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Abstract.

Background: Nocturnal symptoms have a significant effect on the quality of life in Parkinson’s disease (PD) patients.
Objective: This study aimed to investigate the prevalence and associated factors of nocturnal symptoms in Chinese PD
patients.

Methods: This multicenter cross-sectional study included 1,500 patients with primary PD from 18 centers in China was
carried out between February 2019 and February 2020. Questionnaires including Parkinson’s disease sleep scale 2 (PDSS-2),
Parkinson’s disease questionnaire 8 (PDQ-8), Beck depression inventory (BDI), and generalized anxiety disorder scale 7
(GAD-7) were used to assess nocturnal symptoms, quality of life, depression, and anxiety.

Results: Among 1,500 Chinese PD patients, 576 (38.4%) reported nocturnal symptoms. Of them, 59.2% were older than 65
years. The PDQ-8 total score was higher in patients with nocturnal symptoms (p <0.01). Moderate and severe depression
was reported more often in patients with nocturnal symptoms (p <0.01), and the occurrence and severity of anxiety were
higher as well (p <0.01). Longer disease duration and higher Hoehn-Yahr (HY) stage were independently associated with
nocturnal symptoms (p <0.01). Education level, depression, disease course, HY stage, and nocturnal symptoms were related
to the quality of life in Chinese PD patients (p <0.01).

Conclusion: Our study found that 38.4% of Chinese PD patients have nocturnal symptoms, even in early and mid-stage PD.
Nocturnal symptoms were associated with worse quality of life and higher incidences of depression and anxiety. Nocturnal
symptoms should be included in the assessment and care plan, especially in patients with longer disease courses and higher

HY stages.

Keywords: Parkinson’s disease, nocturnal symptoms, quality of life, PDSS-2, associated factors

INTRODUCTION

Parkinson’s disease (PD) is the second most com-
mon neurodegenerative disease worldwide, which is
caused by the progressive degeneration of the central
nervous system, affecting motor and non-motor func-
tions and resulting in disability [1]. In 2016, about 6.1
million people were diagnosed with PD, which was
2.4 times higher compared to 1990 [2]. In China, the
prevalence rate of PD is 1.7% for people older than 65
years old, similar to that in European and American
countries [3]. With the aging of the Chinese popula-
tion, the number of Chinese PD patients will increase
to 5 million in 2030 and might constitute almost half
of all PD patients globally [4]. It is suggested that the
characteristics of Chinese PD patients are the most
representative in the world [4]. Besides, the burden
of PD patients is not only associated with rising costs
for medication or hospitalization and nursing home
care but also a serious decrease in patients’ quality
of life [4, 5]. Therefore, it is necessary to strengthen
the understanding and management of PD patients in
China.

In addition to common symptoms such as rest-
ing tremor, rigidity, bradykinesia, posture, and gait
disorders, PD patients also suffer from sleep-related
symptoms, such as insomnia, rapid eye movement
sleep behavior disorder (RBD), excessive daytime
sleepiness (EDS), restless legs syndrome (RLS),

nighttime akinesia, and difficulties in getting up [6,
7]. The causes of nocturnal symptoms of PD included
both the disease itself and the side effects of medi-
cations [8]. Nocturnal symptoms significantly affect
the quality of life in PD patients [9], but they are often
ignored or underestimated in clinical practice [10].

A large questionnaire-based survey in Germany
showed that 84.4% of PD patients had a poor quality
of life and symptoms, including early morning aki-
nesia (55.4%) and sleep disorders (43.5%), which are
common forms of nocturnal symptoms [11]. Studies
in the UK [12] and Slovakia [13] demonstrated that
50% and 63% of PD patients showed nocturnal symp-
toms, respectively. Previous studies in Chinese PD
patients [14—17] evaluated the nocturnal symptoms
and quality of life and found that most of them had
sleep problems. Similar results were also observed in
the Japanese [10] population.

Nocturnal symptoms present a challenge for physi-
cians to diagnose as they mainly appear at night and
are frequently compensated by fatigue and EDS [9].
Hence, numerous scales have been used to evalu-
ate the sleep-related symptoms of PD, such as the
Epworth Sleepiness Scale (ESS) and Parkinson’s dis-
ease sleep scale (PDSS) [18-21]. PDSS-2 has been
developed recently, which could better cover noctur-
nal symptoms not included previously (e.g., restless
leg syndrome, nocturnal pain, akinesia, and sleep
apnea) [22-24]. PDSS-2 score has already been uti-
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lized in studies to identify changes in sleep quality in
PD patients and proved to be less methodology- and
sample-dependent compared to other scores [25, 26].

This study aimed to explore the prevalence and
associated factors of nocturnal symptoms in a large
group of Chinese PD patients, as well as the rela-
tionship between nocturnal symptoms and quality of
life. The study might help strengthen our understand-
ing of the prevalence and impact of sleep-related
symptoms in PD and perhaps help manage these
symptoms.

METHODS

Ethics approval and consent to participate

This study was approved by the ethics commit-
tee of each participating center. The subjects were
informed in detail of the study and informed consents
were signed before participating. Only individuals
who gave written consent to participate were included
in the study.

Study design and participants

This cross-sectional study included patients diag-
nosed with primary PD based on the Movement
Disorder Society (MDS) clinical diagnostic criteria
for PD in 18 healthcare centers in China between
February 2019 and February 2020. Patients in the
study were from the outpatient clinics, mostly in
the early and mid-term stages of PD. The partici-
pants also had to be able to describe their symptoms
and were willing to cooperate with the investigation.
Those who could not complete the questionnaire as
required were excluded from the study.

Data collection

All the data was gathered with a questionnaire. The
questionnaire collected information on baseline data,
nocturnal symptoms, quality of life, depression, and
anxiety.

Baseline data included gender, age, educa-
tion, marital status, employment, comorbid dis-
eases (hypertension, diabetes, dyslipidemia, cerebral
infarction, coronary heart disease, chronic obstruc-
tive pulmonary disease, sleep apnea syndrome), PD
clinical characteristics (disease duration, the first
symptom of bradykinesia, tremor, rigidity or mixed
type, Hoehn-Yahr stage), PD surgical treatment,
and pharmaceutical treatment (current PD treatment,

sleep disorders treatment, and psychosomatic treat-
ment, if applicable).

Assessments

The nocturnal symptoms were assessed using
PDSS-2 including three main domains: sleep dis-
turbance, nocturnal motor symptoms, and nocturnal
PD symptoms. The total score of PDSS-2 >15 was
considered having nocturnal symptoms [26].

PD patients’ quality of life was evaluated using the
eight-item Parkinson’s disease questionnaire (PDQ-
8), including mobility, daily life behavior, emotional
satisfaction, stigma, social support, cognition, com-
munication, and physical discomfort. Each item is
scored 0-4 and the total score of PDQ-8 is 0-32, with
higher scores indicating a worse quality of life.

Depression was evaluated using the total score of
the Beck depression inventory (BDI, 0-63 points).
The degree of depression was classified as no depres-
sion (0—13 points), mild depression (14—19 points),
moderate depression (20-28 points), and severe
depression (29-63 points).

Anxiety was evaluated using the generalized anxi-
ety disorder scale (GAD-7): no symptoms (0—4), mild
(5-9), moderate (10-14), and severe (15-21).

Sample size calculation

The sample size of this study was estimated by the
PDSS-2 score. The reference data were the results of
a nocturnal symptom survey of PD patients in Tai-
wan [27]. Among the 15 nocturnal symptoms of PD
patients in the literature, item 15 (woke up or dyspnea
at night caused by snoring) had the lowest preva-
lence, which was 12.4%; the highest prevalence was
item 11 (muscle cramps of upper or lower limbs dur-
ing night sleep), which was 93.3%. According to the
calculation of a=0.05 and allowable error=0.15*P,
1,206 and 12 patients were required for surveys on
the two nocturnal symptoms, respectively. Simul-
taneously, the total PDSS-2 score of the patients
in the literature is 13.94£6.58. The total scores
of nocturnal motor symptoms, PD-related noctur-
nal symptoms, and sleep disorders were 2.92 £2.73,
2.844+2.90, and 8.16 £3.56 points, respectively.
According to the calculation of a=0.05 and allow-
able error=0.1*mean, the sample sizes required
for the above four items were 86, 336, 401, and
73 cases, respectively. Therefore, the number of
patients required in this study was 1,206. Considering
an estimated effective response rate of approxi-
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mately 80%, 1,500 participants were planned to be
enrolled.

Statistical analysis

The quantitative indicators conforming to the nor-
mal distribution were described by mean + SD, and
the p-value was calculated by the student #-test. The
quantitative indicators that did not conform to the nor-
mal distribution were described by median (IQR), and
the p-value was calculated by the Mann-Whitney U
test. The qualitative index was described by n (%),
and the p-value was calculated by the Chi-square
test or Fisher’s exact test. Correlation was analyzed
using the Pearson or Spearman test (if both vari-
ables were in a normal distribution, Pearson was used,
otherwise — Spearman). Multivariate logistic regres-
sion analysis was used to analyze the related factors
of nocturnal symptoms, presenting the odds ratio
(OR) and corresponding 95% confidence interval

(CI). The following influencing factors were included
in the model, including demographics, sociologi-
cal factors (including age group, gender, education
level, employment, and marital status), comorbid
diseases (including hypertension, diabetes, dyslipi-
demia, cerebral infarction, coronary heart disease,
chronic obstructive pulmonary disease, sleep apnea
syndrome, depression, anxiety, RBD, and RLS), dis-
ease duration, first symptom (bradykinesia, tremor,
rigidity, and mixed), PD treatment (deep brain stim-
ulation, surgery, pharmaceutical treatment, and no
treatment), and Hoehn-Yahr stage.

The linear regression method was used to analyze
the influencing factors of patients’ quality of life.
The following factors were included in the model,
including demographics, sociological factors, comor-
bid diseases, disease duration, first symptom, PD
treatment, Hoehn-Yahr stage, prescription of sleep
medicine or psychosomatic treatment, and nocturnal
symptoms (PDSS-2 score of >15 vs. <15).

Demographic characteristics of Chinese PD patients

Variable Total Without With nocturnal p
(n=1,500) nocturnal symptoms
symptoms (n=576)
(n=924)

Age (y) (n=1,494) 64.69 (9.41) 63.83 (9.58) 66.05 (8.97) <0.01
Age group (n=1,494) 0.01

0-44y 35 (2.3%) 28 (3.0%) 7 (1.2%)

45-54y 180 (12.0%) 122 (13.3%) 58 (10.1%)

55-64y 464 (31.1%) 295 (32.1%) 169 (29.4%)

>65y 815 (54.6%) 475 (51.6%) 340 (59.2%)
Gender (n=1,485) 0.82

Male 783 (52.7%) 484 (53.0%) 299 (52.4%)
Education level (n=1,481) <0.01

<S5y 253 (17.1%) 133 (14.6%) 120 (21.1%)

59y 552 (37.3%) 337 (36.9%) 215 (37.9%)

10-14y 490 (33.1%) 310 (34.0%) 180 (31.7%)

>15y 186 (12.6%) 133 (14.6%) 53 (9.3%)
Employment (n=1,479) 296 (20.0%) 200 (21.9%) 96 (17.0%) 0.02
Marital status (n=1,488) 0.07

Unmarried 12 (0.8%) 5(0.5%) 7 (1.2%)

Married 1402 (94.2%) 875 (95.3%) 527 (92.5%)

Divorced 9 (0.6%) 3 (0.3%) 6 (1.1%)

Widowed 65 (4.4%) 35 (3.8%) 30 (5.3%)
Hypertension (n=1,462) 359 (24.6%) 216 (24.0%) 143 (25.4%) 0.55
Diabetes (n=1,462) 149 (10.2%) 88 (9.8%) 61 (10.8%) 0.52
Dyslipidemia (n = 1,462) 120 (8.2%) 68 (7.6%) 52 (9.2%) 0.26
Cerebral infarction (n=1,462) 91 (6.2%) 53 (5.9%) 38 (6.7%) 0.51
Coronary heart disease (n=1,462) 107 (7.3%) 58 (6.5%) 49 (8.7%) 0.11
Chronic obstructive pulmonary disease (n=1,462) 14 (1.0%) 6 (0.7%) 8 (1.4%) 0.15
Sleep apnea syndrome (n=1,462) 13 (0.9%) 6 (0.7%) 7 (1.2%) 0.25
Depression (n=1,462) 119 (8.1%) 53 (5.9%) 66 (11.7%) <0.01
Anxiety (n=1,462) 144 (9.8%) 76 (8.5%) 68 (12.1%) 0.02
RBD (n=1,462) 142 (9.7%) 63 (7.0%) 79 (14.0%) <0.01
RLS (n=14,62) 56 (3.8%) 26 (2.9%) 30 (5.3%) 0.02

PD, Parkinson’s disease; RBD, rapid eye movement sleep behavior disorder; RLS, restless legs syndrome.
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In cases when scores of the scales were missing, the
mean value was used to fill in. Only the missing data
of scores of the scales were filled in; for other vari-
ables (e.g., demographic characteristics in Table 1),
the numbers of cases with valid data were indicated.

Statistical analysis was conducted using SAS V9.4
software. p < 0.05 was considered statistically signif-
icant.

RESULTS

Demographic and general characteristics of
Chinese PD patients

A total of 1,500 patients were included in the
study. As shown in Table 1, 576 (38.4%) PD patients
were found to have nocturnal symptoms, of which
59.2% were older than 65 years. There was no
statistical difference in sex, marital status, or comor-

bid diseases/conditions between the two groups
(all p>0.05). However, compared with the patients
without nocturnal symptoms, those with nocturnal
symptoms had a lower education level (p<0.01),
lower employment rate (p =0.02), higher depression
rate (p <0.01), higher anxiety rate (p =0.02), higher
RBDrate (p <0.01), and higher restless leg syndrome
rate (p=0.02).

As shown in Table 2, the patients with nocturnal
symptoms had a longer disease duration (6.41 +4.86
vs. 4.27 £3.79 years, p <0.01). First symptoms were
similar between the two groups, except that a higher
proportion of patients with nocturnal symptoms had
rigidity (11.5% vs. 7.8%, p=0.02). The proportion
of Hoehn-Yahr stage 1 was lower (15.8% vs. 35.6%),
and those of stage 3 (38.0% vs. 23.8%) and stage 4
(10.8% vs. 1.5%) were higher in patients with noc-
turnal symptoms (p <0.01). Only 1.6% and 0.4% of
patients with and without nocturnal symptoms were

Clinical characteristics of PD patients with/without nocturnal symptoms

Variable Total (n=1,500) Without nocturnal With nocturnal p
symptoms symptoms
(n=924) (n=576)
Disease duration (y) (n=1,496) 5.09 (4.36) 4.27 (3.79) 6.41 (4.86) <0.01
0-1 188 (12.6%) 136 (14.8%) 52 (9.0%)
1-2 259 (17.3%) 187 (20.3%) 72 (12.5%)
2-5 440 (29.4%) 306 (33.2%) 134 (23.3%)
5-10 400 (26.7%) 208 (22.6%) 192 (33.4%)
>10 209 (14.0%) 84 (9.1%) 125 (21.7%)
First symptoms
Bradykinesia (n=1494) 497 (33.3%) 297 (32.3%) 200 (34.8%) 0.31
Tremor (n=1494) 795 (53.2%) 502 (54.6%) 293 (51.0%) 0.18
Rigidity (n=1494) 138 (9.2%) 72 (7.8%) 66 (11.5%) 0.02
Mixed (n=1494) 153 (10.2%) 93 (10.1%) 60 (10.5%) 0.83
Hoehn-Yahr scale (n=1,500) <0.01
Stage 1 420 (28.0%) 329 (35.6%) 91 (15.8%)
Stage 2 552 (36.8%) 357 (38.6%) 195 (33.9%)
Stage 3 439 (29.3%) 220 (23.8%) 219 (38.0%)
Stage 4 76 (5.1%) 14 (1.5%) 62 (10.8%)
Stage 5 13 (0.9%) 4 (0.4%) 9 (1.6%)
Wearing-off phenomenon (n = 1,498) 461 (30.8%) 199 (21.6%) 262 (45.5%) <0.01
PD treatment (n=1,494)
Deep brain stimulation 61 (4.1%) 32 (3.5%) 29 (5.1%) 0.13
Nerve destruction 7 (0.5%) 3(0.3%) 4 (0.7%) 0.31
Pharmaceutical treatment 1,392 (93.2%) 838 (91.2%) 554 (96.3%) 0.02
Anticholinergics 120 (8.4%) 82 (9.2%) 38 (7.0%) 0.13
Amantadine 305 (21.4%) 167 (19.0%) 138 (25.3%) <0.01
Levodopa 1,253 (83.9%) 725 (78.9%) 528 (91.8%) <0.01
Dopamine receptor agonists 930 (62.5%) 563 (61.3%) 367 (64.5%) 0.22
MAO-B inhibitor 326 (21.8%) 209 (22.7%) 117 (20.3%) 0.28
COMT inhibitor 189 (12.6%) 81 (8.8%) 108 (18.8%) <0.01
Triple formulation 22 (1.5%) 11 (1.2%) 11 (1.9%) 0.26
Other PD drugs 22 (1.5%) 11 (1.2%) 11 (1.9%) 0.43
No treatment 86 (5.8%) 70 (7.6%) 16 (2.8%) <0.01
Sleep disorder treatment (n=1,438) 101 (7.0%) 34 (3.8%) 67 (12.2%) <0.01
Psychotropic treatment (n=1,439) 146 (10.1%) 71 (8.0%) 75 (13.5%) <0.01

PD, Parkinson’s disease; MAO-B, monoamine oxidase-B; COMT, catechol-O-methyltransferase.
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Fig. 1. Evaluation of nocturnal symptoms in Chinese PD patients with or without nocturnal symptoms. A) The Parkinson’s disease sleep
scale 2 (PDSS-2) score, sleep disturbance score, night motor symptoms score, and nocturnal PD symptoms score; B) the Parkinson’s disease
questionnaire 8 (PDQ-8) score; C) the presence and severity of depression; D) the presence and severity of anxiety.

on stage 5. Patients having nocturnal symptoms also
reported a higher proportion of “wearing off” phe-
nomenon (45.5% vs. 21.6%, p<0.01).

A significantly higher proportions of patients in the
nocturnal symptoms group was receiving pharmaceu-
tical treatment for PD (96.3% vs. 91.2%, p=0.02),
including amantadine (25.3% vs. 19.0%, p<0.01),
levodopa (91.8% vs. 78.9%, p <0.01), and catechol-
o-methyltransferase (COMT) inhibitors (18.8% vs.
8.8%, p <0.01). The proportions of patients receiving
sleep disorder treatment (12.2% vs. 3.8%, p<0.01)
and psychosomatic treatment (13.5% vs. 8.0%,
p<0.01) were significantly higher in the nocturnal
symptoms group as well, and that of patients receiv-
ing no treatment was lower (2.8% vs. 7.6%, p < 0.01).

The scale score of nocturnal symptoms in
Chinese PD patients

As shown in Fig. 1, the average PDSS-2 total score
of all patients was 13.68, with a sleep disturbance
score of 7.45, a night motor symptoms score of 3.56,

and a nocturnal PD symptoms score of 2.67. The
most complained item was “get up at night to pass
urine” (average score: 2.46), followed by “difficul-
ties in staying asleep” (average score: 1.56) and “bad
sleep quality” (average score: 1.43).

In the nocturnal symptoms group, the PDSS-2 total
score was significantly higher than the non-nocturnal
symptoms group (23.23 =7.49 vs. 7.72 £3.91). The
scores of sleep disturbance, night movement symp-
tom, and nocturnal PD symptom in both groups
were 11.30+3.63 vs. 5.06 £3.07, 6.67 +=3.94 vs.
1.61 £1.68, and 5.26 = 3.39 vs. 1.05 £ 1.44, respec-
tively, indicating that the frequencies of other motor
symptoms at night and other PD symptoms at night
were approximately five times higher in patients with
nocturnal symptoms.

In addition, the PDQ-8 total score was
32.64£18.35 points in patients with nocturnal
symptoms compared with 14.31 +14.97 in those
without nocturnal symptoms (p<0.01). Moderate
and severe depression was reported more often
(»<0.01), and the occurrence and severity of anxiety
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Table 3

Spearman correlation between PDSS-2 total score, PDQ-8 total score, BDI total score,
and GAD-7 total score

PDSS-2 total PDQ-8 total BDI total score GAD-7 total
score score score
PDSS-2 total score  — 0.5804 0.5241 0.4615
PDQ-8 total score 0.5804 - 0.6006 0.5837
BDI total score 0.5241 0.6006 - 0.6389
GAD-7 total score 0.4615 0.5837 0.6389 -

The correlation coefficients in the table assume that the p values obtained from the test are less than
0.001. PDSS-2, Parkinson’s disease sleep scale 2; PDQ-8, Parkinson’s disease questionnaire 8; BDI,
Beck depression inventory; GAD-7, generalized anxiety disorder scale 7.

were higher as well in the former compared to the
latter group (p <0.01).

Correlations between different scores in Chinese
PD patients

As demonstrated in Table 3, among Chinese PD
patients, the PDSS-2 total score, PDQ-8 total score,
BDI total score, and GAD-7 total score were all
strongly correlated (p <0.01). The strongest positive
link was found between the PDSS-2 total score and
PDQ-8 total score (r=0.5804, p<0.01).

Factors related to the development of nocturnal
symptoms in Chinese PD patients

As shown in Table 4, education level, depres-
sion, RBD, longer disease duration, and higher
Hoehn-Yahr stage were related to the development
of nocturnal symptoms in patients with PD. Most
notably, longer disease duration (>10 vs. 0-1 years,
OR =2.29; 95%CI: 1.44-3.64; 5-10 vs. 0-1 years,
OR =1.96; 95%CI: 1.30-2.93) and Hoehn- Yahr stage
(stage 5 vs. stage 1, OR =5.63; 95%CI: 1.62-19.56;
stage 4 vs. stage 1, OR =9.89; 95%CI: 5.05-19.38;
stage 3 vs. stage 1, OR=2.58; 95%CI: 1.87-3.55;
stage 2 vs. stage 1, OR=1.63; 95%CI: 1.20-2.21)
were independently associated with nocturnal symp-
toms in PD patients (p <0.01).

Factors related to the quality of life in Chinese
PD patients

As shownin Table 5, factors related to the quality of
life in Chinese PD patients included nocturnal symp-
toms, education level, depression, disease duration,
and Hoehn-Yahr stage (all p <0.01).

Table 4
Factors associated with nocturnal symptoms in Chinese PD
patients
Variables OR 95% CI
Lower Upper
confi- confi-
dence dence
bounds bounds
Education level
<5y 2.34 1.50 3.65
59y 1.58 1.06 2.36
10-14y 1.54 1.02 2.31
>15y Reference
Depression 1.72 1.15 2.59
RBD 1.99 1.37 291
Disease duration
>10y 2.29 1.44 3.64
5-10y 1.96 1.30 2.93
2-5y 1.09 0.73 1.62
12y 0.98 0.63 1.53
0-1y Reference
Hoehn-Yahr scale
Stage 5 5.63 1.62 19.56
Stage 4 9.89 5.05 19.38
Stage 3 2.58 1.87 3.55
Stage 2 1.63 1.20 221
Stage 1 Reference

PD, Parkinson’s disease; OR, odds ratio; CI, confidence interval;
RBD, rapid eye movement sleep behavior disorder.

DISCUSSION

Nocturnal symptoms are common in PD patients
and might seriously affect the quality of their life
[9, 12]. Due to the difficulties in health monitoring
during nighttime, patients and doctors often ignore
those symptoms, leading to persistence or worsening
[28]. This study explored the occurrence of noctur-
nal symptoms and associated factors in a large group
of Chinese patients with PD and the relationship
between nocturnal symptoms and quality of life, aim-
ing to strengthen doctors’ and patients’ understanding
and draw attention to nocturnal symptoms of PD.
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Factors related to the quality of life in Chinese PD patients

Source of variation Degrees Type III Mean F value p

of sum of square

freedom squares
Education level 3 5193.23 1731.08 7.51 <0.0001
Depression 1 10380.31 10380.31 45.01 <0.0001
Disease course 4 7278.14 1819.54 7.89 <0.0001
Hoehn-Yahr staging 4 19711.12 4927.78 21.37 <0.0001
Nocturnal symptoms 1 58167.39 58167.39 252.22 <0.0001

PD, Parkinson’s disease.

To our knowledge, this is the first national study
to investigate the prevalence of nocturnal symptoms
in outpatients diagnosed with PD in China. With a
large sample size of 1500 cases, we reported that
in the Chinese population, 38.4% of patients with
early- and mid-stage PD were found to have nocturnal
symptoms, of which 59.2% were older than 65 years.
The most common symptoms were sleep disorders
and factors related to the development of nocturnal
symptoms included a lower education level, presence
of advanced depression, longer disease duration, and
a higher Hoehn- Yahr stage.

Bhidayasiri et al. [29] reported a high preva-
lence rate of nocturnal symptoms the Thai population
(96.6% of all PD patients). In the present study,
the prevalence of nocturnal symptoms in Chinese
PD patients was as low as 38.4%. Several reasons
may explain the inconsistent results, despite that both
studies are among the Asian population. Firstly, the
sample sizes of both studies were different, and the
vast majority of the patients included in our study
were at early and middle stages, which may lead to a
lower prevalence of nocturnal symptoms. Secondly,
the evaluation tools differed (the PDSS-2 scale in this
study and the MPDSS scale in Bhidayasiri’s study).
Thirdly, the present study set stricter diagnostic crite-
ria for nocturnal symptoms. Suzuki et al. [10] showed
that a total score of PDSS-2 >15 could help to detect
lack of sleep in PD patients. Nevertheless, an MPDSS
score <6 was considered abnormal in Bhidayasiri’s
study. Studies in the Caucasian population evaluated
nocturnal symptoms using Pittsburgh Sleep Quality
Index and Epworth Sleepiness Scale, and the preva-
lence rates were slightly higher than our results (50%
in the UK [12] and 63% in Slovakia [13]).

Pandey et al. [12] assessed the quality of sleep by
Pittsburgh Sleep Quality Index and EDS by Epworth
Sleepiness Scale and reported nocturnal symptoms
in 50% of patients (50/100). Poor sleep quality was
not related to low quality of life in the abovemen-
tioned study, with authors hypothesizing it being the

secondary outcome to reported depression and anx-
iety. In our study, multiple factors were found to
be related to the quality of life among Chinese PD
patients, including the presence of nocturnal symp-
toms (p <0.001). Most likely, the difference could be
explained by the different sample size, as previous
studies also supported the association between sleep
quality and quality of life [9].

On the other hand, Havlikova [13], using the same
scales and almost the same number of patients (all
of whom were Caucasians), reported various sleep-
related problems during nighttime in 73.1%, but only
24.7% of patients had PSQI score >5, with no sig-
nificant association between depression and lower
quality of life. At the same time, the authors noted
a question of appropriate evaluation for depression
in the sample, as only patients who were able and
motivated to come in for examination and interview
were usually included in the studies.

Therefore, choosing the evaluation scale is essen-
tial for accurate assessment of nocturnal symptoms.
PDSS-2 is a second revision of the visual analog scale
PDSS addressing 15 commonly reported symptoms
associated with sleep disturbance. The original PDSS
scale was reviewed to match the diagnostic needs
for PD-specific sleep disorders, such as sleep apnea,
RBD, and RLS [30]. For that purpose, all night symp-
toms were divided into three main domains: motor
symptoms at night, PD symptoms at night, and dis-
turbed sleep. PDSS-2 score has already been used
in studies to identify the changes in sleep quality
of PD patients and proved to be less methodology-
and sample-dependent compared to other scores [25,
26]. In the present study, we found that PDSS-2 is
more understandable and recognized by physicians,
and a total score of PDSS-2 in its three domains helps
successfully indicate which nocturnal symptoms seri-
ously affect the sleep and life of PD patients. It was
also found that the sleep disturbance domain had
the largest proportion in the group; this result sug-
gested that attention should be paid to this particular
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domain in clinical practice, and appropriate interven-
tion methods should be selected. According to the
2019 MDS Parkinson’s Non-motor Symptom Man-
agement Consensus, those methods might include PD
treatment adjustment, sleep hygiene consultation or
prescription of sleeping medication, and the option
of continuous positive airway pressure for insomnia
patients with obstructive sleep apnea [31].

In our study, PD patients with advanced age, long
duration of disease, late Hoehn- Yahr stage, rigidity as
the first symptom, RBD, mental illness, and comor-
bidity were more likely to have nocturnal symptoms.
Still, it has to be noted RLS and RBD are part of
PDSS-2, and such associations are not surprising.
Nevertheless, it is suggested that attention should be
paid to the nocturnal symptoms and sleep conditions
of PD patients [32, 33] with the factors mentioned
above in clinical practice. Simultaneously, this study
found that the pharmaceutical treatment amount and
medication frequency in the group with nocturnal
symptoms were higher compared to the group with-
out nocturnal symptoms.

We noted that education, depression, RBD, PD
duration, and Hoehn-Yahr stage were associated with
nocturnal symptoms in Chinese PD patients. It is
highly advised to focus on the factors with clini-
cal significance and remind doctors and patients of
what actions should be taken, such as strengthen-
ing doctor-patient communication [34] to improve
the understanding of and attention to PD nocturnal
symptoms and provide education to patients. The
presence of nocturnal symptoms is therefore related
to the increase in disease duration and aggravation of
other symptoms [10, 17, 28, 35]. It suggests that clin-
icians should strengthen the monitoring of people at
high risk of nocturnal symptoms and pay attention to
their treatment, as suggested by similar studies [32,
33]. Depression and RBD are also associated with
nocturnal symptoms in PD patients, further indicat-
ing the need to evaluate the patient’s mental state and
quality of life.

Previous studies showed that anti-PD drugs, in par-
ticular L-dopa, adversely affect nocturnal sleep in
patients with PD, especially in terms of sleep qual-
ity and nocturia [36, 37]. In this study, the patients
with nocturnal symptoms were taking more anti-
PD drugs than those without nocturnal symptoms,
although the multivariable analysis did not identify
anti-PD drugs as being associated with the devel-
opment of nocturnal symptoms. Nevertheless, the
top two highest subscores of PDSS-2 were noctur-
nal motor and PD symptoms. Hence, it is possible

that dosing up with anti-PD drugs might cause some
resistance to rescuing PD and nocturnal symptoms in
the nocturnal symptom group. Furthermore, previous
trials revealed that the long-acting dopamine agonist
rotigotine rescued some items of the nocturnal motor
dysfunction in PDSS-2 [38—40]. Additional studies
are necessary to examine the role of anti-PD drugs in
developing nocturnal symptoms.

Our study points out that it is necessary to carry
out early screening, control, and improve nocturnal
symptoms so that patients can obtain a better qual-
ity of life. In recent years, with the advancement of
medical technology, clinical specialists have access to
effective disease monitoring and treatment methods
(symptomatic and personalized medicine) through
newly developed scales (PDSS-2) and electronic
medical equipment (e.g., PSG, wearable devices) [4,
41, 42]. It may help monitor and effectively relieve
nocturnal symptoms of PD patients [43].

The fact that there is still insufficient attention to
PD nocturnal symptoms and a serious lack of relevant
evaluation tools and standards [44, 45] is concern-
ing. Long disease duration means that the same PD
patients sometimes are used to evaluate the nocturnal
symptoms under different scoring scales and eval-
uation standards. The evaluation criteria that meet
the actual situation and clinical practice in China are
needed. It will help identify the nocturnal symptoms
of PD in a timely and effective manner and improve
the prognosis of nocturnal symptoms in patients with
PD.

This study has some limitations. First, it was a
cross-sectional study, and it can only analyze the
associations, not causality. Second, it was based on
the PDSS-2 scale to observe the symptoms of PD
patients at night and the PDSS-2 scale to assess night
sleep. Although items 13 and 14 include morning
tremors, fatigue, and lethargy, they cannot cover the
entire night and early morning. Scales evaluated by
physicians should be established. Third, the study
was only on patients recruited from outpatient depart-
ments, and 94% were in the early-to-middle stages.
Further studies are needed to explore nocturnal symp-
toms in patients with severe PD. Finally, in clinical
practice, information on nocturnal symptoms of PD is
mainly obtained by self-report and scale evaluation,
which not only is subjective but also makes it diffi-
cultto obtain accurate and comprehensive data. Based
on the current research results and the limitations, it
should be noted that the PDSS-2 scale is insufficient
to obtain full information on nocturnal symptoms in
PD patients, while ESS and PSQI demonstrate pre-
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vious inconsistencies in evaluation. Therefore, new
revisions of the existing scales and the development
of new scales/questionnaires should be prioritized.
Portable wearable sensor equipment might be another
promising way to deal with this problem in the future.

Conclusion

This study found that 38.4% of Chinese PD
patients have nocturnal symptoms, even in early-
and mid-stage PD, of which 59.2% were older than
65. PD stage and duration were independent fac-
tors associated with the development of nocturnal
symptoms. Nocturnal symptoms were significantly
associated with the quality of life in PD patients, and
thus should be included in the assessment and care
plan for patients with PD.
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