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A B S T R A C T

Background: Depression is an important non-motor symptom of Parkinson’s disease (PD) that significantly im-
pacts the daily activities of affected patients. Furthermore, the stooped posture that characterizes patients with
PD has also been associated with depression. The purpose of this study was to investigate the relationship
between the presence of depressive symptoms and body posture in patients with PD.
Methods: Forty-six patients with mild-to-moderate PD were recruited. The patients were divided into depression
and no depression groups based on Beck Depression Inventory scores. All patients underwent kinematic analysis
conducted in the upright standing posture with a motion capture system.
Results: There were no differences in clinical characteristics between the depression (n= 22) and no depression
groups (n=24). In the standing position, patients with depression showed anterior tilting of the head from the
pelvis and an increased distance between head and pelvis. The severity of depression was correlated with the
degree of flexion at the lower trunk level and the degree of anterior tilting of the head, neck, and trunk from the
pelvis and base of support.
Conclusions: Patients with PD and depression showed increased flexion at pelvis level, which caused the trunk to
tilt anteriorly. In addition, the severity of depression was correlated with the degree of anterior tilting of the
head and trunk. These findings suggest that stooped posture, especially from the pelvis level, could be a marker
of depression in patients with PD.

1. Introduction

Parkinson’s disease (PD) is a slowly progressing neurodegenerative
disease accompanied by non-motor symptoms such as psychiatric,
cognitive, sensory, gastrointestinal, and autonomic symptoms [1–3].
Depression is an important non-motor symptom of PD, and the pro-
portion of individuals with depression is significantly higher among
patients with PD than in the general population [4]. The reported
prevalence of depression among patients with PD ranges from 2.7% to
more than 90%, and the average reported prevalence is 35% [4,5].
Depression has a significant impact on sleep disorders, fatigue, and
activities of daily living in patients with PD [6–8]. Schrag et al. [9]
reported that depression was the factor most closely associated with
quality of life in these patients.

Posture, defined as the relative arrangement and position of body
parts, is related to emotion [10,11]. An upright posture promotes po-
sitive thoughts, whereas a stooped or slumped posture promotes ne-
gative thoughts [12,13]. A stooped posture is included in the physical
and diagnostic characteristics of patients with depression [12], and

these patients exhibit greater cephalic flexure and thoracic kyphosis
than healthy controls do [10]. However, identifying depression in pa-
tients with PD can be difficult, considering that patients with PD and
those with depression exhibit similar characteristics such as dampened
facial expressiveness, fatigue, psychomotor retardation, loss of appetite
due to a decreased sense of taste and smell, insomnia, a stooped pos-
ture, decreased walking speed, and short strides [4,14,15].

We therefore hypothesized that there are postural differences be-
tween patients with PD and comorbid depression and those without
comorbid depression. This study’s primary objective was to investigate
such between-group postural differences, and the secondary objective
was to test for correlations between depression severity and body
posture in patients with PD.

2. Methods

2.1. Participants

Forty-six patients diagnosed with PD based on the UK Parkinson’s
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Disease Society Brain Bank Clinical Diagnostic Criteria were recruited
from our outpatient clinic [16]. The patients were divided into a de-
pression group and a no depression group using Beck Depression In-
ventory (BDI) [17] scores, with a score of ≥14 being regarded as in-
dicating depression [18,19]. The inclusion criteria were as follows:
mild-to-moderate idiopathic PD (i.e., Hoehn and Yahr stage 1–3)
[20,21], a score of ≥24 on the Korean version of the Mini-Mental State
Examination (K-MMSE) [22], use of stable doses of anti-PD medica-
tions, and the ability to stand without assistance. Patients with a history
of any other neurological, psychiatric, and/or musculoskeletal disorder
were excluded. The study was approved by the institutional review
board and conformed to the principles of the Declaration of Helsinki.
All patients provided written informed consent prior to participation.

2.2. Demographic and clinical characteristics

Data regarding demographic and clinical characteristics, including
age, sex, symptom duration, treatment duration, and levodopa
equivalent dose, were collected from all patients. In addition, scores on
the modified Hoehn and Yahr scale, Unified Parkinson’s Disease Rating
Scale [23], K-MMSE, and BDI were determined for all patients.

2.3. Experimental procedure

Postural assessment for an upright stance was performed using a
three-dimensional motion capture system (Vicon MX-T10, Oxford
Metrics, Oxford, UK) with six infrared cameras and a sampling rate of
100 Hz. A global reference system was established such that the positive
x-axis represented the right direction, the positive y-axis represented
the forward direction, and the positive z-axis represented the upward
direction.

All patients wore a fitted shirt and shorts and were barefoot during
measurements. Thirty-nine reflective makers (14-mm spheres) were
placed over bony landmarks on the patients according to the Vicon
plug-in-gait model. The unilateral markers were placed over the cla-
vicle, sternum, and the C7 and T10 vertebrae. The bilateral markers
were placed over the front and back of the head, shoulder, lower third
of the upper arm, lateral humeral epicondyle, lower third of the
forearm, medial and lateral wrist styloid processes, third metacarpal
head, anterior superior iliac spine (ASIS), posterior superior iliac spine
(PSIS), lower third of the lateral thigh, lateral femoral epicondyle,
lower third of the lateral shank, calcaneus, lateral malleolus, and
second metatarsal head.

The patients stood with their arms stretched along their trunk and
with their feet spaced approximately 10 cm apart in the heel-to-heel
position. They were instructed to look at a target on a wall and to hold
an upright posture for 5 s. The evaluators were blind to each patient’s
depression status during the postural assessment. Measurements were
obtained in the clinically ‘on’ state, typically within 1–2 h after taking
anti-PD medications.

2.4. Data analysis

Kinematic data were analyzed with Nexus software (version 1.83,
Oxford Metrics) and low-pass filtered with a second-order Butterworth
filter at a cut-off frequency of 6 Hz. Data obtained within 5 s after the
start signal were analyzed.

2.5. Definitions of points, angles, and tilts

The definitions for all points, angles, and tilts were modifications of
those from previous studies (Fig. 1) [24–28]. The head point was de-
fined as the midpoint of the frontal and occipital markers. The cervical
point was defined the midpoint of the clavicle and C7 markers. The
thoracic point was defined the midpoint of the sternal and T10 markers.
The pelvis point was defined as the midpoint of the ASIS and PSIS

markers. The base of support (BOS) point was defined as the midpoint
of the toe and heel markers.

The neck angle was defined as the sagittal plane inner angle be-
tween the vector from the cervical point to the head point and the
vector from the thoracic point to the cervical point. The upper trunk
angle was defined as the sagittal plane inner angle between the vector
from the thoracic point to the cervical point and the vector from the
pelvis to the thoracic point. The lower trunk angle was defined as the
sagittal plane inner angle between the vector from the pelvis point to
the thoracic point and the vector from the BOS point to the pelvis point.

Tilt was defined as the sagittal plane inclination angle between the
vector of two points and the vertical axis. The head-pelvis distance was
defined as the horizontal distance between the head point and pelvis
point. The cervical-pelvis distance was defined as horizontal distance
between the cervical point and pelvis point.

2.6. Statistical analysis

Statistical analyses were performed with SPSS 21.0 software (IBM,
Armonk, NY). Variable values are shown as means ± standard devia-
tions. Normality testing was performed with the Shapiro–Wilk test.
Between-group differences were analyzed with the Mann–Whitney U
test, and Pearson’s correlation coefficients were determined to assess
the correlation between the BDI scores and postural measurements. A p-
value of< 0.05 was considered statistically significant. Effect sizes
were calculated with Cohen's d formula [29].

3. Results

The depression and no depression groups did not significantly differ
in demographic and clinical characteristics apart from BDI scores
(Table 1).

Significant between-group differences were observed for the head-
pelvis tilt and head-pelvis distance, both of which were greater in the
depression group than in the no depression group (Table 2).

The severity of depression was positively correlated with the lower

Fig. 1. Definitions of points and angles used for postural measurements in patients with
Parkinson's disease.
Abbreviations: BOS, base of support; ASIS, anterior superior iliac spine; PSIS, posterior
superior iliac spine.
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