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Objective: This study aimed to investigate the objective sleep characteristics and their

related risk factors among Parkinson’s disease (PD) patients with and without restless

legs syndrome (RLS).

Methods: A total of 125 patients with PD who underwent overnight polysomnography

(PSG) were recruited consecutively. Eighty-one patients, including 27 PD with RLS

(PD-RLS) and 54 PD without RLS (PD-NRLS), were included in the final analysis after

1:2 propensity score matching. Demographic, clinical, and polysomnographic data were

compared between PD patients with and without RLS. The risk factors for sleep quality

were examined using a multiple linear regression model.

Results: The prevalence of RLS among PD patients was 28.0% (35/125). The PD-RLS

group exhibited a higher score for the Unified Parkinson Disease Rating Scale (UPDRS)

III than the PD-NRLS group. Also, the PD-RLS patients displayed significantly shorter

total sleep times, worse sleep quality, decreased stage 3 duration, a longer wake time

after sleep onset, and a higher arousal index than those without RLS (all p < 0.05). In the

multiple linear regression model, PD duration (β = −0.363, 95% CI: −0.652 to −0.074;

p = 0.016), UPDRS-III (β=−0.356, 95%CI:−0.641 to−0.071; p= 0.016), and periodic

limb movement index (PLMI) (β = −0.472, 95% CI: −0.757 to −0.187; p = 0.002)

were determined to be the risk factors influencing sleep quality in PD-RLS patients. The

UPDRS-III (β = −0.347, 95% CI: −0.590 to −0.104; p = 0.006) and HAMD scores

(β = −0.343, 95% CI: −0.586 to −0.100; p = 0.007) were significantly associated with

sleep quality after adjusting for confounding factors in PD-NRLS patients, respectively.

Conclusions: PD-RLS patients exhibited more disturbed and fragmented sleep in

objective sleep architecture than PD-NRLS patients. The severity of motor symptoms

in PD was significantly associated with poor sleep quality in both PD-RLS and PD-NRLS

patients. Notably, our findings indicated that periodic limb movements during sleep

(PLMS) was the risk factor that influenced the objective sleep quality in PD patients

with RLS.

Keywords: Parkinson’s disease, restless legs syndrome, polysomnography, periodic limb movements in sleep,

objective sleep quality
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INTRODUCTION

Parkinson’s disease (PD) is the second most common
neurodegenerative disease among people older than 65 years
old in China (1). It is a movement disorder characterized by
motor symptoms such as a resting tremor, rigidity, bradykinesia,
and postural instability. Currently, clinicians have become
increasingly aware of the management of non-motor symptoms
of PD due to their significant impact on the quality of life of
patients (2). Sleep disturbances appear to be the most frequent
non-motor symptoms, as they are observed in up to 90% of PD
patients (3, 4). The categories of sleep disturbances in patients
with PD comprise insomnia, daytime sleepiness, restless legs
syndrome (RLS), rapid eye movement sleep behavior disorder
(RBD), and so on. The regulation of sleep and wakefulness
is affected by the dysfunction of multiple brain areas and
neurotransmitters in patients with PD (5).

RLS is a sleep disorder characterized by a series of
sensorimotor symptoms and an irresistible urge to move
the limbs. These symptoms are usually accompanied by
uncomfortable and unpleasant sensations in the legs. Moreover,
these symptoms start or worsen during periods of rest or
inactivity and are relieved by movement (6). RLS is also a
common sleep disturbance affecting a considerable number of
PD patients. The global prevalence of RLS in PD patients was
about 14–16% (7), and a more recent review indicated that the
prevalence of RLS in PD patients could be as high as 52.3%
(5), which was mostly higher than the prevalence of 1.9–4.6%
in the general population (8). A longitudinal study reported that
the prevalence of RLS increased from 4.6 to 16.3% during the
progression course of PD (9). Notably, both disorders respond
well to dopaminergic replacement therapy (10, 11) and share an
association with periodic leg movements during sleep (12), which
strongly suggest commonalities in the pathogenesis association
between PD and RLS. Thus, far, it is not clear whether RLS
is a manifestation of the early pathological process of PD or
occurs with the progression of PD. Therefore, the hypothesis of
dysfunction of the central dopaminergic system in RLS should be
verified in the development of RLS in PD in the future study.

It has been reported that PD patients with RLS (PD-RLS)
experience more severe sleep problems, exhibiting a significantly
higher Pittsburgh Sleep Quality Index (PSQI) score and lower
Parkinson’s Disease Sleep Scale (PDSS) score than PD patients
without RLS (PD-NRLS) (13, 14). Recently, one study indicated
that PD-RLS might be related to more severe Parkinsonism,
depression, cognitive dysfunction, poor sleep quality, and a worse
quality of life (15–17). However, considering that the diagnosis
of RLS is usually based on clinical symptoms, few studies of
sleep quality in PD-RLS are included in objective assessments. In
the current study, we evaluated the objective sleep quality and
explored the potential influencing factors on sleep among PD
patients with or without RLS.

MATERIALS AND METHODS

Study Design and Participants
This retrospective observational study was performed between
January 2015 and January 2020 at the Sleep Medicine Center and

the Neurology Department of the Tangdu Hospital of the Fourth
Military Medical University. This study was a part of a cross-
sectional study that examined sleep disorders of patients with PD.
The study was conducted under the Declaration of Helsinki and
was approved by the Local Ethics Committee and Institutional
Review Board of the Tangdu Hospital of the Fourth Military
Medical University.

In this cross-sectional study, all the hospitalized patients with
PD were consecutively included and received PSG assessments
regardless of any complaints of sleep disorders. A total of 125
PD patients were recruited into the study. Thirty-six patients
were excluded because of incomplete clinical information or
polysomnography (PSG) data. After screening, 27 PD patients
were identified to exhibit RLS, and 62 PD patients did not have
RLS. To reduce selection bias and potential baseline confounding
factors, propensity score matching (PSM) was used to adjust the
baseline clinical characteristics. Age and the levodopa equivalent
dose (LED) were included in the PSM model to assess their
possible influences on sleep quality. The body mass index (BMI)
was used for balance calculations. PD patients with and without
RLS were matched 1:2 without replacement using a nearest-
neighbor approach and caliper restrictions (0.4). Finally, 27 PD
patients with RLS (PD-RLS group) and 54 PD patients without
RLS (PD-NRLS group) were included in the statistical analyses
(Figure 1).

Clinical Evaluation
Demographic characteristics, including age, age at onset of
PD, gender, and BMI, were collected. Disease duration and
medication history were reviewed from the patients’ medical
records. The diagnosis of PD was based on Movement Disorder
Society clinical diagnostic criteria for PD (18). The motor
symptoms and the PD stage were evaluated using the Unified
Parkinson Disease Rating Scale (UPDRS) III and the Modified
Hoehn and Yahr Scale, respectively (19). RLS was confirmed
according to the 2014 International Restless Legs Syndrome
Study Group (RLSSG) diagnostic criteria: (1) the urge to move
one’s extremities due to uncomfortable sensations or pain; (2)
the urge starts or worsens during periods of rest or inactivity;
(3) the urge is worse in the evening or night; (4) and the urge
is partially or totally relieved by movement (6). Notably, the
above symptoms are not caused by other medical conditions such
as leg cramps, positional discomfort, venous stasis, leg edema
or arthritis, and so on. The RLS severity was determined using
the validated International Restless Legs Syndrome Severity Scale
(IRLS) (20). The LED was calculated according to the established
method (21). Epworth Sleepiness Scale (ESS) was used to assess
subjective daytime sleepiness and excessive daytime sleepiness
(EDS), which was defined as ESS≥ 10 (22). Depressive symptoms
were assessed using the Hamilton Depression Rating Scale−24
(HAMD-24), and patients with a total score equal to or>20 were
considered to be experiencing depression (23, 24).

Polysomnography (PSG)
All recruited patients underwent a standardized, full-night
attended, digital video-PSG assessment (Philips Respironics,
Murrysville, PA, USA) according to American Academy of Sleep
Medicine (AASM) recommendations (25). The PSG recording
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FIGURE 1 | Flow chart diagram of the selection of PD patients included in the analyses. PD, Parkinson’s disease; PSG, polysomnography; RLS, restless legs

syndrome; LED, levodopa equivalent dose.

included standard electroencephalogram (EEG) channels (F3-
A2, F4-A1, C3-A2, C4-A1, O1-A2, O2-A1), electrooculogram
(EOG), chin and bilateral anterior tibialis electromyogram
(EMG), III-lead electrocardiogram (ECG), nasal-oral flow,
thoracic and abdominal respiratory efforts, oxygen saturation,
and body position. Sleep stages and associated events were
manually scored in 30-s blocks according to the criteria described
in the American Academy of Sleep Medicine (AASM) manual
(25). Poor sleep quality was defined as sleep efficiency (SE) <

80%. OSA was defined as an apnea–hypopnea index (AHI)> 5/h
with OSA-related complaints (specified in the ICSD 3rd edition)
or >15/h without symptoms (26). Periodic limb movements
during sleep (PLMS) were defined as periodic limb movement
index (PLMI) > 15 events per hour.

Statistical Analysis
Descriptive data were presented as means ± standard deviations
or frequencies (percentages). Comparisons between two groups
for continuous data were conducted using t-tests for normally
distributed data or the Mann–Whitney U-test for non-normally
distributed data. Categorical variables were compared using chi-
square or the Fisher exact test where appropriate. Spearman’s
correlation analyses were used to assess the association between
objective sleep parameters and potential factors that influenced
sleep, including age, PD duration, UPDRS-III, HAMD, PLMI,
and AHI. Multiple linear regressions were used to calculate
the effects of the potentially related factors on sleep quality
in the PD groups with or without RLS. All statistical analyses
were conducted using SPSS version 26.0 (SPSS Inc, Chicago,
IL, USA). The PSM procedure was performed using the SPSS
PSM plug-in “PS Matching.” A p-value < 0.05 was considered
as statistically significant.

RESULTS

Demographic and Clinical Characteristics
In this study, the prevalence of RLS among PD patients was 28.0%
(35/125). After screening and PSM, 81 PD patients, including 27

patients with RLS and 54 patients without RLS, were enrolled
in this retrospective study. Comparisons of demographic and
clinical characteristics between patients with and without RLS
are presented in Table 1. There were no significant differences in
age at the time of RLS diagnosis, sex, body mass index (BMI),
age at onset of PD, and duration of PD between the groups. No
differences were observed in the motor phenotype of PD, H-Y
stage, LED, HAMD scores, and ESS between PD patients with
or without RLS. However, patients with RLS exhibited a higher
UPDRS-III score than that of patients without RLS (p= 0.001).

Sleep Variables
The comparisons of PSG variables between PD patients with and
without RLS are shown in Table 2. PD-RLS patients experienced
significantly shorter total sleep times, worse sleep quality, longer
REM latency, decreased stage 3 duration, longer wake times
after sleep onset, and a higher arousal index than those without
RLS. Also, a trend toward an increased proportion of individuals
exhibiting difficulty initiating sleep (SL ≥ 30min) was observed
in patients with RLS (40.7 vs. 22.2%, p = 0.081). There were
no significant differences in sleep latency (SL), duration of sleep
stages (S1-3 and REM sleep), AHI, and the proportion of OSA
between the two groups. Interestingly, no significant differences
were found in PLMI and the proportion of PLMS (PLMI > 15/h)
between patients with or without RLS.

Correlations Between Sleep Parameters
and Clinical Factors
Table 3 shows the correlations between sleep parameters and
clinical factors in PD patients with or without RLS. The duration
of PD and the UPDRS-III score were significantly negatively
correlated with total sleep time (TST) and sleep efficiency in both
the two groups. Interestingly, the HAMD score was negatively
correlated with TST and sleep efficiency and positively correlated
with time awake after sleep onset (WASO) only in PD patients
without RLS. PLMI was significantly negatively correlated with
TST and sleep efficiency, and positively correlated with SL
in PD patients with RLS. However, there were no significant
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TABLE 1 | Demographic and clinical characteristics of PD patients with and without RLS.

All PD patients PD-RLS PD-NRLS p

(n = 81) (n = 27) (n = 54)

Age (years) 62.3 ± 10.0 62.4 ± 9.7 62.3 ± 10.2 0.981

Male (n, %) 36 (44.4) 9 (33.3) 27 (50.0) 0.235

BMI (kg/m2 ) 23.3 ± 3.0 22.9 ± 3.0 23.4 ± 3.1 0.500

Age at onset of PD (years) 58.5 ± 9.9 58.1 ± 9.8 58.6 ± 10.1 0.844

Duration of disease (years) 3.7 ± 4.0 4.2 ± 4.3 3.5 ± 3.9 0.427

Motor phenotype (n, %) 0.717

Tremor 26 (32.1) 8 (29.6) 18 (33.3)

Rigidity 37 (45.7) 14 (51.9) 23 (42.6)

Mixed 18 (22.2) 5 (18.5) 13 (24.1)

Hoehn and Yahr stage 2.3 ± 0.7 2.4 ± 0.7 2.3 ± 0.7 0.779

UPDRS-III (M) 15.6 18.3 15.6 0.001

LED 317.2 ± 180.0 320.8 ± 184.1 315.4 ± 179.6 0.899

HAMD 14.1 ± 5.5 14.7 ± 6.8 13.8 ± 4.7 0.468

Depression (HAMD ≥ 20) (n, %) 9 (11.1) 4 (14.8) 5 (9.3) 0.472

ESS 6.0 ± 5.2 6.5 ± 5.1 5.9 ± 5.3 0.598

EDS (ESS ≥ 10) (n, %) 25 (30.9) 10 (37.0) 15 (27.8) 0.395

IRLS — 20.3 ± 6.4 — —

PD, Parkinson’s disease; RLS, restless legs syndrome; NRLS, without restless legs syndrome; BMI, body mass index; LED, levodopa equivalent dose; UPDRS-III, Unified Parkinson’s

Disease Rating Scale, Part III; M, the median; HAMD, Hamilton Depression Rating Scale; ESS, Epworth Sleepiness Scale; EDS, excessive daytime sleepiness; IRLS, International Restless

Legs Syndrome Severity Scale. A p-value in bold denotes a significant difference (p < 0.05).

TABLE 2 | Sleep parameters of PD patients with and without RLS.

PD-RLS (n = 27) PD-NRLS (n = 54) p

Total sleep time (min) 281.8 ± 89.0 327.7 ± 73.8 0.016

Sleep efficiency (%) 60.2 ± 19.1 77.5 ± 59.5 0.145

Poor sleep quality (SE < 0.8) (n, %) 17 (47.2) 39 (24.5) 0.045

Sleep latency (min) 34.9 ± 48.3 24.7 ± 23.0 0.199

Difficulty initiating sleep (SL ≥ 30min) (n, %) 11 (40.7) 12 (22.2) 0.081

REM latency (min) 219.5 ± 114.4 161.1 ± 98.2 0.027

Stage 1 (min) 90.4 ± 41.6 94.5 ± 61.5 0.757

Stage 2 (min) 140.0 ± 65.4 159.2 ± 80.7 0.288

Stage 3 (min) 14.1 ± 16.7 27.3 ± 36.2 0.027

Stage REM (min) 37.3 ± 23.0 46.6 ± 35.8 0.160

WASO (min) 139.6 ± 77.5 97.5 ± 68.9 0.015

Arousal index (/h) 16.9 ± 12.7 9.2 ± 10.4 0.005

PLMI (/h) 19.4 ± 28.5 18.8 ± 30.1 0.932

PLMS (PLMI>15/h) (n, %) 10 (37.0) 17 (31.5) 0.617

AHI (/h) 8.9 ± 12.5 8.6 ± 12.6 0.899

OSA (n, %) 13 (48.1) 20 (37.0) 0.337

PD, Parkinson’s disease; RLS, restless legs syndrome; NRLS, without restless legs syndrome; SE, sleep efficiency; SL, sleep latency; REM, rapid eye movement period; WASO, wake

after sleep onset; PLMI, periodic limb movement index; PLMS, periodic limb movements during sleep; AHI, apnea–hypopnea index; OSA, obstructive sleep apnea. A p-value in bold

denotes a significant difference (p < 0.05).

correlations between AHI and sleep parameters including TST,
SE, WASO, and SL for both groups.

Risk Factors of Sleep Quality
Based on the differences observed in the correlation analysis
between the two groups, multiple linear regression was

conducted to explore the potential risk factors influencing
objective sleep quality in PD patients with or without RLS.
Sleep efficiency was considered to be the dependent variable,
and various potential factors, including PD duration, UPDRS-III,
HAMD, PLMI, and AHI, were independent variables (4, 27, 28).
Age and gender were adjusted in the final model.
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TABLE 3 | Correlations between sleep parameters and clinical factors.

Total sleep time (min) Sleep efficiency (%) WASO (min) Sleep latency (min)

PD-RLS PD-NRLS PD-RLS PD-NRLS PD-RLS PD-NRLS PD-RLS PD-NRLS

Age −0.35 (0.07) –0.33 (0.02) –0.38 (0.05) 0.34 (<0.01) 0.35 (0.07) 0.27 (0.05) 0.29 (0.14) 0.26 (0.06)

PD duration –0.50 (<0.01) –0.27 (0.05) −0.50 (0.01) −0.28 (0.04) 0.37 (0.06) 0.19 (0.17) 0.33 (0.09) 0.01 (0.94)

UPDRS-III −0.40 (0.04) −0.37 (<0.01) −0.41 (0.03) −0.38 (<0.01) 0.21 (0.29) 0.34 (<0.01) 0.16 (0.44) 0.15 (0.28)

HAMD −0.19 (0.35) −0.34 (< 0.01) −0.14 (0.49) −0.38 (< 0.01) −0.06 (0.76) 0.34 (<0.01) −0.14 (0.48) 0.11 (0.44)

PLMI −0.50 (<0.01) −0.26 (0.06) −0.53 (<0.01) −0.22 (0.11) 0.26 (0.20) 0.15 (0.30) 0.69 (<0.01) 0.17 (0.23)

AHI 0.26 (0.19) −0.26 (0.06) 0.24 (0.23) −0.26 (0.06) −0.07 (0.74) 0.15 (0.28) −0.23 (0.25) 0.16 (0.25)

WASO, wake after sleep onset; PD, Parkinson’s disease; RLS, restless legs syndrome; NRLS, without restless legs syndrome; UPDRS-III, Unified Parkinson’s Disease Rating Scale,

Part III; HAMD, Hamilton Depression Rating Scale; PLMI, periodic limb movement index; AHI, apnea–hypopnea index. A p-value in bold denotes a significant difference (p < 0.05).

The model that considered all independent variables
explained 76.9% of the variability observed in the sleep efficiency
of PD-RLS patients (R2 = 0.701, p = 0.001). When the
independent variables were introduced using a stepwise method,
PD duration (β =−0.363, 95% CI:−0.652 to−0.074; p= 0.016),
UPDRS-III (β = −0.356, 95% CI: −0.641 to −0.071; p = 0.016),
and PLMI (β = −0.472, 95% CI: −0.757 to −0.187; p = 0.002)
were the risk factors determined to be associated with sleep
efficiency in PD patients with RLS after adjusting for potential
confounding variables including age and gender (Figure 2). In
PD patients without RLS, the UPDRS-III and HAMD scores
were associated significantly with sleep efficiency after adjusting
for confounding factors (β =−0.347, 95% CI:−0.590 to−0.104;
p = 0.006; β = −0.343, 95% CI: −0.586 to −0.100; p = 0.007,
respectively) (Figure 3).

DISCUSSION

To the best of our knowledge, this is the first study to evaluate
objective sleep characteristics and potential risk factors of PD
patients with and without RLS. After matching the propensity
scores of the factors (age and LED) that might have affected
sleep quality in PD patients (27, 29), we observed that PD-RLS
patients experienced worse nocturnal sleep quality as indicated
by a shorter total sleep time, a shorter stage 3 duration, a longer
WASO, and a higher arousal index than PD patients without
RLS. These results were similar to previous studies that reported
worse subjective sleep quality in PD patients with RLS than those
without RLS (13, 14). In the current study, we identified several
risk factors that influenced sleep quality, including PD duration,
UPDRS-III, and PLMI in PD-RLS patients, as well as UPDRS-III
and HAMD scores in PD-NRLS patients.

Sleep disorders are complex and diverse in PD patients
(30) and are caused by both motor and non-motor symptoms
associated with PD. It is well-known that the motor symptoms
of PD per se, such as difficulty turning over in bed when in
the unpredictable “off” state, can result in sleep disturbance
associated with nocturnal awakening (31). Unsurprisingly, as
a widely used tool to assess the motor performance of PD
patients, UPDRS-III was found to be a significant risk factor for
sleep quality both in PD-RLS and PD-NRLS patients. Therefore,
our findings provided reliable evidence that treatment of sleep

disturbance could include improving motor symptoms in PD
patients with or without RLS. The UPDRS- III score in PD-
RLS patients was significantly higher than that of PD-NRLS
patients. Several studies have reported that the diencephalon-
spinal pathway, especially abnormalities in the A11 dopaminergic
neurons, could lead to RLS (32). Thus, PD-RLS patients might
experience a wider range of neurodegeneration and show more
severe motor symptoms than PD-NRLS patients.

Depression is one of the most common non-motor symptoms
observed in patients with PD and has been found to be associated
with worse nighttime sleep in PD (33). In our study, the results
revealed that a higher HAMD score was associated with worse
objective sleep quality in the PD-NRLS group but not in the PD-
RLS group. Similarly, in previous studies, a higher HAMD score
was significantly correlated with worse subjective sleep quality of
patients with PD as assessed using the PDSS (27, 34).

This current study found that RLS was a common comorbid
condition (28.0%) in PD when the International Restless Legs
Syndrome Study Group (RLSSG) diagnostic criteria (6) were
used. RLS has been reported to be frequent in patients with
PD, but whether the prevalence of RLS in PD is higher than
in the general population is still a matter of debate (5). The
dopaminergic dysfunction is a potential explanation for the high
prevalence of RLS in PD. As mentioned, somatic motor neuron
activity is known to be mediated through the diencephalon-
spinal dopamine pathway, which is proposed to play an
important role in the pathophysiology of RLS. A11 neurons
might degenerate in patients with PD, and the degeneration of
this pathway is believed to be strongly related to the occurrence of
RLS in PD patients (35). As is known, patients with RLS primarily
report that their sleep disruption is caused by unpleasant
sensations and usually report difficulty initiating andmaintaining
sleep, as well as experiencing unrefreshing sleep two to three
times more often than healthy control subjects (36). Also, the
objective sleep architecture as assessed by PSG presents with a
longer sleep latency and a higher arousal index in RLS. It has
been speculated that RLS might share underlying commonalities
in pathophysiology with PD (37). Thus, it is noteworthy that
differences in motor and non-motor symptoms between PD
patients with and without RLS were observed. Currently, some
studies have reported that PD patients with RLS exhibit more
severe Parkinsonism, worse mental health, and worse sleep
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FIGURE 2 | Multiple linear regression analysis of sleep efficiency in PD-RLS patients. The squares are the standardized regression coefficients (β, the change in terms

of SDs in the dependent variable that results from a change of 1 SD in an independent variable), and the error bars indicate the 95% CI of β. The gender variant was

coded as a dummy variable: male was coded 0, and 1 was used for female. PD, Parkinson’s disease; RLS, restless legs syndrome; UPDRS-III, Unified Parkinson

Disease Rating Scale Part III; HAMD, Hamilton Depression Rating Scale; PLMI, periodic limb movement index; AHI, apnea–hypopnea index. (A) Risk factors of sleep

efficiency in PD-RLS patients. All-factors regression (R2 = 0.701, p = 0.001). (B) Stepwise regression (Age- and gender-adjusted, R2 = 0.577, p < 0.001).

quality, using relevant assessment scales (38–40). However, no
specific studies have been performed to evaluate sleep in PD
patients with and without RLS using objective sleep parameters.

Therefore, this retrospective analysis was conducted on PD
patients to evaluate objective sleep architecture and its differences
between patients with or without RLS. Concomitant with the
subjective studies, the current study observed that PD patients

with RLS had worse nocturnal sleep quality compared with PD
patients without RLS. In particular, our results demonstrated
that PLMI was the risk factor that influenced sleep quality in
the PD-RLS group after controlling for potential confounders.
Thus, this study provided objective evidence for the effect of
RLS on sleep quality in PD patients. Periodic limb movements
(PLMs) occur in up to 80% of patients with RLS (41),
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FIGURE 3 | Multiple linear regression analysis of sleep efficiency in PD-NRLS patients. The squares are the standardized regression coefficients (β, the change in

terms of SDs in the dependent variable that results from a change of 1 SD in an independent variable), and the error bars indicate the 95% CI of β. The gender variant

was coded as a dummy variable: male was coded 0, and 1 was used for female. PD, Parkinson’s disease; NRLS, without restless legs syndrome; UPDRS-III, Unified

Parkinson Disease Rating Scale Part III; HAMD, Hamilton Depression Rating Scale; PLMI, periodic limb movement index; AHI, apnea–hypopnea index. (A) Risk factors

of sleep efficiency in PD-NRLS patients. All-factors regression (R2 = 0.365, p = 0.003). (B) Stepwise regression (Age- and gender-adjusted, R2 = 0.260, p < 0.001).

which can disrupt sleep quantity and quality (42, 43). PLMI
is the indicator of PLMS, and our present results suggested
that RLS adversely impacted sleep quality in PD patients
when PLMI was used as an objective indicator. It has been
reported that there is a high prevalence (39–57.8%) of PLMS
in PD patients and that reduced striatal dopamine transporter
binding and nigrostriatal dopaminergic cell loss might be the
underlying reason for the comorbidity of PD and PLMS (44–
46). Similarly, in our results, it could explain why there was no

significant difference for PLMI between PD-RLS and PD-NRLS
patients due to the common pathological mechanism. Notably,
in the current study, there was a relatively low occurrence
of PLMS in PD-RLS (37%) and PD-NRLS (31.5%) patients,
respectively.We speculated that the dopaminergic therapy before
PSG assessment in most PD patients could be the important
impact factor.

The strengths of the present study include two major points.
The first is the objective assessment of sleep quality using PSG.
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The second is the adjustment of possible factors that influenced
sleep quality at the baseline using the PSM model. However,
several limitations should be noted in this retrospective study.
First, a relatively small sample size could affect the power of the
statistical analysis. There were only 27 patients in the PD-RLS
group due to the relatively low prevalence of RLS in the study
population. Second, the sleep assessment only used PSG, which
might result in an overestimation of the sleep quality due to the
absence of a subjective sleep evaluation. Third, this study lacked
a healthy group to serve as the control. Fourth, we could not
evaluate the coexistence of RBD and RLS in patients with PD due
to the incomplete data in the diagnosis of RBD. Finally, the sleep
architecture could be influenced in part by a “first night effect”
due to the collection of data using only a single night data for
PSG monitoring. Future studies that include age–sex matched
healthy controls are needed to confirm the differences in sleep
quality between PD-RLS and PD-NRLS patients and controls.

CONCLUSION

This study provided objective evidence that PD-RLS patients
have worse nocturnal sleep than PD-NRLS patients. We also
observed that several risk factors were associated with the sleep
quality in PD patients with or without RLS patients. The finding
that PLMS was the risk factor that influenced sleep quality in PD-
RLS but not in PD-NRLS patients might suggest that PLMI could
be a robust indicator of sleep disruption in PD patients with RLS.
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