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We previously assessed the prevalence and risks of motor/nonmotor symptoms in a large sample of Japanese patients with
Parkinson’s disease. In the present study, we longitudinally assessed the prevalence and risk of motor/nonmotor symptoms,
changes in treatment, disease progression, and death in patients with Parkinson’s disease. We enrolled 1,227 patients diagnosed
and treated at our hospital in Tokyo at first evaluation. We were able to follow-up 445 patients until the second evaluation, 7.4
years later. Using Kaplan-Meier survival curves and the Cox proportional-hazards model in 1,227 patients, motor/nonmotor
symptoms were analyzed in association with the following events: pain, wearing-off, camptocormia, psychosis, orthostatic
hypotension, pneumonia, tube feeding, modified Hoehn and Yahr stages (H-Y) 3 and 4 of the on state, and death. The mean age
(standard deviation) at the first evaluation was 67.2 (9.9) years, while the mean ages at onset and disease duration were 57.8 (11.7)
years and 9.3 (6.6) years, respectively. The mean H-Y of the on state was 2.7 (1.1) at the first evaluation. Age at onset and duration
of levodopa use decreased the hazard ratios (HRs) (0.968 and 0.910, respectively) for wearing-off. Female sex increased the HRs
(1.414) for wearing-off and decreased the HRs for orthostatic hypotension (0.540) and pneumonia (0.510). Older age at onset
increased the HR for psychosis (1.035), orthostatic hypotension (1.033), H-Y 3 (1.048) and 4 (1.071), pneumonia (1.123), tube
feeding (1.140), and death (1.095). Early onset of orthostatic hypotension itself increased the HR for numerous events, especially
for death (0.893). Our results indicated that age, sex, and some nonmotor symptoms may predict many Parkinson’s disease-
related events. In addition, these data may provide a useful reference for the clinical course of Parkinson’s disease.

1. Introduction

Dopamine replacement with levodopa or dopamine ag-
onists (DAs) results in marked improvement of motor
symptoms (MS), disability, and patient survival of Par-
kinson’s disease (PD) [1, 2]. However, levodopa use is also
associated with the development of motor complications,
such as dyskinesia and wearing-off in patients with ad-
vanced PD, substantially contributing to overall disability
and affecting quality of life. In addition to MS, various
non-MS (NMS), such as pain, orthostatic hypotension,
sleep disturbance, and psychosis, and the adverse effects of
antiparkinsonian drugs limit the medication dose and the
ability to prescribe other antiparkinsonian agents. In
addition to long-term follow-up studies conducted after

randomized clinical trials [3-5], some longitudinal studies
have recently examined MS/NMS hazards in patients with
PD [6-8]. In the present longitudinal study, we followed
up patients for 7.4 years in continuation to our previous
study [9, 10] and investigated the influence of sex, age at
onset, onset symptoms, drug use, and preceding symp-
toms on the prevalence of MS/NMS. We focused on
milestone symptoms affecting quality-of-life changes and
disease progression in a large sample of Japanese patients
with PD in a real-world setting. Therefore, we included
patients with other organic diseases or patients after
treatment for malignancy. Moreover, we added the pre-
ceding MS/NMS as factors in this analysis and examined
the possibility that the symptoms would have predictive
value.
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2. Materials and Methods

2.1. Patients. We enrolled patients who had been diagnosed
with PD at our neurology clinic at Juntendo Hospital in
Tokyo, by a board-certified neurologist using the UK Brain
Bank diagnostic criteria for PD [11], between January and
June 2010, and retrospectively examined the prevalence and
risk of MS/NMS at the “first evaluation [9, 10].” Patients
with dementia with Lewy bodies and other forms of par-
kinsonism were excluded [9]. We followed up the patients
until the “second evaluation” performed between March
2017 and February 2018. The present study was approved by
the Juntendo Hospital Institutional Ethics Committee, and
all patients provided written informed consent.

2.2. Evaluations. In continuation to our previous report,
hospital charts at every visit during the follow-up period
were reviewed by a single author (A. Y.) with regard to the
following events: pain, wearing-off, camptocormia, psy-
chosis, orthostatic hypotension, pneumonia, tube feeding,
and modified Hoehn and Yahr stages (H-Y) 3 (including
2.5) and 4 of the on state, and death. “Onset,” “pain,”
“camptocormia,” “orthostatic hypotension,” and “psycho-
sis” were defined in a previous report [9]. Therefore, pain
and the camptocormia associated with spinal diseases, bone
fractures, and pain due to other diseases were not included in
the events. Other NMS, such as depression and cognitive
impairment, were not examined because their onset was
unclear and the patients were not regularly examined using
tools, such as the NMS questionnaire [12-14]. The daily
levodopa equivalent dose (LED) was calculated as previously
described [15]. The zonisamide and istradefylline LEDs were
unknown and thus could not be included in the total LED.

2.3. Statistical Analyses. Statistical analyses were performed
using SPSS (ver. 20.1; IBM Inc., Chicago, IL, USA). Data are
expressed as the mean (standard deviation [SD]).
Kaplan-Meier (K-M) time-to-event curves and log-rank
tests were used to estimate the absolute risk of each event.
The factors selected were as follows: sex, age at onset (early
onset <60 years or late onset >60 years, divided by the
approximate mean age at onset), onset symptoms (tremor
or others), order of drugs (levodopa first or extra levodopa
first (other antiparkinsonian drugs)), and presence or
absence of other events (pain, wearing-oft, psychosis, and
orthostatic hypotension) before the focused event (for
example, the focused event-pain, occurred in 2016, and the
other event-psychosis, occurred in 2012 and was regarded
as “presence of other event,” occurred in 2017, and was
regarded as “absence of other event”). Cox proportional-
hazards modeling was used to calculate hazard ratios (HRs)
and 95% confidence intervals (CIs) for differences among
the following variables: sex, age at onset, onset symptoms
(tremor or others), duration until the start of drug use
(levodopa, or antiparkinsonian drugs except levodopa),
daily levodopa dose and total LED at first evaluation, and
duration to the other events from disease onset (pain,
wearing-oft, psychosis, and orthostatic hypotension).
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Subgroup analysis was performed based on sex and age at
onset. Proportional hazards were assessed using graph log-
log plots. Statistical tests were two-sided, and the level of
significance was set to p <0.05.

3. Results

Although we enrolled 1,453 patients with PD at the first
evaluation, we excluded patients who did not return during
the follow-up period (Figure 1) and 15 patients who received
a different diagnosis (e.g., nine patients were diagnosed with
progressive supranuclear palsy [16]); this longitudinal study
included data from 1,227 patients (551 men).

All 445 patients were followed up until the second
evaluation; some patients were lost to follow-up due to
progression of symptoms, change in clinic, or unknown
causes. We defined “the last evaluation” as the last visit of all
patients during follow-up.

Clinical findings and medication data for the included
patients are shown in Table 1 and Figure 2. The mean age
(SD) of the 1227 patients at the first evaluation was 67.2 (9.9)
years, the mean age at onset was 57.8 (11.7) years, and the
mean disease duration was 9.3 (6.6) years. The duration from
disease onset to the first clinical day at our hospital, duration
from the first clinical day to the last evaluation at our
hospital, and duration of treatment at all hospitals were 3.4
(6.9), 10.1 (5.7), and 11.7 (6.9) years, respectively. 47.7% of
1227 patients had tremor as the onset symptom. The per-
centages of patients with PD who also had hypertension,
diabetes mellitus, dyslipidemia, cerebrovascular disease, and
malignant tumors were 17.8%, 12.0%, 5.4%, 5.9%, and 6.0%,
respectively. Mean H-Ys were 2.7 (1.1) at the first visit and
3.5 (1.1) at the last evaluation. Apomorphine injection was
administered in 18 cases, and deep brain stimulation (DBS)
in 76 cases. Total LED increased (p <0.001) between the
evaluations, and the LED of DA decreased (p<0.001)
(Table 1) in 445 patients.

The prevalence and mean duration from PD onset to the
examined events are shown in the first column of Table 2.
Figure 3 shows the duration from disease onset to the onset
of each event based on the age at onset. The mean duration
from disease onset to event onset was longer in patients who
had disease onset at a younger age; and those over the age of
80 years at disease onset experienced various events ap-
proximately 5 years after onset.

Survival rates obtained from K-M curves for all events
following PD onset are shown in Table 2 and Figure 4. We
show the significant influencing factors for each event in
Table 2. Cox HRs are shown in Tables 3-5 (subgroup
analysis).

3.1. Pain. The duration from disease onset to pain rates of
25% and 50% was 10.8 (0.5) years and 23.2 (1.5) years, re-
spectively. Log-rank tests revealed that female sex (p = 0.005)
and older age at onset (p <0.001) increased the pain rate.
Early experience of wearing-off, psychosis, and orthostatic
hypotension along with an early start of antiparkinsonian
drugs except levodopa, increased the HRs for pain.
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Original population [9]
The first evaluation in 2010
(retrospective study)
n=1453

other diagnoses =

Patients missed follow-up after first
Patients excluded due to H evaluation

n=211

n=15

(prospective examination)

Patients included in the present study
Prospective study after the first evaluation

n =445

n=1227
Patients were lost to follow-up between
first and second evaluation
n =649
Patients died between the first and
second evaluation period
Patients followed up to the second evaluation n=133
in 2017-2018

FIGURE 1: Flow chart of patients included in the analysis.

3.2. Wearing-Off. The duration from disease onset to
wearing-off rates of 25%, 50%, and 75% was 5.7 (0.2) years,
8.4 (0.2) years, and 13.5 (0.4) years, respectively. Female sex
and symptoms other than tremor at onset (p <0.001) sig-
nificantly increased the wearing-off rate. While female sex,
younger age at onset, symptoms other than tremor at onset,
early start of levodopa, and early experience of pain and
orthostatic hypotension increased the HRs for wearing-off.

Dyskinesia was a prevalent motor fluctuation, with
36.9% at the first evaluation and 44.3% at the last evaluation;
additionally, 94% of the patients with dyskinesia had
wearing off.

3.3. Camptocormia. The duration from disease onset to a
camptocormia rate of 25% was 16.3 (1.3) years. Female sex
(p =0.033) and older age at onset (p = 0.048) significantly
increased the camptocormia rate. Early experience of pain
increased the HRs for camptocormia.

3.4. Psychosis. The duration from disease onset to psychosis
rates of 25%, 50%, and 75% was 10.8 (0.3) years, 16.1 (0.5)
years, and 25.4 (1.7) years, respectively. Older age at onset
(p <0.001) significantly increased the psychosis rate. Older
age at onset, early experience of pain, wearing-off, and
orthostatic hypotension also increased the HRs for
psychosis.

3.5. Orthostatic Hypotension. The duration from disease
onset to an orthostatic hypotension rate of 25% was 23.4
(1.5) years. Male sex (p =0.006), older age at onset
(p<0.001), and wuse of levodopa as first treatment
(p=10.030) significantly increased the orthostatic

hypotension rate. Male sex, early experience of wearing-off
and psychosis, and early start of levodopa increased the HRs
for orthostatic hypotension.

3.6. H-Y 3and 4. The duration from disease onset to an H-Y
3 rate of 25%, 50%, and 75% was 6.1 (0.2) years, 10.5 (0.2)
years, and 15.8 (0.4) years, respectively. The duration from
disease onset to an H-Y 4 rate of 25%, 50%, and 75% was
10.1 (0.3) years, 15.7 (0.4) years, and 23.3 (0.7) years, re-
spectively. Female sex (p =0.016), absence of psychosis
(p<0.0001), and levodopa first significantly increased the
H-Y 3 rate. Older age at onset (p <0.0001) and absence of
wearing-off (p <0.0001) significantly increased the rates of
H-Y 3 and 4. Older age at onset, along with symptoms other
than tremor at onset and early experience of wearing-off,
psychosis, and orthostatic hypotension, increased the HRs
for both H-Y 3 and 4. Early experience of pain increased the
HRs for H-Y 3.

3.7. Pneumonia. Male sex (p = 0.003), older age at onset
(p<0.001), absence of wearing-off (p = 0.011), and use of
levodopa as first treatment (p =0.034) increased the
pneumonia rate. Male sex, older age at onset, and early
experience of orthostatic hypotension increased the HRs for
pheumonia.

3.8. Tube Feeding. Older age at onset (p <0.001), absence of
wearing-off (p = 0.027), and use of levodopa as first treat-
ment (p = 0.048) increased the tube feeding rate. Older age
at onset and early experience of orthostatic hypotension
increased the HRs for tube feeding.
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TaBLE 1: Clinical findings and prescribed drugs of the enrolled 1227 patients with Parkinson’s disease and the 445 patients followed up

through the second evaluation.

All cases
n=1227

Follow-up to the second evaluation
n =445

First evaluation

Last evaluation

Paired t-test

Second evaluation p (st and 2nd)

First evaluation

Follow-up years 44+29 74+12
Age at onset years 57.8+£11.7 549+12.3
Age years 67.2+9.9 71.5+£9.5 62.5+10.7 69.8+10.5
Sex (female) 676 55% 249 56%
Hoehn and Yahr stage 27+11 35+1.1 230+1.1 33+11 <0.001
Total LED mg 756 +£423.0 873.6£384.3 697.8 £433.0 896.5+367.2 <0.001
Dopamine agonist LED mg 149.5 £ 140.9 104.3 +138.0 189.7 +£153.0 131.9 £ 146.1 <0.001
Levodopa n 1088 1202 356 434
P mg 541.9 £ 303.7 655.9+287.1 479.3 +£288.3 636.6 +259.2 <0.001
Pramipexole n 777 312 299 92
P mg 20+1.3 23+1.1 20+1.3 23+1.1
Ropinirole n 184 122 80 68
P mg 7.3+3.2 8.8+2.9 8.0+£3.7 10.0+3.8
- n — 149 — 97
Rotigotine mg - 8.1+4.0 - 83+41
Percolide n 325 39 108 8
& mg 1.0£0.5 1.0+£0.2 1.0£0.5 1.3+£0.2
Cabergoline " 329 12 117 0
mg 24+13 2.6+0.3 27+1.4 0
Seleiline n 517 228 178 103
& mg 49+28 51+22 51+£29 52+24
Entacapone n 264 372 100 192
P mg 486.2+229.2 533.6+285.1 502.1 £240.0 535.2+319.0
. n — 75 — 50
Istradefylline mg - 299+7.6 - 29.6+9.9
. . n 480 169 168 42
Trihexyphenidyl mg 32+19 27+1.0 3.6+21 33+1.0
Amantadine n 320 106 150 110
mg 166.7 £91.1 176.0 £85.3 181.7 £94.4 194.3+91.8
Zonisamide n 106 291 46 151
mg 10.9+25.0 444+249 454+17.5 47.3+30.0
Droxidopa n 105 79 27 30
p mg 382.9+118.9 498.1+134.6 396.4+107.3 464.5+127.9
Cholinesterase inhibitor n 89 259 13 87
Memantine n — 89 — 40
Midodrine n 44 66 11 23

3.9. Death. A total of 133 patients (70 women) died between
the first and second evaluations due to PD-related causes,
including aspiration pneumonia due to disease progression
(n=63), malignant tumors (n=11), other diseases (n =32),
or unknown causes (n=27). The mean age among these
patients was 74.5 (8.1) years, while age at onset was 61.0
(11.9) years. The mean H-Y at the first evaluation was 3.1
(1.1), while the mean H-Y at the last examination was 4.1
(0.8). The mean body mass index was 19.3 kg/m2 (normal
range: 18.5-25.0 (BMI JAPN) [17]), and it was not lower
than that of the other patients (data not shown). The du-
ration between psychosis onset and death was 5.2 (4.0) years,
while the duration between pneumonia onset and death was
1.3 (1.9) years. Older age at onset (p < 0.001), absence of pain
(p = 0.039), absence of wearing-off (p = 0.003), and pres-
ence of psychosis (p = 0.041) decreased cumulative survival.
Older age at onset, early experience of pain, and orthostatic
hypotension increased the HRs for death.

4. Discussion

In this study, we assessed MS/NMS, disease progression, and
treatment among Japanese patients with PD. While the ratio
of women to men was higher in our study, as in a previous
Japanese study, our results indicated that age at PD onset was
higher in women than in men, in accordance with previous
findings [18, 19]. Female patients were at risk of experiencing
wearing-off and reaching H-Y 3 and 4, while male patients
were at risk of orthostatic hypotension and pneumonia. Early-
onset PD was a risk factor for wearing-oft. Older age at onset
was a risk factor for orthostatic hypotension, psychosis, H-Y 3
and 4, pneumonia, tube feeding, and death. Symptoms other
than tremor at onset were a risk factor for wearing-off and
H-Y 3 and 4. Female patients who experienced pain were at a
risk of camptocormia, psychosis, and death.

Previous studies have reported that motor fluctuations
occur in 50% or more of patients with PD treated for longer
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FIGURE 2: Daily levodopa dose and levodopa equivalent dose for DA based on age at each evaluation. (a) Daily dose of all 1227 patients
included in this study, provided that at the last evaluation, the period of follow-up varied. (b) Daily dose of 445 patients who were followed
up until the second evaluation. DA: dopamine agonists, LED: levodopa equivalent dose.

than 5 years [20, 21]. In one previous study, the rate of
wearing-off was 21.3% in the 5th year, 59.4% in the 10th year,
and 73.2% in the 15th year [18], similar to the present
findings. Likewise, in our study, female sex and earlier onset
were risk factors for wearing-off [20], which may have been
due to lower body weight among women. In this study, the
daily doses at first evaluation were significantly different
(p<0.01) between men (8.6 mg/kg) and women (10.5 mg/
kg). In addition, the daily doses were significantly different
(p <0.001) between the group with wearing-off (11.7 mg/kg)
and the group without wearing-off (7.0 mg/kg). However, no
differences were observed in the body mass index. Regarding
dyskinesia, the daily levodopa dose/kg in the patients with
dyskinesia was significantly higher (p <0.001) than in those
without dyskinesia. Higher levodopa bioavailability in
women [22] might explain the higher rate of motor com-
plication. In our study, earlier initiation of levodopa treat-
ment increased the risk of wearing-off, whereas the order in
which drugs were prescribed (levodopa or other drugs) did
not affect wearing-oft. Clinical trials studies [3-6] reported
no differences in the onset of wearing-oft over 10 years of
follow-up. The nominal (actual) dose of levodopa at the
onset of wearing-oft was associated with the HRs [23], al-
though levodopa dose at the first evaluation and the cu-
mulative dose of levodopa until the onset of wearing-off
were not a risk factor in our study [10]. As in the Italian and
Ghanaian studies, longer disease duration rather than the
duration of levodopa therapy exposure was associated with
wearing-off [24].

Previously, we reported that there was an association
between nonergot DA and camptocormia [9], leading us to
decrease or discontinue suspicious nonergot DA adminis-
tration at earlier states in many patients in this study. In this
study, pramipexole treatment was discontinued in 54% of

patients due to not only camptocormia, but also increased
psychosis and sleepiness, or dopamine dysregulation syn-
drome. The LED of DA was decreased from 19.8% of the
total LED to 11.9% from the first to the second evaluation.

A pathology-based study revealed that hallucinations are
one of the developmental milestones leading to death [25].
Conversely, a previous study reported that hallucinations
occur more frequently among patients with early PD treated
with DA than among those treated with placebo or levodopa
[26]. Mini Mental State Examination (MMSE) scores de-
creased from 22.0 (9.3) (n=167) at the first evaluation to
15.7 (11.7) at the second evaluation of patients with psy-
chosis in this study. In contrast, MMSE scores decreased
from 25.6 (7.5) (n=118) to 22.2 (11.5) among patients
without psychosis. Although this difference was not sig-
nificant, this suggests that patients with psychosis exhibit
more rapid cognitive decline than patients without psy-
chosis. In our previous first evaluation study [9], HRs of
psychosis were not significant in the cumulative dose of total
dopamine agonist and cumulative dose of trihexyphenidyl,
amantadine, or selegiline until the onset of psychosis; and
early start of antiparkinsonian drugs, except for levodopa,
did not induce psychosis; therefore, we assumed that these
drugs did not increase psychosis rate. There were no dif-
ferences in the HRs between patients treated with levodopa
first and those treated with other drugs first; in our study,
although many patients had to discontinue or decrease the
doses of drugs other than levodopa. NMS might lead to use
of levodopa as the main treatment.

Autonomic dysfunction is associated with an increased
risk of more rapid progression in patients with PD [27, 28].
In our study, orthostatic hypotension, as a factor, had greater
influence than did the other analyzed symptoms or timing of
drugs on the analyzed events, such as disease progression or
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Parkinson’s Disease
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Based on age at onset group

§ Pain

8§ Wearing-off
§ Camptocormia
§ Psychosis

Orthostatic hypotension £ Prevalence <50%
# Hoehn & Yahr stage 3 ‘
# Hoehn & Yahr stage 4
§ Pneumonia

‘ Prevalence >50%

FIGURE 3: Duration from disease onset to each event based on age at onset. Squares indicate the duration from onset to death, while arrows

indicate the mean duration from onset to each event.
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F1GURE 4: Kaplan—-Meier time-to-event curves for motor and nonmotor symptoms and death.

death, and these results might be linked to the network
deterioration in cortical regions in patients with autonomic
dysfunction [29]. The lack of tremor symptoms at onset

predicted poor prognosis in a Cox proportional-hazards
analysis [2, 30]. NMS profile and severity varied according to
the motor phenotype. In the PD population, patients with a
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postural instability gait disorder phenotype who have more
axial involvement associated with advanced disease and poor
motor response have a higher risk of higher NMS burden
[31]. Male sex, especially in elderly patients, was a primary
risk factor for orthostatic hypotension. The rate of male
patients without tremor symptom at onset was higher than
that of female patients (p < 0.05).

In our study, disease progression to H-Y 3 was slower
than that reported by a previous Japanese study (30.2%,
57.2%, and 83.5% by the end of the 5th, 10th, and 15th years,
respectively) [18]. In accordance with previous findings [18],
female sex was among the risk factors for progression to
H-Y 3 in this study. The progression to H-Y 3 and 4 was
slower in men than in women, possibly because of the
postural instability being dominant in women [32]. The
previous study reported death rates of 0.7%, 10.2%, and
18.7% by the end of the 5th, 10th, and 15th years [18], which
were higher than in our study.

We believe that the patients received the best treatments
available at that time, as the H-Y improved for some period
in many patients over the course of the study. In Japan,
nonergot DAs, pramipexole, immediate- and extended-
release ropinirole, and rotigotine were launched between
2004 and 2013. Coverage for DBS also began in 2000, while
the nondopaminergic parkinsonian drugs entacapone,
zonisamide, and istradefylline became available between
2009 and 2013. Long-term care insurance started in 2000 and
supported daily rehabilitation of patients in their homes or
neighborhood facilities and monitoring of medication
compliance. This improved insurance system or increase in
treatment options may explain the relative improvements
observed in this study.

This study possesses some limitations of note. Although
we conducted a longitudinal analysis, retrospective data
were included in the first evaluation and were mixed with
the prospective data of the second evaluation. We included
lack of follow-up data for numerous patients, many of
whom were unable to attend follow-up visits due to pro-
gression of symptoms or change of the local treating
physician. We did not remove the confounding factors
from this real-world setting study, which was not con-
trolled. We included neither the clinical scale of MS (i.e.,
unified Parkinson’s disease rating scale) nor the scale of
non-MS$/signs such as cognition, mood disorders, and
rapid eye movement sleep behavior disorders. The causes of
death were determined based on clinical rather than
pathological findings. In addition, we did not utilize
questionnaires to assess presence of some symptoms, so the
prevalence rates for some events may have decreased. Our
population involved uncontrolled heterogenous patients of
Japanese ethnicity, who came to our hospital even from
distant areas (the hospital is conveniently located to be
reached from various areas).

5. Conclusions

In conclusion, we investigated the duration and prevalence
of various symptoms, complications, and death in a large
cohort of patients with PD in a real-world setting. Our
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results indicated that age and sex and certain symptoms may
predict many PD-related events.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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