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Validation of a mobile application for detecting wearing-off in patients with 

Parkinson’s disease; a prospective, blind comparison to a gold standard study 

 

Treesuda Lamyai MD, Parnsiri Chairangsaris, MD ,Divison of neurology, Department of 

medicine, Phramongkutklao Hospital, Bangkok, Thailand 

 

 

Abstract 

 

Background: Treatment of Parkinson‟s disease is mainly symptomatic treatment with 

dopaminergic therapy. Complications of dopaminergic treatment include motor and non-

motor fluctuations become the major problems experienced by patients. Thai Parkinson‟s 

disease and movement disorders society developed an application in Thai language for 

tablets and smart phones to detect wearing-off (WO) in Parkinson‟s disease patients but 

never before validated as a tool for diagnosis of WO. 

 

Objectives: This study purposed to determine 1) whether the application is a useful tool to 

assist physicians to detect WO in clinical practice 2) the relationship between the results of 

application and factors concerning the clinical condition and course of the disease 3) 

relative frequency of the symptoms associated to WO as assessed by the application. 

 

Methods: This prospective, blind comparison, cross-sectional study conducted at 

Phramongkutklao hospital. The sensitivity and specificity of the application to detect WO 

were determined by comparing the identification of WO by the clinical evaluation 

performed by neurologists. 

 

Results:   A total of 125 patients were included in this study. According to the criterion, 

51(40.8%) and 81(64.8%) had WO detected by clinical diagnosis and by application, 

respectively. The application showed a sensitivity of 100%, specificity of 59.5%, PPV of 

63%, NPV of 100%. Patients with WO were on a significantly younger than those without 

wearing off and also longer disease duration.  

 

Conclusion:  The results of the studies indicate that the WO detecting application for Thai 

patients has a potentially useful role in everyday clinical practice, providing both patients 

and clinicians with a convenient and useful adjunct to clinical practice. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 



6 

 

Validation of a mobile application for detecting wearing-off in patients with 

Parkinson’s disease; a prospective, blind comparison to a gold standard study 
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medicine, Phramongkutklao Hospital, Bangkok, Thailand 

 

 

Introduction 

 Parkinson‟s disease (PD) is a complex neurodegenerative disorder characterized by 

motor manifestations. Parkinson‟s disease is also associated with a wide variety of non-

motor symptoms, such as sleep disorders, autonomic, gastrointestinal, neuropsychological, 

sensory, and other kind of symptoms, some of which precede the motor symptoms by more 

than a decade.
1
  

 The treatment of idiopathic Parkinson‟s disease is symptomatic treatment with 

dopaminergic therapy, especially in the early stages is usually associated with significant 

improvements in disability.  Over time, however, complications of the interaction between 

disease progression and chronic dopaminergic treatment include motor and non-motor 

fluctuations, and dyskinesia can limit function and reduce quality of life which becomes the 

major problems experienced by patients. 

 
 
Wearing-off is one subtype of motor fluctuations and easily recognized when 

expressed as motor fluctuation, but if manifested as non-motor symptoms might go 

unnoticed. Clinical diagnosis of wearing-off was considered the gold standard but many 

studies have verified whether questionnaires answered by patients are helpful to enhance 

the detection of wearing-off.
 2

 The short versions sought to reduce the respondent burden 

while retaining the ability to effectively identify wearing-off.
3,4

 

 Since 2016, Thai Parkinson‟s disease and movement disorders society (Thai-

PDMDS) developed an application which contained questions of 9 wearing-off symptoms 

in Thai language (text and voice) for tablets and smart phones to detecting wearing-off in 

Parkinson‟s disease patients. Wording in the application was adapted from the Thai 

wearing-off questionnaire for more convenient for Thai people. The purpose of this study is 

to assess whether the application is a useful tool to assist physicians to detect wearing-off in 

clinical practice. The sensitivity and specificity of the application to detect wearing-off were 

determined by comparing the identification of wearing-off by the clinical evaluation 

performed by neurologists.  

 

Objectives 

 

 To determine (1) the ability (sensitivity and specificity) of the Thai-PDMDS 

application as a tool for diagnosis of wearing-off in Thai population with Parkinson‟s 

disease in the setting of routine clinical practice; (2) the relationship between the results of 

application and factors concerning the clinical condition and course of the disease; and (3) 

the relative frequency of the symptoms associated to wearing-off as assessed by the 

application. 
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Method 

 This was a prospective, blind comparison, cross-sectional study conducted at the 

neurology division of Phramongkutklao hospital during the period of June to September 

2018, and it was approved by the local ethical committee. Inclusion criteria were: 1) 

Patients diagnosed with Parkinson‟s disease by neurologists, according to the United 

Kingdom Parkinson's Disease Society Brain Bank criteria 2) receiving pharmacological 

treatment for Parkinson‟s disease at the time of the study; 3) ability to understand and 

respond to the application; and 4) signed informed consent for participation in the study 5) 

age at onset of Parkinson‟s disease was more than 30 years old. Patients who did not meet 

all these criteria were excluded. Sensitivity was defined as the probability that a Parkinson‟s 

disease patient, presenting wearing-off according to clinical assessment, be sorted as having 

wearing-off by the application and specificity was defined as the probability that a 

Parkinson‟s disease patient without wearing-off ascertain by physician would be classified 

as being without the condition by the application. The positive predictive value (PPV) and 

negative predictive value (NPV) represented the likelihood of subjects with wearing-off 

assessed by the application truly experienced wearing-off or not, respectively, when 

compared with the clinical assessment.  

 

Sample size  

Sample size was calculated to allow the estimation of sensitivity and specificity for 

both patients with mild wearing-off and patients with moderate/severe wearing-off. Based 

on study of Martinez-Martin P (2008).
5
 The sensitivity was 88% and specificity 80%.  

 

 

 

Alpha (α) = 0.05, Z(0.975) = 1.959964,  d = 0.0      

If p is 0.88 (sensitivity) sample size will be 112 but if p is 0.8 (specificity) sample size will 

be 171. In this study we use sample size 171 which is the largest sample size. 

 

Procedure  

 Participant investigators selected consecutive Parkinson‟s disease patients who met 

the inclusion criteria. Patients who signed informed consent to participate in the study were 

asked to complete questionnaires on the application just before the clinical assessment by a 

neurologist. To finish the questionnaires, another investigator instructed the patients to 

check a “ใช่” on the application to “yes” if they had any of the nine symptoms and “ไม่ใช่” if 

none of them was present. The investigator explained that if the answer was “ไม่ใช่” patients 

would not need to proceed to the second question about the corresponding symptom. If the 

answer was “ใช่” the patient had to check to “ใช่” or “ไม่ใช่” if symptoms improve or not after 

taking the next dose on the second question, respectively. The detection of wearing-off was 
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declared when patients achieved at least one positive responses (check “ใช่” on the second 

question of any symptom of nine.) 

  These instructions were given to all patients by the investigator who had function 

limited to supervise the patients‟ task of filling out the questionnaire.  

 The neurologist were blind to these questionnaires, but were asked to record, at the 

time of study visit, the socio-demographic and clinical variables including severity of 

disease identified by Modified Hoehn and Yahr Scale, with special emphasis in the 

presence or absence of wearing-off.  

 Clinical diagnosis of wearing-off was considered the “gold standard.” Wearing-off 

was defined as “the generally predictable recurrence of motor and non-motor symptoms that 

precedes scheduled doses of antiparkinsonian medication and usually improves after those 

doses.”
 
Mild wearing-off episodes were classified when severity of wearing-off does not 

impede the performing of activities of daily living and moderate/severe when they did. The 

results obtained through application were compared with the responses of the physicians. 

 

Outcomes 

 

The primary outcome was to determine sensitivity and specificity of the Thai-

PDMDS application to diagnose of wearing-off. The secondary outcomes were the 

relationship between the results of application and various factors, and the relative 

frequency of the wearing-off symptoms assessed by the application. 

 

Data analysis  

 The analysis of all variables of the study was performed. Descriptive statistics for 

the complete sample, stratified by presence or not of wearing-off and severity of the 

wearing-off episodes (X
2
, student t-test, Mann-Whitney test). To determine the potential 

diagnostic value of the application to detect wearing off and taking as gold standard by the 

clinicians‟ judgment about the presence or not of wearing- off, the following indicators 

were calculated by STATA version 12: sensitivity, specificity, positive, and negative 

predictive values, and positive and negative likelihood ratios. A similar analysis was carried 

out to test the ability of the application to differentiate between mild and moderate/severe 

wearing-off. 

 

Results 

 

 A total of 125 patients were included in this study. Their age ranged from 40-92 

years old (median=76) and 58.4% were males. The duration of disease varied from 1-14 

years (median=6). According to the criterion, 51(40.8%) and 81(64.8%) had wearing-off 

detected by clinical diagnosis and by the application, respectively. Regarding to clinical 

diagnosis of wearing-off, 37(29.6%) had mild wearing-off, and 14 (11.2%) had moderate or 

severe wearing-off (Table 1). 
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 With regard to the application, it showed a sensitivity of 100%, specificity of 59.5%, 

PPV of 63%, NPV of 100%, likelihood ratio of positive test 2.5, and likelihood ratio of 

negative test was 0 (Table 2). 

 

 Patients with wearing-off were on a significantly younger than those without 

wearing off (73.3±11 vs.76.6±9.6, p=0.031) and also longer disease duration (5.9±3.0 vs. 

4.9 ±3.2, p=0.048), but no statistical difference in severity of disease were found between 

wearing-off patients and patients without wearing-off group (Table 3). 

 

      Patients in the sample experienced 1-9 (median=2) of the 9 symptoms included in 

the application. The three most prevalent symptoms in the complete sample were slowness 

in movement (41.6%), cloudy mind/dullness thinking (37.6%), and reduced dexterity (36%) 

(Table 1). No statistical associations were identified between how many symptoms the 

patients had and the severity of wearing-off or severity of Parkinson‟s disease (Table 4, 5). 
 

Flowchart of the enrollment and analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

125 Patients were assessed 

for eligibility 

 

Patient‟s data and outcome 

were reviewed 

Inclusion criteria 

1) Patients diagnosed 

with Parkinson‟s disease 

2) Receiving 

pharmacological 

treatment for 

Parkinson‟s disease 

 3) Ability to understand 

and respond to the 

application  

4) Signed informed 

consent  

5) Age at onset of 

Parkinson‟s disease was 

≥ 30 years old 

Included in analysis 

(n=125) 

Exclusion criteria 

 

Patients who did not meet all 

inclusion criteria 

Eligible patients =125 
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Table 1. Demographic data and baseline characteristics. 

 

Data n % 

Gender   

   Male 
73 58.4 

   Female 
52 41.6 

Age*  

Median (min :max) 76 (40 : 92) 

Period of time diagnosed Parkinson’s disease   

Median (min :max) 6 (1 : 14) 

Hoehn and Yahr stage   

   1 18 14.4 

   1.5 7 5.6 

   2 18 14.4 

   2.5 13 10.4 

   3 27 21.6 

   4 24 19.2 

   5 18 14.4 

Wearing off questionnaire item   

   No.1 Tremor  
28 22.4 

   No.2 Anxiety 
23 18.4 

   No.3 Mood changes 25 20.0 
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Table 1. Demographic data and baseline characteristics. (continue) 

 

Data n % 

Wearing off questionnaire item   

  No.4 Slowness of movement 
52 41.6 

  No.5 Reduced dexterity 
45 36.0 

  No.6 General stiffness 
36 28.8 

  No.7 Cloudy mind/Dullness thinking  
47 37.6 

  No.8 Muscle cramping 
25 20.0 

  No.9 Pain 
22 17.6 

Number of wearing off item*   

Median (min:max) 2 (1:9) 

Diagnosis wearing off by application    

   No wearing off 
44 35.2 

   Wearing off 
81 64.8 

Diagnosis wearing off by physician (gold standard)   

   No wearing off 
74 59.2 

   Wearing off 
51 40.8 

Severity of wearing off evaluated by physician   

   Mild 37 29.6 

   Moderate /Severe 14 11.2 
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Table 2. Quality attributes of the mobile application. 

 
Diagnosis wearing off by application  

Diagnosis wearing off by physician (gold 
standard) 

Wearing off No wearing off 

Wearing off 51 (100.0) 30 (40.5) 

No wearing off 0 (0.0) 44 (59.5) 

summation 51 74 

Sensitivity   100.0 (93.0 - 100.0)  

Specificity 59.5 (47.4 - 70.7)  

Positive predictive value; PPV 63.0 (51.5 - 73.4)  

Negative predictive value; NPV 100.0(92.0 - 100.0)  

Likelihood ratio of positive test result; LR+ 2.5 (1.9 - 3.3)  

Likelihood ratio of negative test result: LR- 0   

 

 

 

Table 3. Relationship between the results of application and various factors. 

 

Factors 

Diagnosis wearing off 
by application 

Adjusted OR 

(95%CI) 

p-value 

No Yes 

Gender     

  Male 28 (38.4) 45 (61.6) 1  

  Female 16 (30.8) 36 (69.2) 1.58 (0.72 - 3.46) 0.257 

 Age (Mean±SD) 76.6±9.6 73.3±11.0 0.96 (0.92 – 0.99) 0.031 
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Table 3. Relationship between the results of application and various factors. (continue) 

 

Factors 

Diagnosis wearing off 
by application 

Adjusted OR 

(95%CI) 

p-value 

No Yes 

Period of time 
diagnosed 
Parkinson’s 
disease 
(Mean±SD) 

4.9 ±3.2 5.9± 3.0 1.14 (1.01 - 1.29) 0.048 

Hoehn & Yahr 
stage 

    

    1-2.5 22 (39.3) 34 (60.7) 1  

    ≥3 22 (31.9) 47 (68.1) 1.67 (0.75 - 3.70) 0.205 

 

 

 

Table 4. Association between number of symptoms and severity of wearing off. 

Diagnosis wearing off by 
application and physician 

Severity of wearing off  P-value* 

Mild Moderate /Severe 

     1-3  items 16 (84.2) 3 (15.8) 0.324 

     4-6  items 13 (68.4) 6 (31.6)  

     7-9  items 8 (61.5) 5 (38.5)  
*
Chi-squared test 

 

 

 

 

 

 

 

 

 

 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjR_uv1heLaAhVMKo8KHXLqBSkQFghLMAI&url=https%253A%252F%252Fen.wikipedia.org%252Fwiki%252FChi-squared_test&usg=AOvVaw1b39idWYaOHhFyda-pp-rV


14 

 

 

Table 5. Association between number of symptoms and severity of disease. 

 
Hoehn & Yahr stage 

Diagnosis wearing off by application  
and physician 

P-value 

1-3  items 4-6  items 7-9  items 

1 2 (40.0) 2 (40.0) 1 (20.0) 0.272 

1.5 1 (50.0) 1 (50.0) 0 (0.0)  

2 3 (50.0) 1 (16.7) 2 (33.3)  

2.5 1 (16.7) 5 (83.3) 0 (0.0)  

3 5 (33.3) 7(46.7) 3 (20.0)  

4 4 (50.0) 0 (0.0) 4 (50.0)  

5 3 (33.3) 3 (33.3) 3 (33.3)  

 

 

Discussion 

 

 Wearing-off is an important manifestation in treated Parkinson‟s disease patients, 

often marking the end of the „honeymoon period.‟ As such, early recognition of wearing-off 

allows timely optimization of treatment that may impact patient care and long-term clinical 

outcomes. However, its identification is now facilitated by the use in the clinic of dedicated 

questionnaires.
6
 

 

 The 36-item Patient Questionnaires were considered useful for detection of wearing-

off, but too cumbersome for use during a normal office visit. Shortening of the 

questionnaires with high sensitivity and low specificity to detect wearing-off when 

compared with the clinical evaluation by neurologists were desirable to decrease the 

respondent burden but they also were not practically used for Thai patients because of the 

educational level, restricted patient–physician access time, and communication problems.   

 The main objective of the present study was to assess the diagnostic attributes of the 

Thai PDMDS  mobile application for detecting wearing-off in Thai population of 

Parkinson‟s disease patients selected for this purpose. This application has been previously 

tested for feasibility and performance in a clinical setting, but never before validated as a 

tool for diagnosis of wearing-off.  
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 The application has sensitivity of 100%, specificity of 59.5%, PPV of 63%, NPV of 

100%, likelihood ratio of positive test 2.5, and likelihood ratio of negative test was 0 for 

detection of wearing-off with at least one positive responses.  

 The previous study that validated the „WOQ-9‟ wearing-off questionnaire showed 

high sensitivity and low specificity to detect wearing off when compared with the clinical 

evaluation by neurologists.
7
 This also occurred in our assessed sample, the higher 

sensitivity the higher ability to detect wearing-off. The NPV in our study was high, which 

implies that the questionnaire is accurate to identify those without wearing-off. On the other 

hand, the PPV was low indicating that not all wearing-off identified by this instrument 

actually existed, therefore, it does not qualify the application as a method to diagnose 

wearing-off, but rather as one screening method. Additionally, the application was 

completed in an average of 5 minutes (compared to 10-15 min referred for the WOQ-9).
8 

  

As a result, this study indicates that the application is a convenient screening tool to aid 

physicians to detect wearing-off in Thai Parkinson‟s disease patients. 

 

 Finally, there was no the educational level required to complete the application. The 

patients who couldn‟t read were able to answer the questions by listening and filled out by 

the patients themselves as they waited for their routine consultations.  

 

 In conclusion, there are no standardized measuring tools available for detecting the 

existence of wearing-off.
9
  However, the results of the studies presented in this study 

indicate that the specifically designed wearing-off detecting application for Thai patients 

have a potentially useful role in everyday clinical practice and in clinical research, 

providing both patients and clinicians with a convenient and useful adjunct to clinical 

practice. 
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