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Background and Purpose Non-motor symptoms are common in Parkinson’s disease (PD),
and are the primary cause of disability in many PD patients. Our aim in this study was to trans-
late the origin non-motor symptoms scale for PD (NMSS), which was written in English, into
Korean (K-NMSS), and to evaluate its reliability and validity for use with Korean-speaking pa-
tients with PD.

Methods In total, 102 patients with PD from 9 movement disorders sections of university
teaching hospitals in Korea were enrolled in this study. They were assessed using the K-NMSS,
the Unified Parkinson’s Disease Rating Scale (UPDRS), the Korean version of the Mini-Mental
Status Examination (K-MMSE), the Korean version of the Montgomery-Asberg Depression Rat-
ing Scale (K-MADS), the Epworth Sleepiness Scale (ESS), and Parkinson’s Disease Question-
naire 39 (PDQ39). Test-retest reliability was assessed over a time interval of 10-14 days in all
but one patient.

Results The K-NMSS was administered to 102 patients with PD. The internal consistency and
reliability of this tool was 0.742 (mean Cronbach’s a-coefficient). The test-retest correlation reli-
ability was 0.941 (Guttman split-half coefficient). There was a moderate correlation between the
total K-NMSS score and the scores for UPDRS part I [Spearman’s rank correlation coefficient,
(rS)=0.521, p<0.001] and UPDRS part IT (rS=0.464, p=0.001), but there was only a weak corre-
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significantly and positively correlated with the PDQ39 score (rS=0.814, p<0.001).

Conclusions The K-NMSS exhibited good reliability and validity for the assessment of non-
motor symptoms in Korean PD patients. J Clin Neurol 2012;8:276-283
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Introduction

Interest in non-motor symptoms in Parkinson’s disease (PD)
has increased in recently. Prominent among the non-motor
symptoms of PD are cognitive disorder and dementia, dysau-
tonomia, sleep disorders, and sensory disorders, including hy-
posmia.' However, the non-motor symptoms of PD remain un-
der recognized and under treated, despite being the main cause
of disability in many PD patients. The recognition and proper
management of non-motor symptoms are vitally important
for delivering modern and comprehensive healthcare to PD pa-
tients. Moreover, non-motor symptoms strongly affect the qu-
ality of life of PD patients.” The assessment of non-motor
symptoms in patients with PD is therefore essential and has
become an important approach for evaluating outcomes.

The original non-motor symptoms scale for PD (NMSS),
which was written in English, was developed and validated to
evaluate and quantify non-motor symptoms by addressing in-
dividual aspects such as cardiovascular function, sleep/fatigue,
mood, perceptual problems, attention/memory, gastrointesti-
nal function, urinary function, sexual function, and other mis-
cellaneous items.?

In the present study, we translated the NMSS into Korean
and evaluated its reliability and validity for use with Korean-
speaking patients with PD. We also assessed its usefulness as
a diagnostic measure for nonmotor symptoms in Korean pa-
tients with PD.

Methods

Study participants

We recruited patients with PD from nine movement disorder
centers of university-affiliated hospitals in Korea. PD was de-
fined according to the clinical diagnostic criteria of the United
Kingdom Parkinson’s Disease Society Brain Bank.* Written
informed consent to participate was obtained from all patients.
The Institutional Review Board of each participating hospital
approved this study.

Translation

The following steps were used to translate the original Eng-
lish-language version of the NMSS into the final Korean ver-
sion of the NMSS (K-NMSS), forward translation and back-
ward translation, expert committee review, and pretesting of
the penultimate version.

First, two independent bilingual translators translated the
English version of the NMSS into Korean literally. A panel
consisting of three authors (S.B. Koh, D.Y. Kwon, and J.S.
Baik) reviewed the translations to form a single forward trans-
lation. Another bilingual translator translated the draft version
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of the K-NMSS back into English. The backwards-translated
English version was also reviewed by the panel. Next, discrep-
ancies between the original English version and the first-draft
Korean translation were evaluated by the panel. Four patients
were then interviewed to evaluate how they interpreted the
translation. These processes resulted in the final K-NMSS (see
Appendix).

K-NMSS

The K-NMSS comprises 30 items covering 9 aspects: cardio-
vascular function, sleep/fatigue, mood/cognition, perceptual
problems/hallucinations, attention/memory, gastrointestinal
tract, urinary function, sexual function, and miscellaneous oth-
er nonmotor symptoms. The assessment period was “the past
1-month”. The score for each domain is based on multiple
levels of severity (from 0 to 3) and frequency scores (from 1 to
4). The total K-NMSS score ranges from 0 to 360.

Acceptability, reliability, and validity

Movement disorder specialists (all authors of this paper) appli-
ed the following battery of standard assessment measures: st-
andard demographic forms, levodopa equivalent dose (LED),’
modified Hoehn and Yahr Scale (HYS),® the Unified Parkin-
son’s Disease Rating Scales (UPDRS) parts I, II, and I11,” and
various other measures including the Korean version of the
Mini-Mental Status Examination (K-MMSE)?® to measure cog-
nitive function, the Korean version Montgomery-Asberg De-
pression Scale (K-MADS)® to assess mood disorders, the Ep-
worth Sleepiness Scale (ESS)' to measure somnolence, the
long-form Parkinson’s Disease Questionnaires (PDQ39)" to
measure disease-specific health-related quality of life, and the
K-NMSS. To evaluate test-retest reliability, the patients took
the K-NMSS twice at times separated by an interval that was
sufficiently long to minimize any memory of the test and prac-
tice efforts. The test-retest reliability was assessed over a time
interval of 10-14 days.

Statistical analysis

Reliability was tested for both internal consistency and the
stability of measures. Internal consistency was assessed by
Cronbach’s a-coefficient. The criterion value for o was =0.70.
Test-retest reliability was assessed by the Guttman split-half
coefficient (GSHC), for which values higher than 0.70 were
considered acceptable. Spearman’s rank correlation coeffici-
ents were used to identify associations with other variables as
well as to analyze convergent validity with other scales. Lo-
gistic regression analysis was used to assess the relative con-
tribution of clinical variables to the total K-NMSS score. SPSS
15.0 (SPSS, Chicago, IL, USA) was used for all statistical
analyses.
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Validation of the K-NMSS for PD

Table 1. Score for each NMSS domain and correlations between the domain scores and the total NMSS score

Score (n=102)

Spearman’ rank correlation

NMSS domain -

Mean£SD Min. Max. rS p value
Cardiovascular 1.66+£2.75 0 12 0.376 <0.001
Sleep/Fatigue 6.99+7.57 0 42 0.783 <0.001
Mood 10.54+13.41 0 72 0.791 <0.001
Perceptual problems 0.69+1.99 0 14 0.420 <0.001
Attention/Memory 5.39+6.88 0 33 0.806 <0.001
Gastrointestinal 3.96+5.08 0 24 0.771 <0.001
Urinary 6.03+8.31 0 36 0.664 <0.001
Sexual function 3.90+0.92 0 24 0.501 <0.001
Miscellaneous 4.93+6.77 0 98 0.612 <0.001
Total NMSS 43.87+£42.35 0 194

NMSS: non-motor symptoms scale for Parkinson's disease.

Results

Demographic features

Of the 102 Korean patients who were recruited, 52 were men
and 50 were women. 101 of these patients completed the K-
NMSS test twice. The age of the patients ranged from 43 to 84
years (65.0319.55 years, mean+SD), and the duration of PD
ranged from 1 to 276 months (43.64+48.17 months). Based
on the modified HYS, there were 32 patients at stage 1, 12 at
stage 1.5, 31 at stage 2, 17 at stage 2.5, 9 at stage 3, and 1 at
stage 4. The LED was 397.19£329.97 mg/day.

Validation results

The total K-NMSS score was 43.87+42.34 (range, 0-194) out
of a possible maximum of 360 (Table 1). We compared our
findings with data from the study of Chaudhuri et al.* and a
Chinese study (Fig. 1)."* Cronbach’s a-coefficient for the K-
NMSS was 0.742. All of the K-NMSS domains gave Cron-
bach’s o coefficients of =0.70. Furthermore, the correlations
between each domain with the total score were statistically
significant [Spearman’s rank correlation coefficient, (rS)=
0.376-0.806, p<0.001)] (Table 1). The GSHC of the total K-
NMSS scores of the 101 patients who performed the test twice
was 0.941, and the test-retest reliabilities of the K-NMSS
were between 0.705 and 0.965 (Table 2).

In this study, the total K-NMSS score was not significantly
associated with age or disease duration, but was significantly
associated with HY'S (rS=0.231, p<0.05) and LED (rS=0.225,
p<0.05; Table 3). There were significant correlations between
the total K-NMSS score and the scores for UPDRS part I (rS=
0.518, p<0.001), UPDRS part II (rS=0.330, p=0.001), and
UPDRS part III (rS=0.288, p=0.003). There were also signif-
icant correlations between the domains of the K-NMSS (ex-
cept for cardiovascular and sexual functions) and UPDRS part
I scores and between the domains of the K-NMSS (except for
perceptual problems) and UPDRS part II scores (Table 3). The

278 J Clin Neurol 2012;8:276-283

—e— Original

—— Korean

—&— Chinese

(&%

Sleep/Fatigue

Mood

Perceptual problems
Attention/Memory
Gl

Urinary

Sexual function
Miscellaneous

Fig. 1. Comparison of the mean score for each domain of NMSS
between the current study, the original study, and the Chinese
study. CV: cardiovascular, Gl: gastrointestinal, NMSS: non-motor
symptoms scale for Parkinson’s disease.

Table 2. Test-retest Gutmann Split-Half coefficient and correlation
reliability for the Korean version non-motor symptoms scale for
Parkinson’s disease

. Gutmann Split-Half ~ Correlation
NMSS domains )
coefficient rho  p value
NMSS_cardiovascular 0.735 0.582 <0.001
NMSS_sleep 0.817 0.695 <0.001
NMSS_cognition/mood 0.855 0.755 <0.001
NMSS_perception/ 0.856 0.768 <0.001
hallucination
NMSS_attention/memory 0.855 0.757 <0.001
NMSS_gastrointestinal 0.881 0.789  <0.001
NMSS_urinary 0.877 0.781 <0.001
NMSS_sexual function 0.965 0.933 <0.001
NMSS_miscellaneous 0.705 0.590 <0.001
NMSS_total 0.941 0.891 <0.001

NMSS: non-motor symptoms scale for Parkinson's disease.

mood/cognition, attention/memory, gastrointestinal, and uri-
nary domains of the K-NMSS were significantly correlated
with UPDRS part III (Table 3). In the miscellaneous domain,



Table 3. Correlation of the NMSS score and clinical features (HYS and UPDRS)
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. Age Disease duration
NMSS domain LED (mg) HYS UPDRSI UPDRS2  UPDRS3
(years) (months)

Cardiovascular

rS -0.058 -0.017 0.074 0.029 0.134 0.246* 0.115

p 0.559 0.862 0.461 0.772 0.181 0.013 0.249
Sleep/Fatigue

rS 0.065 0.101 0.165 0.144 0.334* 0.301* 0.138

P 0.516 0.313 0.098 0.150 0.001 0.002 0.167
Mood/Cognition

rS -0.103 -0.015 0.183 0.167 0.5041 0.4007 0.233*

p 0.305 0.884 0.066 0.093 0.000 0.000 0.018
Perceptual problems/Hallucinations

rs -0.025 0.198* 0.101 -0.021 0.3617 0.097 0.058

p 0.803 0.047 0.313 0.836 0.000 0.335 0.562
Attention/Memory

rS 0.174 0.241* 0.243* 0.344t1 0.5321 0.4391 0.227*

p 0.079 0.014 0.014 0.000 0.000 0.000 0.027
Gastrointestinal

rS 0.198* 0.225* 0.214* 0.302* 0.4021 0.300* 0.273*

p 0.046 0.023 0.030 0.002 0.000 0.002 0.006
Urinary

rS 0.334* 0.086 0.041 0.021 0.4121 0.299* 0.231*

p 0.001 0.392 0.682 0.831 0.000 0.002 0.019
Sexual function

rS -0.048 0.011 0.187 0.129 0.134 0.232* 0.127

p 0.635 0.909 0.060 0.198 0.180 0.019 0.202
Miscellaneous_pain

rS -0.107 0.044 0.129 0.064 0.080 0.246* 0.032

P 0.284 0.660 0.197 0.522 0.426 0.013 0.746
Miscellaneous_taste or smell

rS -0.093 0.174 0.238* 0.009 0.158 -0.010 -0.127

P 0.355 0.081 0.016 0.927 0.112 0.917 0.202
Miscellaneous_weight change

rs -0.015 0.216* 0.293* 0.219* 0.113 0.117 0.084

P 0.879 0.030 0.003 0.027 0.257 0.240 0.402
Miscellaneous_excessive sweating

rs -0.114 0.203* 0.302* 0.247* 0.276* 0.264* 0.255*

P 0.255 0.041 0.002 0.012 0.005 0.007 0.010
Total

rS 0.117 0.133 0.225* 0.231* 0.518f 0.330f 0.288*

p 0.242 0.182 0.023 0.019 0.000 0.000 0.003

*Spearman’s rank correlation test, p<0.05, fSpearman’s rank correlation test, p<0.001.

HYS: Hoehn and Yahr Stage Scale, LED: levodopa equivalent dose, NMSS: non-motor symptoms scale for Parkinson’s disease, UPDRS:
Unified Parkinson’s Disease Rating Scale.

only excessive sweating was significantly correlated with dis-
ease duration, LED, HYS, and scores for UPDRS parts I, II,
and III. The logistic regression analysis results are summa-
rized in Table 4. Disease duration, LED, and HYS were not in-
dependent predictors of the total K-NMSS score. The total
K-NMSS score was significantly correlated with K-MADS

(rS=0.594, p<0.001), K-MMSE (rS=-0.291, p=0.003), and ESS
(rS=0.348, p<0.001) scores. There were significant positive
correlations between all domains of the K-NMSS (except for
perceptual problems and sexual function), and K-MADS score
(Table 5). The sleep/fatigue (rS=-0.218, p=0.028), attention/me-
mory (rS=-0.371, p<0.001), gastrointestinal (rS=-0.293, p<
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Validation of the K-NMSS for PD

Table 4. Factors significantly associated with the each domain and total score of the Korean version non-motor symptoms scale: logistic re-

gression model

NMSS domain Factors OR (95% CI)* p value
Cardiovascular UPDRS 2 1.105 (1.023-1.194) 0.011
Sleep/Fatigue UPDRS 1 1.690 (1.268-2.252) <0.001
Mood/Cognition UPDRS 1 1.808 (1.338-2.442) <0.001
Perceptual problems/Hallucinations
Attention/Memory UPDRS 1 2.186 (1.548-3.088) <0.001

HYS 2.508 (1.209-3.037) 0.014
Gastrointestinal UPDRS 1 1.501 (1.152-1.955) 0.003
Urinary UPDRS 1 1.904 (1.392-2.605) <0.001
Sexual function
Miscellaneous_pain UPDRS 2 1.092 (1.014-1.176) 0.020
Miscellaneous_taste or smell
Miscellaneous_weight change LDED 1.002 (1.001-1.003) 0.004
Miscellaneous_excessive sweating LDED 1.002 (1.001-1.004) 0.008
UPDRS 1 1.411 (1.076-1.851) 0.013
Total UPDRS 1 1.674 (1.254-2.234) <0.001

*Odds ratio (95% confidence interval) on logistic regression analysis.

HYS: Hoehn and Yahr Stage Scale, LED: levodopa equivalent dose, NMSS: non-motor symptoms scale for Parkinson’s disease, UPDRS:

Unified Parkinson’s Disease Rating Scale.

Table 5. Correlation between NMSS and MADS, MMSE, and ESS

NMSS domain MADS MMSE ESS
Cardiovascular rS 0.218* 0.028 0.290*
P 0.028 0.782 0.003
Sleep/Fatigue rS 0.4711 -0.218* 0.321*
p 0.000 0.028 0.001
Mood/Cognition rS 0.663t -0.091 0.311*
p 0.000 0.362 0.003

Perceptual problems/ rS 0.178 -0.121 0.192
Hallucinations P 0.074 0.225 0.054
Attention/Memory rS 0.450t -0.371t 0.253*
p 0.000 0.000 0.001
Gastrointestinal rS 0.445t -0.293t 0.276*
p 0.000 0.000 0.005

Urinary rS 0.291* -0.318* 0.1
p 0.003 0.001 0.267

Sexual function rS 0.131 -0.101 0.121
p 0.188 0.315 0.227
Miscellaneous_pain rS 0.189 0.060 0.3891
p 0.057 0.546 0.000

Miscellaneous_taste rS 0.194 -0.054 0.-83
or smell P 0.051 0.593 0.400
Miscellaneous_weight rS 0.238* -0.108 0.075
change p 0.016 0.278 0.452
Miscellaneous_excessive 1S 0.244* -0.148 0.3691
sweating p 0.013 0.139 0.000
Total rS 0.5941 -0.291*%  0.348f
p 0.000 0.003 0.000

*Spearman’s rank correlation test, p<0.05,

correlation test, p<0.001.

Spearman’s rank

ESS: Epworth Sleepiness Scale, MADS: Montgomery-Asberg De-
pression Scale, MMSE: Mini-Mental Status Examination, NMSS:
non-motor symptoms scale for Parkinson’s disease.
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Fig. 2. Correlation between the NMSS score and PDQ39. NMSS:
non-motor symptoms scale for Parkinson’s disease, PDQ-Sumi:
Parkinson’s disease questionnaires 39_summary index.

0.001), and urinary (rS=-0.318, p=0.001) domains of the K-
NMSS were significantly and negatively correlated with the
K-MMSE score (Table 5). The cardiovascular function, sleep/
fatigue, mood, attention/memory, and gastrointestinal domains
of K-NMSS were significantly correlated with the ESS find-
ings (Table 5).

The total K-NMSS score was significantly and positively
correlated with the PDQ39 score (rS=0.814, p<0.001) (Fig.
2). All domains of the K-NMSS (except for sexual function),
were significantly correlated with the PDQ39 score, and a
higher mood/cognition domain score was associated with a
worse PDQ39 score (rS=0.655, p<0.001) (Table 6).



Table 6. Correlation between NMSS and the summary index of PDQ39
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NMSS domain

Summary Index of PDQ39

Mobility ADL Emot Stigma Soc supp Cogn Comm Bodily Total

Cardiovascular

rS 0.289* 0.260* 0.361 0.217* 0.245* 0.303* 0.288* 0.383f 0.3941

P 0.003 0.008 0.000 0.028 0.013 0.002 0.003 0.000 0.000
Sleep/Fatigue

rS 0.4841 0.337* 0.476" 0.200* 0.3417 0.4271 0.299* 0.5041 0.6141

P 0.000 0.001 0.000 0.043 0.000 0.000 0.002 0.000 0.000
Mood/Cognition

rS 0.5381 0.4257 0.6701 0.4211 0.319* 0.4881 0.433f 0.301* 0.6557

P 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.002 0.000
Perceptual problems/Hallucinations

rS 0.192 0.160 0.274* 0.230* 0.047 0.315* 0.252* 0.165 0.302*

P 0.053 0.108 0.005 0.020 0.638 0.001 0.011 0.100 0.002
Attention/Memory

rS 0.5091 0.5261 0.3487 0.301* 0.237* 0.6991 0.4607 0.5121 0.6321

P 0.000 0.000 0.000 0.002 0.017 0.000 0.000 0.000 0.000
Gastrointestinal

rs 0.4971 0.372t 0.3397 0.300* 0.272* 0.5021 0.401% 0.3971 0.613f

P 0.000 0.000 0.000 0.002 0.006 0.000 0.000 0.000 0.000
Urinary

rS 0.478 0.290 0.386" 0.133 0.161 0.3791 0.201* 0.34171 0.5371

P 0.000 0.003 0.000 0.181 0.106 0.000 0.043 0.000 0.000
Sexual function

rS 0.230* 0.196* 0.101 0.075* 0.038 0.177 0.107 0.024 0.185

P 0.020 0.048 0.313 0.453 0.701 0.075 0.285 0.809 0.063
Miscellaneous_pain

rS 0.225* 0.203* 0.255* 0.340°" 0.325* 0.209* 0.261* 0.308* 0.305*

P 0.023 0.041 0.010 0.000 0.001 0.035 0.008 0.002 0.002
Miscellaneous_taste or smell

rS 0.189 0.171 0.331* 0.239* 0.087 0.3487 0.213* 0.268* 0.4201

P 0.057 0.087 0.001 0.016 0.383 0.000 0.032 0.007 0.000
Miscellaneous_weight change

rS 0.256* 0.230* 0.154 0.224* 0.105 0.176 0.242* 0.203* 0.242*

P 0.009 0.020 0.122 0.024 0.295 0.077 0.014 0.042 0.014
Miscellaneous_excessive sweating

rS 0.3871 0.3877 0.281* 0.336* 0.136 0.4741 0.272* 0.4841 0.4611

P 0.000 0.000 0.004 0.001 0.173 0.000 0.006 0.000 0.000
Total

rS 0.6321 0.5151 0.593f 0.386t 0.305* 0.6241 0.4751 0.532f 0.814f

P 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000

*Spearman’s rank correlation test, p<0.05, fSpearman’s rank correlation test, p<0.001.
ADL: activities of daily living, Bodily: bodily discomfort, Cogn: cognitions, Comm: communication, Emot: emotional well-being, NMSS:
non-motor symptoms scale for Parkinson’s disease, PDQ39: Parkinson’s Disease Questionnaires, Soc supp: social support.

Discussion

Scales that can be used to evaluate and quantify the severity
of nonmotor symptoms in patients with PD are fundamentally
important for patient management. We translated the NMSS
into Korean and evaluated its reliability and validity for use

with Korean-speaking patients with PD. In our present study,
nonmotor symptoms, as measured by the K-NMSS, were less
severe those reported by Chaudhuri et al.* The K-NMSS score
in our study was 43.87+42.34, whereas the score of the NMSS
used by Chaudhuri et al. was 56.46+40.66. The subject popul-
ations differed between these two studies; for example, our
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study subjects had a shorter disease duration (3.7 years vs. 6.4
years). However, the mean K-NMSS score was higher in our
present study than that found using the NMSS in Chinese
study.' The mean K-NMSS domain scores in our study were
similar to those found using the NMSS in the two aforemen-
tioned studies.

Cronbach’s a-coefficient is a frequently used statistic in em-
pirical research involving various domains. It estimates the
reliability of a scale by determining the internal consistency of
the test or the average correlation of domains within the test."
It ranges in value from O to 1, with a higher score indicating
that the generated scale is more reliable. A coefficient of 0.7
is considered to indicate acceptable reliability." The internal
consistency reliability of the K-NMSS was satisfactory (Cron-
bach’s a-coefficient=0.742), as was the test-retest reliability
for the total K-NMSS score (GSHC=0.941). The test-retest re-
liabilities of all domains of NMSS were satisfactory, with GS-
HC between 0.705 and 0.965.

In our study, the K-NMSS score was not significantly corre-
lated with age or disease duration. Nonmotor symptoms are he-
terogeneous and the domains of the NMSS are diverse. Fur-
thermore, some nonmotor symptoms may emerge secondary
to the underlying pathogenesis of the disease, while others are
recognized side-effects of treatment. In addition, nonmotor
symptoms may appear before the onset of motor symptoms.
These factors may explain the low correlation between K-
NMSS score and disease duration in our study.

The K-NMSS score was significantly correlated with LED,
which can be explained by several factors. Many nonmotor
fluctuations additional to classic motor fluctuations, may occur
in PD.">! Nonmotor symptoms can be prominent during the
“off” state, and patients in the “wearing off” state usually take
a high dose of levodopa.'>'° A relationship between the “wear-
ing off” phenomenon of nonmotor symptoms and levodopa
dosage is one potential reason why the K-NMSS score was
significantly correlated with LED. In addition, LED could be
an indicator of the severity of PD, and nonmotor symptoms
might emerge as a side-effect of dopaminergic treatment.

The K-NMSS score was significantly associated with mea-
sures related to PD (HYS and UPDRS), similar to what was
found in the original study. These findings suggest that the se-
verity of motor signs is associated with the burden of nonmo-
tor symptoms.

The correlation between the K-NMSS score and UPDRS
part I (mentation, behavior, and mood) and UPDRS part II
scores (activities of daily living; rS=0.330-0.518, p<0.001)
were higher than that between HYS and UPDRS part III sc-
ores (motor examination; rS=0.231-0.238, p<0.05). These re-
sults demonstrate that the K-NMSS is a useful tool for assess-
ing the nonmotor symptoms of PD.
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The K-NMSS score exhibited a significant positive correla-
tion with K-MADS and ESS scores (rS=0.348-0.594, p<
0.001). There was also a significant negative correlation be-
tween the K-NMSS and K-MMSE scores (rS=-0.291, p<
0.05). The NMSS domains of mood/cognition, attention/me-
mory, and sleep/fatigue were significantly correlated with K-
MADS, K-MMSE, and ESS scores, respectively. These find-
ings demonstrate that the domains of NMSS are adequate for
assessing various nonmotor symptoms in PD patients.

There was a significant positive correlation between the
total K-NMSS and PDQ39 scores (rS=0.814, p<0.001), and
each K-NMSS domain was also significantly associated with
the PDQ39 score (rS=0.302-0.655). These findings indicate
that nonmotor symptoms, especially mood/cognition, atten-
tion/memory, and sleep/ fatigue, are strongly associated with
health-related quality of life in patients with PD.

In conclusion, our results demonstrate that the K-NMSS is
a well-translated and validated version of the original NMSS,
and hence is a useful instrument for the assessment of non-
motor symptoms in Korean PD patients.
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