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Abstract
Background: Patients with Parkinson’s disease (PD) receiving levodopa treatment often report the motor
complications including wearing-off (WO), dyskinesia and morning akinesia phenomena. Since motor
complications are associated with a decrease in patient quality of life (QoL), it is important to identify its
occurrence and commence immediate management. This study investigated whether differences in the
perception of motor complications exist between patients and their physicians in routine clinical practice.

Methods: Following an internet-based screening survey, questionnaires were distributed to physicians and
their patients in Japan. The 9-item Wearing-off Questionnaire (WOQ-9) assessed the presence of WO
objectively; patients with WOQ-9 scores ≥2 were considered to have WO. McNemar’s tests were used to
compare physician assessment with the WOQ-9, patient self-awareness with physician assessment, and
patient self-awareness with the WOQ-9, separately. Morning akinesia, dyskinesia, and QoL were also
assessed.

Results: A total of 235 patients with PD and their 92 physicians participated in this survey. A signi�cant
discordance was observed between the WOQ-9 and physician assessment of WO (67.2% vs 46.0%;
p<0.0001). Furthermore, patient self-awareness of WO was 35.3% (p=0.0004, vs physician). Morning
akinesia (patient, 58.7%; physician, 48.9%; p=0.0032), dyskinesia (patient, 34.0%; physician, 23.4%;
p=0.0006), and bodily discomfort (patient, 25.0; physician, 0.0; p=0.0102) of QoL were underrecognized
by physicians.

Conclusions: This study investigated differences in the perception of WO between patients with PD and
their physicians in routine clinical practice and highlighted that patients have a low awareness of the
symptoms of WO compared with physician assessments and the WOQ-9. Conversely, morning akinesia,
dyskinesia, and bodily discomfort were underrecognized by physicians.

Background
Parkinson’s disease (PD) is a complex, heterogeneous, neurodegenerative disease [1] characterized by
progressive motor symptoms, including tremor, rigidity, and bradykinesia, with postural instability often
appearing as the disease progresses [2]. PD is also associated with various nonmotor symptoms, such as
cognitive and psychiatric disturbances, autonomic dysfunction, sleep disorders, pain, fatigue, and
olfactory dysfunction [1]. Since PD is an incurable progressive condition, the aim of treatment is to
control symptoms for as long as possible, improve mobility and function, and maintain overall patient
quality of life (QoL) [3].

International guidelines, including those of the Japanese Society of Neurology, recommend either
levodopa or a dopamine agonist for the symptomatic treatment of PD [4, 5]. As the disease progresses,
most patients receiving long-term treatment with levodopa will develop motor complications [6, 7].
Frequently, the �rst motor complication to appear is the “wearing-off” (WO) phenomenon, where the
symptomatic bene�t of a certain dose of levodopa is not maintained until the next dose; other motor
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complications include dyskinesia in the intermediate stage and complex motor �uctuations in the
advanced stage [7]. The occurrence of WO increases gradually, with the majority of patients with PD
developing WO within 10 years after initiation of levodopa therapy [8]. WO has also been shown to be
common in the early stages of PD. Results from a survey conducted in an Asian population reported that
29% of patients with levodopa duration of < 1 year experienced WO, which increased to 68.3% after > 10
years of treatment [9]. Since the occurrence of WO is associated with a decrease in patient QoL [8], it is
important to identify its occurrence and commence immediate management.

The recognition of WO symptoms, which has typically relied on physician judgment, can be challenging,
especially in the early stages of disease, and may therefore be overlooked in routine clinical practice [8,
10, 11]. Results from a survey that explored issues around WO and QoL reported that although the
majority of patients (87%) stated that they understood what “WO” meant, only 30% of patients provided
correct answers on further questioning [12]. Since the early detection of initial motor complications is
essential for timely assessment, to optimize therapy and to improve quality of care and patient outcomes,
several questionnaires have been developed to improve the recognition of WO. The 32-item Wearing-off
Questionnaire (WOQ-32) consists of a checklist of symptoms for patients to check and asks if their
symptoms improve with medication [10]. For practical reasons, this questionnaire was adapted to a 19-
item questionnaire (WOQ-19) and later a 9-item questionnaire (WOQ-9), which had the same features but
was more suitable for routine clinical use [13, 14].

WO has been shown to be underestimated by physicians. Indeed, results from two trials reported that
patients identi�ed the presence of WO by the self-administered WOQ-9 [11] and WOQ-19 [8] more
frequently than physicians during neurological evaluation. Although several studies have examined the
potential differences in the perception of WO between patients and physicians [8, 10, 14], detailed
investigations, particularly in Japan, are lacking. We aimed to explore whether there were any differences
in the perception of WO, as well as other health-related outcomes, between patients with PD and their
physicians, as assessed in routine clinical practice in Japan.

Methods

Study design
This was an observational, cross-sectional study conducted in Japan. This study was compliant with the
local laws and regulations and was performed in accordance with the guidelines for Good
Pharmacoepidemiology Practices in noninterventional studies and the Japan Ethical Guidelines for
Medical and Health Research Involving Human Subjects.

This study was approved by the external institutional review board of the nonpro�t organization MINS
(Tokyo, Japan.
Approval #180205).

Study methods
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A preliminary internet-based screening survey was �rst conducted to select physicians who had treated
more than �ve patients per month. The study then consisted of two sequential periods. First, a screening
was conducted to determine physician eligibility and interest in participating in this study over the
internet. Second, the main survey was conducted, which consisted of instructions for physicians
(Supplementary Table 1), patient demographics and disease characteristics, the WOQ-9 for completion by
patients, and the 8-item Parkinson’s Disease Questionnaire Summary Index (PDQ-8 SI) for completion by
both physicians and patients (Supplementary Table 2–4). Data were collected for matched pairs.

Selected physicians received the sealed patient questionnaires, which were given to patients who ful�lled
the study inclusion criteria. Physicians did not know the contents of the patient questionnaire. Each
physician was required to recruit at least three patients during the study period. Both patients and their
physicians were required to complete the questionnaires within 14 days of the clinic appointment. The
completed patient and physician questionnaires were collected separately by mail. No speci�c questions
on adverse events were included in the survey.

Eligibility
Adult patients with a con�rmed diagnosis of idiopathic PD who had received any treatment for PD
continuously for > 1 year and were willing and able to provide informed consent were included in the
study.

Physicians who had treated at least �ve patients per month and were willing and able to provide informed
consent were also included in the study.

Patients unable to complete the questionnaires by themselves and who had no support for questionnaire
completion from caregivers were excluded from the study. In addition, patients and physicians who were
unable to submit the questionnaires within 14 days after the clinic appointment were also excluded.

Study endpoints
The primary endpoint was to compare the proportion of patients identi�ed as having WO by the WOQ-9
and by physician assessment. In our previous study [15], the Japanese version of WOQ-9 with one
positive response showed high sensitivity (94.1%), low speci�city (39.2%), and reasonable accuracy
(70.0%) for diagnosing WO. With more than two positive responses, the sensitivity of the WOQ-9
decreased from 94.1–87.1%, while speci�city increased from 39.2–72%, and accuracy for detecting WO
also increased from 70.0–81.4%. Therefore, patients with WOQ-9 scores ≥ 2 were considered to have WO
in this study.

Secondary endpoints included a comparison of the differences between patient self-awareness of WO
and physician assessment of WO, an assessment of the differences in the reporting of morning akinesia
and dyskinesia between patient self-assessment and physician judgment, and an evaluation of the
reported differences in QoL between patient self-assessment and physician judgement, as assessed by
the PDQ-8 SI.
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Sample size calculation and statistical analyses
It was estimated that recruitment of approximately 600 physicians would be feasible. Based on a
cooperation rate of 20%, each physician recruited at least three patients. The return rate of matched pairs
of the questionnaires was estimated to be 60%. Based on these assumptions, the number of patients
required for appropriate statistical power was approximately 210: 600×20% (cooperation rate)×60%
(paired)×3 patients (per physician) = 216. A previous study reported that 15.1% of patients were identi�ed
as having WO by WOQ-9 questionnaire who were not identi�ed by neurologists, and 2.0% were identi�ed
as patients with WO by neurologists who were not identi�ed by WOQ-9 questionnaire even in specialized
centers [16]. Assuming discordance rates of 15% and 2%, a sample size of 76 was considered su�cient
to detect differences in the reporting of WO between physicians and patients using the McNemar’s test
with a type I error rate of 5% and power of 80%. Therefore, a total of 210 patients and 70 physicians were
required for study enrollment. Descriptive statistics were used to describe patient demographic data of all
patients who met the inclusion criteria and returned their questionnaires.

The primary endpoint was evaluated using the McNemar's test. In addition, the kappa coe�cient and 95%
con�dence interval were estimated for the proportion of patients identi�ed with WO. Secondary endpoints
that included differences in the reporting of morning akinesia and dyskinesia between patient self-
awareness and physician assessment were evaluated using the McNemar’s test. The difference in PDQ-8
SI score, as assessed by patients and physicians, was evaluated using t test or the Wilcoxon rank-sum
test after determination of data distribution by the Shapiro-Wilk test.

Results

Patient demographics and baseline clinical characteristics
Overall, 237 patients with PD and 92 physicians were enrolled in the study from multiple centers across
Japan between April 2018 and October 2018. Two patients were excluded as they were not taking any
medications for PD; therefore, a total of 235 patients and 92 physicians participated in the study.

Table 1 shows the demographics and clinical characteristics of the patient population. The mean age of
patients was 74.0 years, and 51.9% were women. The average age at PD diagnosis was 65.3 years, and
the mean duration of PD was 8.5 years. The majority of patients were in Hoehn and Yahr (H&Y) stage 3
(25.5%) or stage 4 (26.8%); 9.4% of patients were in H&Y stage 5.

Table 1Patient demographics and baseline clinical characteristics.
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Characteristic  N=235Age, mean (SD), years 74.0 (9.4)<65, n (%)  31 (13.2)≥65, n (%) 204 (86.8)Age at PD diagnosis, mean (SD)*, years 65.3 (10.8)Duration of PD, mean (SD), years  8.5 (6.2)Female, n (%) 122 (51.9)H&Y stage, n (%)  1 27 (11.5)2 30 (12.8)3 60 (25.5)4 63 (26.8)5 22 (9.4)Current employment status, n (%)   Full-time 19 (8.1)Part-time 10 (4.3)Housekeeping 54 (23.0)Not working 152 (64.7)Consultation time, mean (SD), minutes 15.8 (10.8)H&Y: Hoehn and Yahr; PD: Parkinson’s disease; SD: standard deviation.Unknown/missing data are not listed.*When the age was the same as the age at diagnosis, the age at diagnosis was regardedas missing data. 
Presence of WO
The WOQ-9 identi�ed the signs and symptoms of WO in 67.2% of cases (Table 2). WO was observed in
46.0% of cases by physician assessment and in 35.3% of cases by patient self-awareness (Table 2). The
discordance between patient self-awareness and physician assessment was observed in 49 cases
(20.9%; p = 0.0004); 37 cases (15.7%) underrecognized and 12 cases (5.2%) overestimated their WO
compared with the physician assessment (Table 3). The discordance between patient self-awareness and
the WOQ-9 and physician assessment and the WOQ-9 was observed in 99 cases (42.1%; p < 0.0001, sum
of 12 and 87 cases) and 92 (39.1%; p < 0.0001, sum of 21 and 71 cases), respectively (Table 4).

Table 2Differences in the perception of WO, morning akinesia, and dyskinesia between patientsand their physicians. 
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Total N=235  Patient self-awareness Physicianassessment WOQ-9 McNemar’stest  n % n % n %  WO 83 35.3 108 46.0 158 67.2 p < 0.0001*Morningakinesia 138 58.7 115 48.9 NA p = 0.0032#
Dyskinesia 80 34.0 55 23.4 NA p = 0.0006#NA: not applicable; WO: wearing-off; WOQ-9: 9-item Wearing-off Questionnaire.Patients with WOQ-9 scores ≥2 were regarded as having WO.*Physician assessment versus WOQ-9.#Patient self-awareness versus physician assessment.

Table 3
Differences in the perception of WO, morning akinesia, and dyskinesia between patient self-awareness and physician assessment

    Patient self-awareness McNemar’s test
    Yes No  WO        p = 0.0004Physician   assessment Yes 71 (30.2) 37 (15.7)No 12 (5.1) 115 (48.9)Morning akinesia        p =0.0032Physician   assessment  Yes 96 (40.9) 19 (8.1)No 42 (17.9) 78 (33.2)
Dyskinesia        p =0.0006Physician   assessment Yes  41 (17.4) 14 (6.0)No 39 (16.6) 141 (60.0)
WO: wearing-off.All data are presented as n (%).

 
Table 4
Differences in the assessment of WO between patient self-awareness and physicianassessment based on patient’s WOQ-9
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    Patient WOQ-9 McNemar’s test
    Yes No  Patient self-awareness Yes 71 (30.2) 12 (5.1) p < 0.0001No 87 (37.0) 65 (27.7)Physician assessment  Yes 87 (37.0) 21 (8.9) p < 0.0001No 71 (30.2) 56 (23.8)
WO: wearing-off; WOQ-9: 9-item Wearing-off Questionnaire.All data are presented as n (%).Patients with WOQ-9 scores ≥2 were regarded as having WO.

Presence of morning akinesia
Morning akinesia was observed in 115 patients (48.9%) by physician assessment and in 138 patients
(58.7%) by patient self-awareness (p = 0.0032; Table 2). The presence of morning akinesia was
underrecognized by physicians in 42 cases (17.9%), while by patients in only 19 cases (8.1%) (Table 3).

Presence of dyskinesia
Differences in the presence of dyskinesia were observed between physician assessment (n = 55, 23.4%)
and patient self-awareness (n = 80, 34.0%; p = 0.0006; Table 2). The presence of dyskinesia was
underreported by physicians in 39 patients (16.6%); in contrast, only 14 patients (6.0%) were not self-
aware of their dyskinesia (Table 3).

QoL assessed by patients and physicians (PDQ-8 SI)
No signi�cant differences were observed between physician and patient assessment of QoL with the
exception of bodily discomfort, which was poorly recognized by physicians (patient median, 25.0 vs
physician median 0.0; p = 0.0102, Table 5). The PDQ-8 SI score as assessed by patients who did not
consider the presence of WO by patients, physician, or WOQ-9 was 25.6; that score as assessed by
physicians was 28.5 (Supplementary Table 5). On the other hand, even when patients did not consider
themselves experiencing WO, the population whom both physicians and WOQ-9 assessed as having WO
shows worsened QoL (PDQ8 SI scores are 37.7 and 39.4 assessed by patients and physicians,
respectively).

The population in whom patients themselves were aware of morning akinesia, but physicians did not
assess the presence of morning akinesia, had worsened QoL (39.9 and 43.2) compared with the
population whom both patients and physicians considered the absence of morning akinesia (23.5 and
20.7 assessed by patients and physicians, respectively. Supplementary Table 6).

Table 5 
Quality of life as assessed by patients and physicians (PDQ-8).
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8 Patient Physician p valueMean (SD) Median   (min, max) Mean (SD) Median   (min, max)ity 60.5 (35.5) 75.0 (0, 100) 62.1 (33.5) 75.0 (0, 100) 0.5812ties of daily living 54.4 (36.5) 50.0 (0, 100) 55.4 (35.2) 50.0 (0, 100) 0.4868onal well-being 37.0 (31.4) 25.0 (0, 100) 35.5 (30.2) 25.0 (0, 100) 0.5284l support 23.6 (30.8) 0.0 (0, 100) 25.7 (29.6) 25.0 (0, 100) 0.3386tion 33.5 (31.8) 25.0 (0, 100) 31.7 (30.8) 25.0 (0, 100) 0.4577munication 33.5 (32.9) 25.0 (0, 100) 30.6 (31.5) 25.0 (0, 100) 0.1115y discomfort 25.1 (29.8) 25.0 (0, 100) 20.1 (28.4) 0.0 (0, 100) 0.0102a 28.4 (30.8) 25.0 (0, 100) 30.2 (29.0) 25.0 (0, 100) 0.3281mary index 36.9 (24.5) 34.4 (0, 100) 36.4 (24.3) 34.4 (0, 100) 0.7532
PDQ-8; 8-item Parkinson’s Disease Questionnaire; SD; standard deviation.
Discussion
Although levodopa is still recognized as the most effective medication for PD, long-term treatment is
often associated with motor complications [17], which impair daily living and have a negative impact on
a patient’s QoL. Since WO is generally the �rst motor complication to develop, its early identi�cation is of
great importance for the timely optimization of therapy [8].

The overall prevalence rate of WO in this study was 35.3% (Table 2), which was nearly identical to that
reported in another Japanese survey in 407 patients from the Japan Parkinson Disease Association,
where 36% of patients, with a mean age of 69 years and disease duration ranging from 3–9 years,
reported WO [18]. Results from this study highlighted the low awareness of WO among patients
compared with both the physician assessment and the WOQ-9, which suggests that patients do not easily
recognize the early signs of WO. In line with previous reports [10, 11], our study con�rmed that differences
in the perception of WO exist between patients and their physicians, as evidenced by the fact that WO
was observed in 46.0% of patients by physician assessment and in 35.3% of patients by patient self-
awareness. On the other hand, WOQ-9 could detect WO with high sensitivity. The WOQ-9 identi�ed WO in
67.2% of patients compared with the physician assessment that identi�ed WO in only 46.0% of patients
(Table 2). We considered that patients with WOQ-9 scores ≥ 2 were having WO according to our previous
study [15], which showed that sensitivity and speci�city for WOQ-9 scores ≥ 2 were 87.1% and 72.2%,
respectively, while those for WOQ-9 scores ≥ 1 were 94.1% and 39.2%, respectively. Therefore, WOQ-9
scores ≥ 2 might help the avoiding false positive and maintain high sensitivity. These �ndings may be
attributable to the clear and concise nature of the WOQ-9, which makes it quick and simple to use. In
contrast, busy physicians may not always have su�cient time to adequately ask their patients about
potential symptoms of WO [10]. Therefore, the WOQ-9 can be an effective screening tool that aids in the
diagnosis of WO in patients with PD.
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Morning akinesia, which is common in patients with PD, not only causes signi�cant disability but also
has a negative impact on a patient’s QoL [19, 20]. Indeed, results from a European, multicenter,
observational study reported that up to 60% of patients experience morning akinesia, which prevents
them from performing morning routines [20]. In our study, patients recognized morning akinesia to a
greater extent than physicians, with 58.7% of patients reporting morning akinesia compared with 48.9%
of physicians (Table 2). This �nding is in line with the results of an Italian survey in 151 consecutive
patients, which reported that 64.2% of patients were able to recognize morning akinesia [21]. Taken
together, these �ndings suggest that patients easily recognize the presence of morning akinesia and are
therefore more likely to discuss any concerns with their physicians [19]. Moreover, results from our study
showed that patients were far more likely to recognize morning akinesia than WO. In contrast, physicians
reported similar rates of akinesia and WO (48.9% and 46.0%, respectively). Consequently, there may be a
perception among some physicians that patients are able to identify the early symptoms of WO as easily
as those of morning akinesia; however, due to the heterogeneity of the signs and symptoms of WO,
patients frequently underrecognize WO, a �nding that was observed in our study [10].

Episodes of dyskinesia are a major challenge in the long-term management of patients with PD [22]. It is
therefore unsurprising that troublesome dyskinesia was reported by 34.0% of patients, an observation
that corroborates �ndings from previous studies where treatment-induced dyskinesia occurred in 28.0–
40.0% of patients [6, 22]. Dyskinesia, as well as morning akinesia, were underreported by a greater
number of physicians compared with patients, highlighting the need for careful and accurate sharing of
information between patients and their physicians.

Since PD signi�cantly impacts health-related QoL, this study used the PDQ-8 to assess health-related
QoL. As expected, PD had a negative impact on patient QoL, which was, in general, consistently reported
by both patients and physicians. Interestingly, bodily discomfort was poorly recognized by physicians, a
�nding that may be attributable to a number of reasons, including the patient's disease pro�le, pain
threshold, the part of the body examined, and the timing of assessment in relation to drug administration
[23, 24].

The results from this study showed worsened QoL among patients for which both physician and WOQ-9
assessments were positive but patient self-assessments were negative compared with patients for which
physician and WOQ-9 assessments and patient self-assessments all were negative (Supplemental
Table 5). These data support the hypothesis that patients often underestimate their WO, and therefore,
which worsened QoL without awareness. Regarding morning akinesia, worsened QoL was observed
among patients for which patient self-awareness was positive but physician assessment was negative
compared with those for which both patient self-awareness and physician assessment were negative
(Supplemental Table 6). Interestingly, PDQ-8 SI assessed by patients and physicians showed similar
scores, which suggests that physicians realized the deteriorated QoL of patients, but did not consider
their morning akinesia as the reason of it.
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There are some limitations to our study. First, there are limitations inherent to these types of surveys, and
some patients may have been unable to complete the questionnaires because of their physical
restrictions. In addition, this survey may have been susceptible to biases such as responder bias, recall
bias, and interviewer bias. Along with the well-known limitations of noninterventional and cross-sectional
studies, the sample size was also relatively small. Finally, as the focus of the study was on Japan, the
generalizability of the results is unclear. However, despite these limitations, results from this study
emphasize the importance of using effective screening tools, such as the WOQ-9, to aid physicians in the
diagnosis of WO. Moreover, these �ndings highlight the need for an open dialogue and effective
communication and collaboration between patients and physicians. In addition, recent advances in
digital technology and biotechnology have led to the development of many types of wearable sensor
systems, enabling the continuous long-term monitoring of motor complications [25, 26]. These sensors,
which are unobtrusive and accurate, should further assist physicians in diagnosing and managing the
symptoms of WO.

Conclusions
This study, which investigated differences in the perception of WO between patients with PD and their
physicians in routine clinical practice, highlighted that patients have a low awareness of the symptoms of
WO compared with physician assessment and the WOQ-9. Conversely, morning akinesia, dyskinesia, and
bodily discomfort were underrecognized by physicians.

The use of an objective measure to evaluate WO, such as the WOQ-9, combined with improved patient
education and awareness of PD treatments and their associated complications, is of paramount
importance for effective patient-physician communication and ultimately to enhance patient care and
treatment outcomes.
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