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Mild parkinsonian signs (MPS) may represent the mild end of a disease spectrum that spans from normal
aging to neurodegenerative diseases. We conducted a population-based study in a rural island town in
western Japan, Ama-cho. Participants included 1129 subjects, aged 60 years and older, residing in the town.
Participants were classified according to a modified Unified Parkinson's Disease Rating Scale (mUPDRS) score.
MPS was determined to be present if any of the following conditions were met: (1) two or more mUPDRS
ratings=1 [MPS-mild]; (2) one mUPDRS rating≥2; or (3) mUPDRS rest tremor rating≥1; [(2) and (3): MPS-
severe]. Subjects wore a uniaxial accelerometer (Actiwatch), resulting in the measurement of actigraphic
activity counts (AC).
Of the 804 participants with complete data, 178 subjects (22.1%) were classified as demonstrating MPS. AC
was significantly lower in the MPS-severe group compared with both the CTL and the MPS-mild groups.
Diagnostic sensitivity forMPS-severe became 100%whenwe adopted a cutoff point of low physical activity, as
measured by actigraphy, combined with the presence of subjective depression.
We established the prevalence of MPS in a community-dwelling elderly population sample in Japan.
Actigraphy may be a useful objective tool for screening MPS-severe.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Mild parkinsonian signs (MPS), including bradykinesia, rigidity,
gait disturbance and resting tremor, may represent the mild end of a
disease spectrum that spans from normal aging [1] to neurodegen-
erative diseases [2], including Parkinson's disease (PD). MPS has also
been reported to be the result of nigrostriatal Alzheimer's disease
(AD)-type pathology [3], associated with increased risk of dementia
[4], associated with vascular lesions of basal ganglia and white matter
[5,6], and a significant predictor of mortality [7]. However, the clinical
significance of MPS is not yet fully understood. The prevalence of MPS
in sample populations in East Boston, England [8], New York, USA [9]
and Jiangsu, China [7] has been reported, but inconsistencies exist
across reports because of differences in MPS definition, study
methodology, age structure, and cognitive status [10]. The prevalence
of MPS in Japan has hitherto not been reported.

We have conducted the first epidemiological study to suggest the
prevalence of MPS in Japan. Furthermore, we examined the usefulness
of actigraphy as an objective indicator for MPS through a population-
based study in order to establish screening methods for MPS in
association with questionnaires about motor and nonmotor symp-
toms of Parkinson's disease (PD).

2. Methods

2.1. Subjects

This study was conducted in the municipality of Ama-cho, a rural
island town located 70 km from Yonago city, in the northwestern part
of Japan [11]. To be included in the study, subjects were required to be
living and to be legally residing in the town on March 31, 2008. The
total population of Ama-cho on this day was 2402 (1124 men). The
number of elderly people aged 60 years and olderwas 1129 (479men,
mean age±SD 74.6±9.1 years old). Board certified neurologists of
the Japanese Society of Neurology (neurologists) belonging to our
department have visited this town twice a year since 1980, and
diagnosed patients having neurological disorders. Before this study,
11 patients with PD were recognized through these visits.

The study was approved by the committee for medical research
ethics at Tottori University following the principles outlined in the
“Declaration of Helsinki”, and all participants provided written
informed consent to participate in the study.

2.2. Questionnaire survey

We administered a questionnaire survey in May 2008. First, we
mailed the questionnaires to residents aged 60 years or older. To
assess motor symptoms, we included the Tanner questionnaire, [12],
which is validated as a PD patient screening form. To evaluate
depressive symptoms, we included the Japanese version of the
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Geriatric Depression Scalewith 15 questions (GDS-15). [13]. It has been
validated for the diagnosis of depression, and the recommended cutoff
points are≥6 asmild depression and≥10 as severe depression [13,14].
We included the Pittsburgh Sleep Quality Index (PSQI) [15] and the
REM Sleep Behavior Disorder Screening Questionnaire (RBDSQ) [16] to
assess sleep disturbances. The cutoff value of the PSQI for a poor sleeper
was 5/6 points, [15], and the RBDSQ to detect REM sleep behavior
disorder (RBD) was 5/6 points. [17]. Demographic data, including age,
gender, duration of education, andpresent smoking anddrinking habits,
were collected using the questionnaire. In order to evaluate nonmotor
symptoms, we assessed the presence of constipation, hallucinations,
hyposmia, and orthostatic hypotension with the questionnaire.

2.3. Neurological examination

Each participant underwent a structuredmedical interview including
a past history of hypertension, diabetes mellitus, and hyperlipidemia. A
standardized neurological examination was conducted by one of four
neurologists, including an abbreviated (10-item) version of the motor
portion of the Unified PD Rating Scale (UPDRS) in 2008–2009. The 10
items screened for speech, facial expression, tremor at rest, rigidity (rated
separately in the neck, right arm, left arm, right leg, and left leg), posture,
and body (axial) bradykinesia, with each item rated from 0 to 4. A rating
of 1 indicated a mild abnormality and a rating of ≥2 indicated an
abnormality of moderate or greater severity [9]. Subjects with a total
UPDRS score of 0 were classified as being normal controls (CTL). We
assigned adiagnosis of PDbasedon research criteria [18] andparticipants
were considered to have PD if (1) they had previously received a
diagnosis of PD by neurologists and responded to L-dopa or (2) their
symptoms fulfilled theUKPDbrainbank criteria, [19], or both. Thosewho
had two or more cardinal signs (UPDRS rating≥2) on the standardized
neurologic examination were classified as having parkinsonism. These
cardinal signs include bradykinesia, rigidity, postural instability, and
resting tremor.

MPS were defined as present when any one of the following
conditions was met: (1) two or more UPDRS ratings=1; (2) one
UPDRS rating≥2; or (3) a UPDRS resting tremor rating≥1 [10]. MPS
was further stratified into subtypes according to symptom types and
severity as shown in Table 1 [4, 20, 21].

2.4. Measurement of physical activity using actigraphy

In order to obtain participants for the actigraphy study, we gathered
subjects infive districts, randomly selected from the fourteen districts in
the town (participation rate: 65.0%).

Physical activity was quantified using wrist-worn uniaxial accel-
erometers (Actiwatch-16, Mini Mitter-Philips Respironics, Bend, OR)
[22]. Physical activity was monitored in the participant's own homes,

and participants were instructed to continue their normal daily
routine. Participants wore Actiwatches on their nondominant wrist
for 1 week collecting data in 1-minute epochs. Those subjects with
unilateral PD wore monitors on their least affected side. This
placement has been shown to better represent whole-body move-
ment [25] and was intended to reduce artifacts such as low level
constant activitywhenwritingwith the dominant hand or dyskinesias
in the most affected arm. At the same time, all participants completed
a sleep log for 7 days. All actigraphic data were validated in
accordance with entries in sleep logs. Automatic activity analysis
using dedicated software (Actiware, Mini Mitter-Philips Respironics)
was conducted. The measures analyzed were Total AC (the sum of all
valid physical activity counts for all awake epochs), Avg AC (the
average of all valid physical activity counts for all awake epochs
divided by the epoch length in minutes), and Max AC (the largest of
any valid physical activity count for all awake epochs).

2.5. Statistical analyses

The adjusted prevalence was calculated for all types of MPS and PD
using the Japanese population on March 1, 2008. Paired t tests and
analysis of variance (ANOVA)were used for comparison ofmedians for
continuous variables, and categorical variables were analyzed using a
chi-square test. Pearson's test was used for correlation analyses.
Differences in the total physical activities between groups were
evaluated with an analysis of covariance (ANCOVA), adjusting for age.
Analyses of the relationship between the background of the nonmotor
symptoms and MPS-severe were performed by multivariate logistic
regression analysis. Significance was defined as pb0.05, and all
analyses were conducted using the Statistical Package for the Social
Sciences version 17.0 software (SPSS17.0, 2008, Tokyo, Japan).

3. Results

3.1. Questionnaire survey

Nine hundred sixty-eight (85.7%) of 1129 residents returned their
questionnaire. As compared to survey nonrespondents, respondents
were similar in age (mean=74.7 years vs. 75.1 years) and gender
(47.1% male vs. 43.5% male).

3.2. Prevalence of PD and MPS in a community-dwelling elderly
population sample

Eight hundred four of 1129 subjects received a neurological
examination (71.2%). We diagnosed 69 subjects as having parkinson-
ism (24 men, 82.9±7.1 years). Of the parkinsonism patients, 14 were
diagnosed as having PD (4 men, 79.6±7.6 years). The crude
prevalence of PD and the age-adjusted prevalence when calculated
using the Japanese population in 2008 were 1.5% and 1.3% for PD in
those over the age of 65.

Of the examined subjects, 178 were diagnosed as having MPS (62
men, 78.1±8.1 years). The crude prevalence of MPS was 22.1% (95%
CI: 19.3–25.0) in participants over 60 years of age, and 23.7% (95% CI:
20.6–26.9) in participants over 65 years of age. The age-adjusted
prevalence of MPS was 13.8% in the over 60 population, and 16.8%
in the over 65 population. We showed the classification of MPS
according to its type and severity in Table 2.

3.3. Physical activity measured by actigraphy

Using actigraphy, we evaluated 265 subjects (121men; age: 74.2±
7.9 years), including 174 control (CTL) subjects (75 men; 72.2±
7.2 years), 53 subjects with MPS-mild (22 men; 78.3±7.2 years), 19
subjects with MPS-severe (5 men; 78.4±6.6 years), and 19 subjects
with parkinsonism (7 men; 81.0±7.5 years) including 7 PD patients

Table 1
Classification of mild parkinsonian signs.

Classification according to symptoms
Axial dysfunction (1) UPDRS ratings=1 in two or more of the four items

of axial function (changes in speech, facial expression,
posture, and axial bradykinesia), or (2) one UPDRS
rating≥2 in one of the four items

Abnormality in
rigidity

Either (1) UPDRS ratings=1 in two or more of the five
items of rigidity, or (2) one UPDRS rating≥2 in one of
the five items

Tremor A UPDRS resting tremor rating≥1
Unclassified Could not be classified into any of the above-mentioned

categories

Classification according to severity of UPDRS score
MPS-mild A UPDRS rating of 1
MPS-severe A UPDRS rating of 2 or higher, or presence of resting

tremor

MPS: mild parkinsonian signs, UPDRS: Unified PD Rating Scale.
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