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Abstract

Background and Objective

Several studies assessed the efficacy of traditional Chinese medical exercise in the man-
agement of Parkinson’s disease (PD), but its role remained controversial. Therefore, the
purpose of this systematic review is to evaluate the evidence on the effect of traditional Chi-
nese medical exercise for PD.

Methods

Seven English and Chinese electronic databases, up to October 2014, were searched to
identify relevant studies. The PEDro scale was employed to assess the methodological
quality of eligible studies. Meta-analysis was performed by RevMan 5.1 software.

Results

Fifteen trials were included in the review. Tai Chi and Qigong were used as assisting phar-
macological treatments of PD in the previous studies. Tai Chi plus medication showed
greater improvements in motor function (standardized mean difference, SMD, -0.57; 95%
confidence intervals, Cl, -1.11 to -0.04), Berg balance scale (BBS, SMD, -1.22; 95% CI
-1.65 t0 -0.80), and time up and go test (SMD, -1.06; 95% CI -1.44 to -0.68). Compared with
other therapy plus medication, Tai Chi plus medication also showed greater gains in motor
function (SMD, -0.78; 95% CI -1.46 t0 -0.10), BBS (SMD, -0.99; 95% ClI -1.44 t0 -0.54), and
functional reach test (SMD, -0.77; 95% CI -1.51 to -0.03). However, Tai Chi plus medication
did not showed better improvements in gait or quality of life. There was not sufficient evi-
dence to support or refute the effect of Qigong plus medication for PD.
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Conclusions

In the previous studies, Tai Chi and Qigong were used as assisting pharmacological treat-
ments of PD. The current systematic review showed positive evidence of Tai Chi plus medi-
cation for PD of mild-to-moderate severity. So Tai Chi plus medication should be
recommended for PD management, especially in improving motor function and balance. Qi-
gong plus medication also showed potential gains in the management of PD. However,
more high quality studies with long follow-up are warrant to confirm the current findings.

Introduction

Parkinson’s disease (PD) is a common neurodegenerative disorder with insidious onset. There
is an estimation of at least 4 million people diagnosed as PD worldwide [1]. In China, PD is
1.70% in prevalence rate among people aged more than 65 years old [2]. Although the specific
causes of PD are under investigation, incidence increases with age, especially after 50 years old
[3]. The landmark symptoms of PD are resting tremor, bradykinesis, rigidity and decreased
postural reflexes. These impairments lead to a decline in functional status as gait disturbance
and balance decrements so that people with PD cannot cope with their daily tasks well [4-5]. It
is reported that this decrease in functional status worsens as the disease progresses and often
results in loss of independence and a decline in quality of life [6].

Although the precise reasons of the decrease in balance, gait and quality of life are still un-
known, exercise is a preventive strategy that has demonstrated efficacy in PD [7,8]. Traditional
Chinese medical exercise, including Qigong, Tai Chi, Wugqinxi, etc., combines body move-
ments with mental focus. Tai Chi and Qigong, as representative traditional Chinese medical ex-
ercises, incorporate body movement, breath and mind training to maintain health and remove
disease symptoms. Tai Chi, with slow body positions and dance-like movements that flow
from one to the next continuously, promotes posture, flexibility, relaxation, well-being and
mental concentration [9]. The difference between Qigong and Tai Chi is that Tai Chi is a mar-
tial art with movements practiced quickly which can provide self-defense and are externally fo-
cused. Meanwhile, Qigong cannot and it is internally focused [10].

In the last decade, Tai Chi and Qigong have been studied in the management of PD [11-
15], but there were conflicting results. Li et al. reported significant improvements in balance,
functional capacity and falls after Tai Chi exercise [14]. In contrast, Amano et al. concluded
that Tai Chi was not effective in improving parkinsonian disability [15]. And previous reviews
did not show consistent and strong evidence of Tai Chi for PD [16-19]. What’s more, there
was no comprehensive systematic review of traditional Chinese medical exercise for PD.

Therefore, the aim of this systematic review is to summarize and evaluate the evidence on
the efficacy of traditional Chinese medical exercise for PD. To our knowledge, this is the first
comprehensive systematic review summarizing the effect of traditional Chinese medical exer-
cise for PD patients, focusing on motor function, gait and quality of life. Based on our findings,
recommendations for future research are offered.

Methods
Search Strategy

The relevant studies were retrieved from the following online databases up to October 2014:
PubMed, EMBASE, OVID-MEDLINE, Cochrane Library, China Knowledge Resource

PLOS ONE | DOI:10.1371/journal.pone.0122469  April 1,2015 2/17



@’PLOS | ONE

The Effect of Traditional Chinese Medical Exercise on PD

Integrated Database, Weipu Database for Chinese Technical Periodicals and Wan Fang Data.
The following keywords were used: Parkinson, Parkinson’s disease, Parkinsonism, traditional
tional Clinical Trials Registry Platform, ProQuest Dissertations and Chinese Dissertation Full-
text Database were also searched to identify unpublished studies. And we contacted experts in
relevant field. The literature search was performed independently by two authors (S Jiao and
ZY Lv), and disagreements were resolved by discussion.

Study Selection

Two authors (Y Yang and WQ Qiu) independently identified and selected the studies based on
standardized manner. The studies that met the following criteria were included: (1) study de-
sign: randomized controlled trials (RCTs) and non-randomized controlled trials (non-RCTs);
(2) the target population was diagnosed as PD in any stage; (3) traditional Chinese medical ex-
ercise was practiced alone or combined with stable medication, such as Madopar, compared to
placebo, no intervention and any other therapies with or without stable medication; (4) the pri-
mary outcomes were motor function assessed by Unified Parkinson’s Disease Rating Scale III
(UPDRS III), health related quality of life assessed by Parkinson’s Disease Questionnaire-39
(PDQ-39) or Activities of Daily Living (ADL), balance assessed by Berg Balance Scale (BBS),
Functional Reach Test (FRT) or Time Up and Go Test (TUG) and gait assessed by gait velocity,
stride/step length, or 6-Minute Walking Test (6-MWT); (5) the studies contain available data
for the meta-analysis; (6) the paper was available in either English or Chinese. Any disagree-
ment was settled by discussion or by consulting a third author (J Teng).

Data Extraction

Two authors (Y Yang and WQ Qiu) independently performed data extraction from the eligible
studies. The following information was extracted: (1) study source and study design; (2) pa-
tients characteristics: sample size, age, gender and disease stage; (3) details of the interventions:
type, duration, dose and frequency; (4) main outcomes and (5) length of follow-up. For the
crossover study, the first phase of the study was adopted for the sake of prohibiting carryover
effects. The primary author was contacted by e-mails when the relevant data was not reported.
Any disagreement was settled by discussion or by consulting a third author (YL Hao).

Quality Assessment

Two authors (Y Yang and S Jiao) independently assessed the methodological quality of eligible
studies using PEDro scale. The PEDro score has a fair-to-good reliability for the physiotherapy
studies in systematic reviews [20,21]. And higher scores represent a better quality. The neces-
sary information in eligible studies was supplemented by contacting the corresponding au-
thors. There was no disagreement between the authors regarding PEDro scores.

Data Synthesis and Analysis

Meta-analysis was conducted with Cochrane Collaboration software (Review Manager Version
5.1). D-value of the pre and post treatment was used as the change of curative effect. As for
three or four-armed studies, the similar control groups have be merged with computational
formula provided by the Cochrane handbook to create a single pair-wise comparison. For con-
tinuous data, standardized mean difference (SMD) and 95% confidence intervals (CI) of ran-
dom-effects model were calculated for all eligible trials. The I° statistic, a quantitative measure
of inconsistency across studies, was employed in assessing heterogeneity. Heterogeneity was
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regarded high if the I is greater than 75%. Detailed subgroup analyses were performed to com-
pare Tai Chi/Qigong plus medication with medication alone or other therapy plus medication.
Publication bias was assessed using funnel plot if the group included more than 10 studies.

Results
Study Selection

A total of 118 records were identified after removing duplicates. During the preliminary
screening of the titles and abstracts, 62 studies were eliminated. After full-texts screening, 13
RCTs [11,13-15,21-25,27-31] and 2 non-RCTs [12,26] were included in our review. 9 studies
were published in English [13-15,22-24,27,28,31] and 6 in Chinese [11,12,25,26,29,30]. The
studies were excluded due to without interested outcomes (n = 6), suspected repeat publication
(n =2) and repeated report of main outcomes (n = 1). The detailed process of search and iden-
tification was shown in Fig 1.

Study Characteristics

A total of 799 participants with the mean age of 64.57 + 4.88 years were included. The patients
in most studies were diagnosed as PD of mild-to-moderate severity. The patients in 10 studies
[13,15,22-28,31] were diagnosed as Hoehn and Yahr stage I to III and patients in 2 studies
[14,30] were Hoehn and Yahr stage I to IV. The other studies [11,12,28] did not report the
Hoehn and Yahr stage of eligible patients, but the patients can finish Qigong or Tai Chi exer-
cise independently. Qigong [11-13,29] or Tai Chi [14,15,22-28,30-31] was employed as assist-
ing pharmacological therapies in the included studies. The control interventions included
medication [11,12,15,22,23,27,28,30,31], stretching/resistance training plus medication [14],
dancing plus medication [23], walking plus medication [25,26] and other exercises plus medi-
cation [13,24,27,29]. The intervention time ranged from 4 weeks to 50 weeks. The details of
study characteristics were summarized in Table 1.

Methodological Quality

The methodological quality of the included studies was presented in Table 2. The total scores
on the PEDro scale ranged from 3 to 8 points. Randomized allocation was employed in most
studies (87%) [11,13-15,22-26,28-31], but only 4 trials were considered as allocation conceal-
ment due to lack of detailed descriptions [13,15,25,30]. None of the studies blinded the thera-
pists or subjects, but independent assessors, who were unaware of the allocation, were
employed in most studies (80%) [13-15,22-26,28-31]. 6 studies definitely showed a high ex-
pulsion rate over 15% [13,22-25,27]. And 4 studies used the intention-to-treat analysis
[11,12,14,15]. The eligible studies showed good methodological quality in the remaining items
of PEDro scale. Funnel plot analysis was not performed because none of the groups included
more than 10 trials.

The Effect of Tai Chi for PD

Motor function. UPDRS III was reported in 8 studies [14,15,22,25-28,30], and subgroup
analysis was performed. Most of them reported that Tai Chi plus medication showed beneficial
effect in UPDRS III. The aggregated result also indicated that Tai Chi plus medication showed
greater improvements in UPDRS III than medication alone (SMD, -0.57; 95% CI -1.11 to -0.04;
p =0.03, Fig 2) [15,22,27,28,30] and other therapy plus medication (SMD, -0.78; 95% CI -1.46
to -0.10; p = 0.02, Fig 2) [14,25-27].
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Fig 1. Flow diagram of study selection. RCT: randomized controlled trial.

doi:10.1371/journal.pone.0122469.g001

Balance.

7 studies assessed the effect of Tai Chi plus medication in improving balance in

patients with PD [14,22,24-26,28,30]. The aggregated result indicated that Tai Chi plus medi-
cation showed greater improvements on BBS (SMD, -1.22;95% CI -1.65 to -0.80; p<0.00001,

Fig 3) [22,30]

and TUG (SMD, -1.06; 95% CI -1.44 to -0.68; p<<0.00001, Fig 3) [22,28,30] than

medication alone. Compared with other therapy plus medication, Tai Chi plus medication also
showed greater improvements on BBS (SMD, -0.99; 95% CI -1.44 to -0.54; p<0.0001, Fig 4)
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Table 1. Characteristics of the included studies.

Study Design Sample Mean age Gender Disease Follow- Duration Main Experimental Control group
source size (years) (M/F) stage up (weeks) outcome group intervention
(Hoehn (weeks) intervention
and Yahr
stage)
Yu 1998, RCT 83 58+11;71 38/ NR = 50 Webster scale  Qigong plus Medication
China [11] +10 14;29/2 medication
(30min/
700sessions)
Gu 2002, Non 51 57+9;51+12 23/ NR 36 12 Webster scale  Qigong plus Medication
China[12] RCT 10;17/7 medication
(30min/
168sessions)
Burini RCT 26 65.7+7;62.7  5/8;4/9 2-3 — 7 UPDRS, Qigong plus Aerobic exercise
20086, Italy +4 6-MWT, PDQ- medication plus medication
[13] 39 (45min/ (45min/
20sessions) 20sessions)
Hackney RCT 26 64.9 12/2;9/3 210.46;2 — 13 UPDRS I, Yang-style Tai Medication
2008, US +8.3;61.7 +0.3 BBS, Gait, Chi plus
[22] +10.1 TUG, 6-MWT  medication
(60min/
20sessions)
Hackney RCT 61 66.8 11/6;11/ 2.0 = 13 PDQ-39 Yang-style Tai 1) Tango plus
2009, US +2.4;68.2 3;11/ +0.2;2.1 Chi plus medication;2)
[23] +1.4;64.9 2;12/5 +0.1;2.0 medication Waltz/Foxtrot
12.3;66.5 10.1;2.2 (60min/ plus medication
+2.8 0.2 20sessions) (60min/
20sessions);3)
Medication
Gladfelter ~RCT 17 72+8.52 12/5 2.4+0.87 — 12 BBS, FRT, Yang-style Tai Physical exercise
2011, US TUG, PDQ-39 Chi plus plus medication
[24] medication
(60min/
12sessions)
Li 2011, RCT 47 68.2816.62; 11/ 2.5-3 — 8 UPDRS I, Tai Chi plus Walking plus
China [25] 67.1316.73 13;11/12 BBS, PDQ-39 medication(30- medication
45min/ (40min/
80sessions) 80sessions)
Zhu 2011, RCT 38 63.35+¢8.72; 11/9;12/ 1-2 — 4 UPDRS I, Tai Chi plus Walking plus
China [26] 64.83+9.29 8 BBS medication(30- medication
45min/ (40min/
40sessions) 40sessions)
Li 2012, RCT 195 68+9; 69+8; 45/20; 1-4 12 24 UPDRS I, Tai Chi plus 1) Stretching plus
UsS [14] 6919 38/ Gait, FRT, medication medication;2)
27;39/26 TUG (60min/ Resistance
48sessions) training plus
medication
(60min/
48sessions)
Amano RCT 45 64+13; (66 7/5(7/ 2.310.4 = 16 UPDRS I, 1) Yang-style Tai  Medication
2013, US +11);68+7; 8);7/2;7/ (2.4 Gait Chi plus
[15] 6617 2 10.6);2.2 medication
10.4;2.4 (60min/32-
+0.4 48sessions);2)
Qigong plus
medication
(60min/
32sessions)
(Continued)
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Table 1. (Continued)

Study Design Sample Mean age Gender Disease Follow- Duration Main Experimental Control group
source size (years) (M/F) stage up (weeks) outcome group intervention
(Hoehn (weeks) intervention
and Yahr
stage)
Cheon Non- 23 62.3 0/23 2-3 = 8 UPDRS, ADL  Sun-style Tai Chi 1) Medication2)
2013, RCT 16.5;65.6 plus medication Exercise plus
Korea [27] +7.9;64.9 (50-65min/ medication
17.2 24sessions) (60min/
24sessions)
Choi RCT 20 60.81 NR 1.6 — 12 UPDRS, Tai Chi plus Medication
2013, 17.6;65.54 +0.6;1.8 TUG,6-MWT,  medication
Korea [28] 6.8 +0.3 OLS, ADL (60min/
36sessions)
Cheng RCT 66 57+9;51+12 23/ NR — 12 UPDRS, Qigong plus Routine exercise
2014, 10;17/16 6-MWT medication plus medication
China [29] (60min/ (60min/
24sessions) 24sessions)
Gao 2014, RCT 80 69.54 23/ 1-4 24 12 UPDRS Il Yang-style Tai Medication
China [30] +7.32;68.28  14;27/12 BBS, TUG Chi plus
+8.53 medication
(60min/
36sessions)
Nocera RCT 21 66+11,65+7  7/8;4/2 2-3 — 16 PDQ-39 Yang-style Tai Medication
2014, US Chi plus
[31] medication
(60min/

48sessions)

RCT = randomized controlled trial; NR = no reported; Non-RCT = non-randomized controlled trial; 6-MWT = 6-minute walking test; UPDRS = unified
Parkinson’s disease rating scale; BBS = berg balance scale; TUG = timed up and go; PDQ-39 = Parkinson’s disease questionnaire-39; FRT = functional
reach test; ADL = activities of daily living; OLS = one-leg standing time.

doi:10.1371/journal.pone.0122469.t001

[25,26] and FRT (SMD, -0.77; 95% CI -1.51 to -0.03; p = 0.04, Fig 4) [14,24], but not on TUG
(SMD, -0.17; 95% CI -0.46 to 0.11; p = 0.24, Fig 4) [14,24]

Gait. In 5 studies, gait function was assessed by gait velocity and step length [14,15,22]
and gait endurance was assessed by 6-MWT [22,28]. The subgroup analysis suggested that
there was no significant difference between Tai Chi plus medication and medication alone in
gait velocity (SMD, -0.02 95% CI -0.58 to 0.54; p = 0.94, Fig 5) [15,22], step length (SMD, -0.00
95% CI -0.57 to 0.56; p = 0.99, Fig 5) [15,22] or 6-MWT (SMD, 0.53 95% CI -0.07 to 1.12;

p =0.08, Fig 5) [22,28]. However, one study reported that Tai Chi plus medication group per-
formed better in gait velocity and step length than stretching plus medication group, and out-
performed the resistance-training plus medication group in step length [14].

Quality of life. The quality of life was assessed in 6 trials [23-25,27,28,31], and the sub-
group analysis was performed. Tai Chi plus medication showed greater improvements than
medication alone on ADL (SMD, -0.81 95% CI -1.50 to -0.12; p = 0.02, Fig 6) [27,28]. On
PDQ-39, however, the aggregated result indicated that there was no significant difference be-
tween Tai Chi plus medication and medication alone (SMD, 0.06 95% CI -1.92 to 2.04;

p =0.95, Fig 6) [23,31] or other therapy plus medication (SMD, 0.08 95% CI -1.81 to 1.97;
p = 0.93, Fig 7) [23-25].

PLOS ONE | DOI:10.1371/journal.pone.0122469  April 1,2015
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Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

Experimental Control
Study or Subgroup Mean  SD Total Mean SD Total Weight
1.1.1 Tai Chi plus medication vs medication
Hackney 2008 -1.5 6.6 13 4.3 5.6 13 195%
Choi 2013 -6.72 96 11 -1.23 9.5 9 17.7%
Cheon 2013 -1.3 94 9 0.3 745 7 16.0%
Amano 2013 0.3 596 15 -11 574 9 19.2%
Gao 2014 -8.05 545 37 189 521 39 27.6%
Subtotal (95% ClI) 85 77 100.0%
Heterogeneity: Tau®=0.21; Chi*=9.38, df=4 (P=0.05);, F=57%
Test for overall effect: Z=2.11 (P =0.03)
1.1.2 Tai Chi plus medication vs other therapy plus medication
Li 2011 -8.65 3.86 24 -1.07 477 23 248%
Zhu 2011 -2.37 211 19 -0.32 197 19 248%
Li2012 -6.42 546 65 -3.24 692 130 31.0%
Cheon 2013 -1.3 94 9  -41 1436 7 19.3%
Subtotal (95% CI) 117 179 100.0%

Heterogeneity: Tau®= 0.36; Chi*=14.57, df=3 (P=0.002); F=79%
Test for overall effect: Z= 2.26 (P=0.02)

Fig 2. The effect of Tai Chi plus medication in motor function.
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The Efficacy of Qigong for PD

Webster scale. Webster scale is a comprehensive scale accessing clinical symptoms, quality
of life and motor function in patients with PD. 2 studies reported that Qigong plus medication
showed favorable improvements in Webster scale [11,12]. The meta-analysis indicated that Qi-
gong plus medication demonstrated a small, but not statistically significant effect in Webster

Std. Mean Difference
IV, Random, 95% ClI

Std. Mean Difference

Experimental Control
St or Subgrou Mean SD Total Mean SD Total Weight
1.1.1BBS
Hackney 2008 -3.3 3 13 05 21 13 237%
Gao 2014 -416 3.83 37 -038 25 39 76.3%
Subtotal (95% CI) 50 52 100.0%

Heterogeneity: Tau®= 0.00; Chi*= 0.25, df=1 (P = 0.61), F=0%
Test for overall effect: Z=5.63 (P < 0.00001)

1.1.2TUG

Hackney 2008 -1 01 13 -01 11 13 20.9%
Choi 2013 -0.36 098 11 1.26 4.01 9 18.0%
Gao 2014 -1.38 1.2 37 003 115 39 61.0%
Subtotal (95% CI) 61 61 100.0%

Heterogeneity: Tau®*= 0.00; Chi*=1.46, df=2 (P=0.48); F=0%
Test for overall effect: Z=5.43 (P < 0.00001)
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Fig 3. The effect of Tai Chi plus medication in balance compared with medication alone. BBS = berg balance scale; FRT = functional reach test;

TUG =timed up and go.

doi:10.1371/journal.pone.0122469.9003
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean _SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 BBS
Li 2011 -5.78 498 24 -016 497 23 53.8% -1.11 [1.73,-0.49) —-
Zhu 2011 -4 381 19 -064 391 19 46.2% -0.85[1.52,-0.18] ——
Subtotal (95% CI) 43 42 100.0% -0.99 [-1.44, -0.54] i

Heterogeneity: Tau®= 0.00; Chi*=0.31, df=1 (P =0.58); F=0%
Test for overall effect: Z=4.28 (P < 0.0001)

1.1.2TUG

Gladfelter 2011 -1.33 115 9 021 1017 8 89%
Liz2012 -1.05 3.07 65 -051 329 130 91.1%
Subtotal (95% CI) 74 138 100.0%
Heterogeneity: Tau®= 0.00; Chi*=0.01, df=1 (P=0.93); F=0%

Test for overall effect. Z=1.18 (P=0.24)

1.1.3FRT

Gladfelter 2011 -8.45 6.21 9 088 689 8 298.3%
Liz2012 -5 6.9 65 -11 757 130 70.7%
Subtotal (95% CI) 74 138 100.0%

Heterogeneity: Tau®*= 0.18; Chi*= 2.07, df=1 {(P=0.15); F=52%
Test for overall effect: Z= 2.05 (P=0.04)

-0.21 [-1.16,0.75]
-0.17 [-0.47,013]
-0.17 [-0.46, 0.11]

-1.35[-2.44,-0.27)
-0.53 [-0.83,-0.23)]
-0.77 [-1.51,-0.03]

_—
<
>

-4

-2 0 3 4

Favours experimental Favours control

Fig 4. The effect of Tai Chi plus medication in balance compared with other therapy plus medication. BBS = berg balance scale; FRT = functional

reach test; TUG = timed up and go.

doi:10.1371/journal.pone.0122469.9004

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV, Random, 95% CI
1.1.1 Gait velocity
Hackney 2008 0.01 208 13 0.1 10.8 13 53.6% -0.01 [-0.77,0.76]
Amano 2013 001 03 15 0.02 018 9 46.4% -0.04 [-0.86, 0.79]
Subtotal (95% CI) 28 22 100.0% -0.02 [-0.58, 0.54]
Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 (P = 0.96); F=0%
Test for averall effect: Z=0.07 (P = 0.94)
1.1.2 Step length
Hackney 2008 -01 228 13 0 6.6 13 53.6% -0.01 [-0.77,0.76] %
Amano 2013 0.01 013 15  0.01 0.07 9 46.4% 0.00[-0.83,0.83]
Subtotal (95% CI) 28 22 100.0% -0.00 [-0.57, 0.56]
Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 (P =0.99); F= 0%
Test for averall effect: Z=0.01 {P = 0.99)
1.1.3 6-MWT
Hackney 2008 444 659 13 0.8 43.4 13 55.0% 0.76 [-0.04, 1.56] —
Choi 2013 295 722 11 -1.3 160.46 9 45.0% 0.25[-0.64,1.13] ——
Subtotal (95% CI) 24 22 100.0% 0.53 [-0.07,1.12] <>
Heterogeneity: Tau®= 0.00; Chi*=0.70, df=1 (P=0.40); F=0%
Test for overall effect: Z=1.74 (P = 0.08)
VO
Favours control  Favours experimental

Fig 5. The effect of Tai Chi plus medication in gait velocity, step length and 6-minute walking test (6-MWT) compared with medication alone.

doi:10.1371/journal.pone.0122469.9005
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 PDQ-39
Hackney 2009 155 1.63 13 15 347 17 51.3% 1.05[0.27,1.82) ——
Nocera 2014 1.1 7.5 15 9 8.5 6 48.7% -0.98 [-1.98, 0.03)
Subtotal (95% CI) 28 23 100.0% 0.06 [-1.92, 2.04]
Heterogeneity: Tau®=1.84; Chi*=9.79, df=1 (P = 0.002); I*= 890%
Test for overall effect: Z= 0.06 (P = 0.95)
1.1.2 ADL
Choi 2013 -2098 312 11 033 4.0 9 58.0% -0.65 [-1.56, 0.26) —
Cheon 2013 -13.2 41.73 9 274 31.05 7 420% -1.02 [-2.09, 0.0%9) —i—
Subtotal (95% CI) 20 16 100.0%  -0.81[-1.50,-0.12] .
Heterogeneity: Tau*= 0.00; Chi*=0.27, df=1 (P=0.61); F=0%
Test for overall effect: Z=2.29 (P=0.02)

4 2 0 1 4

Favours experimental Favours control

Fig 6. The effect of Tai Chi plus medication in quality of life compared with medication alone. PDQ-39 = Parkinson’s disease questionnaire-39;

ADL = activities of daily living.

doi:10.1371/journal.pone.0122469.9006

scale compared with medication alone (SMD, -0.75; 95% CI -1.54 to 0.04; p = 0.06, Fig 8)

[11,12].

Motor function. UPDRS III was reported in 3 trials [13,15,29]. One study reported that
Qigong plus medication showed better effect than medication alone (UPDRS III mean changes:
3.4 versus 1.1) [15]. However, the meta-analysis showed that there was no significant difference
between Qigong plus medication and other therapy plus medication (SMD, -0.01; 95% CI
-0.42 to 0.40; p = 0.95, Fig 9) [13,29].

Gait. One study reported that Qigong plus medication did not show greater improvements
than medication alone in gait velocity or step length [15]. Gait endurance was assessed by
6-MWT in 2 trials [13,29] and the meta-analysis was performed. The aggregated result showed
that there was no significant difference between Qigong plus medication and other therapy
plus medication (SMD, -0.09; 95% CI -1.07 to 0.89; p = 0.85, Fig 9) [13,29].

Quality of life. One study assessed the quality of life in patients with PD by PDQ-39, and
reported that Qigong plus medication showed better effect than aerobic exercise plus medica-
tion (PDQ-39 mean changes: 2.8 versus -3.2) [13].

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Hackney 2009 155 1.63 13 -354 353 31 336% 1.61 [0.87, 2.39] —
Gladfelter 2011 -0.21 1273 9 -0.88 11.94 8 325% 0.05 [-0.90, 1.00]
Li 2011 -7.23 498 24 -014 497 23 34.0% -1.40 [-2.05,-0.76] ——
Total (95% CI) 46 62 100.0% 0.08 [-1.81,1.97] “"’
Heterogeneity: Tau®= 2.63; Chi* = 36.39, df= 2 (P < 0.00001); F= 85% g g 5 : i
Test for overall effect Z= 0.08 (P = 0.93) Favours experimental Favours control
Fig 7. The effect of Tai Chi plus medication on Parkinson’s disease questionnaire-39 compared with other therapy plus medication.
doi:10.1371/journal.pone.0122469.9007
PLOS ONE | DOI:10.1371/journal.pone.0122469  April 1,2015 11/17
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Tai Chi Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference

Std. Mean Difference

1.1.1 Qigong plus medication vs medication

Yu 1998 -1.67 1.81 52 007 078 31 521%
Gu 2002 -1.4 342 33 -0.2 389 18 47.9%
Subtotal (95% CI) 85 49 100.0%

Heterogeneity: Tau®= 0.26; Chi*=4.48, df=1 {(P=0.03); F=78%
Test for overall effect: Z=1.86 (P = 0.06)

Fig 8. The effect of Qigong plus medication in Webster scale.

IV, Random, 95% CI IV, Random, 95% CI
-1.14 [-1.62,-0.66] -
-0.33[-0.91, 0.25] —
-0.75 [1.54, 0.04] e
-4 -2 0 2 4

Favours experimental Favours control

doi:10.1371/journal.pone.0122469.g008

Adverse Events

No serious adverse events were reported during the Tai Chi/Qigong training in eligible studies.
Only one study reported that there were few back pain and ankle sprain [14].

Discussion

This is the first comprehensive systematic review and meta-analysis to assess the effect of tradi-
tional Chinese medical exercise in the management of PD. Tai Chi and Qigong were used as as-

sisting pharmacological treatments of PD in the previous studies. The positive finding was that

Tai Chi plus medication showed greater gains than medication alone or other therapy plus

medication in motor function and balance. However, there was not sufficient evidence on the
efficacy of Tai Chi plus medication in improving gait or quality of life. Although some trials re-
ported beneficial effect of Qigong plus medication for PD, the aggregated results did not sup-

port or refute it.

The positive finding of this systematic review should be available for patients with PD of
mild-to-moderate severity due to most patients diagnosed as Hoehn and Yahr stage I to III
[13,15,22-28,31]. All eligible patients can finish Tai Chi or Qigong exercise independently.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 UPDRS I
Burini 2006 0.9 6.5 13 -0.2 5.6 13 28.2% 0.18 [-0.59, 0.95]
Cheng 2013 06 6.25 33 1.1 515 33 71.8% -0.09 [-0.57, 0.40)
Subtotal (95% CI) 46 46 100.0% -0.01 [-0.42, 0.40]
Heterogeneity: Tau®= 0.00; Chi*=0.32,df=1 (P=057); F=0%
Test for overall effect: Z= 0.06 (P = 0.95)
1.1.2 6-MWT
Burini 2006 11 718 13 35 6583 13 450% -0.65[-1.44,0.15] ——
Cheng 2013 10 58.66 33 -12 62.46 33 55.0% 0.36 [-0.13,0.85] -
Subtotal (95% CI) 46 46 100.0% -0.09 [-1.07, 0.89] -
Heterogeneity: Tau®=0.39; Chi*=4.49, df=1 (P=0.03); F=78%
Test for overall effect: Z=0.19 (P = 0.85)

4 2 o0 1 4

Favours experimental Favours control

Fig 9. The effect of Qigong plus medication in Unified Parkinson’s Disease Rating Scale lll (UPDRS Ill) and 6-minute walking test.

doi:10.1371/journal.pone.0122469.9009
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And traditional Chinese medical exercise is based on the ability to stand and move indepen-
dently. Therefore, these assisting pharmacological exercises should be recommended for PD
patients of mild-to-moderate severity, especially in improving motor function and balance.

The last systematic reviews of Tai Chi for PD concur with our positive findings [17,18]. One
supported that Tai Chi plus medication resulted in promising gains in mobility and balance for
PD patients at an early stage [18]. However, there were serious limitations in this review. First-
ly, two control interventions were considered as no intervention [15] and routine physical exer-
cise [24] respectively, but stable medications were not changed during the study according to
the author’s reply. Secondly, some subgroup analyses only included one trial. It was not valid
because the meta-analysis should be performed based at least on two studies. What’s more, the
similar control groups should be combined to create a single pair-wise comparison according
to Cochrane handbook, but it was not performed in this review. The other review concluded
that Tai Chi was a valid complementary and alternative therapy for PD, especially on motor
function and balance [17]. However, Tai Chi as an assisting pharmacological treatment was
not compared with medication alone or other therapy plus medication. In our review, detailed
subgroup analyses were performed to compare Tai Chi plus medication with medication alone
or other therapy plus medication.

Our results were different from some previous reviews [16,19]. Lee’s review concluded that
there was no sufficient evidence to support Tai Chi in the management of PD [16], but it was
only a qualitative review including 3 RCT's [32-34], 1 non-RCT [35], and 3 uncontrolled clini-
cal trials [36-38] published between 1997 and 2007. And most of them were published by con-
ference abstracts without detailed information [32-36]. Although the meta-analysis was
performed in Toh’s systematic review [19], it only included 4 RCTs [14,15,22,23]. The main
suspected reason of the difference was that numerous studies of Tai Chi for PD were published
from 2008 to 2014 [14,15,22-28,30,31]. So current update provided stronger evidence of Tai
Chi plus medication for PD.

Our result of Qigong for PD was supported by previous review [39]. The evidence was insuf-
ficient to support Qigong plus medication for PD due to limited number of studies. However,
the beneficial finding of current review was that Qigong plus medication showed potential
gains for PD. Two trials reported that Qigong plus medication showed better effect than medi-
cation alone in Webster scale [11,12], and one study reported that Qigong plus medication was
superior to aerobic exercise plus medication in UPDRS III and PDQ-39 [13]. What’s more, it
has been reported that Qigong has beneficial effects in improving physical performance, figure,
quality of life, etc. [40-42]. Consequently, Qigong may be a valid assisting pharmacological
treatment of PD. Further high quality RCTs are required to confirm current beneficial finding.

In previous studies, only Tai Chi and Qigong were focused, but other traditional Chinese
medical exercises should also be investigated, such as Baduanjin and Wugqinxi. Li and his col-
leagues have reported beneficial effects of Baduanjin exercise in physical flexibility of healthy
older [43]. Baduanjin has been recommended as a safe and feasible treatment option for pa-
tients with knee OA in disability, stiffness and quality of life [44]. Wugqinxi exercise may be a
valid alternative treatment for low back pain in improving dysfunction [45], and for knee OA
in balance function [46]. So Baduanjin and Wugqinxi exercise may be a valid assisting pharma-
cological treatment for PD.

Assuming that traditional Chinese medical exercise was beneficial for PD, some complex
neurophysiological mechanisms may provide possible rationales [47-50]. Intensive exercise
showed beneficial effects on neural plasticity, neuroprotection and preventing neural degenera-
tion [47]. Especially, some animal studies have reported that intensive exercise may promote
neurogenesis, dopamine synthesis and release in the striatum [51,52]. And such neural changes
may affect behavioral recovery in individuals with PD [53,54]. In relevant studies, the
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intervention was generally considered as intensive exercise when involving 2-3 hours of ex-
ercise per week for 6-14 weeks (a total of 12-42 hours of treatment) [47]. In our systematic
review, all eligible studies employed intensive traditional Chinese medical exercise (a total of
12-300 hours) for PD. And the intensive Tai Chi/Qigong also showed beneficial effects in im-
proving motor function and balance. In addition, repetitive traditional Chinese medical exer-
cise may also promote development of new motor programs which allow faster reactions
responding to postural challenge [55]. And these new motor programs, which promoted be-
havioral recovery, may be due to making new synaptic connections.

There were some potential limitations in our systematic review: 1) there was the degree of
uncertainty in locating relevant studies because of limited retrieving resources, language barri-
er, publication bias, etc. 2) there were few studies in some subgroup analyses because of strict
eligibility criteria, which may bias the aggregated results. However, low eligibility criteria
would conduct more doubtful results. 3) PEDro score was less than 6 in 5 studies. They were
not considered as high quality, but they contributed valuable information to the evidence of
Tai Chi/Qigong for PD. So they were included in our review. 4) synthetic results may be affect-
ed by different parameters (duration, frequency, dosage, etc.) of Tai Chi/Qigong exercise. 5)
the follow-up effect of Tai Chi/Qigong for PD was not investigated in current studies. So fur-
ther studies of Tai Chi/Qigong for PD should include long-term follow-up. 6) few adverse
events were reported in included studies, but it was not concluded that Tai Chi/Qigong exercise
was safe.

Conclusions

In the previous studies, Tai Chi and Qigong were used as assisting pharmacological treatments
of PD. The current systematic review showed positive evidence of Tai Chi plus medication for
PD of mild-to-moderate severity. So Tai Chi plus medication should be recommended for PD
management, especially in improving motor function and balance. Qigong plus medication
also showed potential gains in the management of PD. However, more high quality studies
with long follow-up are warrant to confirm the current findings. And relevant mechanism re-
search of traditional Chinese medical exercise for PD is also required.

Supporting Information

S1 PRISMA Checklist. PRISMA Checklist.
(DOC)

Author Contributions

Conceived and designed the experiments: YY WQQ. Performed the experiments: YY WQQ
YLH ZYL SJ JT. Analyzed the data: YY WQQ SJ JT. Contributed reagents/materials/analysis
tools: YY SJ. Wrote the paper: YY WQQ SJ JT.

References

1. Jankovic J. Parkinson’s disease: clinical features and diagnosis. J Neurol Neurosurg Psychiatry. 2008;
79:368-376. doi: 10.1136/jnnp.2007.131045 PMID: 18344392

2. Zhang ZX, Roman GC, Hong Z, Wu CB, Qu QM. Parkinson’s disease in China : prevalence in Beijing,
Xian, and Shanghai. Lancet. 2005; 365:595-597. PMID: 15708103

3. VanDen Eeden SK, Tanner CM, Bernstein AL, Fross RD, Leimpeter A. Incidence of Parkinson’s dis-
ease: variation by age, gender, and race/ethnicity. Am J Epidemiol. 2003; 157:1015-1022. PMID:
12777365

PLOS ONE | DOI:10.1371/journal.pone.0122469  April 1,2015 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0122469.s001
http://dx.doi.org/10.1136/jnnp.2007.131045
http://www.ncbi.nlm.nih.gov/pubmed/18344392
http://www.ncbi.nlm.nih.gov/pubmed/15708103
http://www.ncbi.nlm.nih.gov/pubmed/12777365

@’PLOS | ONE

The Effect of Traditional Chinese Medical Exercise on PD

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

Hausdorff JM. Gait dynamics in Parkinson’s disease: Common and distinct behaviour among stride
length, gait variability, and fractal-like scaling. Chaos. 2009; 19: 026113. doi: 10.1063/1.3147408
PMID: 19566273

Allen NE, Sherrington C, Paul SS, Canning CG. Balance and Falls in Parkinson’s Disease: A Meta-
analysis of the Effect of Exercise and Motor Training. Mov Disord. 2011; 26:1605-1615. doi: 10.1002/
mds.23790 PMID: 21674624

Temlett JA, Thompson PD. Reasons for admission to hospital for Parkinson’s disease. Intern Med J.
2006; 36:524-526. PMID: 16866658

Hackney ME, Earhart GM. Effects of dance on movement control in Parkinson’s disease: a comparison
of Argentine tango and American ballroom. J Rehabil Med. 2009; 41:475-481. doi: 10.2340/
16501977-0362 PMID: 19479161

Canning CG, Allen NE, Dean CM, Goh L, Fung VS. Home-based treadmill training for individuals with
Parkinson's disease: a randomized controlled pilot trial. Clinl Rehabil. 2012; 26:817-826. doi: 10.1177/
0269215511432652 PMID: 22257506

Li F, Harmer P, McAuley E, Fisher KJ, Duncan TE, Duncan SC. Tai chi, self-efficacy, and physical func-
tion in the elderly. Prev Sci. 2001; 2:229-239. PMID: 11833926

Ospina MB, Bond K, Karkhaneh M, Tjosvold L, Vandermeer B. Meditation practices for health: state of
the research. Evid Rep Technol Assess. 2007; 155:1-263. PMID: 17764203

Yu XH, Xu JF, Shao DY, Fa ZG, Chen GZ. Clinical trial of Qigong for Parkinson’s disease. Chinese
Journal of Behavioral Medical Science. 1998; 7:303—-304.

Gu AM, Huang JM, Chen XS, Zhang JS, Lou FY. A pilot study of auditory P340 in Parkinson’s disease.
Henan Journal of Practical Nervous Diseases. 2002; 5:3—4.

Burini D, Farabollini B, lacucci S, Rimatori C, Riccardi G. A randomized controlled cross-over trial of
aerobic training versus Qigong in advanced Parkinson's disease. Eura Medicophys. 2006; 42:231—
238. PMID: 17039221

Li F, Harmer P, Fitzgerald K, Eckstrom E, Stock R. Tai Chi and postural stability in patients with Parkin-
son’s disease. N Engl J Med. 2012; 366:511-519. doi: 10.1056/NEJMoa1107911 PMID: 22316445

Amano S, Nocera JR, Vallabhaosula S, Juncos JL, Gregor RJ. The effect of Tai Chi exercise on gait ini-
tiation and gait performance in persons with Parkinson’s disease. Parkinsonism Relat Disord. 2013;
19:955-960. doi: 10.1016/j.parkreldis.2013.06.007 PMID: 23835431

Lee MS, Lam P, Ernst E. Effectiveness of tai chi for Parkinson’s disease: a critical review. Parkinsonism
Relat Disord. 2008; 14:589-594. doi: 10.1016/j.parkreldis.2008.02.003 PMID: 18374620

Yang Y, Li XY, Gong L, Zhu YL, Hao YL. Tai Chi for improvement of motor function, balance and gaitin
Parkinson’s disease: a systematic review and meta-analysis. Plos One. 2014; doi: 10.1371/journal.
pone.0102942

Ni X, Liu S, Lu F, Shi X, Guo X. Efficacy and safety of Tai Chi for Parkinson’s disease: a systematic re-
view and meta-analysis of randomized controlled trials. Plos One. 2014; doi: 10.1371/journal.pone.
0099377

Toh SFM. A Systematic Review on the Effectiveness of Tai Chi Exercise in Individuals with Parkinson's
Disease from 2003 to 2013. Hong Kong Journal of Occupational Therapy. 2013; 23:69-81.

Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. Reliability of the PEDro scale for rating
quality of randomized controlled trials. Physical Therapy. 2003; 83:713-721. PMID: 12882612

Macedo LG, Elkins MR, Maher CG, Moseley AM, Herbert RD, Sherrington C. There was evidence of
convergent and construct validity of physiotherapy evidence database quality scale for physiotherapy
trials. Journal of Clinical Epidemiology. 2010; 63:920-925. doi: 10.1016/j.jclinepi.2009.10.005 PMID:
20171839

Hackney ME, Earhart GM. Tai Chi improves balance and mobility in people with Parkinson disease.
Gait Posture. 2008; 28:456—460. doi: 10.1016/j.gaitpost.2008.02.005 PMID: 18378456

Hackney ME, Earhart GM. Health-related quality of life and alternative forms of exercise in Parkinson’s
disease. Parkinsonism Relat Disord. 2009); 15:644—648. doi: 10.1016/j.parkreldis.2009.03.003 PMID:
19329350

Gladfelter BA. The effect of Tai Chi exercise on balance and falls in patients with Parkinson’s disease
[dissertation]. Valparaiso University, Valparaiso, Indiana, 2011.

Li JX. The motion control effect of Parkinson’s disease patient treating by Taijiquan [dissertation]. Nan-
jing University of Chinese Medicine, Nanjing, China, 2011.

Zhu Y, Li JX, LiN, Jin HZ, Hua L. Effect of Taijiquan on motion control for Parkinson’s disease at early
stage. Chin J Rehabil Theory Pract. 2011; 17:355-358.

PLOS ONE | DOI:10.1371/journal.pone.0122469  April 1,2015 15/17


http://dx.doi.org/10.1063/1.3147408
http://www.ncbi.nlm.nih.gov/pubmed/19566273
http://dx.doi.org/10.1002/mds.23790
http://dx.doi.org/10.1002/mds.23790
http://www.ncbi.nlm.nih.gov/pubmed/21674624
http://www.ncbi.nlm.nih.gov/pubmed/16866658
http://dx.doi.org/10.2340/16501977-0362
http://dx.doi.org/10.2340/16501977-0362
http://www.ncbi.nlm.nih.gov/pubmed/19479161
http://dx.doi.org/10.1177/0269215511432652
http://dx.doi.org/10.1177/0269215511432652
http://www.ncbi.nlm.nih.gov/pubmed/22257506
http://www.ncbi.nlm.nih.gov/pubmed/11833926
http://www.ncbi.nlm.nih.gov/pubmed/17764203
http://www.ncbi.nlm.nih.gov/pubmed/17039221
http://dx.doi.org/10.1056/NEJMoa1107911
http://www.ncbi.nlm.nih.gov/pubmed/22316445
http://dx.doi.org/10.1016/j.parkreldis.2013.06.007
http://www.ncbi.nlm.nih.gov/pubmed/23835431
http://dx.doi.org/10.1016/j.parkreldis.2008.02.003
http://www.ncbi.nlm.nih.gov/pubmed/18374620
http://dx.doi.org/10.1371/journal.pone.0102942
http://dx.doi.org/10.1371/journal.pone.0102942
http://dx.doi.org/10.1371/journal.pone.0099377
http://dx.doi.org/10.1371/journal.pone.0099377
http://www.ncbi.nlm.nih.gov/pubmed/12882612
http://dx.doi.org/10.1016/j.jclinepi.2009.10.005
http://www.ncbi.nlm.nih.gov/pubmed/20171839
http://dx.doi.org/10.1016/j.gaitpost.2008.02.005
http://www.ncbi.nlm.nih.gov/pubmed/18378456
http://dx.doi.org/10.1016/j.parkreldis.2009.03.003
http://www.ncbi.nlm.nih.gov/pubmed/19329350

@’PLOS | ONE

The Effect of Traditional Chinese Medical Exercise on PD

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Cheon SM, Chae BK, Sung HR, Lee GC, Kim JW. The efficacy of exercise programs for Parkinson’s
disease: Tai Chi versus combined exercise. J Clin Neurol. 2013; 9:237-243. doi: 10.3988/jcn.2013.9.
4.237 PMID: 24285965

Choi HJ, Garber CE, Jun TW, Jin YS, Chung SJ. Therapeutic effects of tai chi in patients with Parkin-
son’s disease. ISRN Neurol. 2013; doi: 10.1155/2013/548240

Cheng L. The effect of Qigong for Parkinson’s disease in motor function [dissertation]. Yunnan College
of Traditional Chinese Medicine, Kunming, China, 2014.

Gao Q, Leung A, Yang Y, Wei Q, Guan M. Effects of Tai Chi on balance and fall prevention in Parkin-
son’s disease: a randomized controlled trial. Clin Rehabil (In press), 2014.

Nocera JR, Amano S, Vallabhajosula S, Hass CJ. Tai Chi exercise to improve non-motor symptoms of
Parkinson’s disease. J Yoga Phys Ther. 2014; doi: 10.4172/2157-7595.1000137

Marjama-Lyons J, Smith L, Myal B, Nelson J, Holliday G. Tai Chi and reduced rate of falling in Parkin-
son’s disease: a single blinded pilot study. Mov Disord. 2002; 17:S70-71. PMID: 11836760

Hass CJ, Waddell DE, Wolf SL, Juncos JL, Gregor RJ. The influence of tai chi training on locomotor
ability in parkinson’s disease. Annual Meeting of American Society of Biomechanics. 2006; Available:
http://www.asbweb.org/conferences/2006/pdfs/154.pdf. Accessed 2014 April 8.

Purchas MA, MacMahon DG. The effects of Tai Chi training on general wellbeing and motor perfor-
mance in patients with Parkinson’s disease: a pilot study. Mov Disord. 2007; 22:S80.

Cheon SM, Sung HR, Ha MS, Kim JW. Tai Chi for physical and mental health of patients with Parkin-
son’s disease. Proceeding of the first international conference of tai chi for health. Seoul, Korea.
2006; pp.68.

Welsh M, Kymn M, Walters CH. Tai Chi and Parkinson’s disease. Mov Disord.1997; 12(Suppl 1):137.

Li F, Harmer P, Fisher KJ, Xu J, Fitzgerald K. Tai Chi based exercise for older adults with Parkinson’s
disease: a pilot program evaluation. J Aging Phys Act. 2007; 15:139-151. PMID: 17556781

Sung HR, Yang JH, Kang MS. Effects of Tai Chi Chuan exercise on updrs-me, function fitness, bdi and
gol in patients with Parkinson’s disease. Kor J Phys Edu. 2006; 45:583-590.

Lee MS, Ermnst E. Qigong for movement disorders: A systematic review. Mov Disord. 2009; 24:301—
303. doi: 10.1002/mds.22275 PMID: 18973253

Ding M, Zhang W, Li K, Chen X. Effectiveness of t'ai chi and gigong on chronic obstructive pulmonary
disease: a systematic review and meta-analysis. J Altern Complement Med. 2014; 20:79-86. doi: 10.
1089/acm.2013.0087 PMID: 23961940

Zeng Y, Luo T, Xie H, Huang M, Cheng AS. Health benefits of gigong or tai chi for cancer patients: a
systematic review and meta-analysis. Complement Ther Med. 2014; 22:173-186. doi: 10.1016/j.ctim.
2013.11.010 PMID: 24559833

Lauche R, Cramer H, Hauser W, Dobos G, Langhorst J. A systematic review and meta-analysis of qi-
gong for the fibromyalgia syndrome. Evid Based Complement Alternat Med. 2013; doi: 10.1155/2013/
635182

LiR, Jin L, Hong P, He ZH, Huang CY. The effect of baduanjin on promoting the physical fitness and
health of adults. Evid Based Complement Alternat Med. 2014; doi: 10.1155/2014/784059

An B, Dai K, Zhu Z, Wang Y, Hao Y. Baduanijin alleviates the symptoms of knee osteoarthritis. J Altern
Complement Med. 2008; 14:167-174. doi: 10.1089/acm.2007.0600 PMID: 18315512

Zhang F, Bai YH, Zhang J. The influence of “wuginxi” exercises on the lumbosacral multifidus. J Phys
Ther Sci. 2014; 26:881-884. doi: 10.1589/jpts.26.881 PMID: 25013288

Tian BW. A study on the effect of Wuginxi exercise on the proprioception and balance function of elderly
female patients with KOA [dissertation]. Beijing Sports University. Beijing, China, 2012.

Frazzitta G, Balbi P, Maestri R, Bertotti G, Boveri N, Pezzoli G. The beneficial role of intensive exercise
on Parkinson disease progression. Am J Phys Med Rehabil. 2013; 92:523-532. doi: 10.1097/PHM.
0b013e31828cd254 PMID: 23552330

Petzinger GM, Fisher BE, McEwen S, Beeler JA, Walsh JP, Jakowec MW. Exercise-enhanced neuro-
plasticity targeting motor and cognitive circuitry in Parkinson’s disease. Lancet Neurol. 2013; 12:716—
726. doi: 10.1016/S1474-4422(13)70123-6 PMID: 23769598

King LA, Horak FB. Delaying mobility disability in people with Parkinson disease using a sensorimotor
agility exercise program. Phys Ther. 2009; 89:384—-393. doi: 10.2522/pt].20080214 PMID: 19228832

Lan C, Chen SY, Lai JS, Wong AM. Tai Chi Chuan in medicine and health promotion. Evid Based Com-
plement Alternat Med. 2013; doi: 10.1155/2013/502131

Van Praag H, Kempermann G, Gage FH. Running increases cell proliferation and neurogenesis in the
adult mouse dentate gyrus. Nat Neurosci. 1999; 2:266—270. PMID: 10195220

PLOS ONE | DOI:10.1371/journal.pone.0122469  April 1,2015 16/17


http://dx.doi.org/10.3988/jcn.2013.9.4.237
http://dx.doi.org/10.3988/jcn.2013.9.4.237
http://www.ncbi.nlm.nih.gov/pubmed/24285965
http://dx.doi.org/10.1155/2013/548240
http://dx.doi.org/10.4172/2157-7595.1000137
http://www.ncbi.nlm.nih.gov/pubmed/11836760
http://www.asbweb.org/conferences/2006/pdfs/154.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17556781
http://dx.doi.org/10.1002/mds.22275
http://www.ncbi.nlm.nih.gov/pubmed/18973253
http://dx.doi.org/10.1089/acm.2013.0087
http://dx.doi.org/10.1089/acm.2013.0087
http://www.ncbi.nlm.nih.gov/pubmed/23961940
http://dx.doi.org/10.1016/j.ctim.2013.11.010
http://dx.doi.org/10.1016/j.ctim.2013.11.010
http://www.ncbi.nlm.nih.gov/pubmed/24559833
http://dx.doi.org/10.1155/2013/635182
http://dx.doi.org/10.1155/2013/635182
http://dx.doi.org/10.1155/2014/784059
http://dx.doi.org/10.1089/acm.2007.0600
http://www.ncbi.nlm.nih.gov/pubmed/18315512
http://dx.doi.org/10.1589/jpts.26.881
http://www.ncbi.nlm.nih.gov/pubmed/25013288
http://dx.doi.org/10.1097/PHM.0b013e31828cd254
http://dx.doi.org/10.1097/PHM.0b013e31828cd254
http://www.ncbi.nlm.nih.gov/pubmed/23552330
http://dx.doi.org/10.1016/S1474-4422(13)70123-6
http://www.ncbi.nlm.nih.gov/pubmed/23769598
http://dx.doi.org/10.2522/ptj.20080214
http://www.ncbi.nlm.nih.gov/pubmed/19228832
http://dx.doi.org/10.1155/2013/502131
http://www.ncbi.nlm.nih.gov/pubmed/10195220

el e
@ : PLOS | ONE The Effect of Traditional Chinese Medical Exercise on PD

52. Heyes MP, Garnett ES, Coates G. Nigrostrital dopaminergic activity is increased during exhausitive ex-
ercise stress in rats. Life Sci. 1988; 42:1537-1542. PMID: 3352465

53. Tillerson JL, Caudle WM, Reverén ME, Miller GW. Exercise induces behavioral recovery and attenu-
ates neurochemical deficits in rodent models of Parkinson’s disease. Neuroscience. 2003; 119:899—
911. PMID: 12809709

54. Fisher BE, Petzinger GM, Nixon K, Hogg E, Bremmer S. Exercise-induced behavioral recovery and
neuroplasticity in the 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-lesioned mouse basal ganglia. J
Neurosci Res. 2004; 77:378-390. PMID: 15248294

55. MaclLaggan L. The impact of tai chi chuan training on the gait, balance, fear of falling, quality of life, and
tremor in four women with moderate idiopathic Parkinson’s disease. The thesis of Master of Science in
Physiotherapy. Halifax: Dalhousie University, 2000.

PLOS ONE | DOI:10.1371/journal.pone.0122469  April 1,2015 17/17


http://www.ncbi.nlm.nih.gov/pubmed/3352465
http://www.ncbi.nlm.nih.gov/pubmed/12809709
http://www.ncbi.nlm.nih.gov/pubmed/15248294


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


