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Social listening – revealing Parkinson’s

disease over day and night

Hui Zhang1, Fanwen Meng1, Xingyu Li1, Yali Ning1 and Meng Cai1,2*
Abstract

Background: Nocturnal symptoms in Parkinson’s disease are often treated after management of daytime
manifestations. In order to better understand the unmet needs of nocturnal symptoms management, we analyzed
the characteristics and burden of nocturnal symptoms from patients’ perspectives and explored their changes over
time. Overall symptoms (occurring at day or night) were collected to compare whether the unmet needs related to
nocturnal symptoms and to overall symptoms are different.

Methods: We used a Social Listening big-data technique to analyze large amounts of Parkinson’s disease
symptoms in dialogues available from social media platforms in 2016 to 2018. These symptoms were classified as
either overall symptoms or nocturnal symptoms. We used share of voice (SOV) of symptoms as a proportion of
total dialogues per year to reflect the characteristics of symptoms. Negative sentiment score of symptoms was
analyzed to find out their related burden.

Results: We found the SOV for overall motor symptoms was 79% and had not increased between 2016 and 2018 (79%,
p = 0.5). The SOV for non-motor symptoms was 69% and had grown by 7% in 2018 (p < 0.01). The SOV for motor
complications was 9% and had increased by 6% in 2018 (p < 0.01). The SOV of motor symptoms was larger than non-
motor symptoms and motor complications (p < 0.01). The SOV of non-motor symptoms was larger than motor
complications (p < 0.01). For nocturnal symptoms, 45% of the analyzed PD population reported nocturnal symptoms in
2018, growing by 6% (p < 0.01). The SOV for nocturnal-occurring motor symptoms was higher than most non-motor
symptoms. However, non-motor symptoms had the higher increases and evoked higher negative sentiment regardless of
whether they occurred during the day or night. For symptoms that can occur at either day or night, each nocturnal
symptom was rated with a higher negative sentiment score than the same symptom during the day.

Conclusions: The growing SOV and the greater negative sentiment of nocturnal symptoms suggest management of
nocturnal symptoms is an unmet need of patients. A greater emphasis on detecting and treating nocturnal symptoms
with 24-h care is encouraged.
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Background
Parkinson’s disease (PD) is the most common movement
disorder of the central nervous system [1]. It is estimated
that PD affects 1–2% of the population above 65 years of
age worldwide [2]. In China, the overall prevalence has
been estimated at 190 per 100,000 individuals, with an
overall incidence of 362 per 100,000 person years [3].
PD is characterized by both motor and non-motor sys-
tem manifestations. Motor symptoms of resting tremors,
rigidity and bradykinesia are the cardinal signs of the
disease. Along with the disease progress and nonphysio-
logical stimulation of striatal dopamine receptors espe-
cially long-term levodopa therapy, motor symptoms
could be unstable presented as motor complications in-
cluding motor fluctuations, dyskinesias [4]. While the
24-h nature of symptoms is known, focus on the man-
agement of nocturnal disturbances is comparatively low
[5–7], but studies have reported as many as 96–98% of
PD patients being affected by disabling nocturnal symp-
toms [5, 7]. Nocturnal symptoms may be classified into
three classes using the Revised Parkinson’s Disease Sleep
Scale (PDSS-2): 1) “motor problems at night”, such as
tremor, early morning dystonia; 2) “PD symptoms at
night”, such as pain, cramps, hallucinations and immo-
bility; and 3) “disturbed sleep”, such as insomnia, noc-
turia, difficulty staying asleep, and general poor sleep
quality [8]. In practice, all classes of nocturnal symptoms
may affect quality of life (QoL) and result in disruptions
to normal sleep. Some daytime symptoms may also be
exacerbated or produced by nocturnal symptoms [5]. Pa-
tients may experience symptom fluctuations associated
with the wearing-off of their levodopa dose overnight or
in the early morning [9, 10]. Nocturnal symptoms tend
to be exacerbated with disease progression and are asso-
ciated with a worse prognosis [11, 12]. However, these
symptoms occur outside of healthcare professionals’
contact hours with patients. In addition, patients may
not be able to describe their nocturnal symptoms accur-
ately or may not consider the symptom part of their PD
pathology. Further, symptoms such as rapid eye move-
ment sleep behavior disorder (RBD) require caregiver or
observer reports. This relative inaccessibility to clinicians
may be part of the reason of a diminished focus on
nocturnal symptoms [12, 13]. To better understand the
unmet needs of nocturnal symptom management from
patients’ perspective, a patient-centric approach that
allows for a freer expression of certain concerns may be
useful.
In recent years, the examination of social media data

to better understand a population has become possible
through a technique called Social Listening (SL), in
which publicly available information can be investigated
to determine what topics are being discussed and what
attitudes the contributing population holds towards the
subjects of discussion [14]. Aside from creating a large
dataset, which strengthens the conclusions that can be
drawn from the data, SL has the advantage of collecting
data from outlets which patients use voluntarily, and it
imposes no additional burden to patients as surveys or
other studies might. The technique is also a cost-
effective way of collecting a large amount of diverse
patient-centric data, which makes SL particularly useful
in resource-challenged environments. The extent to
which different symptoms are discussed in such public
forums can be reasonably assumed to be a proxy for the
issues of concern – and therefore unmet needs – of the
patients discussing them.
Thus, to understand the unmet needs of nocturnal

symptoms from the patients’ perspective, we used SL to
analyze large amounts of patient-doctor and patient-
patient interaction data in 2016 to 2018 available from
clinical practitioners’ consulting platforms, online for-
ums and PD bulletin-board systems in China. We sought
to know the characteristics and the burden of nocturnal
symptoms from patients’ perspectives. In addition,
although dopaminergic therapy, especially levodopa, has
improved the treatment of PD symptoms significantly
over the past decades, symptoms that persist through
day and night and affect non-dopaminergic systems are
still of large and of growing concern. In this study, we
also explored whether there were any changes in partici-
pants’ needs over time by comparing data across 3 years.
As a contrast, overall symptom data, including symp-
toms occurring during the day, were also collected in
the study. Even though the primary focus in usual clin-
ical practice is often on motor symptoms, particularly
those affecting daytime activities, we investigated
whether the unmet needs of nocturnal symptoms and
overall symptoms are different from patients’ perspec-
tive, which is useful in devising a strategy for symptom
management.
Because SL is a relatively new technique, no national

guidelines concerning the ethics of SL in a research
setting exist in China. Upon registering on the websites
that were used as data sources for this study, users gave
their e-consent to agree with the collection and use of
their provided data. The use of that data for this study
was considered legally and ethically proper as it was
obtained from publicly accessible platforms, did not
contain individually identifiable information, and was
analyzed only at the group level.

Methods
Dataset
We employed a custom web crawler written in the
Python programming language [15] to crawl and collect
dialogues from PD-related bulletin-board system (BBS)
forums and e-consulting platforms between January



Table 1 Sentiment word weighting

Sentiment word Negative weight

Suspicion 1

Anxiety 2

Fear 3

Agony 4

Anger 5

Sorrow 6

Table 2 Demographics

Age Group (years) Participants (n, %)

< 50 405 (14.0%)

50–60 586 (20.2%)

60–70 957 (33.1%)

> 70 947 (32.7%)

Total: 2895 (100%)
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2016 and December 2018. The consulting platforms and
bulletin-board systems are listed in Supplementary
Table 1. Bulletin boards were included to provide data
from an extra-clinical setting and offer a large sample of
patients in less-structured environments. Dialogues col-
lected through these platforms covered approximately
40,000 patients and 3000 healthcare practitioners. Raw
data collection included 60,000 dialogues, approximately
10,000 of which came from bulletin boards. Only dialogues
that featured at least one PD symptom were included for
analysis. When narrowed by this criterion, a total of 15,119
dialogues (2016: 7524, 2017: 5198, and 2018: 2397) were in-
cluded for analysis. In all cases, dialogues were in Mandarin,
and where possible demographic information such as the
age of the patients was also collected.
The raw dialogues lacked standardization of speech

and contained grammatical errors. To address this, we
used a Bigram semantic model that corrected for typing
errors and double negation. After correction, named
entity recognition using a Bidirectional Encoder Repre-
sentations from Transformers (BERT) [16] Long Short-
Term Memory (LSTM) [17] Conditional Random Field
(CRF) [18] model was used to analyze the sentences for
content according to context and the presence of key-
words in the categories “motor symptoms”, “non-motor
symptoms”, “motor complications” and “nocturnal
symptoms”. The keywords initially used in the model
were selected by the authors to reflect common terms
used in the literature and clinical settings. Representative
keywords for the motor symptoms included ‘tremor’, ‘ri-
gidity’, ‘bradykinesia’; non-motor symptoms were RBD,
‘sensory disorder’; motor complications were ‘dyskinesia’,
‘motor fluctuation’, etc. Motor symptoms such as diffi-
culty walking, reduced facial expression and stiffness
refer to symptoms which were a result of the PD itself,
whereas complications for example, peak-dose dyskin-
esia, reflect the known effects of dopaminergic medica-
tions for treating PD. Nocturnal symptom keywords
were those giving any indication that the symptom oc-
curred at night. The full set of keywords is available in
Supplementary Table 2. Not all keywords used in the
model returned results from the dataset; those that did
not were not further considered in the analysis. We used
share of voice (SOV), which represents the proportion of
total dialogues per year accounted for by each symptom
category, to reflect the characteristics of symptoms from
patients’ perspectives. A negative sentiment score for the
symptoms was analyzed to investigate their related bur-
dens on patients.

Statistical analyses
Independent samples t-tests were conducted to compare
SOV of each symptom group based on the data reported
from 2016 to 2018. Further t-tests were done to compare
the SOV of overall motor to non-motor symptoms, and
non-motor symptoms to motor complications. Changes in
the SOV of individual symptoms within each symptom
group were also compared using independent samples
t-tests.
Negative sentiment analysis was also conducted on the

dataset. For negative sentiment and PD symptoms, only
dialogues with sentiment words and PD symptoms were
included. Negative sentiment words were graded by
severity (see Table 1). Negative sentiment words were in
Mandarin; for the list of words deemed acceptable for a
given sentiment see Supplementary Table 3. For a given
symptom, the average negative sentiment was calculated
in the following manner:

ð %of suspicious dialoguesð Þ � 1ð Þ þ %of anxiety dialoguesð Þ � 2ð Þ…
þ %of sorrowful dialoguesð Þ � 6ð ÞÞ=100

Using this method, which has been widely adopted in
social listening research, a single score combining both
the weighting and proportion of reported negative senti-
ment was created for comparison.

Results
Patients
Demographic information was available for only 2895 of
the 15,119 dialogues analyzed. In that data, most patients
were over the age of 50 (86%), with patients between 60
and 70 years old forming the largest group (33.1%). The
mean age (±standard deviation) of patients was 63 years (±
13.4). Demographic data is represented in Table 2.

Share of voice and change of overall symptoms
Symptom SOV representing the proportion of dialogues
mentioning a given symptom, is depicted in Fig. 1. In



Fig. 1 Overall Symptoms Share of Voice Composition Across a Three-Year Period. Percentages are the size of compounded annual growth rate
(CAGR) comparing 2016 to 2018; striped bars indicate statistically significant changes in CAGR at the level of p < 0.01
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line with their role as cardinal symptoms, motor symp-
toms had the highest SOV. Non-motor symptoms also
had a significant SOV. The SOV for occurrence of
motor symptoms was 79% in 2018, with no growth from
2016 (p = 0.5). The SOV for non-motor symptoms was
high at 62% in 2016, reaching 69% in 2018, a statistically
significant 7% increase from 2016 (p < 0.01). The SOV
for occurrence of motor complications was 9% in 2018,
with 6% growth from 2016 (p < 0.01). Motor symptoms
maintained a significantly larger SOV than non-motor
symptoms and motor complications in every year,
(p < 0.01), as did the SOV of non-motor symptoms
compared to motor complication SOV (p < 0.01). See
Table 3, Table 4 and Table 5 for comparison.
For the details of major motor and non-motor symp-

toms, see Table 6 and Table 7, respectively. Canonical
motor symptoms, like tremors (52.7%), stiffness (29.5%),
difficulty walking/slow movement (24.5%), and problems
turning over (13.9%) were the most commonly men-
tioned motor symptoms. Gait postural instabilities
(79.3%), falling (16.6%), problems turning over (15%),
difficulty walking/slow movement (8.9%) and stiffness
(8.0%) all showed increases across the sample period
(p < 0.01) with reduced facial expression decreasing by
Table 3 Motor Symptoms vs. Non-motor Symptoms Across a
Three-Year Period

Year Motor symptom Non-motor symptom p-value

2018 (N = 2397) 79% 69% < 0.01

2017 (N = 5198) 76% 66% < 0.01

2016 (N = 7524) 79% 62% < 0.01
18.2% (p < 0.01). Changes in tremor, unclear enunci-
ation and speech disorder were all non-significant.
For non-motor symptoms, pain (25.8%), constipation

(12.1%), frequent urination (11.8%), and depression
(11.4%) had the largest SOV. The largest increases in
symptom mentions were in anxiety (70.6%, p < 0.01) and
olfactory disorders (64.5%, p < 0.01), followed by RBD
(37.3%, p < 0.01). In general, there was a larger increase
in the mention of non-motor symptoms over the re-
ported period compared to the change of SOV for motor
symptoms.

Share of voice and change of nocturnal symptoms
Nocturnal symptoms, which included all motor and
non-motor symptoms and motor complications that
occurred at night, can be seen in Table 8. Overall, they
had a SOV of 45% in 2018, growing by a compounded
annual growth rate (CAGR) of 6% from 2016 (p < 0.01).
In 2018, the SOV for individual nocturnal symptoms
ranged from 0.8 to 16%. Rigidity, specifically difficulty
turning over (16%), insomnia (8.9%) and night tremors
(8.7%), had the highest SOV of all nocturnal symptoms
in 2018. Difficulty breathing (52.2%) and morning pain
(51.0%) had the highest increases in SOV over the 3-year
Table 4 Non-motor Symptoms vs. Motor Complications Across
a Three-Year Period

Year Non-motor
symptom

Motor
complications

p-value

2018 (N = 2397) 69% 9% < 0.01

2017 (N = 5198) 66% 6% < 0.01

2016 (N = 7524) 62% 3% < 0.01



Table 5 Motor Symptoms vs. Motor Complications Across a
Three-Year Period

Year Motor symptom Motor complications p-value

2018 (N = 2397) 79% 9% < 0.01

2017 (N = 5198) 76% 6% < 0.01

2016 (N = 7524) 79% 3% < 0.01
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period but remained low in overall SOV. Of interest was
the substantial SOV held by sleep-related disturbances
(insomnia, RBD, poor sleep quality and frequent noc-
turia), which corresponded to the fact that symptoms
with high SOV tend to result in disruptions of normal
sleep. Overall, nocturnal symptoms had a strong ten-
dency to increase over the reported period. Only poor
sleep quality and nocturnal spasm did not significantly
increase over time (p = 0.34 and p = 0.38, respectively).

Negative sentiment of overall symptoms and nocturnal
symptoms
Figure 2 shows a graph of symptoms and their corre-
sponding negative sentiment. In Panel A, all PD symp-
toms that featured as keywords are shown with their
associated negative sentiment score. The symptom
group with the highest SOV (motor symptoms) had the
lowest average negative sentiment. Non-motor symp-
toms had higher scores of negative sentiment on aver-
age, and a greater range of ratings. Psychiatric symptoms
like depression (8.5) and anxiety (7.4) scored highest.
See Table 9 for sentiment scores for selected overall
motor and non-motor symptoms with higher SOV or
sentiment scores for their category. Panel B, and
Table 10, show the nocturnal symptom scores, some of
which have no corresponding daytime equivalent (e.g.
insomnia). Morning pain (5.3), fragmented sleep (4.8),
and nocturnal pain (4.4) were particularly high scoring.
For symptoms that can occur at either night or day, each
nocturnal symptom was rated with a higher negative
Table 6 Overall Motor Symptoms Composition Across a Three-Year

Type Symptom 2016

Tremor Tremor 55.6%

Rigidity Stiffness 25.3%

Problems turning over 10.5%

Bradykinesia Difficulty walking/slow movement 20.7%

Reduced facial expression 4.5%

Unclear enunciation 3.0%

Speech disorder 0.8%

Postural Instability Falling 7.3%

Gait postural instabilities 1.6%
aCAGR Compounded annual growth rate
sentiment score than the same symptom across night
and day combined, regardless of the type of symptom
(motor, non-motor, or motor complication). Figure 3
shows the comparison of negative sentiment for the
symptoms that can occur at either day or night. For the
complete list of symptoms and their respective senti-
ment scores, see Supplementary Table 4.

Discussion
This study represents an attempt to understand the
unmet needs of nocturnal symptoms from patients’ per-
spective. We explored the frequency and the burden of
negative sentiment of nocturnal symptoms in a large
dataset (15,119 dialogues) using a social listening
technique. SOV of motor symptoms was the highest in
nocturnal symptoms. For overall symptoms, SOV of
motor symptoms was larger significantly than non-
motor symptoms and motor complications. The results
indicated motor symptoms were still patients’ most con-
cerning problems. The most prominent nocturnal motor
symptom was rigidity, a condition whereby patients have
restricted or no movement, often to the extent that they
cannot turn over or get out of bed. This is consistent
with the profile of PD, as rigidity is one of the most diffi-
cult symptoms to adequately alleviate [19].
The SOV of nocturnal symptoms increased over the 3

years studied. Compared with the highest SOV, of
nocturnal motor symptoms, the SOV of nocturnal non-
motor symptoms increased across the 3-year period.
Amongst nocturnal non-motor symptoms, insomnia, pain,
and RBD featured with high SOV and CAGRs in our data.
Such nocturnal non-motor symptoms may arise for mul-
tiple reasons. First, in contrast to motor symptoms which
are improved by dopaminergic drugs, nocturnal symptoms
may become more prevalent with disease progression
[7, 20] but are less- or un-improved by dopaminergic
drugs. Thus, attention on the improvement of non-
motor symptoms is growing [21]. Second, interplay
exists between motor and non-motor symptoms [10].
Period

2017 2018 2016–2018 CAGRa p-value

51.9% 52.7% −2.6% 0.03

24.6% 29.5% + 8.0% < 0.01

11.6% 13.9% + 15.0% < 0.01

19.2% 24.5% + 8.9% < 0.01

3.0% 3.0% −18.2% < 0.01

2.2% 2.8% −2.0% 0.35

0.7% 1.0% + 14.4% 0.25

7.8% 9.9% + 16.6% < 0.01

2.7% 5.1% + 79.3% < 0.01



Table 7 Overall Non-motor Symptoms Composition Across a Three-Year Period

Symptom 2016 2017 2018 2016–2018
CAGRa

p-value

Sleep and Sensory Disorders Pain 24.4% 25.2% 25.8% + 2.9% 0.15

Frequent urination 7.5% 8.6% 11.8% + 25.8% < 0.01

Insomnia 6.2% 6.3% 8.9% + 20.0% < 0.01

RBD 3.9% 5.1% 7.4% + 37.3% < 0.01

Poor sleep quality 5.4% 5.6% 5.7% + 2.4% 0.34

Excessive Daytime Sleepiness 3.8% 4.1% 5.6% + 20.9% < 0.01

Numbness 4.9% 4.2% 5.0% + 1.4% 0.44

Spasm 3.7% 3.8% 3.6% −1.6% 0.43

Olfactory disorder 0.9% 1.0% 2.5% + 64.5% < 0.01

Cognitive and Psychiatric Disorders Depression 6.1% 7.0% 11.4% + 36.2% < 0.01

Hallucinations 7.2% 9.1% 10.0% + 18.1% < 0.01

Dementia 5.7% 6.3% 9.1% + 26.6% < 0.01

Anxiety 2.4% 3.3% 6.9% + 70.6% < 0.01

Slow reaction 2.0% 2.0% 3.4% + 31.4% < 0.01

Other psychiatric issues 1.2% 1.1% 1.3% + 4.7% 0.39

Autonomic Disorders Constipation 7.9% 8.4% 12.1% + 23.9% < 0.01

Other gastrointestinal dysfunctions 6.8% 8.3% 8.1% + 9.5% 0.06

Drooling 4.9% 4.8% 5.9% + 9.6% 0.08
aCAGR Compounded annual growth rate
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For example, insomnia and nocturnal pain are associ-
ated with nocturnal motor symptoms [22]. Lower
than optimum dopaminergic drug dosages may cause
insufficient control of nocturnal akinesia, tremors,
which then exacerbate nocturnal non-motor symp-
toms [5, 23, 24]. In addition, undesired effects of
dopaminergic drugs, or the use of inappropriate medi-
cation or dosages may also play a role. The dosage
Table 8 Nocturnal Motor and Non-motor Symptoms Composition A

Symptom 2016 2017

Overall Nocturnal Symptoms 39% 41%

Rigidity/difficulty turning over 11.9% 12.8%

Insomnia 6.2% 6.3%

Night tremor 7.0% 6.8%

RBD 3.9% 5.1%

Nocturnal pain 5.3% 5.9%

Poor sleep quality 5.4% 5.6%

Excessive Daytime Sleepiness 3.8% 4.1%

Frequent nocturia 2.9% 3.6%

Hallucinations 1.6% 2.1%

Morning pain 0.6% 1.0%

Nocturnal spasm 1.1% 1.0%

Difficulty breathing 0.3% 0.5%
aCAGR Compounded annual growth rate
and pharmacokinetics of levodopa are associated with
the development of complications [21]. Reliance on
higher doses of levodopa rather than using adjunctive
medications or modifying delivery regimens may ex-
acerbate or induce nocturnal symptoms [5]. However,
it is important to note that no data to explain why
SOV changed over time were collected in this study.
As such, although we speculate that growth in SOV
cross a Three-Year Period

2018 2016–2018
CAGRa

p-value

45% + 6.0% < 0.01

16.0% + 16.0% < 0.01

8.9% + 20.0% < 0.01

8.7% + 11.2% 0.02

7.4% + 37.3% < 0.01

7.3% + 17.3% < 0.01

5.7% + 2.4% 0.34

5.6% + 20.9% < 0.01

5.3% + 35.6% < 0.01

2.5% + 26.9% 0.03

1.4% + 51.0% < 0.01

1.2% + 8.2% 0.38

0.8% + 52.2% 0.02



Fig. 2 % SOV for PD symptom vs. Negative Sentiment Score for PD Symptom. Panel A: All symptoms; Panel B: Nocturnal symptoms
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represents an unmet need and increased patient focus
on nocturnal symptoms, this question should be ad-
dressed in detail in a future work. There is limited
research on nocturnal symptoms to date, and our in-
vestigation should be considered both tentative and
exploratory for these reasons.
Although SOV of motor symptoms was highest in

our data, non-motor symptoms evoked higher
negative sentiment scores no matter whether they
occurred in the daytime or at night (see Fig. 2).
Whilst any symptom that impairs daily functioning
can be expected to evoke negative sentiment, non-
motor symptoms like depression may be particularly
debilitating. One reason is that many non-motor
symptoms are not reported or enquired about. They
are often not recognized by the consulting clinician
and may thus go untreated [6, 13]. Further, the
pathological and biochemical mechanisms for many
non-motor symptoms involve dopaminergic and non-
dopaminergic systems (i.e., noradrenergic, serotonin-
ergic and cholinergic systems). Despite being the
major therapy for Parkinson’s disease, the effects of
dopaminergic drugs on improving non-motor symptoms
remains at least partially unclear [25, 26]; non-motor
symptoms may be more treatment-resistant as well as
more troubling. It is worth noting that for symptoms
occurring over day and night, negative sentiment to-
ward PD symptoms was more pronounced when they



Table 9 Overall sentiment scores for selected motor and non-
motor (a) symptoms

PD Symptom Score

Depressiona 8.5

Anxietya 7.4

Apathya 5.0

Olfactory disordera 3.9

Restless Legs Syndromea 3.6

Paina 3.5

Difficulty breathinga 3.4

Immobility 2.8

Hallucinationsa 2.7

Excessive Daytime Sleepinessa 2.7

Difficulty turning over 2.6

Frequent urinationa 2.6

Spasm a 2.6

Falling 2.3

Stiffness/rigidity 2.2

Tremors 1.6
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occurred nocturnally (see Fig. 3). Control over noc-
turnal symptoms may not be as good as daytime
symptoms due to nocturnal wearing-off, or reduced
attention on nocturnal symptom control. By disrupting
sleep initiation or maintenance, these symptoms may ex-
acerbate daytime symptoms as well as being uncomfort-
able during the night, and thus elicit a higher negative
sentiment. Further work should assess this hypothesis.
Table 10 Sentiment scores for nocturnal motor and non-motor
(a) symptoms

Nocturnal Symptom Score

Morning paina 5.3

Fragmented sleepa 4.8

Restless Legs Syndromea 4.4

Nocturnal paina 4.4

Difficulty breathinga 4.4

Insomniaa 3.5

Poor sleep qualitya 3.5

Hallucinationsa 3.5

Nocturnal spasm a 3.4

Frequent nocturiaa 3.2

RBDa 3.1

Night tremor 2.8

Nocturnal Immobility/stiffness/rigidity 2.8

Excessive Daytime Sleepinessa 2.7
Implications for managing nocturnal symptoms
With an increasing SOV and a higher negative sentiment
of nocturnal symptoms from the patients’ perspective, it
is important for healthcare providers to spend more time
focusing on the management of these symptoms.
Considering the nocturnal inaccessibility of patients, ap-
proaches to measure nocturnal symptoms could be more
varied. Some wearable devices could provide a continu-
ous objective measurement (COM) to track symptoms
over 24 h [27–29], which is good for clinicians seeking
to evaluate 24-h symptoms objectively. Communication
through various technologies may be beneficial for
healthcare providers and patients alike. Increased use of
patient-doctor consulting platforms, or even specialized
mobile applications for chronic disease management
[30] could be utilized to enhance nocturnal symptoms
detection and treatment for patients with PD.
Besides these options,24-h continuous treatment is im-

portant. Firstly, the replacement of lost dopamine with
dopaminergic drugs in 24 h is necessary for the manage-
ment of motor symptoms alone – regardless of whether
these occur nocturnally or during the daytime. Adjunct-
ive medications [31–33], infusion systems such as Duo-
Dopa (carbidopa/levodopa) [34], continuous dopamine
delivery treatments like the transdermal rotigotine patch
[35–39], and oral extended release versions of dopamine
agents [40, 41] have shown significant promise in ameli-
orating wearing-off effects and symptom fluctuations, in
nocturnal as well as daytime symptoms. In a random-
ized, placebo-controlled study (the RECOVER trial, qual-
ity score, 93%), patients with unsatisfactory control of
early morning motor symptoms were evaluated on the
PDSS-2 and UPDRS III. The study demonstrated that
rotigotine could significantly improve early morning
motor symptoms and nocturnal symptoms [35], compar-
able to levodopa continuous infusion [42]. The rotigotine
patch may thus be recommended for the management of
nocturnal symptoms [43]. In addition, deep brain stimula-
tion (DBS) is another option which can be kept active over
a 24-h period. However, to date the proven benefits of
DBS are limited to motor symptoms and DBS is most
commonly restricted to use in patients with relatively ad-
vanced disease [43, 44]. Secondly, for symptoms which
can’t be improved by dopaminergic drugs, especially for
non-motor symptoms, there is no standard pharmaco-
logical treatment at present. Non-motor symptoms should
be improved based on careful assessment of triggering or
contributing factors and consideration of other factors,
including economic influences, local availability of the
drug, local drug approval, the treating physician’s
experience and judgment and so on [26]. Non-
pharmacological treatments are helpful in conjunction
with 24-h drug treatment. Improved sleep hygiene and
cognitive-behavioral therapy may be useful for



Fig. 3 Comparison of sentiment for PD symptoms when occurring at any time and occurring nocturnally. Only symptoms that do not exclusively
occur nocturnally are able to be compared
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insomnia [22]. Regular exercise and physical therapy
can also assist with issues such as joint rigidity and
flexed posture [33]. Focused education on symptoms
for both patients and families or caregivers is highly
recommended. The adoption of non-pharmacological
therapies alongside pharmacological treatment early in
the disease course is also recommended [45]. The im-
portance of effective multi-specialty management for
patients with PD should not be underestimated.
Limitations
Although powerful, utilizing a social listening technique
has some limitations. First, the relative lack of full demo-
graphic information constrains the conclusions that can
be drawn from the data – general conclusions about the
reporting PD population may be valid, but not conclu-
sions about specific groups of PD patients. Further,
whilst the candid nature of the interactions makes more
information accessible, the available details are con-
strained by what patients recall, lending itself to poten-
tial inaccuracies and skewed data. An ability to further
identify and segment patient populations will be an
important target in future studies. This study should be
considered an early attempt to begin to address these
issues.
Conclusions
Our social listening analysis showed that nocturnal
symptoms of PD had a significant and growing SOV and
are accompanied by higher negative sentiment. A greater
emphasis on detecting nocturnal symptoms by ap-
proaches such as social media platforms and wearable
devices is strongly encouraged. 24-h continuous pharma-
cological therapy and non-pharmacological treatments
are needed.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12883-020-02024-4.

Additional file 1.

Additional file 2.

Additional file 3.

Additional file 4.

Abbreviations
PD: Parkinson’s disease; SL: Social Listening; PDSS-2: Revised Parkinson’s
Disease Sleep Scale; RLS: Restless legs syndrome; QoL: Quality of life;
BBS: Bulletin-board system; BERT: Bidirectional Encoder Representations from
Transformers; LSTM: Long Short-Term Memory; CRF: Conditional Random
Field; RBD: Rapid eye movement sleep behavior disorder; SOV: Share of
voice; CAGR: Compounded annual growth rate

Acknowledgements
The authors acknowledge Kyoko Hirano, CMPP (UCB Pharma, Tokyo, Japan)
for publication coordination. Writing assistance was provided by Jeffrey
Martin (IQVIA, Hong Kong), which was funded by UCB Pharma.

Authors’ contributions
HZ was involved in the conception, organization and execution of this study,
and interpretation of data. FWM was involved in the conception and
execution of this study, and interpretation of data. XYL was involved in the
conception and execution of this study, and interpretation of data. YLN was
involved in the conception and execution of this study, and interpretation of
data. MC was involved in the conception, organization and execution of this
study, and interpretation of data. All authors were involved in drafting or
critically revising the manuscript for important intellectual content and the
final approval of the published manuscript.

Funding
The design of the study, collection, analysis, and interpretation of data and
writing the manuscript were funded by UCB Pharma.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
A custom web crawler written in the Python programming language was
used to crawl and collect public dialogues from medical consultation
websites. Data masking is performed prior to disclosure on these websites.

https://doi.org/10.1186/s12883-020-02024-4
https://doi.org/10.1186/s12883-020-02024-4


Zhang et al. BMC Neurology            (2021) 21:2 Page 10 of 11
All websites had obtained a certificate of internet security and are being
supervised by the government. Physician users need to submit their
practicing certificates when registering on the websites and real name
authentication is required. E-consent is required for general registration from
patients and physician users and included information on data being used
for research purpose, with an opt-out method. Considering the data is
publicly available and the study is generated by observation of public
behavior and interest, ethics approval for the study is deemed unnecessary
according to International Ethical Guidelines for Health-related Research
Involving Humans [46] which is published by the Council for International
Organizations of Medical Sciences (CIOMS) in 2016.

Consent for publication
Not applicable.

Competing interests
Hui Zhang, Fanwen Meng, Xingyu Li, Yali Ning, Meng Cai are salaried
employees of UCB Pharma. The authors declare that they have no
competing interests.

Received: 2 March 2020 Accepted: 8 December 2020

References
1. Tysnes O-B, Storstein A. Epidemiology of Parkinson’s disease. J Neural

Transm. 2017;124(8):901–5. https://doi.org/10.1007/s00702-017-1686-y.
2. Alves G, Forsaa EB, Pedersen KF, et al. Epidemiology of Parkinson’s disease. J

Neurol. 2008;255(Suppl 5):18–32. https://doi.org/10.1007/s00415-008-5004-3.
3. Ma C-L, Su L, Xie J-J, et al. The prevalence and incidence of Parkinson’s

disease in China: a systematic review and meta-analysis. J Neural Transm.
2013;121(2):123–34. https://doi.org/10.1007/s00702-013-1092-z.

4. Postuma RB, Berg D, Stern M, et al. MDS clinical diagnostic criteria for
Parkinson’s disease. Mov Disord. 2015;30(12):1591–601. https://doi.org/10.
1002/mds.26424.

5. Bhidayasiri R, Mekawichai P, Jitkritsadakul O, et al. Nocturnal journey of
body and mind in Parkinson’s disease: the manifestations, risk factors
and their relationship to daytime symptoms. Evidence from the NIGHT-
PD study. J Neural Transm. 2014;121(S1):59–68. https://doi.org/10.1007/
s00702-014-1199-x.

6. Shulman L, Taback R, Rabinstein A, et al. Non-recognition of depression and
other non-motor symptoms in Parkinson’s disease. Parkinsonism Relat
Disord. 2002;8(3):193–7. https://doi.org/10.1016/s1353-8020(01)00015-3.

7. Lees AJ, Blackburn NA, Campbell VL. The nighttime problems of Parkinson’s
disease. Clin Neuropharmacol. 1988;11(6):512–9. https://doi.org/10.1097/
00002826-198812000-00004.

8. Trenkwalder C, Kohnen R, Hogl B, et al. Parkinson’s disease sleep scale –
validation of the revised version PDSS-2. Mov Disord. 2011;26(4):644–52.
https://doi.org/10.1002/mds.23476.

9. Stocchi F, Coletti C, Bonassi S, et al. Early morning OFF and levodopa dose
failures in PD patients attending a routine clinical appointment using time
to ON questionnaire. Eur J Neurol. 2018. https://doi.org/10.1111/ene.13895.

10. Louter M, Munneke M, Bloem BR, et al. Nocturnal Hypokinesia and sleep
quality in Parkinson’s disease. J Am Geriatr Soc. 2012;60(6):1104–8. https://
doi.org/10.1111/j.1532-5415.2012.03966.x.

11. Martinez-Martin P, Rodriguez-Blazquez C, Kurtis MM, et al. The impact of
non-motor symptoms on health-related quality of life of patients with
Parkinson’s disease. Mov Disord. 2011;26(3):399–406. https://doi.org/10.1002/
mds.23462.

12. Bhidayasiri R, Sringean J, Trenkwalder C. Mastering nocturnal jigsaws
in Parkinson’s disease: a dusk-to-dawn review of night-time
symptoms. J Neural Transm. 2020;127:763–77. https://doi.org/10.1007/
s00702-020-02170-6.

13. Gallagher DA, Lees AJ, Schrag A. What are the most important nonmotor
symptoms in patients with Parkinson’s disease and are we missing them?
Mov Disord. 2010;25(15):2493–500. https://doi.org/10.1002/mds.23394.

14. Pomputius A. Can you hear me now? Social listening as a strategy for
understanding user needs. Med Ref Serv Q. 2019;38(2):181–6. https://doi.
org/10.1080/02763869.2019.1588042.

15. Python Software Foundation. Python Language Reference, version 3.6.
Available at http://www.python.org.
16. Devlin J, Chang M-W, Lee K, et al. BERT: pre-training of deep bidirectional
transformers for language understanding; 2019. https://arxiv.org/abs/1810.04
805 [cs.CL].

17. Hochreiter S, Schmidhuber J. Long short-term memory. Neural Comput.
1997;9(8):1735–80. https://doi.org/10.1162/neco.1997.9.8.1735.

18. Lafferty J, McCallum A, Pereira FCN. Conditional random fields: probabilistic
models for segmenting and labeling sequence data. In: Proceedings of the
18th international conference on machine learning 2001; 2001. p. 282–9.

19. Hatano T, Kubo S-I, Shimo Y, et al. Unmet needs of patients with Parkinson’s
disease: interview survey of patients and caregivers. J Int Med Res. 2009;
37(3):717–26. https://doi.org/10.1177/147323000903700315.

20. Liu C-F, Wang T, Zhan S-Q, et al. Management recommendations on sleep
disturbance of patients with Parkinson's disease. Chin Med J (Engl). 2018;
131(24):2976–85. https://doi.org/10.4103/0366-6999.247210.

21. Chen W, Xu Z-M, Wang G, et al. Non-motor symptoms of Parkinson’s
disease in China: a review of the literature. Parkinsonism Relat Disord. 2012;
18(5):446–52. https://doi.org/10.1016/j.parkreldis.2012.02.002.

22. Stocchi F, Stirpe P. The relevance of dopaminergic level in nocturnal
disability in Parkinson’s disease: implications of continuous dopaminergic
stimulation at night to treat the symptoms. J Neural Transm. 2014;121(S1):
79–83. https://doi.org/10.1007/s00702-014-1259-2.

23. Rodríguez-Violante M, Ospina-Garcia N, Davila-Avila NM, et al. Motor and
non-motor wearing-off and its impact in the quality of life of patients with
Parkinson’s disease. Arq Neuropsiquiatr. 2018;76(8):517–21. https://doi.org/
10.1590/0004-282X20180074.

24. Kianirad Y, Simuni T. Novel approaches to optimization of levodopa therapy
for Parkinson’s disease. Curr Neurol Neurosci Rep. 2016;16(4):34. https://doi.
org/10.1007/s11910-016-0635-8.

25. Chaudhuri KR, Bhidayasiri R, van Laar T. Unmet needs in Parkinson’s disease:
new horizons in a changing landscape. Parkinsonism Relat Disord. 2016;33:
S2–8. https://doi.org/10.1016/j.parkreldis.2016.11.018.

26. Seppi K, Chaudhuri KR, Coelho M, et al. Update on treatments for nonmotor
symptoms of Parkinson’s disease-an evidence-based medicine review. Mov
Disord. 2019. https://doi.org/10.1002/mds.27602.

27. Sringean J, Taechalertpaisarn P, Thanawattano C, et al. How well do
Parkinson’s disease patients turn in bed? Quantitative analysis of nocturnal
hypokinesia using multisite wearable inertial sensors. Parkinsonism Relat
Disord. 2016;23:10–6. https://doi.org/10.1016/j.parkreldis.2015.11.003.

28. Xue F, Wang F-Y, Mao C-J, et al. Analysis of nocturnal hypokinesia and sleep
quality in Parkinson’s disease. J Clin Neurosci. 2018;54:96–101. https://doi.
org/10.1016/j.jocn.2018.06.016.

29. Pahwa R, Bergquist F, Horne M, et al. Objective measurement in
Parkinson’s disease: a descriptive analysis of Parkinson’s symptom scores
from a large population of patients across the world using the personal
KinetiGraph®. J Clin Mov Disord. 2020;7:5. https://doi.org/10.1186/s40734-
020-00087-6.

30. Tang Y, Yang K, Zhao J, et al. Evidence of repurposing drugs and identifying
contraindications from real world study in Parkinson’s disease. ACS Chem
Nerosci. 2019. https://doi.org/10.1021/acschemneuro.8b00456.

31. Pellicano C, Benincasa D, Giovannelli M, et al. Entacapone in elderly
Parkinsonian patients experiencing levodopa-related wearing-off: a pilot
study. Neurol Res. 2009;31(1):74–6. https://doi.org/10.1179/
174313208X338052.

32. Panisset M, Stril JL, Belanger M, et al. Open-label study of sleep disturbances
in patients with Parkinson’s disease treated with Rasagiline. Can J Neurol
Sci. 2016;43(6):809–14. https://doi.org/10.1017/cjn.2016.289.

33. Shrempf W, Fauser M, Wienecke M, et al. Rasagiline improves
polysomnographic sleep parameters in patients with Parkinson’s disease: a
double-blind, baseline-controlled trial. Eur J Neurol. 2018;25(4):672–9.
https://doi.org/10.1111/ene.13567.

34. Wang L, Li J, Chen J. Levodopa-Carbidopa intestinal gel in Parkinson’s
disease: a systematic review and meta-analysis. Front Neurol. 2018;9:620.
https://doi.org/10.3389/fneur.2018.00620.

35. Trenkwalder C, Kies B, Rudzinska M, et al. Rotigotine effects on early
morning motor function and sleep in Parkinson’s disease: a double-blind,
randomized, placebo-controlled study (RECOVER). Mov Disord. 2011;26(1):
90–9. https://doi.org/10.1002/mds.23441.

36. Trenkwalder C, Kies B, Dioszeghy P, et al. Rotigotine transdermal system for
the management of motor function and sleep disturbances in Parkinson’s
disease: results from a 1-year, open-label extension of the RECOVER study.
Basal Ganglia. 2012;2(2):79–85. https://doi.org/10.1016/j.baga.2012.05.009.

https://doi.org/10.1007/s00702-017-1686-y
https://doi.org/10.1007/s00415-008-5004-3
https://doi.org/10.1007/s00702-013-1092-z
https://doi.org/10.1002/mds.26424
https://doi.org/10.1002/mds.26424
https://doi.org/10.1007/s00702-014-1199-x
https://doi.org/10.1007/s00702-014-1199-x
https://doi.org/10.1016/s1353-8020(01)00015-3
https://doi.org/10.1097/00002826-198812000-00004
https://doi.org/10.1097/00002826-198812000-00004
https://doi.org/10.1002/mds.23476
https://doi.org/10.1111/ene.13895
https://doi.org/10.1111/j.1532-5415.2012.03966.x
https://doi.org/10.1111/j.1532-5415.2012.03966.x
https://doi.org/10.1002/mds.23462
https://doi.org/10.1002/mds.23462
https://doi.org/10.1007/s00702-020-02170-6
https://doi.org/10.1007/s00702-020-02170-6
https://doi.org/10.1002/mds.23394
https://doi.org/10.1080/02763869.2019.1588042
https://doi.org/10.1080/02763869.2019.1588042
http://www.python.org
https://arxiv.org/abs/1810.04805
https://arxiv.org/abs/1810.04805
https://doi.org/10.1162/neco.1997.9.8.1735
https://doi.org/10.1177/147323000903700315
https://doi.org/10.4103/0366-6999.247210
https://doi.org/10.1016/j.parkreldis.2012.02.002
https://doi.org/10.1007/s00702-014-1259-2
https://doi.org/10.1590/0004-282X20180074
https://doi.org/10.1590/0004-282X20180074
https://doi.org/10.1007/s11910-016-0635-8
https://doi.org/10.1007/s11910-016-0635-8
https://doi.org/10.1016/j.parkreldis.2016.11.018
https://doi.org/10.1002/mds.27602
https://doi.org/10.1016/j.parkreldis.2015.11.003
https://doi.org/10.1016/j.jocn.2018.06.016
https://doi.org/10.1016/j.jocn.2018.06.016
https://doi.org/10.1186/s40734-020-00087-6
https://doi.org/10.1186/s40734-020-00087-6
https://doi.org/10.1021/acschemneuro.8b00456
https://doi.org/10.1179/174313208X338052
https://doi.org/10.1179/174313208X338052
https://doi.org/10.1017/cjn.2016.289
https://doi.org/10.1111/ene.13567
https://doi.org/10.3389/fneur.2018.00620
https://doi.org/10.1002/mds.23441
https://doi.org/10.1016/j.baga.2012.05.009


Zhang et al. BMC Neurology            (2021) 21:2 Page 11 of 11
37. Wang Y, Yang Y, Wu H, et al. Effects of rotigotine on REM sleep behavior
disorder in Parkinson disease. J Clin Sleep Med. 2016;12(1403):1409. https://
doi.org/10.5664/jcsm.6200.

38. Giladi N, Boroojerdi B, Korczyn AD, et al. Rotigotine transdermal patch in
early PARKINSON’S disease: a randomized, double blind, controlled study
versus placebo and ropinirole. Mov Disord. 2007;22:2398–404. https://doi.
org/10.1002/mds.21741.

39. Pham DQ, Nogid A. Rotigotine transdermal system for the treatment of
Parkinson’s disease. Clin Ther. 2008;30:813–24. https://doi.org/10.1016/j.
clinthera.2008.05.007.

40. Xiang W, Sun YQ, Teoh HC. Comparison of nocturnal symptoms in
advanced Parkinson’s disease patients with sleep disturbances: pramipexole
sustained release versus immediate release formulations. Drug Des Devel
Ther. 2018;12:2017–24. https://doi.org/10.2147/DDDT.S160300.

41. Ray Chaudhuri K, Martinez-Martin P, Rolfe KA, et al. Improvements in
nocturnal symptoms with ropinirole prolonged release in patients with
advanced Parkinson’s disease. Eur J Neurol. 2012;19(1):105–13. https://doi.
org/10.1111/j.1468-1331.2011.03442.x.

42. Honig H, Antonini A, Martinez-Martin P, et al. Intrajejunal levodopa infusion
in Parkinson’s disease: a pilot multicenter study of effects on nonmotor
symptoms and quality of life. Mov Disord. 2009;24:1468–74. https://doi.org/
10.1002/mds.22596.

43. Timpka J, Henriksen T, Odin P. Non-oral continuous drug delivery
techniques in Parkinson’s disease: for whom, when, and how? Mov Disord
Clin Pract. 2016;3(3):221–9. https://doi.org/10.1002/mdc3.12303.

44. Krack P, Volkmann J, Tinkhauser G, et al. Deep brain stimulation in
movement disorders: from experimental surgery to evidence-based therapy.
Mov Disord. 2019. https://doi.org/10.1002/mds.27860.

45. Beitz JM. Parkinson's disease: a review. Front Biosci (Schol Ed). 2014;6:65–74.
https://doi.org/10.2741/s415.

46. Council for International Organizations of Medical Sciences (CIOMS).
International ethical guidelines for health-related research involving
humans; 2016. https://cioms.ch/publications/product/international-ethical-
guidelines-for-health-related-research-involving-humans/.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

https://doi.org/10.5664/jcsm.6200
https://doi.org/10.5664/jcsm.6200
https://doi.org/10.1002/mds.21741
https://doi.org/10.1002/mds.21741
https://doi.org/10.1016/j.clinthera.2008.05.007
https://doi.org/10.1016/j.clinthera.2008.05.007
https://doi.org/10.2147/DDDT.S160300
https://doi.org/10.1111/j.1468-1331.2011.03442.x
https://doi.org/10.1111/j.1468-1331.2011.03442.x
https://doi.org/10.1002/mds.22596
https://doi.org/10.1002/mds.22596
https://doi.org/10.1002/mdc3.12303
https://doi.org/10.1002/mds.27860
https://doi.org/10.2741/s415
https://cioms.ch/publications/product/international-ethical-guidelines-for-health-related-research-involving-humans/
https://cioms.ch/publications/product/international-ethical-guidelines-for-health-related-research-involving-humans/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Dataset
	Statistical analyses

	Results
	Patients
	Share of voice and change of overall symptoms
	Share of voice and change of nocturnal symptoms
	Negative sentiment of overall symptoms and nocturnal symptoms

	Discussion
	Implications for managing nocturnal symptoms
	Limitations

	Conclusions
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

