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Abstract

Background: Motor complications (MC) is one 
of the most important problem in patients with 
advanced Parkinson’s disease (PD). A paper PD 
diary has been used as a standard tool for 
self-detecting MC in PD patients but had several 
limitations. A novel, simplified and symptom-based 
version of the electronic PD diary has been 
developed by our center. 

Objective: To determine the feasibility of the 
simplified and symptom-based electronic PD diary 
and compare with the standard paper diary.

Methods :  A smartphone appl icat ion 
with medication alarms and symptom-based 
self-assessments for different functional states of MC 
was developed to evaluate ON/OFF and dyskinesia 
in PD patients with MC. A training session for the 
application usage was conducted prior to using the 
home-based electronic PD diary. Each participant 
completed the electronic and the standard PD 
paper simultaneously at least 1 week for comparison. 

Results: A total of 17 non-demented PD patients 
with MC with stable medication regimens were 
recruited in our study. The total ON/OFF/dyskinesia 
time were not significantly different between the 
paper and the electronic version (p=0.08, 0.06, 
0.50, respectively). The percentage correlations of 
the functional states between the paper and the 
electronic PD diary was 80.2 %. The accuracy of 
the electronic PD diary was 81.1% with sensitivity 
and specificity of 89.8% and 68.5% respectively. 

Conclusions: Our pilot study demonstrated that 
the smartphone application of the symptom- based 
electronic PD diary is feasible for assessment of 
functional states of MC in PD patients with good 
accuracy compared to the standard paper. 
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Background 

Parkinson’s disease (PD) is a neurodegenerative 

disorder caused by a degeneration of dopaminergic 

neurons which comprising of motor and non-motor 

symptoms.1 The early stage of PD patients usually 

respond well to dopaminergic treatment particularly 

during the first 2-5 years. With the disease 

progression, PD patients usually develop motor 

complications (MC) such as delayed on time, 

wearing off, peak dose dyskinesia, diphasic 

dyskinesia and unpredictable ON/OFF periods that 

lead to poor quality of life.2,5 In order to minimize 

those motor complications and achieve optimal 

function, treatment would be individually tailored to 

each patient’s motor complications. Consequently, 

a daily diary recording has been using as a 

standard method to obtain the information of MC.3  

However, there are still some limitations of the 

standard daily paper PD diary such as recall bias, 

poor accuracy and low compliance.4 Some patients 

might have difficulty in identification among 

OFF/ON and dyskinetic symptoms. A symptom-

based PD diary might be a good solution instead 

of self-identification of ON/OFF and dyskinesia. 

Moreover, it is difficult for physicians to make a 

conclusion of MC based on several paper PD diary 

in the clinical practice. 

Non-motor symptoms have been proved that 

these symptoms are fluctuated as well as motor 

symptoms and also lead to troublesome symptoms.7 

Some of patients have only non-motor fluctuation 

such as fatigue and mood changes. Most of the 

standard PD diary contains only the motor 

symptoms. As a result, the non-motor symptoms 

should be added in a development of the new 

version of PD diary. Identification of ON/OFF and 

dyskinesia in the PD diary requires a knowledge of 

MC symptoms. A pictogram was introduced in the 

paper PD diary in order to enhance patients’ 

understanding of their PD functional status.8,9 The 

training video prior to the self-assessment of the 

home-based PD diary also help patients clarifying 

their function status correctly.10 The reliability of 

functional status of MC varies directly to the 

durations of data recording whereas the compliances 

of recording vary inversely to the duration of 

recording. The paper PD diary has several 

limitations such as a recall bias, an actual 

compliance, difficulty in identification of MC and a 

reporting transitional state11 since it is recorded 

every hour. These lead to the idea of development 

of the electronic PD diary to enhance efficacy and 

accuracy of functional assessment in the diary. The 

electronic version also contains the medication 

reminders that has a benefit for a good compliance 

for recordings as well as medications intake. The 

previous study demonstrated that the electronic PD 

diary has proved to be reliable for identification of 

functional status of MC compared to the paper 

diary. However, there were some limitations such 

as the compliance and recording burdens since 

the electronic PD diary was recorded in the 

experimental setting as 3 executive days.12,13

Taken together, the Chulalongkorn Excellence 

Center for Parkinson’s Disease and related 

disorders has developed the novel smartphone 

application of the simplified and symptom-based 

electronic PD diary with medication reminders to 

enhance the efficacy of the diary recordings. The 

translational state will be decreased because the 

patients are able to record the functional status of 

MC anytime. The aim of this study is to determine 

diagnostic performance of the electronic PD diary 
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in comparison with the standard paper diary. We 

hypothesized that there was no difference between 

recordings of functional status of MC in the 

electronic PD diary and standard paper diary. 

Our electronic PD diary is designed to archive the 

suggestive strategies for the electronic diary which 

is consist of a smartphone-based application, visual 

analog scales to quantify severity of function status 

of MC, symptom-based identification of MC, 

real-time assessments, visual feedback compliance 

assessment, and medication tracking.14  In addition, 

the objective assessment was designed as a 

visual feedback to enhance self-recordings of 

individualized symptoms. The implications of this 

electronic PD diary are to summarize and simplify 

the MC individually and possibly have a good 

benefit for adjusting medications in the clinical 

practice.  

Materials and Methods 

1. Participants 

This is a prospect ive study that was 

conducted between August 2019 to January 2020. 

A total of seventeen with a clinical diagnosis of PD 

patients were recruited in this study. The inclusion 

criteria were patients who fulfilled idiopathic 

Parkinson disease diagnostic UKPDS-BB criteria 

with documented any types of motor complications 

including delayed on, early morning off, predictable 

wearing off, peak dose and diphasic dyskinesia or 

combinations of symptoms who were able to record 

the PD diary by themselves. All the patients 

received the stable medications regimens during 

study participation. The exclusion criteria were 

patients who had cognitive impairment (TMSE 

scores were less than 21) or presence of severe 

psychiatric disorders and other significant 

comorbidities that interfered with self-assessment 

of PD symptoms and did not understand how to use 

the smartphone application. All patients underwent 

the training session of functional status of MC 

identification and had to pass the examination after 

the training session (score more than 75%). 

Informed consent was obtained before participation. 

The study conformed to the Declaration of Helsinki 

and were approved by the Institutional Review 

Board of the Faculty of Medicine, Chulalongkorn 

University. Detail of demographic and clinical data 

are listed in the Table 1. 

2. Methods 

In order to verify participant’s understanding 

of ON/OFF/dyskinetic states, a training session and 

an assessment of functional states agreement 

between patients and physicians were conducted. 

Participants were asked to discontinue anti-PD 

medications 12 hours prior to the training session 

and assessments. Each participant’s ON-OFF state 

was evaluated using the unified Parkinson’s disease 

rating scale (UPDRS) part III and agreement of 

functional states of MC between patients and the 

physician was assessed. Objective measurement 

of ON/OFF states was measured by a hand rotating 

testing on the smartphone which was comparable 

with alternating hand movements in the UPDRS part 

III. This was done to verify each functional status of 

MC. Each participant was received a standardized 

training session consists of a training video of 

definitions and scaling of motor symptoms (ON/OFF 

- rigidity, freezing of gait, tremor, bradykinesia and 

dyskinesia) and non-motor symptoms (depression 

and fatigue) and how to complete the standard 

paper diary and the electronic PD diary. After 

training session, all participants’ knowledge of 

identification of ON/OFF/dyskinetic states were 
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evaluated by the examination. Those who passed 

the test (score more than 75%) were assigned to 

complete both the paper diary and the electronic 

PD diary simultaneously for at least 1 week. The 

patients needed to complete the paper diary every 

one-hour during awake while they needed to 

complete the electronic PD diary whenever they 

evaluated that they had ON/OFF or dyskinesia.

The electronic diary application was developed 

as a smartphone application which was comprised 

of user-friendly interface and the reminders to 

register symptom-based motor states (motor 

symptoms: ON-OFF- dyskinesia) and non-motor 

states (non-motor symptoms: depression and 

fatigue) with the pictogram with the colored-emoji 

like icons to help patients to differentiate function 

status of MC. Moreover, hand rotating test was 

installed for objective measurement of the motor 

status. This program also contained the medication 

reminders and medication regimens for medication 

tracking in individual patient. In addition to reminder 

function, the application also consists of visual 

feedback to facilitate participants’ compliance. All 

of the application’s functions were demonstrated in 

figure1. 

Participants were assigned to record their 

functional states in the paper diary as shown in 

figure 2 every one hour during awake time. For the 

electronic PD diary, participants could select 1 of 

4 icon accordingly to their current functional states, 

including ON (the green smile icon), OFF nonmotor 

symptoms (the purple sad icon), OFF motor 

symptoms (the purple unhappy icon) and dyskinesia 

(the pink icon). Participants were able to record 

symptoms based on the symptom severity scales 

that were divided in to 3 levels consist of 1-mild,2- 

moderate (troublesome, nondisabling) and 3-severe 

(disabling).

Figure 1 Left: functional status (ON/OFF-nonmotor/OFF-motor/Dyskinesia), Middle: motor symptom, Right: 

severity of symptoms (ปกหน้า)
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variables. To determine the utility of the electronic 
PD diary, the percentage of correlations of the 
overall functional states, ON, OFF symptoms (both 
motor and non-motor symptoms) between the paper 
and the electronic PD diary with different severity 
was calculated. Statistical analysis was performed 
using SPSS version 23.0 software (SPSS Inc., 
Chicago IL).  

To determine the diagnostic accuracy of the 

electronic PD diary, the sensitivity, the specificity, 

the positive and the negative predictive values were 

constructed. Likelihood ratio was calculated 

yielding true and false positive-negative.

3. Statistical analysis
Baseline clinical characteristics and objective 

outcomes were analyzed by using descriptive 
statistics including means and standard deviations 
(SD), or frequencies and percentages as 
appropriate. The normal distribution of all variables 
was analyzed by the Shapiro-Wilk test. Differences 
in demographic, clinical rating scales between the 
initial visit and the follow up visit and the total ON/
OFF/dyskinesia states between the paper and 
the electronic PD diary were evaluated using paired 
t-test for normal distributed variables or Wilcoxon 
signed-rank test for non-normal distributed 

Figure 2 The example of the standard paper PD diary 
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Table 1 Demographic and clinical characteristics of PD patients 

Demographic and clinical characteristics N = 17 P value#
Age (mean ± SD) 59.4 ± 7.8
Gender N (%)

• Male 

• Female

11 (64.7)

6 (35.3)
Disease onset (years) 53.1 ± 8.8
Disease duration (years) 6.5 ± 3.9
Type of Parkinson N (%)

• Rigidity  

• Tremor

12 (72.2)

5 (27.8) 
Hoehn & Yahr 2.2 ± 0.6
LEDD 551.3 ± 567.5
Motor complication characteristics N (%)

• Wearing OFF 

• Suboptimal ON 

• Morning off 

• Delayed ON 

• Peak dose dyskinesia 

• Diphasic dyskinesia 

11 (44) 

4 (16)

3 (12)

2 (8)

3 (12)

2 (8)
TMSE 29.0 ± 0.8
MOCA 27.0 ± 1.6
UPDRS III 28.3 ± 12.1
UPDRS IV 

• First visit

• Follow up

4.3 ± 2.1 

3.4 ± 1.3

0.012*

UPDRS II

• First visit

• Follow up

8.1 ± 6.3

6.3 ± 5.9

0.004*

PDQ8

• First visit

• Follow up

7.5 ± 6.6

5.7 ± 5.2

0.011*

WOQ9

• First visit

• Follow up

4.8 ± 2.6

3.8 ± 2.6

0.026*

#Differences in demographic and clinical rating scales between the initial visit and the follow up were evaluated using 

paired t-test for normal distributed parameters or Wilcoxon signed-rank test was for non-normal distributed variables.

*p value < 0.05

LEDD, Levodopa equivalent daily dose; TMSE, 

Thai Mental State Examination, UPDRS, Unified 

Parkinson’s disease Rating scales; PDQ8; 

Parkinson’s Disease Questionnaire-8, WOQ9; 

Wearing Off Questionnaire-9
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Table 2 Comparison between clinical categories for paper and electronic diaries

Clinical categories
Paper diaries
(mean ± SD)

Electronic diaries
(mean ± SD)

P value#

Total record time (hours) 20,980 ± 3,361.3 655,850 ± 26,536.1 <0.001*

Total ON time (%) 83.3 ± 13.1 90.3 ± 9.0 0.06

Total OFF time (%) 15.1 ± 13.1 7.3 ± 7.5 0.05
Total Dyskinesia (%) 1.6 ± 3.8 2.4 ± 5.4 0.27

#Differences in clinical categories between paper diaries and electronic diaries were evaluated using paired t-test for 

normal distributed parameters or Wilcoxon signed-rank test was for non-normal distributed variables.

*p value < 0.05

Table 3 The percentage of correlations of the overall functional states, ON, OFF symptoms between paper 

and electronic PD diaries

Percentage correlations (mean %)
Total correlation times 80.2 
Correlation of ON times 85.3 
Correlation of OFF times

- Tremor
- Rigidity
- Freezing of gait
- Bradykinesia

36.4 
23.0 
41.4 
32.6 
75.0 

Correlation dyskinesia times 0
Correlation ON + OFF times 80.2

Correlation ON + Dyskinesia times 77.3

Correlation OFF + Dyskinesia times 2.8

Result 

A total of 17 non-demented PD patients were 
recruited into the study and completed the clinical 
assessments.  All patients needed to complete 
the standard paper diary and electronic diary 
simultaneously for at least 1 week. The data from 
both paper and electronic PD diaries from 2 patients 
were excluded since they did not complete the 
standard paper diary and electronic diary at the 
same time.  The clinical characteristics and clinical 
rating scales at the baseline and the follow up visits 
are shown in Table 1. Participants had a mean age 
of 59.4 (7.8) years, and a mean disease duration of 
6.5 ± 3.9 years. The mean HY stage was 2.2 (0.6) 
with mean WOQ of 4.8 (0.6) and UPDRS IV of 4.3 
(2.1), indicated mild MC. Most of PD patients had 

motor complications during OFF period (80%) 
rather than any types of dyskinesia.

The mean agreement of functional states of 
MC between patients and physicians was 87% at 
the initial ON/OFF evaluation prior to the usage of 
the electronic PD diary. There were statistically 
significant differences in PDQ8 (p=0.01), WOQ9 
(p=0.03) UPDRS part II (p=0.004) and IV (p=0.01) 
at the baseline and the follow-up period as shown 
in the Table 1. These results represented an 
improvement of quality of life and severity of motor 
complications even there were no changes of 
medication regimens in any recruited PD patients. 
Total record times was significantly greater with the 
electronic PD diary recordings than the paper diary 
(p<0.001) since the patients were allowed to record 
the functional states of MC as many as they could 
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according to their symptoms.
There were no statistically differences in total 

ON/OFF and dyskinesia times between the paper 
and the electronic version (p=0.08, 0.06, 0.50, 
respectively). The total ON times was greater than 
total OFF and total dyskinesia times in both the 
paper and the electronic diaries as shown in the 
Table 2. This was correlated with types of MC and 
clinical rating scales of MC in these PD patients. 

The percentage correlation of the functional 
states between the paper and the electronic PD 
diary was 80.2 % as shown in the Table 3 and the 
figure 3. The percentage correlation of the total ON 
time and OFF time were 85.3% and 36.2% while the 
percentage correlation of the total dyskinesia time 
was closed to 0%. The percentage correlation of a 
combination of ON and OFF time was also 80.2%. 
With subgroup of OFF symptoms in the electronic 
PD diary were analyzed, the highest percentage 
correlation time between the paper and the 
electronic PD diary was bradykinesia (75%) while 

the lowest percentage correlation was tremor (23%) 
as shown in the Table 3. When the severity of OFF 
and dyskinesia symptoms was analyzed, it showed 
that most of patients had mild to moderate severity 
as shown in figure 3. The analysis of percentage 
correlation of OFF times between the paper and the  
electronic PD diary times was 27.5%, 45.1% and 58,8% 
in mild, moderate and severe OFF symptoms. 

Diagnostic performance was calculated from 
the correlation times between the paper and the 
electronic PD diary during ON, OFF and dyskinesia. 
The sensitivity and specificity of the electronic diary 
was 89.8% and 68.5% respectively. The positive 
predictive value (the probability of having both ON 
symptoms in the paper and the electronic diary) was 
83.6% while the negative predictive value (the probability 
of OFF or dyskinesia in both the paper and the electronic 
diary) was 79.1%. The negative and positive likelihood 
ratio were 2.25 and 0.16, respectively. The overall 
diagnostic accuracy of the electronic PD diary to 

access functional status of PD patients of 81.1%. 

A

C

B

D

Figure 3 Summary of comparison of total ON times, OFF times, dyskinesia times between the paper and electronic 

PD diary (A), the percentage of functional states of MC time (B) , the severity scale of OFF and dyskinesia in the 

electronic diary (C) and the correlation by the OFF severity between the standard paper and the electronic diary. 
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patients could record the functional states of MC 
according the real-time symptoms and record as the 
symptoms during OFF period such as tremor, 
bradykinesia, rigidity, FOG as well as non-motor 
symptoms. This might explain why the mean clinical 
scales of wearing off, motor complications and 
quality of life was significantly decrease during the 
follow up visit compared to the baseline reminders 
without any changes of medication regimens. The 
electronic PD diary might be a possible useful tool for 
self-assessment of individual MC and medication. 

Similar to the previous study4,17, higher total 
record times in the application compared to the 
paper diary suggested that the electronic version 
increase the diary compliance. We hypothesized 
that this could be due to a visual feedback and 
user-friendly application with the compliance 
assessment as shown in the figure 4. The high 
agreement of functional states of MC between 
patients and physicians at the initial ON/OFF 
evaluation prior to the usage of the electronic PD 
diary also indicated that this version of PD diaries 

was easy to understand to use.  

Discussion

Our pilot study demonstrated that there were 
no differences of total ON, OFF and dyskinesia 
times between the electronic and the standard 
paper diary. The percentage correlation of the 
functional states of MC between two types of PD 
diaries was 80% with the maximum of ON time. In 
addition, the overall diagnostic accuracy of the 
electronic PD diary to access functional status of 
PD patients of 81.1%. Thus, our results support that 
the smartphone application of the electronic PD 
diary is feasible for assessment of functional states 
of MC in PD patients with good accuracy compared 
to the standard paper diary. 

Our novel, simplified and symptom-based 
electronic PD diary was designed to archive the 
suggestive strategies for the PD diary which is 
consist of a smartphone-based application, with 
pictogram, symptom-based identification of MC, 
visual feedback of the compliance, and medication 
tracking14 which was different from the standard 
paper diary and other electronic diaries.13 The 

Figure 4 Visual feedback compliance assessment and medication taker alarm (ปกหน้า)
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No differences in the OFF/ON and dyskinesia 
time between the electronic version and the standard 
paper diary was consistent with the previous study.13 
This also supports that the electronic PD diary is 
reliable and viable for identification of functional 
status of MC. In contrast to the previous study8,9,13, 
we found that the total ON time was much higher 
than the total off times and dyskinesia times, 
indicated these patients were mild MC. This is also 
supported by the lower scales on the UPDRS part 4 
and WOQ9 as well as the types of MC in our recruited 
patients. The  majority of motor complications in our 
study were wearing off and suboptimal on rather than 
complex motor complications and dyskinesia. 
Furthermore, the severity scale of OFF and dyskine-
sia symptoms on the electronic diary showed that 
most of participants had mild to moderate severity 
of MC. However, our study still demonstrated the 
utility of the electronic PD diary in mild MC. 

The percentage correlation of the functional 
states between the paper and the electronic PD 
diary was quite high with good accuracy.  This also 
support the feasibility of  our simplified electronic 
PD diary. The correlation during ON time was 
greater than the OFF time while no correlation 
between dyskinesia which was different from the 
previous studies.8, 13 This might possible due to only 
mild MC without dyskinesia or a small number of 
dyskinesia in PD participants or misinterpretation of 
mild OFF/dyskinesia.  We further analyzed the 
correlation by the severity of OFF symptoms. 
The percentage of correlation increased with 
severity of OFF, representing that there may be 
misinterpretation between mild OFF and ON and 
mild dyskinesia and ON. Further study with higher 
severity of MC including moderate to severe ON/
OFF/dyskinesia should be done to validate this 
hypothesis. In addition,

bradykinesia had the highest correlation 
among OFF symptoms whereas tremor had the 
lowest. It might represent that the bradykinesia is 
the best symptoms that PD patients could identify 
during OFF period while tremor is undisguisable 
from ON or dyskinesia. This could lead to the 
information that we should educate the patients to 
differentiate tremor from dyskinesia or other 
functional states of MC. However, symptom-based 
recording in the diary might be helpful for 
physicians to adjust the medications according to 
individualized symptoms. 

There was also no difference in the percentage 
correlation of functional states of MC with time of 
recordings as shown in the figure 5. The time of 
recording of MC symptoms was not a confounding 
factor.  

As previously mentioned, our electronic 
diary included non-motor states assessment. 
Nevertheless, none of our patient recorded the 
non-motor symptoms. We hypothesized that there 
might be a small number of non-motor symptoms 
in the application or their non-motor symptoms were 
mild and non-disabling unlike the motor symptoms. 
Therefore, participants might omit or pay less 
attention to report their non-motor symptoms. 

The strength of our study is to negotiate a 
novel tool for self-identification of functional status 
of MC with a simplified and user-friendly version. 
However, there are some limitations in our study. 
Our number of participants was small but we 
analyzed the correlation with the time of recordings 
instead of the number of participants. Secondly, 
our recruited patients had only mild motor 
complications, leading to lower percentage of 
correlation between the electronic and paper diary 
during OFF and dyskinesia. Further study with 
higher number of subjects with more severe MC 
should be done. 
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Figure 5 Correlation between total correlation and time period

Figure 6 The summary of MC from the electronic PD diary with detailed of severity scale and symptom-based

Conclusion

Our pilot study demonstrated that the 

smartphone application of the electronic PD diary 

is feasible for assessment of functional states of MC 

in PD patients with good accuracy compared to the 

standard paper diary. Our electronic diary also 

effectively enhances patients’ quality of life and their 

compliance in recording symptoms. The summary 

of the electronic PD diary with symptom-based 

identifications might be a promising tool to simplify 

MC in the clinical practice in the future (figure 6).
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