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Abstract
Parkinson disease (PD) is usually accompanied by numerous nonmotor symptoms (NMS), such as neuropsychiatric symptoms,
sleep disorders, autonomic dysfunctions, and sensory disturbances. However, it is not clear that the factors influencing the
occurrence of NMS and its sequence with motor symptoms (MS).
We conducted comprehensive assessments of NMS by using 13 scales in 1119 PD patients.
A total of 70.8% PD patients present NMS. Olfactory dysfunction tends to occur in PD patients with older age, more severe

depression, sleep problems, and autonomic dysfunctions. Older patients aremore likely to have olfactory dysfunction beforeMS than
younger patients. Rapid eye movement behavior disorder is more prone to happen in patients with older age, older onset age, more
severe depression, sleep problems, and autonomic dysfunctions. Patients with rapid eyemovement behavior disorder before MS are
older in onset age than after group.
Olfactory dysfunction, constipation, rapid eye movement behavior disorder, and depression, as early warning NMSs of PD,

connected to each other. There is a clinical heterogeneity that older patients are more likely to have NMS before MS, while younger
patients are opposite.

Abbreviations: MS = motor symptoms, NMS = nonmotor symptoms, PD = Parkinson disease, RBD = rapid eye movement
sleep behavior disorder.

Keywords: clinical heterogeneity, olfactory dysfunction, rapid eye movement sleep behavior disorder
1. Introduction

Parkinson disease (PD) is a progressive, neurodegenerative
disorder, greatly affecting the quality of life of patients, and
bringing heavy burden for caregivers. Besides the major 4 motor
symptoms (MS) including resting tremor, bradykinesia, rigidity,
and postural and gait instability, PD is usually accompanied by
numerous nonmotor symptoms (NMS), such as neuropsychiatric
symptoms, sleep disorders, autonomic dysfunctions, and sensory
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disturbances. At present, there is a lack of clinical epidemiological
study on sporadic PD in large population over a thousand
evaluating MS and NMS by comprehensive-related scales.
Therefore, we conducted assessments of MS and NMS by using
13 scales in over a thousand PD patients, in order to provide an
important evidence for understanding the features of clinical
symptoms, particularly NMS of PD, and find out what affects
their occurrence and sequence with MS.
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2. Methods

This study was approved by Beijing Tiantan Hospital review
board. Written informed consents were obtained from all
participants in this study. We recruited 1119 PD patients
consecutively from the Department of Geriatrics and Neurology,
Beijing Tiantan Hospital, Capital Medical University, from
January 2011 to August 2015. Patients were diagnosed with PD
according to UK Parkinson’s Disease Society Brain Bank
criteria.[1] Scales for evaluating of MS, motor complications,
NMS, activity of daily living, and quality of life see Table 1. In
order to keep the results of scales accurate and correct, all staff
participating in the evaluation have been specially trained and
passed the consistency check.
Statistical analyses were performed with SPSS Statistics 20.0

(IBM Corporation, NY). The cases with incomplete information
will be deleted before statistical analyses. Epidemiology,
medication, and the incidence of NMS, MS of PD patients were
statistically analyzed; and 2 major NMS in PD patients, that
olfactory dysfunction and RBDwere further analyzed. According
to accompanied with or without above 2 NMS, PD patients were
divided into 2 groups and compared; for patients with those
above 2 NMS, were further subdivided into 2 groups according
the order of NMS and MS and then compared. Continuous
variables were presented as means± standard deviations and
compared by 2-tailed t test if they were normally distributed, and
presented as median (quartile) and compared by nonparametric
test if they were not normally distributed. Discrete variables were
compared by Chi square test. P value was significant when it was
<0.05.
3. Results
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Demographic and clinical characteristics of PD patients are
shown in Table 2. According to NMSQuest, the incidences of
NMS see Table 3.
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luating scales for 1119 Parkinson disease patients.

ctives Scales

r symptoms The unified Parkinson’s disease Rating Scale (UPDRS) III
Hoehn-Yahr (H-Y) staging

r complications The unified Parkinson’s disease Rating Scale (UPDRS) IV
9-item wearing-off questionnaire (WOQ-9)

otor symptoms NMS questionnaire (NMS Quest)
ition Mini-Mental State Examination (MMSE)

Montreal Cognitive Assessment (MoCA)
tion Hamilton Depression Scale (HAMD)

Hamilton Anxiety Scale (HAMA)
hiatric symptoms Neuropsychiatric inventory (NPI)
p Pittsburgh sleep quality index (PSQI)

Epworth Sleepiness Scale (ESS)
Rapid eye movement sleep behavior disorder (RBD)

ation Restless legs syndrome scale (RLS)
Argentina Hyposmia Rating Scale (AHRS)

nomic function The Scale for outcomes in Parkinson disease for
Autonomic Symptoms (SCOPA-AUT)

ue PD fatigue severity scale (FSS)
ity of daily living activity of daily living scale (ADL)
lity of life Parkinson Disease Quality of Life Questionnaire

(PDQL-39)
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3.1. Olfaction

According to the 2nd item of NMS Quest, PD patients were
classified as PD without and with olfactory dysfunction, and the
latter were then classified as olfactory dysfunction occurring
before or after MS. Results are shown in Table 4.
3.2. Rapid eye movement sleep behavior disorder
screening scale (RBD)

According to the 25th item of NMS screening scale, PD patients
were classified as PD without RBD and PD with RBD, and the
latter were further classified as RBD occurring before MS or after
MS. Results were shown in Table 5.
4. Discussion

Our study showed that the incidence of PD was slightly higher in
male than in female, the ratio was close to 1:1, the average age of
PD patients was about 60 years, which was consistent with the
domestic and international reports.[2] Education level of patients
with PD was paralleled with that of age-matched (40–70 years
old) citizens in our country,[3] suggesting that it was not an
associated factor for PD.
By investigating into the clinical manifestations, we found that

the majority PD patients were initiated from unilateral side, for
which, the right side was slightly more than the left. The most
common type of onset was the mixed type (which meant rigidity
and resting tremor often occurred simultaneously); static tremor
predominant type was less but still seen common, while the
akinetic-rigidity type was rare. This implied that most PD patients
presented comprehensive MS in the early stage, which was
consistent with the domestic and international reports.[4]

There are still no curable anti-Parkinson medicines thus far,
although our knowledge about the pathogenesis and symptom-
improving drugs of PD has increased. In the past decades, several
agents targeting different pathways have been explored as
treatments to slow down disease progression, but promising
successes are limited.[5] In this investigation, the most widely used
drug was dopamine standard tablets; the 2nd was dopamine
receptor agonist, which meets PD treatment guideline.[6] Because
the average disease duration of our patients was approximately
only 4 years, nearly half of patients could get satisfactory
therapeutic effects when taking 3 kinds of anti-Parkinson drugs.
However, there were still 25.5% of patients who did not receive
standard treatment when first diagnosed PD, indicating insuffi-
cient understanding of diagnosis and treatment of PD in basic
hospitals in our country.
For the assessment of MS, the average H-Y staging of our

patients was 2.0, which meant bilateral limbs were involved, but
the postural balance was not affected, and the average score of
Unified Parkinson disease Rating Scale III was 25.8±13.8.
Screening of NMS suggested that the decline of smell or taste

ranked top of NMS, followed by the nervous system symptoms
(such as memory loss, depression, apathy, and anxiety) and
autonomic symptoms (including salivation, dysphagia, constipa-
tion, nocturia, urgency to urinate, excessive sweating, and sexual
dysfunction). Sleep disorders (such as insomnia, RBD, and
daytime sleepiness) were also common seen, and psychiatric
symptoms (such as hallucinations, delusions) ranked the last. So
more attention should be paid to the decline of memory, emotion
disorders, autonomic disorders, and their treatment options in
PD patients.[7]



Table 2

Demographic characteristics of 1119 Parkinson disease patients.

Demographic
characteristics Results

Demographic
characteristics Results

Demographic
characteristics Results

Demographic
characteristics Results

Gender Medication type HAMA
∗
(SD+mean, point) 10.2±8.0 ESS†

Male, % 51.6 No medicine, % 25.5 No anxiety, % 41.6 No sleepiness at daytime, % 86.4
Female, % 48.4 1 drugs, % 37.0 Probable anxiety, % 28.6 Sleepiness at daytime, % 13.6

Age (mean+SD, years) 61.3±10.3 2 drugs, % 9.3 Positive anxiety, % 19.0 AHRS‡ (mean±SD, point) 21.1±5.4
Education level 3 drugs, % 19.7 Obvious anxiety, % 7.9 RLSx (mean±SD, point) 38.0±9.4
Illiteracy, % 10.4 4 drugs, % 13.3 Severe anxiety, % 2.9 No RLS, % 47.4
Primary school, (% 19.3 5 drugs, % 3.3 NPIjj (numbers) 2.0 (0–3.0) Mild RLS, % 12.2
Middleschool, % 50.8 6 drugs, % 1.1 Depression, % 41.5 Moderate RLS, % 20.7
University and above, % 19.5 Levodopa equivalent

dose, (mg)
269.8 Apathy, % 40.9 Severe RLS, % 14.7

Onset age
(mean+SD, years)

3.9±4.6 Hoehn-Yahr staging
(mean+SD)

2.0±0.8 Anxiety, % 39.4 Very severe RLS, % 4.7

Onset side UPDRS¶ III (mean+SD) 25.8±13.8 Irritability, % 21.3 SCOPA-AUT# (mean±SD, point) 35.9±8.1
Left, % 43.3 MMSE

∗∗
(SD+mean) 26.4±4.5 Night behavior disorder, % 17.1 Digestive symptoms, % 81.8

Right, % 51.5 Normal cognitive function, % 88.3 Appetite and eating disorders, % 11.5 Urinary tract symptoms, % 81.3
Bilateral, % 5.2 Mild dementia, % 11.2 Illusion, % 6.9 Sexual dysfunction, % 64.6

Clinical type Moderate dementia, % 0.5 Agitation, % 5.9 Body temperature dysregulation, % 61.2
Tremor type, % 25.9 Severe dementia, % 0 Disinhibition, % 3.4 Cardiovascular dysfunction, % 46.2
Dyskinetic-rigidity type, % 15.2 MoCA†† (mean±SD, point) 21.4±6.1 Euphoria, % 2.8 Pupil dysfunction, % 32.3

Taking drugs Decline in cognitive function, % 64.9 Abnormal motor behavior, % 2.5 FSS‡‡ (mean±SD, point) 4.3±2.0
Madopar, % 49.0 HAMDxx (SD+mean, point) 12.0±9.0 PSQIjjjj

Sinemet, % 7.8 No depression, % 37.5 Normal sleep, % 35.1
Comtan, % 8.9 Mild depression % 33.9 Sleep disorders, % 64.9
Trastal, % 17.8 Moderate depression, % 19.8 RBD¶¶

Sifrol, % 16.7 Severe depression, % 8.8 Subclinical RBD, % 77.1
Selegiline, % 1.5 Clinical RBD, % 22.9
Artane, % 13.4
Amantadine, % 20.0

∗
Hamilton Anxiety Scale.

† Epworth Sleepiness Scale.
‡ Argentina Hyposmia Rating Scale.
x Restless legs syndrome scale.
jj Neuropsychiatric inventory.
¶ Unified Parkinson’s disease Rating Scale.
# The Scale for outcomes in Parkinson disease for Autonomic Symptoms.
∗∗
Mini-Mental State Examination.

††Montreal Cognitive Assessment.
‡‡ PD fatigue severity scale.
xx Hamilton Depression Scale.
jjjj Pittsburgh sleep quality index.
¶¶ Rapid eye movement sleep behavior disorder screening scale.
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Braak classified the pathological degree of PD into 6 stages,
according to the sequential presence of Lewy bodies.[8] The
presence of Lewy bodies at apophysis mamillaris and anterior
olfactory nucleus, nuclei originis dorsalis, reticular formation,
dorsal raphe nucleus and locus coerule, nuclei pontis, hypotha-
lamic, neocortex, and limbic system may be connected to NMSs,
as olfactory sensation, sleep, autonomic nerve, mental and
behavioral disorders, respectively. In addition, the effects of anti-
Parkinson drugs on dopamine and non-dopamine pathways may,
directly or indirectly, result in NMS.[9]

Cognitive disorder is one of the cardinal features of NMS that
influences the life quality of PD patients. Detailed assessments
displayed that more than half patients with PD were diagnosed
mild cognitive impairment, but only 12% of patients reached the
degree of dementia, which was consistent with the domestic and
international reports.[10] Executive dysfunction of PD is thought
to be link to DA pathway abnormalities in the frontal
striatum.[11] Progressive degeneration and subsequential loss of
cholinergic neurons in nucleus basalis of Meynert, and the
3

reduction of hippocampal volume, results in dementia in PD
patients.[12]

Among the emotion disturbances, the most common is
depression, the 2nd is anxiety. We found that the detection rate
of depression using Hamilton Depression scale was higher than
NMS screening scale, this might due to depression in PD was
usually accompanied by numerous somatic symptoms. Thus, the
Hamilton Depression scale exhibited superiority in recognizing
depression because its more complicated questionnaire design
paying attention to somatic symptoms. PD patients may present
depression early in the Braak stage II, when Lewy bodies deposit
in dorsal raphe nucleus and locus ceruleus. The probable
biochemical mechanisms are related to serotonin system, also
mixed with norepinephrine and dopaminergic abnormalities in
limbic lobe.[12] Anxiety is another common affective disturbance
in patients with PD, the reported incidence of anxiety varies from
5% to 69%.[13] The mechanism underlying anxiety in PD
remains unclear. Currently, anxiety is believed not only an
emotional response toMS but also a manifestation of PD itself. A

http://www.md-journal.com


Table 3

The incidences of NMS in Parkinson disease patients.

Nonmotor symptoms Total incidence, % Incidence of post-MS, % Incidence of pre-MS, %

Dribbling of saliva during the daytime 31.2 28.8 2.4
Loss or change in the ability to taste or smell 39.8 21.3 18.5
Swallowing difficulty or problems with chocking 29.1 26.0 3.1
Vomiting or feeling of sickness (nausea) 18.8 15.2 3.6
Constipation 28 17.4 10.6
Bowel incontinence 2.6 1.8 0.8
Bowel emptying incomplete 15.9 11.4 4.5
Urine urgency 21.3 16.5 4.8
Getting up early at night to pass urine 24.9 18.5 6.4
Unexplained pains 18.4 14.9 3.5
Change in weight (not due to change in diet) 13.1 11.6 1.5
Problems remembering things 36.2 29.3 6.9
Loss of interest 26.2 23.6 2.6
Seeing or hearing things that are not there 5.6 4.1 1.5
Difficulty concentrating or staying focused 21.3 18.8 2.5
Feeling sad, “low” or “blue” 30.4 26.8 3.6
Feeling anxious, frightened, or panicky 23.8 20.5 3.3
Feeling less interested in sex or more interested in sex 18.9 16.4 2.5
Finding it difficult to have sex 19.2 17.0 2.2
Postural hypotension 15.4 12.4 3.0
Falling 12.4 10.9 1.5
Finding it difficult to stay awake 24.1 22.1 2.0
Difficulty getting to sleep or staying asleep at night 18.7 15.4 3.3
Intense, vivid dreams, or frightening dreams 21.3 15.7 5.6
Talking or moving about in sleep 18.5 11.6 6.9
Unpleasant sensations in legs that you need to move 21.6 19.0 2.6
Swelling of legs 9.9 7.9 2.0
Excessive sweating 22.1 16.5 5.6
Double vision 11.4 9.6 1.8
Delusion 2.5 1.8 0.7

MS=motor symptom, NMS=nonmotor symptom.

Table 4

Comparison of Parkinson disease patients with or without olfactory dysfunction.

Factors
PD without olfactory
dysfunction (669 case)

PD with olfactory
dysfunction (450 cases) P

Pre-MS olfactory
dysfunction (363 cases)

Post-MS olfactory
dysfunction (306 cases) P

Gender ratio (male/total) 50.1% 54.7% 0.268 60.7% 49.6% 0.083
Onset side 0.756 0.007∗
Left 43.8% 43.5% 36.2% 49.6%
Right 51.6% 50.4% 61.0% 41.7%
Bilateral 4.6% 6.0% 2.9% 8.7%

Clinical types 0.976 0.796
Tremor 25.9% 26.4% 27.1% 25.9%
Dyskinesia-rigidity 15.6% 14.9% 12.9% 16.4%
Mixede 58.5% 58.7% 60.0% 57.8%

Age (median [quartile]) 60.0 (54.0–68.0) 62.5 (57.25–69.8) 0.011∗ 63.0 (58.0–70.0) 62.0 (57.0–69.0) 0.293
Disease duration (median [quartile]) 2.5 (1.0–5.0) 3.0 (1.5–5.0) 0.185 2.0 (1.4–4.0) 3.0 (1.5–7.0) 0.022∗
Age of onset (median [quartile]) 57. 0 (50.2–65.0) 59.0 (51.0–65.0) 0.120 60.3±10.7 57.2±10.8 0.029∗
Hoehn-Yahr staging (median [quartile]) 2.0 (1.5–2.5) 2.0 (1.5–2.5) 0.323 2.0 (15–2.5) 2.0 (1.5–2.5) 0.287
UPDRS III (median [quartile]) 24.0 (14.0–33.0) 24.0 (16.8–34.0) 0.409 23.0 (14.0–36.0) 24.5 (18.0–34.0) 0.459
MoCA (median [quartile]) 24.0 (19.0–27.0) 23.0 (18.0–26.0) 0.139 23.0 (18.0–26.0) 23.0 (18.0–26.0) 0.674
HAMD (median [quartile]) 9.0 (4.0–17.0) 12.0 (6.0–18.0) 0.002∗ 11.0 (6.0–18.0) 12.0 (6.0–18.0) 0.910
HAMA (median [quartile]) 8.0 (4.0–15.3) 9.0 (5.0–15.0) 0.194 9.0 (5.0–15.8) 10.0 (5.0–15.0) 0.778
PSQI (median [quartile]) 6.0 (3.0–9.0) 7.0 (4.5–10.5) 0.006∗ 7.0 (4.3–10.0) 7.0 (4.5–11.5) 0.733
ESS (median [quartile]) 4.0 (2.0–7.0) 5.0 (2.0–8.0) 0.010∗ 5.0 (2.0–8.0) 4.0 (2.0–8.0) 0.489
RBD (median [quartile]) 2.0 (0–4.0) 4.0 (1.0–7.0) 0.000∗ 4.0 (1.8–7.0) 3.0 (1.0–6.0) 0.538
RLS (median [quartile]) 0 (0–17.3) 8.0 (0–18.0) 0.289 6.0 (0–18.8) 9.0 (0–17.0) 0.884
AHRS (median [quartile]) 24.0 (24.0–24.0) 16.0 (11.0–23.0) 0.000∗ 12.0 (7.0–19.0) 19.0 (12.8–23.0) 0.016∗
SCOPA (median [quartile]) 34.0 (30.0–39.0) 36.0 (30.3–42.8) 0.007∗ 35.0 (29.0–44.0) 37.0 (32.0–42.0) 0.622
FSS (median [quartile]) 4.6 (2.4–5.9) 4.7 (3.1–5.9) 0.228 4.7 (3.6–6.1) 4.7 (2.9–5.8) 0.607
ADL (median [quartile]) 27.0 (20.0–41.5) 31.5 (22.0–41.0) 0.085 31.0 (21.0–41.0) 32.0 (23.0–42.5) 0.346
PDQ-39 (median [quartile]) 141.0 (117.0–162.0) 132.0 (112.5–154.0) 0.007∗ 133.0 (115.0–146.0) 132.0 (111.0–156.0) 0.348
∗
P<0.05. ADL= activity of daily living scale, ESS=Epworth Sleepiness Scale, FSS=PD fatigue severity scale, HAMA=Hamilton Anxiety Scale, HAMD=Hamilton Depression Scale, MoCA=Montreal Cognitive
Assessment, MS=motor symptom, PD=Parkinson disease, PDQ-39=Parkinson Disease Quality of Life Questionnaire, PSQI=Pittsburgh sleep quality index, RBD=Rapid eye movement sleep behavior disorder
screening scale, RLS=Restless legs syndrome scale, SCOPA=The Scale for outcomes in Parkinson disease for Autonomic Symptoms, UPDRS=Unified Parkinson’s disease Rating Scale.
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Table 5

comparison of Parkinson disease patients with or without rapid eye movement sleep behavior disorder.

Factors
PD without RBD
(863 cases)

PD with RBD
(256 cases) P

RBD occurs before
motor symptoms (159 cases)

RBD occurs after motor
symptoms (97 cases) P

Gender ratio (male/total) 46.6% 65.2% 0.008
∗

61.9% 52.1% 0.311
Onset side 0.016

∗
0.575

left 47.3% 36.9% 31.7% 41.4%
right 51.8% 56.9% 58.5% 51.4%
bilateral 0.9% 6.2% 9.8% 7.1%

Clinical types 0.780 0.450
Tremor type 30.9% 34.8% 28.2% 18.8%
Akinesia-rigidity Type 12.7% 13.6% 17.9% 15.6%
Mixed type 56.4% 51.5% 53.8% 65.6%

Age (median [quartile]) 62.0 (56.0–69.0) 65.0 (58.0–71.0) 0.000
∗

65.0 (59.0–72.0) 65.0 (59.0–70.0) 0.206
Disease duration (median [quartile]) 2.0 (1.0–5.0) 3.5 (2.0–6.0) 0.017

∗
3.0 (2.0–4.0) 4.0 (2.0–7.3) 0.064

Onset age (median [quartile]) 59.0 (51.0–65.5) 58.5 (50.8–67.3) 0.003
∗

61.4±10.4 59.9±11.2 0.000
∗

Hoehn-Yahr staging (median [quartile]) 2.0 (1.0–2.5) 2.0 (1.5–2.5) 0.019
∗

2.0 (1.5–2.5) 2.0 (1.5–3.0) 0.934
UPDRS III (median [quartile]) 22.0 (13.0–32.8) 23.5 (16.3–40.0) 0.312 23.0 (12.0–33.0) 25.0 (19.0–39.0) 0.198
MoCA (median [quartile]) 23.0 (19.0–27.0) 23.0 (14.8–27.0) 0.044

∗
23.0 (16.0–27.0) 22.0 (5.0–18.0) 0.834

HAMD (median [quartile]) 8.0 (3.0–16.0) 15.0 (8.5–20.0) 0.001
∗

15.0 (9.3–19.8) 13.0 (5.0–18.0) 0.251
HAMA (median [quartile]) 6.0 (2.0–11.0) 11.0 (5.0–17.5) 0.611 12.0 (7.0–19.5) 7.0 (4.0–23.8) 0.023

∗

PSQI (median [quartile]) 6.0 (3.0–9.0) 7.0 (4.8–12.5) 0.021
∗

8.0 (5.0–10.0) 7.0 (4.8–10.5) 0.884
ESS (median [quartile]) 4.0 (2.0–6.0) 7.5 (4.8–11.3) 0.000

∗
6.0 (4.0–12.0) 5.0 (2.0–9.0) 0.024

∗

RBD (median [quartile]) 1.5 (0–3.0) 8.0 (7.0–10.0) 0.001
∗

7.0 (4.0–10.0) 5.0 (3.0–8.0) 0.119
RLS (median [quartile]) 0 (0–10.0) 0 (0–18.0) 0.857 0 (0–17.8) 6.0 (0–18.5) 0.688
AHRS (median [quartile]) 24.0 (16.0–24.0) 21.5 (15.0–24.0) 0.120 22.5 (12.8–24.0) 18.0 (9.5–21.0) 0.154
SCOPA (median [quartile]) 34.0 (30.0–38.0) 37.0 (32.3–46.0) 0.000

∗
40.0±11.6 37.7±9.2 0.927

FSS (median [quartile]) 4.0 (1.9–5.8) 4.6 (3.6–6.0) 0.046
∗

5.4 (4.1–6.8) 4.7 (2.7–5.9) 0.073
ADL (median [quartile]) 147.0 (117.0–167.0) 132.0 (110.0–156.0) 0.000

∗
125.0 (92.3–143.0) 131.0 (109.8–149.0) 0.197

PDQ-39 (median [quartile]) 24.0 (20.0–33.0) 25.0 (20.0–42.0) 0.074 33.0 (22.8–43.3) 29.5 (23.3–42.8) 0.914

P<0.05. ADL=activity of daily living scale, AHRS=Argentina hyposmia rating scale, ESS=Epworth Sleepiness Scale, FSS=PD fatigue severity scale, HAMA=Hamilton Anxiety Scale, HAMD=Hamilton
Depression Scale, MoCA=Montreal Cognitive Assessment, MS=motor symptom, PD=Parkinson disease, PDQ-39=Parkinson Disease Quality of Life Questionnaire, PSQI=Pittsburgh sleep quality index,
RBD=Rapid eye movement sleep behavior disorder screening scale, RLS=Restless legs syndrome scale, SCOPA=The Scale for outcomes in Parkinson disease for Autonomic Symptoms, UPDRS=Unified
Parkinson’s disease Rating Scale.
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case–control study showed that anxiety features had existed for
several years prior to the emergence of MS.[14]

According to NPI scale, the incidence of mental and behavioral
disorders in PD patients was generally low except depression
(41.5%), apathy (40.9%), and anxiety (39.4%), changes in sleep
and eating condition were most common (such as nocturnal
behavior disorders, appetite loss, and eating disorders), person-
ality changes ranked the 2nd place (such as irritability,
disinhibition), while illusion appeared far less. The incidence
of apathy was also high. The pathogenesis of apathy is associated
with the functional dysregulation of the facies orbitalis frontal
lobe-ventral striatum circuit. A previous study observed that, PD
related apathy was more prone to occur at “off” stage,[15]

suggesting it may be correlated with the DA level of brain.
Somnipathy is a common NMS for PD patients, it could be the

result of the disease itself, or secondary to other NMS, the side
effect of medicine, and it may emerge over different phases of PD.
It was reported that the most common somnipathy was sleep
disruption,[16] referring to interfered or disrupted sleep caused by
other nocturnal NMS. Previous studies showed 50% of PD
patients had prolonged daytime sleepiness or unconscious
drowsy. Our data showed 24.1% of PD patients experienced
excessive daytime sleepiness, indicating this might be a symbolic
subclinical symptom of PD.[17,18] About one third of PD patients
reportedly underwent RBD.[19] The damages of nuclei pontis,
locus ceruleus, and corpora rubrummay be the pathological basis
of RBD.[20] Occurrence of RBD could provide a significant clue
for screening in high risk population and early diagnosis of PD.
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Almost 90% of the PD patients are concomitant with
hyposmia to different degrees; it is considered a marked warning
of PD before MS.[21] We discovered a significant smell decline in
PD patients, which was due to the early involvement of olfactory
related brain regions by a-synuclein according to Braak staging
and has a good clinical predictive value for PD.
The causes of restless leg syndrome remain elusive currently.

Clinical and functional MRI studies link the possibility to DA
metabolism in central nervous system. Numerous studies held
that restless leg syndrome was more common in patients with PD
than healthy people, but the reported prevalence in PD patients
were inconsistent, ranging from 7.90% to 20.80%.[22,23] The
prevalence of restless leg syndrome in PD patients in this
investigation was about 21.6%, similar to the foreign and
domestic reports.
Autonomic disorders include the deregulations of sweat gland,

body temperature, cardiovascular, gastrointestinal, and genito-
urinary systems, mainly relevant to appearance of Lewy bodies in
sympathetic or parasympathetic cholinergic ganglion, and
sympathetic adrenergic nerve ganglion.[9] Our data suggested
that the major problems were constipation, frequent urination
at night, orthostatic hypotension, polyhidrosis, and sexual
dysfunction.
Fatigue is one of important NMS of PD; the affliction it brings

along for patients is no less than MS does. According to the
foreign study, 42% of patients with PD feel fatigue and one third
of them deem fatigue as the most disabling factor. The
significance of fatigue for PD patients has not been fully realized
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and only14% of the PD patients with fatigue is diagnosed. The
mechanism of the fatigue is as yet undetermined and its risk
factors are still disputed. Fatigue is a quite common complaint of
PD patients, which exerts great influences on the activity and life
quality of the patients.[24] There may be other factors that
contributes to the occurrence of fatigue in PD, such as depression
and daytime somnolence, which needs to be further explored.[25]

Next, we specifically focused on the cardinal NMS through
further group comparison. We observed that the PD patients
with olfactory dysfunction group were older, exhibited lower
Argentina hyposmia rating scale scores, more severe depression,
sleep and autonomic nerve disturbances, and worse quality of
life. These potential connections could be explained because these
mentioned NMS are all likely to occur before onset of MS, and
are all pathologically involved in similar locations according to
Braak staging, such as peripheral nerves, medulla oblongata, and
brainstem. Besides, we discovered that the patients who already
had olfactory problems before MS, displayed older age of onset,
more common onset from right side, and more severe olfactory
symptoms, meanwhile, the patients who developed olfactory
problems after MS presented earlier age of onset, longer disease
duration, and more common left-side onset, demonstrating that
pathological progression is heterogeneous in individual patient. It
is consistent with the typical Braak stage that the patients with
right onset are more likely involved in olfactory bulb and
olfactory tract at early stage have more serious smell dysfunction
but develop MS much later. However, in left-onset patients,
substantia nigra is involved earlier and accordingly MS appears
earlier, dysosmia is milder due to later involvement of olfactory
bulb and olfactory tract.
Compared to the patients without RBD, the patients

accompanied by RBD showed more male, more right-side onset,
older age, longer course of disease, and older age of onset,
displayed higher H-Y staging, more prominent in cognitive
impairment, depression, sleep disorders, autonomic nerve
dysfunction, fatigue, and worse quality of life. It is suggested
that right onset, older male are more susceptible to RBD.
Compared to the patients who develop RBD after MS, the
patients who presented RBD before MS featured older onset age,
more serious anxiety, and daytime sleepiness, suggesting
heterogeneity in pathological progression among individual
patient. The patients who have RBD earlier often develop MS
later (older age of onset), consistent with the typical Braak
staging, while the patients who have RBD later often developMS
earlier (younger onset age), which means younger patients are
more likely to present MS rather than NMS.
In summary, we collected the clinical information of 1119

cases of primary PD patients, conducted up to 19 scales, covering
all of the MS and NMS of PD patients. The patients recruited at
Beijing Tiantan hospital are from all parts of the country,
therefore this sample has a good representative. It found that PD
patients in our hospital present quite a number of NMS
(including cognitive impairment, emotion disorder, mental and
behavioral disorders, sleep disorders, autonomic dysfunctions,
fatigue, and sensory abnormalities); NMS may occur before MS,
PD pathology may be heterogeneous, MS always appear earlier
thanNMS in young patients andNMS always appear earlier than
MS in older patients, and the latter is more conform to the classic
Braak pathological stage.
6
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