for PD.[4]
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The PD often comorbided with some noctural movement
disorders,[5] and possibly shared common pathophysiologic
mechanisms. Some studies had shown that rapid eye movement
(REM) sleep behavior disorder might appear more than 10 years
before the motor signs of PD. The high prevalence of restless leg
syndrome (RLS) in PD and the good response to dopamine
receptor agonists suggested a relationship between these 2
diseases.[6]

As for periodic limb movements during sleep (PLMS), it is
presented with repetitive stereotyped movements, typically in the
lower limbs, during sleep. The pathophysiology of PLMS was
reported to be related with dysfunction of calcium channels and/
or dopaminergic system.[7] PLMS could disrupt sleep and is
related with excessive daytime sleepiness.[8] PLMS has been
proposed to be associated with increased risk of heart diseases
and/or cardiovascular events.[9] Patients with PLMS also have a
higher risk for coronary artery disease and cardiovascular
diseases, but not acute myocardial infarction (AMI).[10] But, the
relationship between PLMS and PD is not very valid, although
PLMS is commonly seen in patients with PD.[5]

Many animals and human studies have hypothesized that
hypoxia and/or its related inflammation were some of the
underlying mechanisms for most neurodegeneration diseases,
including PD.[11–17] Meanwhile, these PLMS-related complica-
tions and/or sequelaemight also contribute to neural hypoxia and
neuroinflammation and subsequently increase the risk of PD
development. Thus, it is reasonable to hypothesize that PLMS
might be associated with PD. To our knowledge, however, the
detailed association of PLMS severity and PD is never reported till
now. Therefore, we aimed to examine this issue by a cross-
sectional study.
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2. Methods

From November 2011 to June 2017, clinical and overnight
polysomnography (PSG) data of 2230 adult patients older than
40 at Dalin Tzu Chi Hospital were retrospectively collected. The
study was approved by The Research Ethics Committee of Dalin
Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation (no:
B10604018). Informed written consent was waived because the
study was a retrospective data analysis.
Clinical data including age, sex, body mass index (BMI),

insomnia, Epworth sleepiness scale (ESS), hypnotic use, apnea-
hyponea index (AHI), common systemic diseases, menopause,
smoking, and drinking were acquired before overnight PSG
examination. Insomnia, hypnotic use, common systemic diseases,
menopause, smoking, and drinking were graded as “no” and
“yes.” As for PLMS, it was treated by 2 methods. First, PLMS
was originally a continuous variable (/h). Second, PLMS was
graded into 4 grades as “no,” “mild (≥5/h but <25/h),”
“moderate (≥25/h but <50/h),” and “severe (≥50/h).” And, PD
was graded as “no” and “yes,” and regarded as non-PD group
and PD group, respectively.
2.1. Statistical analysis

Student t test or Fisher exact test was used to test the association
of various clinical factors including PLMS and PD. Multivariate
logistic regression was used to test the association of PLMS and
PD with adjustment of other promising clinical factors (P > .2
from univariate logistic regression). All analyses were performed
using STATA 10.0 software (Stata Corp, College Station, TX). P
< .05 was considered to be significant.
Table 1

Comparisons between non-PD and PD subjects.

Non-PD (n=2205) PD
(n=25)

P

Age, yr 55.4 (9.7) 67.1 (12.5) <.0001
Sex (F/M, n) 821/1384 8/17 .681
BMI, kg/m2 26.0 (4.0) 26.2 (5.5) .8667
Insomnia, no/yes, n 402/1804 4/21 1.000
ESS 6.2 (4.4) 6.7 (3.8) 0.5204
Hypnotics, no/yes, n) 1354/852 9/16 0.013
AHI 28.3 (22.8) 25.3 (19.2) 0.5176
Hypertension, no/yes, n 1369/821 15/10 0.837
DM, no/yes, n 1927/271 19/6 0.116
AMI, no/yes, n 2127/61 21/4 0.005
Dyslipidemia, no/yes, n 1745/404 21/4 1.000
CKD, no/yes, n 2109/79 23/2 0.232
Liver cirrhosis, no/yes, n 2177/21 24/1 0.221
Stroke, no/yes, n 2145/53 20/5 <0.001
Dementia, no/yes, n 2200/4 20/4 <0.001
Asthma, no/yes, n 1561/645 18/7 1.000
Menopause, no/yes, n 216/587 2/5 1.000
Smoking, no/yes, n 1839/367 22/3 0.786
Drinking, no/yes, n 1407/799 16/9 1.000
PLMS 0.215
No 2029 21
Mild 167 4
Moderate 9 0
Severe 1 0

AHI = apnea-hyponea index, AMI = acute myocardial infarction, BMI = body mass index, CKD =
chronic kidney disease, DM = diabetes mellitus, ESS = Epworth sleepiness scale, PD = Parkinson
disease, PLMS = periodic limb movements during sleep.
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3. Results

The mean age was 55.6 years old (standard deviation=9.8,
range=40–91) for all subjects. Among that, there were 2205
subjects without PD and 25 subjects with PD. Table 1 shows the
comparisons between non-PD subjects and PD subjects. Mean
age was older in PD subjects (67.1 years old) than in non-PD
subjects (55.4 years old). The prevalences of hypnotic use (64.0%
vs 38.6%), AMI (16.0% vs 2.8%), stroke (20.0% vs 2.4%), and
dementia (16.7% vs 0.2%) were higher in PD subjects than in
non-PD subjects. But, the distribution of PLMS severity was not
significantly different between non-PD and PD subjects.
Table 2 shows the univariate logistic regression analysis for the

association of various clinical factors and PD. The results
showed that age, hypnotics use, AMI, stroke, and dementia, but
not PLMS, had significantly positive association with PD
individually.
Table 3 shows the multivariate logistic regression analysis for

the association of PLMS and PD with adjustment of prominent
clinical factors. The results showed that PLMS was not
significantly associated with PD after adjusting for age, hypnotics
use, diabetes mellitus (DM), AMI, liver cirrhosis, stroke, and
dementia.
4. Discussion

This cross-sectional study based on clinical and PSG data showed
that severity of PLMS, one kind of sleepmovement disorders, was
not significantly associated with PD before and after adjusting
other variables. This clinical finding did not support the
expectation based on the dopaminergic system dysfunction for
both of PLMS and PD.[7] Also, although PLMS-related
complications and/or sequelae were supposed to contribute to
PD formation indirectly, current results did not show significantly
positive correlation between PLMS and PD at all.
Table 2

Univariate logistic regression for Parkinson disease by each
variables.

Coefficient Standard error P

Age, yr 0.0013 0.0002 <.001
Sex, F/M, n 0.0025 0.0046 .590
BMI, kg/m2 0.0001 0.0006 .867
Insomnia, no/yes, n 0.0017 0.0058 .775
ESS 0.0003 0.0005 .520
Hypnotics 0.0118 0.0046 .010
AHI �0.0001 0.0001 .518
Hypertension, no/yes, n 0.0012 0.0046 .797
DM, no/yes, n 0.0119 0.0068 .079
AMI, no/yes, n 0.0518 0.0133 <.001
Dyslipidemia, no/yes, n �0.0021 0.0059 .722
CKD, no/yes, n 0.0139 0.0120 .245
Liver cirrhosis, no/yes, n 0.0346 0.0226 .126
Stroke, no/yes, n 0.0770 0.0139 <.001
Dementia, no/yes, n 0.4910 0.0351 <.001
Asthma, no/yes, n �0.0007 0.0049 .892
Menopause, no/yes, n �0.0007 0.0073 .921
Smoking, no/yes, n �0.0037 0.0060 .536
Drinking, no/yes, n �0.0001 0.0046 .982
PLMS, /h 0.0093 0.0074 .214

AHI = apnea-hyponea index, AMI = acute myocardial infarction, BMI = body mass index, CKD =
chronic kidney disease, DM = diabetes mellitus, ESS = Epworth sleepiness scale, PLMS = periodic
limb movements during sleep.



Table 3

Multivariate logistic regression for tinnitus by prominent variables
(P< .2).

Coefficient Standard error P

Age, yr 0.0009 0.0002 <.001
Hypnotics 0.0071 0.0044 .106
DM �0.0011 0.0065 .872
AMI 0.0365 0.0127 .004
Liver cirrhosis 0.0049 0.0218 .822
Stroke 0.0411 0.0138 .003
Dementia 0.4580 0.0356 <.001
PLMS, /h �0.0004 0.0006 .440
∗
AMI= acute myocardial infarction, DM= diabetes mellitus, PLMS= periodic limb movements during
sleep.
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Nocturnal disturbances of PD could be categorized in 4 groups:
PD-related motor symptoms; treatment-related nocturnal dis-
turbances; psychiatric symptoms; other sleep disorders, including
insomnia, REM behavioral disorder RBD, RLS, PLMS, and
excessive daytime sleepiness (EDS).[18] Sleep fragmentation, sleep
apnea, RLS, PLMS, and REM sleep behavior disorder may reflect
the anatomic areas affected by the neurodegenerative process.[19]

As for their treatment, RLS and PLMS may be controlled by
increasing dopaminergic and/or a2d calcium channel stimula-
tion, whereas insomnia and EDS may be improved by reducing
dopaminergic stimulation.[7,18]

Although RLS and PLMS are different by definition,[20] their
treatments are very similar.[21] RLS and/or PLMS might also
increase cardiovascular risk by increasing sympathetic tones and
sleep fragmentation.[22] PLMS are also commonly found in
patients with OSA.[23] And, OSA and PLMS might contribute to
arterial stiffness additively.[24] But, there was no evidence to
prove that patients with RLS had an increased risk of suffering
from PD.[6] Currently, overnight PSG is the gold standard for
quantifying the severity of PLMS. However, we found that PLMS
severity had no significant associationwith PD.Otherwise, PLMS
might increase the risk of PD indirectly via its comorbid diseases,
including OSA as our previous study had shown.[25]

The PD affects 2% to 3% of the population older than 65 years
of age and its prevalence increases with age.[26] Although the
mean age was higher in the non-PD group roughly in Table 1, we
have adjusted the effect of age as well as other confounding
factors during testing the association of PLMS and PD. However,
some limitations were recognized in this study. For example, the
data were collected from clinical samples instead of the general
population, which could have led to a selection bias. Some
factors, including medical psychiatric disorders, were not
recorded and accessed in the analysis.
5. Conclusion

This clinical study found that PLMS severity was not associated
with PD even though there was similar pathophysiology for these
2 diseases. However, this finding did not against the high
prevalence of PLMS in the PD population, as previous studies
showed.
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