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Background and Purpose  The wearing-off (WO) phenomenon is the most common mo-
tor complication in advanced Parkinson’s disease (PD), but its identification remains challeng-
ing. The 9- and 19-item Wearing-off Questionnaires (WOQ-9 and WOQ-19) are self-assess-
ment tools for motor and nonmotor symptoms that are widely used for WO screening. We 
produced Korean versions of the WOQ-19 and WOQ-9 (K-WOQ-19 and K-WOQ-9) and in-
vestigated their validity and reliability. 
Methods  We used the translation–back translation method to produce K-WOQ-19 and K-
WOQ-9, which were self-administered by 124 patients with PD. We conducted in-depth 
10-minute interviews for confirming the presence of the WO phenomenon, and then strati-
fied the participants into groups with and without WO. Diagnostic accuracy was assessed by 
analyzing receiver operating characteristic curves. Concurrent validity was assessed using the 
Movement Disorder Society–Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) and 
the Hoehn and Yahr stage with Spearman’s rank correlation analysis. Reliability was assessed 
based on test–retest Cohen’s kappa (κ) values and intraclass correlation coefficients (ICCs).
Results  The optimal cutoff scores on the K-WOQ-19 and K-WOQ-9 for WO screening were 
4 and 2, respectively. The test–retest ICCs of K-WOQ-19 and K-WOQ-9 were 0.943 and 0.938, 
respectively. Nineteen of the combined 20 items in K-WOQ-19 and K-WOQ-9 showed mod-
erate-to-substantial agreement (κ=0.412–0.771, p<0.001). The scores on the translated scales 
were significantly correlated with MDS-UPDRS IV scores.
Conclusions  K-WOQ-19 and K-WOQ-9 are reliable and valid tools for detecting WO, with op-
timal cutoff scores of 4 and 2, respectively.
Keywords  ‌�Parkinson’s disease; surveys and questionnaires; sensitivity and specificity.

Validity and Reliability of the Korean Versions of the 9- and 
19-Item Wearing-Off Questionnaires in Parkinson’s Disease

INTRODUCTION

Motor fluctuations are one of the motor complications in Parkinson’s disease (PD), and are 
characterized by unpredictable changes in motor symptoms due to changes in drug effica-
cy. Up to 80% of patients with PD experience motor fluctuations within 5 years of disease 
onset.1 Among various motor fluctuations, the most common is the wearing-off (WO) 
phenomenon, also known as end-of-dose WO, and defined as the recurrence of motor or 
nonmotor symptoms before the time at which the next levodopa dose is to be taken or dur-
ing the levodopa-free interval due to WO of the drug effects, particularly among patients 
experiencing disease progression.2 The WO phenomenon can have a significant impact on 
quality of life and the ability to perform the activities of daily living, which makes manage-
ment of this phenomenon an important part of PD management.3 

From a clinical perspective, the objective detection and estimation of the WO phenom-
enon are challenging since they require home-based long-term monitoring. Accordingly, 
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several methods have been introduced for WO assessment, 
such as keeping a PD diary, clinical assessment, wearable de-
vices, and the use of clinical scales. The PD diary is known to 
be the most accurate assessment tool, but it has the drawback 
of poor compliance.4 Wearable sensors are being introduced 
as a cutting-edge technology, but they have not yet been clin-
ically validated.5 The most commonly used tools for WO as-
sessment in clinical settings are therefore clinical scales. 

The 32-item Wearing-off Questionnaire (WOQ-32) was 
the first self-administered questionnaire introduced for WO 
assessment.6 WOQ-32 contains detailed items for assessing 
WO symptoms, and the resulting considerable time required 
to complete the questionnaire makes it too cumbersome to 
use in clinical practice. Therefore, 19- and 9-item versions of 
the WOQ (WOQ-19 and WOQ-9) were subsequently de-
veloped to reduce the required screening time. These have a 
simple self-report questionnaire format for assessing motor 
and nonmotor symptoms that develop during the off period. 
Eight of the nine WOQ-9 items overlap those of WOQ-19, 
with the ninth being unique to WOQ-9. The validity and re-
liability of the original versions of these two scales have been 
well documented.7 In addition, both have been translated 
into many languages and are widely applied clinically.8-11 
However, there are currently no validated and reliable Kore-
an versions of the WOQ-19 and WOQ-9. 

In this study we aimed to produce Korean versions of WOQ-
19 and WOQ-9 (K-WOQ-19 and K-WOQ-9) and determine 
their validity and reliability in patients with PD.

METHODS

Ethics statement
This study conformed with the principles set forth in the 
Declaration of Helsinki. All patients provided informed con-
sent prior to enrollment, and the study was approved by the 
Institutional Review Board of Haeundae Paik Hospital (ap-
proval number: HP2021-11-006).

Study design and population
This multicenter, cross-sectional, observational study in-
cluded patients with PD who visited five movement clinics 
in tertiary hospitals. The inclusion criteria were as follows: 
1) diagnosis of PD according to the Movement Disorder So-
ciety (MDS) diagnostic criteria for PD,12 and 2) regular do-
paminergic treatment. The exclusion criteria were as follows: 
1) dementia, 2) presence of any other cause preventing self-
administration of the questionnaires, 3) drug-resistant stage of 
PD, or 4) changing the antiparkinsonian drug before the sec-
ond visit. Basic demographic and clinical factors, including 
age, sex, and disease duration, were obtained for all patients.

Translation into Korean
We used the translation–back translation method to pro-
duce K-WOQ-19 and K-WOQ-9. Four movement experts 
participated in the translation process, one of whom was a 
native Korean speaker who had lived in an English-speaking 
country. Two experts translated the original versions into 
Korean, and the other two retranslated them back into Ko-
rean. All four experts cross-checked the files for any incon-
sistencies and adapted the translated versions for Korean 
culture (Supplementary Material in the online-only Data 
Supplement). 

Validity and reliability assessments
To assess the criterion validity of the translated scales, all pa-
tients were initially evaluated using the Movement Disorder 
Society–Unified Parkinson’s Disease Rating Scale parts I–
IV (MDS-UPDRS I–IV), Hoehn and Yahr (H&Y) staging, 
Non-Motor Symptom Scale (NMSS), and 39-item Parkinson’s 
Disease Questionnaire.13-15 The gold standard for defining 
WO was the clinical interview with patients. To confirm the 
presence of the WO phenomenon, the investigators con-
ducted in-depth 10-minute interviews with patients and 
caregivers. WO was defined as the recurrence of motor or 
nonmotor symptoms before the next dose of dopaminergic 
treatment. Clinicians were blinded to the results on the clin-

Table 1. Patients’ baseline characteristics

Characteristic Overall
Presence of WO

p
Yes No

All patients 124 (100.0) 73 (58.9) 51 (41.1)

Sex 0.129*

Male 58 (46.8) 30 (41.1) 28 (54.9)

Female 66 (53.2) 43 (58.9) 23 (45.1)

Age (yr) 67.2±8.0 65.7±8.6 69.3±6.7 0.002†

Disease duration (yr) 6.7±4.2 7.8±4.4 5.0±3.4 <0.001†

Education duration (yr) 11.5±3.7 11.3±3.6 11.9±4.0 0.205†

MDS-UPDRS I score 6.4±5.3 6.8±5.7 5.6±4.4 0.466†

MDS-UPDRS II score 8.0±6.8 8.7±7.3 6.7±5.7 0.158†

MDS-UPDRS III score 19.9±12.1 20.9±12.7 18.4±11.2 0.276†

MDS-UPDRS IV score 3.9±4.1 6.2±3.7 0.5±1.2 <0.001†

H&Y stage 2.1±0.7 2.2±0.7 2.0±0.7 0.194†

NMSS score 32.8±27.3 37.9±30.0 25.3±20.7 0.018†

PDQ-39 score 28.0±27.4 31.1±29.2 21.8±22.7 0.165†

Data are mean±standard deviation or n (%) values except where indi-
cated otherwise. Consistency with a normal distribution was evaluated 
using the Shapiro–Wilk test.
*p values were derived from chi-square test; †p values were derived from 
Mann–Whitney’s U test.
H&Y, Hoehn and Yahr; MSD-UPDRS, Movement Disorder Society–Uni-
fied Parkinson’s Disease Rating Scale; NMSS, Non-Motor Symptom 
Scale; PDQ-39, 39-item Parkinson’s Disease Questionnaire; WO, wear-
ing-off.
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ical scales including K-WOQ-19 and K-WOQ-9 during the 
clinical interview. Patients were divided into two groups 
based on the presence or absence of WO symptoms, and they 
were then asked to complete K-WOQ-19 and K-WOQ-9. 
To assess the reliability of the translated scales, a second eval-
uation (retest) using both scales was performed within 1 
month, and the results of the two evaluations were compared. 

Statistical analyses
Categorical data of demographic factors were summarized 
as frequencies and percentages and compared using the chi-
square or Fisher’s exact test. Continuous data of demograph-

ic factors were summarized as means and standard deviations 
or medians and interquartile ranges and compared using 
the independent t-test or the Mann–Whitney U test, respec-
tively, depending on their distribution, which was evaluated 
using the Shapiro–Wilk test. To assess and compare the di-
agnostic value of the questionnaires, receiver operating char-
acteristic (ROC) curve analysis was employed and the area 
under the ROC curve (AUC) was calculated for each ques-
tionnaire. Reliability was assessed as the test–retest reliability 
using Cohen’s kappa (κ) values for each item and intraclass 
correlation coefficients (ICCs) for the total score. Cohen’s κ 
was interpreted as follows: 0.2–0.4, fair; 0.4–0.6, moderate; 

1. Tremor*

2. Difficulty in speech

3. Anxiety*

4. Experience sweating

5. Mood change*

6. Weakness

7. Problem with balance

8. Slowness of movement*

9. Reduced dexterity*

10. Numbness

11. General stiffness

12. Experience panic attacks

13. Cloudy mind/dullness thinking*

14. Abdominal discomfort

15. Muscle cramping*

16. Difficulty getting out of the chair

17. Experience hot and cold

18. Pain*

19. Aching

20. Any stiffness*

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

No improvement Improvement No wearing-off symptom

Fig. 1. Frequency of symptoms on the K-WOQ-19 and K-WOQ-9. Slowness of movement was the most common symptom and experience of panic 
attacks was the least common symptom on both K-WOQ-19 and K-WOQ-9. *Items of K-WOQ-9. K-WOQ-19, Korean version of 19-item Wearing-
off Questionnaire; K-WOQ-9, Korean version of 9-item Wearing-off Questionnaire.



490  J Clin Neurol 2024;20(5):487-492

Korean Versions of the WOQ-9 and WOQ-19JCN
0.6–0.8, substantial; and 0.8–1.0, almost perfect.16 The test–
retest reliability of the two questionnaires was considered 
acceptable when ICC was >0.5. Concurrent validity was as-
sessed using Spearman’s rank correlation analysis with MDS-
UPDRS IV. 

All statistical analyses were performed using SPSS Sta-
tistics (version 26.0, IBM Corp., Armonk, NY, USA). Prob-
ability values of p<0.05 were considered to indicate statis-
tical significance.

RESULTS

Patient characteristics
This study enrolled 124 patients with PD, of whom 73 did 
and 51 did not have WO symptoms. The mean age was 67.2 
years and 58 (46.8%) were male. The patients’ characteristics 
according to the presence of WO symptoms are presented 
in Table 1. Among the investigated factors, age, disease du-
ration, NMSS, and score on MDS-UPDRS IV differed be-
tween the WO and non-WO groups. Other clinical charac-
teristics did not differ between two groups. 

The most common WO symptom was “slowness of move-
ment” (78.2%), followed by “reduced dexterity” (Fig. 1). The 
“experience of panic attacks” and “abdominal discomfort” 
were less frequent in the off state. 

Diagnostic performance
In the ROC curve analysis, K-WOQ-19 and K-WOQ-9 dem-
onstrated acceptable AUC values of 0.824 (95% confidence 
interval [CI]=0.746–0.887) and 0.799 (95% CI=0.718–0.866), 
respectively, for the optimal cutoff scores for detecting WO 

of 4 and 2, respectively (Fig. 2). Using a K-WOQ-19 cutoff 
score of 4 produced sensitivity, specificity, positive predic-
tive value, and negative predictive value of 79.5%, 74.5%, 
81.7%, and 71.7%, respectively; the corresponding values 
when the K-WOQ-9 cutoff score was 2 were 86.3%, 62.7%, 
76.8%, and 76.2%. 

Reliability assessment
The retest was completed by 107 of the 125 patients who un-
derwent the first test, giving a retention rate of 85.6%. Among 
the combined 20 items in K-WOQ-19 and K-WOQ-9, Co-
hen’s κ values for 8 items showed moderate agreement and 
10 items showed substantial agreement, with values ranging 
from 0.412 to 0.771 (p<0.001). The “slowness of movement” 
item yielded the highest κ (0.826, p<0.001), whereas the 
“numbness” item showed the lowest κ (0.270, p=0.002). The 
κ values for all items other than “numbness” exceeded 0.4, 
indicating moderate-to-substantial agreement. The test–re-
test ICCs for K-WOQ-19 and K-WOQ-9 were 0.943 and 0.938, 
respectively, indicating strong agreement (Table 2). 

Validity assessment
Spearman’s rank correlation analysis revealed that K-WOQ-19 
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Fig. 2. In the ROC curve analysis, K-WOQ-19 and K-WOQ-9 demonstrated acceptable AUC values of 0.824 (95% CI=0.746–0.887) and 0.799 (95% 
CI=0.718–0.866), respectively, for the optimal cutoff scores for detecting WO of 4 and 2, respectively. AUC, area under the ROC curve; CI, confidence 
interval; K-WOQ-19, Korean version of 19-item Wearing-off Questionnaire; K-WOQ-9, Korean version of 9-item Wearing-off Questionnaire; ROC, 
receiver operating characteristic; WO, wearing-off.

Table 2. ICCs for test–retest reliability

ICC 95% CI p
K-WOQ-19 0.943 0.917–0.961 <0.001
K-WOQ-9 0.938 0.909–0.957 <0.001

CI, confidence interval; ICCs, intraclass correlation coefficients; K-
WOQ-19, Korean version of 19-item Wearing-off Questionnaire; K-
WOQ-9, Korean version of 9-item Wearing-off Questionnaire.
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scores were significantly correlated with all parts of MDS-
UPDRS and H&Y staging (Table 3). The same significant 
correlations were observed for K-WOQ-9, except for MDS-
UPDRS III and H&Y staging. Both scales showed the stron-
gest significant correlation with MDS-UPDRS IV, which is 
used to assess motor complications: r=0.657 and 95% CI= 
0.530–0.755 for K-WOQ-19, and r=0.617 and 95% CI=0.482–
0.724 for K-WOQ-9.

DISCUSSION

In this study we translated WOQ-19 and WOQ-9 into Ko-
rean and confirmed the validity and reliability of the trans-
lated scales. These two scales also demonstrated acceptable 
diagnostic accuracy in detecting WO.

The K-WOQ-19 and K-WOQ-9 items are written in sim-
ple words and do not require an evaluator. However, the two 
tools are self-administered, and so their validity and reliabil-
ity could not be evaluated by factor analysis or based on in-
terrater reliability, respectively. Instead, we used Cohen’s κ 
values and ICCs to assess test–retest reliability and evaluated 
concurrent validity using clinical scales. Most K-WOQ-19 
items and all K-WOQ-9 items showed moderate-to-substan-
tial agreement with κ>0.4, and both scales showed strong 
agreement since the ICCs were high. Although the AUC 
analysis indicated that the overall diagnostic accuracy was 
slightly higher for K-WOQ-19 than for K-WOQ-9, the dif-
ference was not statistically significant. The overall diagnos-
tic accuracies of both K-WOQ-19 and K-WOQ-9 were not 
different significantly. 

Among the 20 items across both scales, motor symptoms, 
particularly cardinal symptoms of PD, were more common 
manifestations of WO than were nonmotor symptoms. This 
is consistent with a previous study finding that slowness of 
movement was the most common WO symptom, while sen-
sory-related nonmotor symptoms were the least common.17 
It was particularly interesting that postural instability was 
the third most common WO symptom in our study, while 

axial symptoms are known to be unresponsive to levodopa. 
This finding might have been due the enrolled patients with 
PD being in the honeymoon phase and in a period of motor 
complications, and so showed levodopa responses. 

In line with our expectations of concurrent validity, K-
WOQ-19 and K-WOQ-9 exhibited the strongest correlations 
with MDS-UPDRS IV, which is the sole test within UPDRS 
that quantitatively measures motor complications.

In our ROC curve analysis, the optimal cutoff scores on K-
WOQ-19 and K-WOQ-9 for WO screening were 4 and 2, 
respectively, which are higher than those reported for the 
original and other versions of these scales. For example, a 
systematic review of studies using other versions of WOQ-
19 and WOQ-9 found that their optimal cutoff scores were 
2 and 1, respectively.7 Setting the cutoff scores for K-WOQ-19 
and K-WOQ-9 to 2 and 1, like in these previous reports, re-
sulted in the sensitivity remaining relatively high while the 
specificity became extremely low. Setting the K-WOQ-19 
and K-WOQ-9 cutoff scores to 4 and 2, respectively, result-
ed in the sensitivity remaining relatively high at 79.5% and 
86.3%, while the specificity increased to 74.5% and 62.7%, 
respectively. 

These findings may be associated with linguistic charac-
teristics of the Korean language. Some expressions used to 
describe nonmotor symptoms are vague and overlap, result-
ing in patients selecting multiple items even when their ac-
tual symptoms are less severe. When translated into Korean, 
“aching” and “pain” become similar expressions, making it 
difficult to distinguish between them as separate words. Ad-
ditionally, the Korean phrase for “reduced dexterity” is not 
frequently used in daily life, which could lead to confusion 
with “slowness of movement.” We presumed that this repre-
sents a limitation inherent to using K-WOQ-19 and K-WOQ-9 
as simple screening tools. 

Previous studies found that WOQ-9 exhibited high sensi-
tivity and low specificity, while WOQ-19 exhibited an ac-
ceptable level of specificity.7 Consistent with previous re-
ports, we also found relatively high sensitivity and low 

Table 3. Spearman’s correlation coefficients

Variable
K-WOQ-19 K-WOQ-9

Spearman’s r 95% CI Spearman’s r 95% CI
MDS-UPDRS I score 0.467** 0.284–0.617 0.421** 0.233–0.579

MDS-UPDRS II score 0.410** 0.220–0.570 0.338** 0.142–0.509

MDS-UPDRS III score 0.233** 0.056–0.396 0.158 -0.021–0.327

MDS-UPDRS IV score 0.657** 0.530–0.755 0.617** 0.482–0.724

H&Y stage 0.201* 0.023–0.367 0.174 -0.004–0.342

*p<0.05; **p<0.01.
CI, confidence interval; H&Y, Hoehn and Yahr; K-WOQ-19, Korean version of 19-item Wearing-off Questionnaire; K-WOQ-9, Korean version of 9-item 
Wearing-off Questionnaire; MDS-UPDRS, Movement Disorder Society–Unified Parkinson’s Disease Rating Scale.
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specificity values for K-WOQ-9. However, both scales are 
suitable as screening tools for detecting WO with appropri-
ate levels of sensitivity and specificity. 

The limitations of our study include the following: First, 
the total sample of patients without WO was relatively small, 
which may have reduced the statistical power in detecting 
significant differences between groups. Second, we could not 
assess home-based PD diaries, which are considered the most 
reliable tool for motor complications. However, such diaries 
are self-reports completed by patients, and hence also have 
inherent accuracy limitations.4 To ascertain the precise oc-
currence of WO, we conducted in-depth interviews lasting 
10 minutes in this study. 

In conclusion, K-WOQ-19 and K-WOQ-9 are rapid, con-
venient, and easily applied self-administered tests for use in 
clinical settings, which we found to show high validity and re-
liability. The accuracy in detecting WO was similar for the 
two scales, and both scales were suitable as screening tools. 
the ICCs were high in reliability assessments of the total scores, 
but Cohen’s κ values were relatively low in item-specific reli-
ability assessments. Additionally, the redundancy and ambi-
guity of Korean expressions resulted in the optimal cutoff score 
being higher than in other language versions of WOQ-19 
and WOQ-9. It is recommended to use a suitable screening 
tool at the stage where motor complications are suspected, 
and use this cautiously as a monitoring tool. Our results are 
expected to be widely applicable in both clinical practice and 
research for the management of WO in patients with PD.
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