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Abstract

Background: The impact of nocturnal disturbance (ND) in Parkinson’s disease on quality of life of patients in
Western Countries is increasingly understood. Our study aimed to investigate ND prevalence and its quality of life
impact in patients with advanced Parkinson’s disease in China.

Methods: In a multicenter, tertiary-care hospital, outpatient-based, cross-sectional study, patients with advanced
Parkinson'’s disease (Modified Hoehn & Yahr [H&Y] Stage II-IV with 23 h awake “off” time/day) from 10 tertiary
hospitals throughout China completed the Parkinson’s Disease Sleep Scale-2 (PDSS-2) and Parkinson’s Disease
Questionnaire-39 (PDQ-39). The primary endpoint was the percentage of patients with significant ND (PDSS-2 total
score 2 15). Additional endpoints were demographic and clinical characteristics, PDSS-2 and PDQ-39 total and
subscale scores, correlation between PDSS-2 and PDQ-39, and risk factors for ND and higher PDSS-2 or PDQ-39
scores.

Results: Of 448 patients analyzed (mean age 63.5 years, 47.3% female), 70.92% (95% confidence interval: 66.71,
75.13) had significant ND. Presence of ND and higher PDSS-2 scores were associated with longer disease duration
and higher H&Y stage. Presence of ND was also associated with more awake “off” time/day and female sex. PDQ-39
scores were significantly worse for patients with ND versus those without ND; worse scores were associated with
more awake “off” time/day, female sex, and higher H&Y stage. PDSS-2 and PDQ-39 total scores were associated:
Pearson correlation coefficient 0.62 (p < 0.001).

Conclusions: In China, ND was highly prevalent in patients with advanced Parkinson’s disease and adversely

impacted quality of life. This study highlights the importance of early diagnosis and optimized management of ND
in patients with Parkinson’s disease in China.
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Background

Parkinson’s disease (PD) is associated with nocturnal
disturbance (ND) with prevalence ranging from 60 to
85% in Western countries [1, 2]. While the criteria for
ND diagnosis have yet to be defined, the spectrum of
symptoms of ND is wide and includes a number of PD-
related motor symptoms (e.g., nocturnal and early morn-
ing akinesia/dystonia), treatment-related ND and/or psy-
chiatric symptoms (e.g., hallucinations and vivid
dreams), and other sleep disorders (e.g., insomnia) and,
sleep-disordered breathing [including sleep apnea syn-
dromes], restless legs syndrome [RLS], rapid eye move-
ment sleep behavior disorder [RBD], excessive daytime
sleepiness [EDS], and nocturia) [3, 4]. In patients with
PD, sleep-related ND symptoms typically arise before
onset of motor symptoms and worsen as disease pro-
gresses [5, 6]. This could be caused by progressive neu-
rodegeneration affecting the circadian rhythm, the
presence of motor complications and polytherapy, which
can affect the sleep architecture [5-7]. As ND symptoms
often lead to daytime complications like sleepiness, fa-
tigue, and irritability, it can negatively impact a patient’s
quality of life (QoL) [8]. Hence, it is imperative to con-
tinue to assess ND symptoms as the disease progresses
to optimize clinical outcomes for patients with PD and
improve QoL.

Assessment of ND is typically achieved by clinical re-
view and screening instruments, such as the Parkinson’s
Disease Sleep Scale (PDSS) [8, 9]. The impact of PD on
QoL can be evaluated using instruments such as the
PDQ-39 [10]. Both the PDSS and PDQ-39 have been
validated in the Chinese language [11-13]. In 2011, the
2nd version of the PDSS (PDSS-2) was developed [14];
this has been validated in patients from Austria,
Germany and the UK [15], and used in previous studies
in Chinese patients [16, 17]; however, to our knowledge,
the PDSS-2 has not been validated in the Chinese lan-
guage to date.

Patients with PD experiencing significant ND usually
have several characteristics in common. For example, in
a hospital-based study in India, patients with PD and
sleep problems had significantly worse disease, longer
disease duration, higher levodopa dose, and higher total
rigidity score than those without sleep disturbances [5].
Age and sex have not been associated with increased
PDSS-2 score in previous studies [18—20]; however, both
factors have been known to impact quality of life, and
sex differences have been reported with respect to symp-
toms and risk for PD. [21-25] This suggests there may
be several risk factors that are useful for identifying ND
status in patients with PD.

In China, the prevalence of PD more than doubled
from 1996 to 2016, and it was estimated that 1.4 million
patients with PD were living in China in 2016 [26]. The
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recognition and management of non-motor symptoms
in these patients, such as sleep disturbances, are evolving
[27]. In 2018, the first Chinese consensus recommenda-
tions for the management of sleep disturbances in pa-
tients with PD were published [4]. While these
recommendations were helpful, they did not address the
wider concept of ND in patients with PD, particularly re-
lated to motor and treatment-related symptoms, and
their ~ optimal = management  warrants  further
consideration.

This study aimed to quantify the prevalence of ND in
patients with advanced-stage PD, determine the profile
of patients with ND, and investigate the impact of ND
on QoL for the first time in China using the Chinese
versions of the Parkinson’s Disease Sleep Scale-2 (PDSS-
2) and the Parkinson’s Disease Questionnaire (PDQ-39).
As regional differences in China, such as ethnicity and
healthcare access, could potentially impact the findings
[28, 29], we included patients with PD from 10 different
outpatient departments in tertiary hospitals.

Methods

Study design

This was a multicenter, tertiary-care hospital,
outpatient-based, cross-sectional study conducted across
10 sites throughout China to represent a broad Chinese
population. The trial was conducted in accordance with
the Declaration of Helsinki and approved by the Re-
search Ethics Committee of Rui Jin Hospital affiliated to
Shanghai Jiao Tong University. After obtaining informed
consent, patients with PD were recruited at routine hos-
pital visits and evaluated during a single study visit. Two
questionnaires were given to the patients to complete:
PDSS-2 and PDQ-39 [10, 14]. Patients completed the
questionnaires themselves; however, investigators could
help when the patient had writing difficulty due to se-
vere motor symptoms. The investigators also performed
a physical examination, determined the Modified Hoehn
and Yahr (H&Y) stage, and collected information on
demographics and medical history. Eligible patients were
consecutively invited to participate to avoid selection
bias.

Study population

Sample size was based primarily on feasibility since no
formal hypothesis was tested in this study. A target of
450 patients with advanced-stage PD were to be re-
cruited under the assumption of a 60% prevalence of
ND in populations with PD, providing a precision of
4.5% in prevalence estimate.

Inclusion criteria for the study were > 30 years of age,
diagnosed with idiopathic PD according to the UK Par-
kinson’s Disease Society Brain Bank criteria, Stage II to
IV of the Modified H&Y scale, wearing off (motor
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fluctuations) despite optimized pharmacological treat-
ment (levodopa monotherapy or adjunctive therapies),
history of >3 h awake “off” time per day for the past 4
weeks based on the investigator’s knowledge of the pa-
tient, able to comprehend Mandarin Chinese, and pro-
vide written informed consent. Exclusion criteria were
clinical diagnosis of dementia, atypical Parkinsonism,
unable to complete interviews as assessed by investiga-
tors, unable to complete the PDSS-2 and PDQ-39 with
the support of the investigator, or currently participating
in any PD clinical studies testing interventional drugs or
disease management programs.

Study endpoints and statistical analyses

The primary endpoint of the study was percentage of pa-
tients with advanced-stage PD with evidence of signifi-
cant ND. ND was defined as a PDSS-2 total score>15
[30]. Secondary endpoints included demographic and
clinical characteristics, total score and subscale scores of
PDSS-2 (disturbed sleep, motor symptoms at night, and
PD symptoms at night), total score and subscale scores
of PDQ-39 (mobility, activities of daily living, emotional
wellbeing, stigma, social support, cognitions, communi-
cation, and bodily discomfort) of advanced-stage PD pa-
tients with ND, and the correlation between the PDSS-2
total scores and subscale scores with PDQ-39 total
scores. For both outcome measures, higher scores indi-
cated worse outcomes.

Analyses were performed after all patients had com-
pleted the study and after database freeze on the all ana-
lysis set, which contained patients who passed screening
and had >1 item assessment of PDSS-2 or PDQ-39 and
did not have any important protocol deviations that sig-
nificantly impacted the completeness, accuracy, and/or
reliability of the trial data or significantly affected a pa-
tient’s rights, safety, or wellbeing.

The proportion of patients with PD with ND was esti-
mated by observed percentage with 95% confidence
interval (CI). Descriptive statistics were used to analyze
demographic and clinical characteristics and total and
subscale scores of PDSS-2 and PDQ-39. For compari-
sons between continuous variables with normal data dis-
tribution, the z-test was used. The Wilcoxon rank sum
test was used for analyses of continuous variables with
non-normal data distributions. Categorical variables
were analyzed using the Chi-square test and where there
were lower than expected frequencies (< 5), the variables
were analyzed with Fisher’s exact test. Risk factors for
ND status were assessed by a multivariate logistic model
with age, sex, disease duration, disease stage, average
time of awake “off” time included as fixed factors. Sig-
nificance of any differences between PDSS-2 subscale
scores was determined using the Analysis of Covariance
model with ND status, sex, and disease stage as fixed
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factors, and age and disease duration as continuous co-
variates. Linear regression of PDSS-2 scores included sex
and disease stage as fixed factors, and age and disease
duration as continuous explanatory variables. A linear
regression of PDQ-39 total score was performed with
sex and disease stage of PD included as fixed factors and
PDSS-2 total score, age, disease duration included as
continuous explanatory variables. The correlation be-
tween the PDSS-2 total and subscale scores with the
PDQ-39 total score was analyzed using Pearson’s
correlation.

Results

Patients

Patients were recruited from 10 sites from different
geographic regions in China during the study period
(December 27, 2018-May 8, 2019) (Supplementary
figure 1). The study screened 453 patients and en-
rolled 450 patients. The all analysis set contained 448
patients, representing 99.6% of the 453 patients who
provided informed consent (Supplementary figure 2).
Two patients were excluded from the all analysis set
as they did not meet the inclusion criteria.

Demographics and clinical characteristics

Patients had a mean age of 63.5years, and 52.7% were
male in the all analysis set (Table 1). Nearly all patients
were of Chinese heritage (99.8%). A single patient had
Japanese heritage. Of the 447 patients with PDSS total
score results, 70.92% (95% CI: 66.71, 75.13) of patients
had significant ND. Patient demographics were similar
between the groups of patients with and without signifi-
cant ND, but significant differences were observed in
their clinical characteristics (Table 1). Compared with
patients without ND, those with ND had a significantly
longer mean disease duration (7.41 vs 6.00years, p =
0.003), increased mean awake “off” time/day (5.51 vs
4.64h, p=0.001), and more advanced H&Y stage (p <
0.001).

The following clinical characteristics were identified as
risk factors for ND in patients with PD: disease duration
(odds ratio; 95%CI] for 1year of disease duration in-
crease = 1.06 [1.01, 1.12]; p=0.022), and time awake
“off” per day (for 1h “off’ time increase=1.12 [1.02,
1.23]; p=0.015), disease stage (for 1 disease stage in-
crease = 1.36 [1.06, 1.74]; p = 0.014).

PDSS-2 score

Mean PDSS-2 total scores for patients with ND (PDSS-
2 > 15) and without ND (PDSS-2 < 15) were 27.0 and 9.6,
respectively (Fig. 1). Subscale scores (PD symptoms at
night, disturbed sleep, and motor symptoms at night)
were significantly different between the two groups (p <
0.001).
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Table 1 Patient demographic and clinical characteristics
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With ND (n =317)

Without ND (n = 130) Total® (N =448)

Age (years)

Mean (SD) 63.2 (9.38)
p-value®

Sex, n (%)
Male 160 (50.5%)
Female 157 (49.5%)
p-value®

Disease duration (years)
Mean (SD) 741 (4.287)
p-value®

Average time of awake “off” per day (hours)

Mean (SD) 551 (2.807)
p-value®

Disease stage (H&Y), n (%)
Stage Il 90 (28.4)
Stage IIS 92 (29.0)
Stage Il 109 (34.4)
Stage IV 26 (8.2)
p-value®

64.1 (9.45)
0.385°

63.5 (9.39)

76 (58.5%) 236 (52.7%)

54 (41.5%) 212 (47.3%)
0.124¢

6.00 (4.904) 7.00 (4.506)
0.003°

464 (2.386) 527 (2.720)
0.001°

63 (48.5) 153 (34.2)
28 (21.5) 120 (26.8)
35 (26.9) 145 (324)
4(31) 30 (6.7)
<0001

2A single patient was excluded in both of with/without ND group due to missing one item of PDSS-2 score; Pcomparison between with and without ND;

“determined using t-test; “determined using Pearson Chi-square test

H&Y Modified Hoehn & Yahr, ND Nocturnal disturbance, Parkinson’s Disease Sleep Scale 2nd version, SD Standard deviation

Female sex (p =0.023), higher H&Y stage (p <0.001),
and longer disease duration (p =0.003) were associated
with a greater probability of a higher PDSS-2 total score
(Fig. 1b) as determined by linear regression analysis. The
PDSS-2 subscale scores were also associated with higher
H&Y stages (all 3 subscales; p <0.01). Longer duration
of disease was associated with higher motor symptoms
and PD symptoms at night subscale scores (both p<
0.01), and female sex was associated with higher motor
symptoms at night and disturbed sleep subscale scores
(both p <0.05). Individual item scores were all signifi-
cantly different (p <0.001) between patients with and
without ND (Supplementary tablel).

PDQ-39 score and correlation between PDSS-2 scores and
PDQ-39 scores

The mean PDQ-39 total (37.8 vs 20.8) and subscale
scores for patients with significant ND were significantly
higher (p <0.001) than for patients without ND (Fig. 2).
Pearson correlation analysis for PDSS-2 total score and
PDQ-39 total score showed a significant association be-
tween the two assessment scores (estimated regression
coefficient = 0.62, p <0.001) (Fig. 3). Likewise, the Pear-
son correlation analyses for the PDSS-2 subscale scores
(PD symptoms at night, disturbed sleep, and motor
symptoms at night) and the PDQ-39 total score also

showed significant correlations (coefficient =0.56, 0.43,
and 0.56, respectively; p < 0.001 for each correlation).

A multivariate linear regression analysis demonstrated
associations between ND status and PDQ-39 total score
after controlling for the following factors: age, sex, dis-
ease duration, H&Y stage, and awake “off” time/day. A
status shift from without significant ND to with signifi-
cant ND was associated with a significant mean increase
of 13.83 (95% CI: 11.08, 16.59) in the PDQ-39 score (p <
0.001). In addition, female sex (p =0.029), higher H&Y
stage (p<0.001), and more awake “off” time/day (p <
0.001) were also associated with a significantly worse
QoL as measured by the PDQ-39 in the all analysis set
(Supplementary table 2).

Discussion
This study found that 71% of patients with advanced PD
recruited from different regions of China experienced
significant ND. This is consistent with previously re-
ported prevalence observations in China (48-89%) [4,
31], and in Western countries (60%) [1]. In total, 448 pa-
tients from tertiary hospitals at 10 different sites were
evaluated during the study. The geographic locations of
these 10 sites spanned most areas of China.

We found that increased disease severity, longer PD
duration, and more mean awake “off” time/day were risk
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30 I Total (N=448)
B With ND (n=317)

254 M without ND (n=130)

20

PDSS-2 mean score (SEM)
=
1

Total score PD symptoms at night Disturbed sleep Motor symptoms at night
(Items 7, 9-11, and 15) (Items 1-3, 8, and 14) (Items 4-6, 12, and 13)

PDSS-2 subscale scores

Covariate Coefficient [95% CI] P-value

PDSS-2 total score

Age > 0.04 [-0.07, 0.15] 0.478

Sex 2 2.34[0.32, 4.36] 0.023

Disease stage of PD (H&Y) — 2.00 [0.90, 3.09] <0.001

Disease duration (years) - 0.36[0.12, 0.59] 0.003
Subscale: PD symptoms at night

Age L 2 0.03[-0.01, 0.07] 0.177

Sex ————— 0.54 [-0.24, 1.31] 0.177

Disease stage of PD (H&Y) —— 0.74[0.32,1.17] <0.001

Disease duration (years) & 0.12[0.03, 0.21] 0.008
Subscale: Disturbed sleep

Age » 0.03[-0.01, 0.07] 0.141

Sex ——— 0.89[0.11, 1.67] 0.025

Disease stage of PD (H&Y) —— 0.57[0.15, 0.99] 0.008

Disease duration (years) [ 0.09[0.00, 0.17] 0.062
Subscale: Motor symptoms at night

Age > -0.02[-0.07, 0.03] 0.382

Sex —— 0.91[0.03, 1.78] 0.042

Disease stage of PD (H&Y) ——i 0.68[0.21, 1.16] 0.005

Disease duration (years) > 0.15[0.05, 0.25] 0.004

[ | BN R N R R B R — —
-1.0-0.50.0 05 1.0 1.5 2.0 25 3.0 35 40 45 50
i d reg i icient (95% Cl)

Fig. 1 Mean PDSS-2 total and subscale scores (a) and regression analysis (b) for patients with advanced-stage PD with and without ND (all
analysis set). For part a, statistical analysis was not performed for the PDSS-2 total score. For part b, the estimated regression coefficient for age,
H&Y stage (Stage Il =1, Stage IIS = 2, Stage |ll = 3, Stage IV =4) and disease duration are calculated to compare the pairwise difference in 1 higher
unit change. The estimated regression coefficient of sex is calculated with male as the reference level; *p < 0.001. Cl, confidence interval; H&Y,
Modified Hoehn & Yahr; ND, nocturnal disturbance; PDSS-2, Parkinson’s Disease Sleep Scale 2nd version; PD, Parkinson’s disease; SEM, standard
error of the mean
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PDQ-39 subscale scores

Fig. 2 PDQ-39 total and subscale scores for patients with advanced-stage PD with and without ND (all analysis set). *p < 0.001 (with vs without
ND). ND, nocturnal disturbance; PD, Parkinson’s disease; PDQ-39, Parkinson’s Disease Questionnaire-39; SEM, standard error of the mean
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Fig. 3 Scatter plot for PDSS-2 total score versus PDQ-39 total score (all analysis set). Includes N =442 patients. PDSS-2, Parkinson'’s Disease Sleep
Scale 2nd version; PDQ-39, Parkinson'’s Disease Questionnaire-39

factors for significant ND. While these data indicate that
the most-affected patients with PD are at greatest risk of
ND, they also suggest that poorly managed motor dys-
function may be related to ND in some patients. Optimiz-
ing medication to ensure continuous dopaminergic
exposure throughout a 24-h period with the aim of redu-
cing nocturnal “off” time may be effective at improving
sleep within these patients. This may be achieved by using
dopamine agonists, catechol-O-methyltransferase inhibi-
tors, monoamine oxidase B inhibitors, or controlled-
release levodopa formulations to cover night periods and
to promote continuous dopaminergic receptor stimula-
tion, as suggested in local guidelines [4, 32].

To evaluate ND in patients with PD, the PDSS-2 was
employed. The PDSS-2 is designed to assess sleep disorders
and other nocturnal symptoms in patients with PD and is an
easy, valid, and reliable scale, which may be useful for meas-
uring treatment responses [14]. Moreover, it has been found
to correlate positively with polysomnographic parameters
[33]. In this study, the cutoff of total score>15 was
employed to identify significant ND. This cutoff was previ-
ously determined in patients with PD in Japan in a cross-
sectional study and was found to provide 72.1% sensitivity
and 72.9% specificity in distinguishing poor sleepers [30]. In
our population of patients with PD, this cutoff was associated
with longer disease duration and higher H&Y stages: charac-
teristics previously associated with sleep problems in PD. [5]
Furthermore, the mean PDSS-2 total score for patients with
significant ND was + 17.4 points higher than those without
significant ND, a difference far greater than the previously
reported minimal clinically important difference of +2.07
points for worsening of PDSS-2 [34]. Taken together, this
suggests that the population identified was experiencing sig-
nificant ND.

Higher PDSS-2 scores were associated with female sex,
higher H&Y stages, and longer disease duration. The
strongest associations were found with female sex and
an increase in H&Y stage (estimated regression coeffi-
cients: 2.34 and 2.00, respectively). Increased age was
not significantly associated with worse PDSS-2 total
scores, which is consistent with previous reports [18—
20]. This suggests that the increased lifespan of women
[35] was not the reason for the observed sex effect.
While previous studies did not find an association be-
tween female sex and PDSS-2 score [18-20], differences
in the development and phenotypical expression be-
tween male and female patients with PD suggest that
such a relationship is plausible [21]. Furthermore, a
cross-sectional analysis of drug-naive patients with PD
did find that sleep-related non-motor symptoms were
more frequent in females compared to males [23]. How-
ever, further research will be required to understand the
sex differences in ND for patients with PD. Increased
disease severity was associated with higher scores in all
subscales of the PDSS-2, an effect which has been dem-
onstrated previously for total PDSS-2 score [18, 19].
Longer disease duration was also associated with higher
PDSS-2 score, which has also been observed previously
[18]. The subscales of PDSS-2 were also associated with
several patient characteristics, for instance, female sex
was associated with increased subscale scores of dis-
turbed sleep and motor symptoms at night.

The PDQ-39 is a validated, reliable scale for measuring
QoL in patients with Parkinson’s disease that has been
validated in the Chinese language [11, 12]. Using this
measure, it was found that patients with significant ND
had significantly worse QoL than patients without ND
for all domains tested with a mean difference of +17.0
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points. This difference is far above the reported minimal
clinically important difference of +4.22 for worsening of
the PDQ-39 [36]. Using multivariate linear regression
analysis, it was determined that the presence of ND is
associated with an increase in PDQ-39 total score of
13.83 points after controlling other factors, like age, sex,
disease duration, H&Y stage, and awake “off” time/day.
This increase is much higher than those found for the
other clinical factors found to be significantly associated
with increases in PDQ-39 total scores, suggesting that
ND are particularly detrimental to QoL in these patients.
Given the significant positive correlation between PDSS-
2 total scores and subscales scores with PDQ-39 total
scores, these data indicate that ND has a significant
negative impact on patient QoL and should be an im-
portant consideration for clinicians treating patients with
PD in China and the wider world.

A similar multicenter, observational study (Zhang
et al.), published recently, detailed investigations of
sleeping disorders in patients with PD from Shanghai
hospitals [31]. The study corroborates many of our own
findings. Specifically, it reports that the number of sleep-
ing disorders a patient has correlates with impaired
QoL. This supports our finding that the severity of NDs
is associated with worse QoL. While our study appears
quite similar to Zhang et al., we did note that our patient
population had a longer mean PD duration compared
with patients included in Zhang et al. (7 vs 5.5 years).

An important strength of this study is the use of vali-
dated, PD-specific instruments for measuring sleep dis-
turbance (PDSS-2) and QoL (PDQ-39) in PD. A further
strength was the inclusion of tertiary hospitals in mul-
tiple regions of China. Tertiary hospitals in China have
more experience with PD than primary or secondary
hospitals and are preferred by patients [28]. Studying
multiple regions in China not only allows patients of dif-
ferent ethnic populations to be included; it also limits ef-
fects on the data caused by regional differences in
healthcare [28, 29]. This regional variety was lacking in
the previously discussed Zhang et al. study of sleeping
disorders in PD patients [31]. This study focused exclu-
sively on patients from Shanghai hospitals. Weaknesses
of the present study include a lack of longitudinal data.
Our study presents data from a single interview. Mul-
tiple interviews would provide a broader view of each
patient and give an indication of how the two measures
(PDSS-2 and PDQ-39) change over time. Additionally,
we did not stratify data by treatment type, while the
current study gives an overall view of current clinical
practice and suggests gaps in treatment, it does not
allow conclusions to be made about the effects of opti-
mized therapy. Finally, the inclusion criteria used the
UK Parkinson’s Disease Society Brain Bank criteria for
the diagnosis of idiopathic PD, whereas the Movement
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Disorder Society PD diagnostic criteria have become the
gold standard in clinical practice and research settings
[37], and have been recommended for use in clinical
work in China [38]. The results should be considered in
light of the differences in diagnostic criteria.

Conclusions

These results both confirm that a significant portion of
patients with advanced PD in China experience ND and
highlight how debilitating ND is to patients. They also
should give clinicians confidence that the PDSS-2, a sim-
ple bedside assessment tool with a good correlation to
polysomnography, can be easily implemented in clinical
practice to identify patients experiencing ND. Given the
relatively simple identification of ND in patients with
PD and the potential to treat these patients (at least in
part) using optimized medication for PD motor symp-
toms, it is important for clinicians to routinely consider
the best management of their patients in this context.
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