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Abstract

Objective To compare, rank and evaluate the 24 exercise types that improve postural instability in patients with Par-
kinson's disease (PD).

Methods We searched the data in PubMed, MEDLINE, Embase, PsycINFO, Cochrane library, and Web of Science

from their inception date to January 23, 2023. Randomized controlled trials (RCTs) that aimed at determining

the effectiveness of physical activity interventions on postural instability in adults with PD. This review focused on dif-
ferent balance outcome categories: (a) balance test batteries (BBS); (b) static steady-state balance (sSSB); (c) dynamic
steady-state balance (dSSB); (d) proactive balance (PB); (e) reactive balance (RB).

Results Among 10,474 records, 199 studies (patients=9523) were eligible for qualitative synthesis. The random-
effects NMA model revealed that the following exercise training modalities had the highest p score of being best
when compared with control group: body-weight support treadmill training (BWS_TT) for BBS (p score=0.97; pooled
standardised mean difference (95% Cl): 1.56 (0.72 to 2.39)) and dSSB (1.00; 1.53 (1.07 to 2.00)), aquatic exercise (AQE)
for sSSB (0.85; 0.94 (0.33 to 1.54)), Pilates for PB (0.95; 1.42 (0.59 to 2.26)). Balance and gait training with the external

cue or attention (BGT_ECA) and robotic assisted gait balance (RA_GT) had similar superior effects in improving RB. The
confidence in evidence was often low according to Confidence in Network Meta-Analysis.

Conclusions There is low quality evidence that BWS_TT, AQE, Pilates, BGT_ECA and RA_GT are possibly the most
effective treatments, pending outcome of interest, for adults with PD.
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Introduction

Parkinson’s disease (PD) is characterized by progres-
sive postural instability manifested by impairment of
postural control systems, including biomechanical limi-
tations, limits of stability and perception of verticality,
anticipatory postural adjustments, postural responses,
sensorimotor integration, and dynamic control of gait
[1]. At its core, PD is a neurodegenerative disease with
early prominent death of dopaminergic neurons in the
substantia nigra pars compacta (SNpc) [2]. The main-
stay of Parkinson’s disease management is symptomatic
treatment with drugs that increase dopamine concen-
trations or directly stimulate dopamine receptors [3, 4].
However, even with optimal drug treatments, PD still
experiences movement disorders in balance and gait,
often leads to falls, and serious potential complications
[5-7].

Previous pairwise meta-analyses have shown that exer-
cises are effective treatment for balance in Parkinson’s
disease [8—10]. Recent studies have often attempted
to compare the differences between exercise types in
improving balance in PD patients through head-to-
head randomized controlled trials to explore the pre-
ferred exercise type. For example, the results of Arcolin
et al. [11] showed that 3 weeks of aerobic exercise and
treadmill training performed similar effects in improv-
ing balance in PD patients. The results of de Melo et al.
[12] showed that 4-week VR gait training and traditional
treadmill training both effectively improved the balance
ability of PD patients. Atan and colleagues conducted a
6-week exercise program for PD patients, and found that
body weight support treadmill training was more effec-
tive than traditional treadmill training in improving bal-
ance [13]. In addition, robot-assisted gait training also
showed better advantages compared to traditional tread-
mill training [14]. The network meta-analysis results of
Tang et al. [15] showed that among six exercise modali-
ties (Dance, Qigong, Tango, resistance training, Tai Chi,
and yoga), Tango was the most effective in improving
balance in PD patients. However, the results of a 1 ran-
domized controlled trial showed that treadmill training
(12 weeks) alone significantly improved balance in PD
patients, with no apparent benefit in the Tango training
group [16]. Consequently, there remains a lack of pooled
evidence on the relative effects of more different exercise
interventions on balance. In addition, traditional pairwise
meta-analyses are limited to head-to-head comparisons
of two different interventions, potentially leading to the
exclusion of many RCTs of exercise interventions that
met the inclusion criteria. To tackle this problem, a net-
work meta-analysis is well suited, because it facilitates
comparisons of multiple pairs of interventions in one sta-
tistical model [17].
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A recent network meta-analysis pooling 113 RCTs
assessed the effects of 18 exercise types on total bal-
ance in Parkinson’s disease patients [18]. However, bal-
ance control is highly task-specific, in previous studies,
balance control has been divided into static/dynamic
steady-state balance, proactive balance, reactive balance,
and total balance ability [19, 20], and which were poorly
correlated [21, 22]. How to comprehensively improve the
balance ability of Parkinson’s disease patients through
targeted exercise is still unclear. Therefore, in this study,
we set out to conduct a network meta-analysis to com-
prehensively and systematically compare the effects of
different exercise types on improving each specific bal-
ance ability in PD patients.

Methods

This review was conducted in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses for Network Meta-Analyses (PRISMA-NMA) [23]. In
addition, this study has been registered with PROSPERO,
under the number CRD42021220052.

Searches strategy

We searched the data in PubMed, MEDLINE, Embase,
PsycINFO, Cochrane Central Register of Controlled Tri-
als (CENTRAL), and Web of Science from their incep-
tion date to January 23, 2023 using Medical Subject
Headings (MeSH) for ‘Parkinson disease’ and ‘exercise’
search terms in Additional file 1: Appendix 1. Additional
searches included reviewing the reference lists of previ-
ously published systematic reviews identified via the
Cochrane Database of Systematic Reviews (search terms:
Parkinson disease, exercise; limits: none) and PubMed
(search terms: Parkinson disease, exercise; limits: system-
atic reviews or meta-analysis).

Inclusion and exclusion criteria

The inclusion criteria were based on the PICOS (par-
ticipants, interventions, comparators, outcomes, and
study design) approach [23]. To be eligible for inclu-
sion, studies had to meet the following criteria and
report specific experimental characteristics: (a) partici-
pants were diagnosed as PD, the mean age >50 years,
Hoehn and Yahr stages<4; (b) the physical activities
and exercises were divided into 24 types according to
their content. The specific type of exercise training was
determined by the group names chosen by authors and
the definitions presented in Additional file 1: Appen-
dix 2; (c) the non-exercise training treatment group
included health education and usual care. Besides, for
head-to-head studies, the comparator may be any of the
24 physical activity types; (d) the study tested at least
one behavioral balance outcome (e.g., static/dynamic
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steady-state balance, proactive balance, reactive bal-
ance, and total balance ability [19, 20, 24]); (e) In the
study design, we included published and unpublished
RCTs (individual design, cluster design, or the first
half of crossover) and compared an exercise training
intervention with a non-exercise training intervention
or another exercise training intervention for network
meta-analysis. Studies with the following features were
excluded: (a) non-randomized design; (b) used fewer
than six sessions (i.e., acute studies); (c) unavailability
of means and standard deviations in the results or if
authors did not reply to our request for data; (d) studies
that did not clearly describe the types of exercises and
the duration of training. Based on the defined inclu-
sion and exclusion criteria, two independent review-
ers (XYF, HYZ) screened potentially relevant papers by
analyzing titles, abstracts, and full texts of respective
articles to elucidate their eligibility.

Table 1 Characteristics of the included studies
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Data extraction

Relevant publication information (ie, author, title, year,
journal), number of patients, patient characteristics (eg,
age and sex), interventions considered (Table 1) and out-
come measures (ie, balance test batteries, static/dynamic
steady-state balance, proactive balance reactive balance)
were extracted by two independent assessors. In the pro-
cess of extracting data, if the original study reported a
standard error in the experimental and control groups,
the standard deviation was calculated by the formula:
standard deviation (SD) =standard error (SE) xvn. If both
are missing, we will estimate SD based on the confidence
interval, t-value, quartile, range, or p-values as described
in section 7.7.3 of the Cochrane Handbook for System-
atic Reviews. When only figures were presented, data
were extracted using GetData (http://getdata-graph-digit
izer.com) to measure the length (in pixels) of the axes to
calibrate and then the length in pixels from the relevant
axis to the data points of interest. If the data needed for

Exercise type Yearscovered N(s) n(s) Male(%) Age(m) Durationill Hoehn Exercise Exercise Course time(m)
inyears(m) and Yahr duration(m) frequency(m)
stage(m)
Total 1996-2020 199 9523 6054 67.54 6.84 237 12.34 3.10 54.16
AE 2009-2019 17 356 5850 66.10 497 232 11.67 329 49.44
AQE 2011-2020 15 210 66.84 67.10 5.62 248 7.76 333 54.06
BGT 1996-2020 37 607 6278 69.49 6.68 243 9.10 284 4842
BGT_ECA 1996-2020 24 553 57.30 68.51 7.57 252 5.82 343 4514
BGT_ICA 2015-2017 2 31 76.36 71.65 6.7 275 7.50 3.00 52.50
BWS_TT 2002-2019 5 61 5136 66.49 5.68 258 6.00 4.00 37.50
CPP 1998-2020 29 506  56.39 67.10 6.81 2.50 16.81 3.67 61.92
Dance 2013-2019 9 125 5097 68.29 7.7 227 11.40 1.80 62.22
DT_BGT 2008-2020 27 753 62.89 6848 6.99 243 6.88 3.08 54.04
Mul_C 2003-2020 33 975 5893 67.59 6.67 233 14.59 333 60.51
Mul_D 2012-2020 13 346 70.01 68.05 7.21 2.34 11.79 3.13 62.69
NW 2010-2018 5 69 62.02 64.24 545 2.08 7.50 3.50 60.00
Pilates 2013-2017 3 28 459 59.0 6.8 24 933 367 55.00
PT 2014-2020 3 49 58.66 70.57 7.73 217 10.00 250 56.25
Qigong 2013-2017 5 145 4256 67.12 733 213 12.88 3.63 56.25
RA_GT 2012-2019 7 171 54.40 69.71 8.17 2.78 4.00 4.00 4333
RT 2007-2020 34 687  64.51 66.06 7.69 2.36 2448 232 59.96
Stretch 2010-2020 1 291 6161 67.24 6.13 238 18.08 264 56.69
Tai Chi 2008-2020 198 6531 66.32 6.83 225 14.62 2.31 56.54
Tango 2007-2018 106 6545 68.45 6.21 221 15.10 2.00 56.67
T 2007-2020 31 587  57.567 66457  6.897 2367 8.20 344 41.82
VR 2011-2020 20 411 64.29 67.54 7.32 2.20 7.30 341 4443
WBV 2008 1 10 70 725 7 - 6.33 533 7333
Yoga 2016-2020 6 136 65.09 67.22 6.55 2.28 11.50 313 48.57

N number of studies, n number of sample size, s sum, m mean, AE Aerobic Exercise, AQE Aquatic Exercise, BGT Balance and Gait Training, BGT_ECA Balance and Gait
Training with External Cue or Attention, BWS_TT Body Weight Support Treadmill Training, CON Control group, CPP Classic Physiotherapy Program, DT_BGT Dual Task
Balance and Gait Training, Mul_C Multicomponent Exercise Program, Mul_D Multidisciplinary Exercise Program, RA_GT Robotic Assisted Gait Training, RT Resistance

Training, TC Tai Chi, TT Treadmill Training, VR Virtual Reality, WBV Whole Body Vibratio
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the study cannot be extracted from the above methods,
we will ask the authors about the data at least 4 times
within 6 weeks.

Risk of bias assessment and CINeMA

Risk of bias in RCTs for each individual study was
assessed independently using the Cochrane Collabora-
tion’s risk of bias tool (Additional file 1: Appendix 5)
[25], which examined potential selection bias (random
sequence generation and allocation concealment), per-
formance bias (blinding of patients and personnel),
detection bias (blinding of outcome assessment), attri-
tion bias (incomplete outcome data), reporting bias
(selective outcome reporting) and other bias. For each
source of bias, studies were classified as having a low,
high or unclear (if reporting was not sufficient to assess a
particular domain) risk. The overall risk of bias was clas-
sified into high, moderate, or low as proposed in a large
network meta-analysis for antidepressants [26]. The cer-
tainty of evidence produced by the synthesis for each
outcome was evaluated using the framework described
by Salanti and colleagues [27] and implemented using the
CINeMA (Confidence in Network Meta- Analysis) web
application which allows confidence in the results to be
graded as high, moderate, low, and very low [28].

Statistical analysis

We used R software netmeta package (version 3.6.3) to
perform a network meta-analysis combining direct and
indirect comparisons in the Frequentist model [29, 30].
The effect sizes measure chose the standardized mean
difference (SMD), because the studies used different
rating scales or units of balance outcomes, and a ran-
dom-effects network meta-analysis model was used. In
addition, league table presented the summary SMD, 95%
credible intervals (CrIs) for all pairwise comparisons, and
the results of comparing the outcomes of each exercise
intervention group and the control group in the form of
a forest plot. We used P-scores to rank exercise types on
the basis of the degree of improvement in each balance
outcome categories [31]. P-scores ranged from 0 to 1, a
higher P-score indicating a greater degree of improve-
ment in balance ability. The transitivity assumption was
evaluated by comparing the distribution of potential
effect modifiers (publication year, sample size, mean age,
percentage male, years of diagnosis, and disease grade)
(Additional file 1: Appendix 3) across studies grouped
before analyzing the results. I is a parameter for quan-
titative analysis of the heterogeneity between the results
of each study, and when I>>50%, it means that there is
substantial heterogeneity. We used global [32] and local
methods [33] to test the inconsistency of the research
results. The potential reasons of heterogeneity (publish
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year, sample size, mean age, percentage male, years of
diagnosis, disease grade, exercise duration, exercise fre-
quency, the total time of single session, and outcomes
test ON/OFF dopaminergic medication) was explored
by network meta-regression with R gemtc package. We
compared the adjusted funnel plot to assess the risk of
publication bias under specific circumstances, and Egg-
er’s test suggestive of publication bias when p <0.05. We
assessed the sensitivity of our findings by repeating each
network meta-analysis after excluding studies, such as
studies with an overall high risk of bias (Additional file 1:
Appendix 8).

Results

The flow diagram of the search process for studies of the
systematic review is presented in Fig. 1. After excluding
7311 reports based on titles and abstracts, 850 full-text
articles were retrieved. Three pairs of investigators con-
firmed the outcomes of interest by viewing the full text,
and finally included 199 studies with 9523 participants.
5765 (60.54%) participants were male and 3758 (39.46%)
female. Sample size ranged from 4 to 238 (mean age,
67.54), and mean illness duration was 6.84 years, the
mean of Hoehn and Yahr stage was 2.37 (Table 1). Among
the 199 studies included (Additional file 1: Appendix 4),
we divided them into 24 exercise types according to the
exercise content (Additional file 1: Appendix 2). The
exercise period ranged from 2 to 96 weeks (mean period,
12.34 weeks), the frequency of exercise training per week
ranged from 1-12 (mean frequency, 3.1), and the total
time of single session ranged from 15 to 150 min (mean
time, 54.16 min). The risk of bias assessment for each
individual study is presented in online Additional file 1:
Appendix 5 and summary data in Fig. 2. Overall, the per-
centage of studies with low risk of bias for the random
sequence generation was 57.76%, the allocation conceal-
ment was 76.88%, the blinding of participants and per-
sonnel was 31.16%, the blinding of outcome assessment
was 33.17%, the uncomplete outcome data was 64.82%,
the selective reporting was 82.91%, and the other bias
was 90.95%.

Balance test batteries (overall balance ability)

One hundred and four studies (52.26%) with 4536
(47.63%) assessed overall balance ability and were eligi-
ble for NMA (Fig. 3A). Compared with the control group
(CON), 17 (71%) exercise types significantly improved
the overall balance ability, and the SMDs (95% CrI)
ranged between 1.56 (0.72; 2.39) for BWS_TT to 0.24
(0.01; 0.47) for balance and gait training (BGT). Ranking
on the basis of degree of associated overall balance abil-
ity alteration defined BWS_TT as the best and Stretch
the worst (Fig. 4A). NMA results showed that BWS_TT,
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Databases searched: PubMed, MEDLINE, Embase,
PsycINFO, Cochrane Libary, WOS, CNKI, and
ClinicalTrials.gov
n=10348

Duplicate papers excluded
n=2313

Find literature by other reviews
n=126

Potentially relevant papers remaining
n=8161

Papers excluded on basis of title and abstract

n=7311

Full-text articles assessed for eligibility
n=850

Included studies
n=199

studies excluded on basis of eligibility (n=651)

No exercise training intervention (n=238)
The type of exercise are not described in detail (n=53)
Not RCT (n=98)

Repeated publication of data(n=27)

No exercise in the comparison group (n=47)
study protocol(n=21)

Acute study of single exercise course (n=10)
No outcomes measures of interest (n=84)
Terminated without data (n=38)

Full-text not available (n=12)

Healthy controls (2)

Compare different training doses (6)

Different course formats for the same exercise type (15)

Fig. 1 PRISMA Flow diagram of the search process for studies. RCT randomized controlled trials

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)
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ncomplete outcome data (attrition bias) | |
Selective reporting (reporting bias) [ ]
otherbias |
0‘% 16% 26% 36% 4(;% Sd% 66% 76% 8(;% 96% 106%
m low risk of bias unclear risk of bias  m high risk of bias

Fig. 2 Summary of the risk of bias assessment in the individual domains of the included studies
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Fig. 3 Network plot of balance outcomes. A Overall balance; B Static steady—state balance; C Dynamic steady—state balance; D Proactive balance;
E Reactive balance. The size of the nodes corresponds to the number of participants randomized to each Exercise type. Exercise type with direct
comparisons are linked with a line; its thickness corresponds to the number of trials evaluating the comparison. AE Aerobic Exercise, AQE Aquatic
Exercise, BGT Balance and Gait Training, BGT_ECA Balance and Gait Training with External Cue or Attention, BGT_ICA Balance and Gait Training

with Internal Cue or Attention, BWS_TT Body Weight Support Treadmill Training, CON Control group, CPP Classic Physiotherapy Program, DT_BGT
Dual Task Balance and Gait Training, Mul_C Multicomponent Exercise Program, Mul_D Multidisciplinary Exercise Program, NW Nordic Walking, PT
Power Training, RA_GT Robotic Assisted Gait Training, RT Resistance Training, TC Tai Chi, TT Treadmill Training, VR Virtual Reality, WBV Whole Body

Vibration

multidisciplinary exercise program (Mul_D), Pilates,
Dance, aquatic exercise (AQE), Balance and gait training
with the external cue or attention (BGT_ECA), RA_GT,
and dual task balance and gait training (DT_BGT) signifi-
cantly more than many other exercise types (more than
2) (Additional file 1: Appendix 6).

Static steady-state balance

Fifty one studies (25.63%) with 2155 (22.63%) showed
available results for change of static steady-state balance
(Fig. 3B). 6 out of 20 exercise types significantly improved
the static steady-state balance compared to the CON
with the SMDs (95%Crl) ranged from between 0.94 (0.33;
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Fig. 4 Forest plot change in efficacy of balance outcomes. A Overall balance; B Static steady—state balance; C Dynamic steady—state balance;

D Proactive balance; E Reactive balance. Exercise type are ranked according to the surface under the curved cumulative ranking probabilities.
Treatments crossing the y-axis are not significantly different from CON. SMD standardized Mean Difference, Crl Credible Interval, AE Aerobic Exercise,
AQE Aquatic Exercise, BGT Balance and Gait Training, BGT_ECA Balance and Gait Training with External Cue or Attention, BGT_ICA Balance and Gait
Training with Internal Cue or Attention, BWS_TT Body Weight Support Treadmill Training, CON Control group, CPP Classic Physiotherapy Program,
DT_BGT Dual Task Balance and Gait Training, Mul_C Multicomponent Exercise Program, Mul_D Multidisciplinary Exercise Program, NW Nordic
Walking, PT Power Training, RA_GT Robotic Assisted Gait Training, RT Resistance Training, TC Tai Chi, TT Treadmill Training, VR Virtual Reality, WBV

Whole Body Vibration

1.54) for AQE to 0.48 (0.01; 0.95) for BGT_ECA. Rank-
ing on the basis of degree of associated static steady-state
balance alteration defined AQE as the best and whole
body vibration (WBV) the worst (Fig. 4B). NMA results
showed that AQE, VR, multicomponent exercise pro-
gram (Mul_C), Dance, and BGT significantly more than
many other exercise types (more than 2) (Additional
file 1: Appendix 6).

Dynamic steady-state balance

For change in dynamic steady-state balance, one hun-
dred and ten studies with 4673 (49.07%) compared 23
different exercise types with CON (Fig. 3C). Compared
with CON, we found 12 exercise types (52.17) signifi-
cantly improved the dynamic steady-state balance, with
the SMDs (95%Crl) ranged from 1.53 (1.07; 2.00) for
BWS_TT to 0.35 (0.16; 0.55) for RT. Ranking on the basis
of degree of associated dynamic steady-state balance

alteration defined BWS_TT as the best and Stretch the
worst (Fig. 4C). NMA results showed that only BWS_TT
significantly more than many other exercise types (more
than 2) (Additional file 1: Appendix 6).

Proactive balance

One hundred and eleven studies (59.80%) with 5157
(54.15%) showed available results for change of proactive
balance (Fig. 3D). 16 out of 23 exercise types significantly
improved the proactive balance compared to the CON
with the SMDs (95%Crl) ranged from between 1.42 (0.59;
2.26) for Pilates to 0.32 (0.00; 0.665) for classic physi-
otherapy program (CPP). Ranking on the basis of degree
of associated proactive balance alteration defined Pilates
as the best and Nordic walking (NW) the worst (Fig. 4D).
NMA results showed that Pilates, AQE, and Mul_C sig-
nificantly more than many other exercise types (more
than 2) (Additional file 1: Appendix 6).
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Reactive balance

Thirteen studies (6.53%) with 540 (5.67%) showed avail-
able results for change of reactive balance (Fig. 3E). 5 out
of 13 exercise types significantly improved the reactive
balance compared to the CON with the SMDs (95%CrI)
ranged from between 1.80 (0.86; 2.74) for BGT_ECA to
0.32 (0.18; 0.92) for RT. Ranking on the basis of degree
of associated reactive balance alteration defined BGT_
ECA as the best and VR the worst (Fig. 4E). NMA results
showed that BGT_ECA and RA_GT significantly more
than many other exercise types (more than 2), and most
differences between the remaining exercise types were
small or very uncertain (Additional file 1: Appendix 6).

Heterogeneity and certainty of evidence

For heterogeneity, most outcomes were moderate. Addi-
tionally, the results of design-by-treatment interaction
test showed that global inconsistency was not significant
for all outcomes. The SIDE test of all outcomes showed
that the percentage of comparisons with evidence of
inconsistency ranged from 0-9.6% (Table 2). Overall,
we found no evidence of important heterogeneity or
inconsistency in the NMA. Moreover, for all outcomes,
the certainty of the evidence was low overall (Additional
file 1: Appendix 9).

Meta-regression and sensitivity analysis

The potential threats of the baseline characteristics,
training dose, and the ON/OFF state of outcomes test
of the included studies to the transitivity assumption
and the source of heterogeneity were resolved through
meta-regression and sensitivity analysis for all out-
comes (Table 3). Sensitivity analyses removing studies
with overall high risk of bias, exercise duration less than
4 weeks and more than 24 weeks, exercise frequency less
than 2 and more than 4, OFF state during the test, and
data were extracted using GetData and estimated stand-
ard deviations value did not affect the results (Additional
file 1: Appendix 8). In addition, our comparison-adjusted
funnel plot had good symmetry for all outcomes, and the
results of Egger’s test showed that no small study effect
was found (Fig. 5). Thus, overall, we concluded that the
stability of our findings were not a source of concern in
this NMA.

Discussion

This is the first systematic review and network meta-
analysis that examined the effects of 24 exercise types
on measures of balance in Parkinson’s disease. The main
finding of our analyses supported many exercise pro-
grams as effective means of improving balance in PD.
In addition, we have found (1) 17 exercise types signifi-
cantly improved the overall balance ability, and BWS_TT
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showed the large effects; (2) BWS_TT showed the best
effective for improvements in dynamic steady-state bal-
ance, and that only BWS_TT is significantly more than
many other exercise types (more than 2); (3) 6 exercise
types significantly improved the static steady-state bal-
ance compared to the CON, and AQE ranks the best
according to the p-score; (4) Pilates showed the best
effective for improvements in proactive balance, and sig-
nificantly more than many other exercise types; (5) BGT_
ECA and RA_GT showed similarly large effect in reactive
balance compared to CON, and significantly more than
many other exercise types.

Our findings showed that exercises are an effective
treatment for improving balance in Parkinson’s patients,
as had been confirmed in numerous previous studies [9,
34-36]. Postural instability is a prominent movement dis-
ability in people with PD [37]. Some specific parameters
of exercise, such as exercise intensity, repetition, speci-
ficity, difficulty and complexity, can effectively improve
neuroplasticity in PD patients. On the other hand, motor
performance requires cognitive engagement, which
can be enhanced by feedback, cues, or the attentional
demands of dual-tasking, as well as motivation. There-
fore, designing or implementing exercises to improve
specific motor skills, such as balance, can ultimately
improve postural instability symptoms in PD patients
[38]. That had been demonstrated in previous studies
such as treadmill training (e.g., with [13, 39] or without
body support [40, 41]), balance training (e.g., dual task
balance training [42, 43], balance training with attention
and cues [44, 45]), Tai Chi [46, 47], Tango [48, 49], and
exercises during the environment of virtual reality [50,
51]. Therefore, these may be the reasons why the many
types of exercise in this study significantly improved the
balance ability of Parkinson’s disease patients.

It is unlikely that one kind of exercise training is the
single best approach to treating Parkinson disease. Our
study provides evidence that 17 (71%) exercise types
significantly improved the overall balance ability com-
pared to CON, and BWS_TT, Mul_D, Pilates, Dance,
AQE, BGT_ECA, RA_GT, and DT_BGT significantly
more than many other exercise types (more than 2). In
addition, our NMA for improving overall balance abil-
ity identified BWS_TT, Mul_D, Pilates and NW as the
four treatments most likely to be the best. If the pooled
SMDs of these comparisons are considered as effect
sizes, all three of these findings are large (i.e.,>0.8) [52].
These suggest that a range of distinctively different exer-
cise training modalities may improve overall balance abil-
ity in patients with PD; clinicians who prescribe exercise
training should work with patients to identify a modal-
ity suitable for their capabilities and interests to increase
the likelihood of efficacy. However, since the evidence



Qian et al. BMC Geriatrics (2023) 23:522 Page 10 of 16
Table 3 Network meta-regression
Covariate Shared beta Heterogeneity % of
(median and 95% Crl) T (median and 95% Crl) variance
explained
Balance test batteries
None - 0.26 (0.18;0.35) -
Publish Year -0.05 (-0.30; 0.20) 0.26 (0.18; 0.35) 0%
Mean Age -0.27(-0.54;0.02) 0.24 (0.16; 0.34) -7.7%
Years of Diagnosis -0.04 (-0.43; 0.36) 0.26 (0.18; 0.35) 0%
Hoehn and Yahr stage 035 (—O 07;0.80) 0.26 (0.18;0.36) 0%
Sample Size 2 (-0.26;0.02) 0.25(0.17;0.34) -3.8%
Percentage Male 7 (-0.45;0.10) 0.26 (0.18;0.35) 0%
Exercise Period 4(-0.59;0.29) 0.26 (0.18; 0.35) 0%
Exercise Frequency -0.27 (-0.55;0.01) 0.25(0.17; 0.34) -3.8%
Time of single session 0.20 (-0.08;0.47) 0.25(0.17;0.34) -3.8%
ON/OFF 0.13 (-042;0.67) 0.26 (0.18;0.36) 0%
Static steady-state balance
None - 043 (0.30; 0.60) -
Publish Year 0.34 (-0.09;0.78) 042 (0.29;0.58) -2.3%
Mean Age -0.13(-0.62; 0.25) 043 (0.30; 0.60) 0%
Years of Diagnosis -0.33(-0.82;0.14) 0.42 (0.29; 0.59) -2.3%
Hoehn and Yahr stage -0.07 (-0.60; 0.47) 0.44 (0.31;0.61) 0%
Sample Size -0.23 (-0.59;0.13) 042 (0.29; 0.60) -2.3%
Percentage Male -0.50 (-0.96; 0.01) 0.41(0.27;0.57) -4.7%
Exercise Period -0.46 (-0.94; 0.02) 41(0.28; 0.58) -4.7%
Exercise Frequency -0.37 (-0.06; 0.79) 41(0.27;0.57) -4.7%
Time of single session 0.42 (-0.04; 0.89) 0.42 (0.28; 0.58) -2.3%
ON/OFF 0.88 (-0.07; 1.80) 41(0.27;0.57) -4.7%
Dynamic steady-state balance
None - 0.34(0.26;043) -
Publish Year -0.01 (-0.24;0.20) 0.34(0.25;0.43) 0%
Mean Age -0.18 (-0.42,0.07) 0.33(0.25;0.43) -2.9%
Years of Diagnosis 0.38(0.07;0.69)° 0.33(0.25;042) -2.9%
Hoehn and Yahr stage -0.08 (-0.34;0.18) 0.34(0.26;043) 0%
Sample Size -0.10(-0.31;0.10) 0.34 (0.26;0.43) 0%
Percentage Male -0.18 (-0.07; 0.45) 0.34 (0.26; 0.44) 0%
Exercise Period 0.02 (-0.17;0.23) 0.34 (0.26; 0.44) 0%
Exercise Frequency -0.24 (-0.64;0.13) 0.34 (0.26; 0.44) 0%
Time of single session -0.16 (-0.39; 0.05) 0.34(0.26; 0.43) 0%
ON/OFF 0.22 (-0.23; 0.68) 0.34 (0.26;0.44) 0%
Proactive balance
None - 0.45 (0.36; 0.55) -
Publish Year 0.25 (-0.02; 0.50) 0.45 (0.36; 0.55) 0%
Mean Age 16(-0.47;0.15) 045 (0.36; 0.55) 0%
Years of Diagnosis 6 (-0.16; 0.49) 0.45 (0.36; 0.56) 0%
Hoehn and Yahr stage 0.21 (-0.14; 0.54) 0.45 (0.36; 0.55) 0%
Sample Size -0.39 (-0.63;-0.16)? 042 (0.32;0.52) -6.7%
Percentage Male -0.13(-041;0.17) 0.45 (0.36; 0.55) 0%
Exercise Period 0.35(0.08; 0.61)? 0.43(0.35; 0.54) -4.4%
Exercise Frequency 0.89 (-0.53; 1.26) 0.38 (0.30; 0.48) -15.6%
Time of single session 0.01 (-0.29;0.29) 0.45(0.37;0.56) 0%
ON/OFF 0.92 (-0.25; 2.18) 044 (0.35;0.55) -2.2%
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Table 3 (continued)
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Covariate Shared beta Heterogeneity % of
(median and 95% Crl) T (median and 95% Crl) variance
explained

Reactive balance
None - 0.32(0.01;1.06) -
Publish Year 0.09 (-4.81;3.75) 0.35(0.02; 1.01) 9.4%
Mean Age 0.03 (-1.08; 1.11) 041(0.01;1.13) 28.1%
Years of Diagnosis -0.09 (-0.91; 0.70) 0.39(0.02; 1.13) 21.8%
Hoehn and Yahr stage 0.72 (-2.34,5.77) 0.29 (0.01; 1.06) -9.4%
Sample Size 047 (-0.88;1.78) 0.31(0.02; 1.09) -3.1%
Percentage Male -0.34 (-1.46; 0.88) 0.33(0.02;1.11) 3.1%
Exercise Period 0.12(-1.81;2.05) 0.39(0.02;1.11) 21.8%
Exercise Frequency 0.80 (-1.63; 4.24) 0.27 (O 02; 1.04) 15.6%
Time of single session -061 (-2.05; 0.74) 0.25 (0.01; 1.06) -21.9%
ON/OFF -0.02 (-3.78; 4.08) 033 (O 02;1.09) 3.1%

Crl Credible Interval

2 Significant influence factors, 95% Crl does not contain zero

from only three studies (direct comparison with control
group), and the confidence in evidence was low. More
homogeneity studies are needed in the future to verify
our research results. Our findings showed that BWS_TT
ranked according to P score is the best in improving over-
all balance ability and dynamic steady-state balance in PD
patients. Previous research results showed that BWS_TT
uses higher treadmill training speed compared to tradi-
tional treadmill training [40], and BWS_TT increases
the safety of PD during training due to the body sup-
port device, making it dare to move at a larger pace [39,
40]. These are obviously more beneficial for BWS_TT to
improve the overall balance ability and dynamic steady-
state balance in PD. In addition, previous studies also had
shown that specific ability tests are used as training con-
tent, and specific skills will be improved to the greatest
extent [53]. In this study, the dynamic steady-state bal-
ance was evaluated by the speed and time of the walking
test. Therefore, BWS_TT, which is similar to the dynamic
steady-state balance test method, may also be the reason
for the additional improvement of the dynamic steady-
state balance ability of PD patients.

Our study showed that 6 exercise types significantly
improved the static steady-state balance compared to the
CON. Previous study had shown that many exercise types
can consistently improve motor symptoms such as static
steady-state balance in PD patients [54]. Exercise may
increase synaptic strength and enhance functional cir-
cuitry, thereby improving behavior in patients with PD.
Therefore, exercise-induced brain plasticity — the ability
of the central nervous system to modify its structure and
function in response to external stimuli — is likely to be
the neural basis of rehabilitation in PD [38]. Moreover,

exercises can promote the synthesis of neurotransmitters
and brain neurotrophic factors [55]. Both neurochemi-
cal phenomena contribute to neuroplasticity [56]. These
may be the reasons why the many types of exercise in this
study significantly improved the static steady-state bal-
ance of PD patients compared with the CON. Our study
showed that AQE ranks the best according to the p-score.
Previous study provide evidence that water-based exer-
cise is significantly superior to land-based exercise in
improving static steady-state balance in PD patients
[57], and water-based exercise had been widely used in
physical therapy to improve balance in patients with dif-
ferent diseases [58—60]. The aquatic environment has
unique properties such as buoyancy, turbulence, hydro-
static pressure and resistance. Water buoyancy reduces
the effects of gravity, in fact, the aquatic environment is
considered a microgravity environment. The results of
previous research have documented improvements in
static postural control due to prolonged periods spent
in microgravity environments [61]. The control of body
posture is altered due to inappropriate signals from the
underwater vestibular system, these findings highlight
a major role for the proprioceptive system in postural
control in aquatic environments [62]. In addition, due
to the effect of buoyancy in water reduces the patient’s
fear of falling compared to the land [63], patients dare
to try large-magnitude training movements during exer-
cise, and the turbulent, hydrostatic pressure and resist-
ance also increase the difficulty of training to varying
degrees. These may be the reasons why AQE additionally
improves static steady-state balance in PD patients. How-
ever, there were no control studies available, which makes
this evidence completely indirect. In the future, more
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Fig. 5 Comparison adjusted funnel plots for balance outcomes. A Overall
D Proactive balance; E Reactive balance

high-quality randomized controlled trials are needed to
verify the benefits of AQE in improving static steady-
state balance in PD patients. At the same time, VR and
Mul_C also showed a large effect size (i.e.,>0.8) [52] in
improving the static steady-state balance of PD patients,
which also allowed clinicians and PD patients to choose
appropriate alternative treatment methods according to
the actual situation.

Our study showed that Pilates showed the best effective
for improvements in proactive balance, and significantly
more than many other exercise types. Pilates training
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balance; B Static steady—state balance; C Dynamic steady—state balance;

could be considered a form of physical exercise focused
on the improvement of strength, core stability, flexibility,
muscular control, posture and breathing [64]. In addi-
tion, Pilates is to improve coordination and core muscle
control, leading to the optimal lumbopelvic stabilization
needed for daily life activities and functions [65]. The
proactive balance improvement resulted from the effect
of Pilates exercises can be studied based on the theory
of systems. According to systems theory, body control
is the result of simultaneous and complex interactions
of the nervous, muscular and skeletal systems (posture
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control systems). A combination of sensory data (used
to determine physical conditions in space) and the abil-
ity of the musculoskeletal system to exert the appropriate
force is necessary in order to be controlled by the systems
described above to maintain balance and therefore move-
ment. Pilates exercises use information from the visual,
vestibular and proprioceptive systems (including joint
position sense and environmental sense) and support
surface conditions to improve the central nervous system
and actively adjust its own balance [66]. Therefore, with
reference to systems theory and the impact of exercise on
the improvement of these systems, Pilates exercise may
additionally improve proactive balance in Parkinson’s
patients with balance disorders due to decreased central
nervous system function. However, since the evidence
from only one study, the confidence in evidence was low.
More homogeneity studies are needed in the future to
verify our research results. In addition, AQE and Qigong
also showed a large effect size (i.e.,>0.8) [52] in improv-
ing the proactive balance of PD patients, which also
allowed clinicians and PD patients to choose appropri-
ate alternative treatment methods according to the actual
situation.

Our study showed that BGT_ECA and RA_GT showed
similarly large effect in reactive balance compared to
CON, and significantly more than many other exercise
types. In daily life, reactive balance, referred to as the
ability to control balance in response to mechanical dis-
turbances, plays a critical role in avoiding and adapting
to the complex environments that menace postural sta-
bility [67]. The use of rhythmic auditory or visual exter-
nal stimuli can improve response balance training, as this
allows PD patients to shift their habitual motor control
(predominantly relying on the posterior putamen) to
more goal-directed motor control (involving the ante-
rior putamen), thereby improving motor learning [68].
In addition, external cues can improve attention and task
prioritization (better executive control) in PD patients
[69-71], and promoting prioritize balance control over
other tasks, thereby improving reaction time for body
control under unpredictable distractions, and external
stimuli can also act as external rewards, further promot-
ing the motor learning process [72]. At the same time,
RA_GT provides repetitive, bilateral, distal-guided gait
training, and it is most likely that several repetitions of
gait-like movements could have had a positive influ-
ence on activation patterns within the leg muscles [73].
Moreover, this guided gait repetition provides an external
rhythm that can compensate for deficits in the internal
rhythm of the basal ganglia [74]. These may be the reason
why both BGT_ECA and RA_GT have better effects in
improving the reactive balance of PD patients. However,
there were no control studies available, which makes this

Page 13 of 16

evidence completely indirect. In the future, more high-
quality randomized controlled trials are needed to verify
the benefits of BGT_ECA and RA_GT in improving reac-
tive balance in PD patients.

Strengths and limitations

The strengths of this study included that searches were
not limited by publication data of language, and stud-
ies included were not restricted to a specific type of
intervention or comparator. A significant advantage of
network meta-analyses over traditional pairwise meta-
analyses is the ability to make indirect comparisons,
allowing the effects of multiple interventions to be con-
sidered in a single statistical model [75]. Thus, network
meta-analyses summarize both direct and indirect com-
parisons between multiple interventions, and enable
more sophisticated statistical models and more compre-
hensive interpretations. In addition, due to the specific-
ity of balance ability, we evaluated the effect of exercise
on overall balance, static steady-state balance, dynamic
steady-state balance, proactive balance, and reactive bal-
ance, respectively, and based on the results provided a
better and alternative exercise types. Therefore, clinicians
can formulate exercise prescriptions according to the
actual situation of patients.

There are limitations to our study. We did not consider
the safety differences between exercise types. Under-
reporting of adverse events is a known issue associated
with the reporting of exercise training studies [76]. Exer-
cise experiments tend to be small in scale. In our study,
166 included studies (83.41%) with a sample size of less
than 30 (a consensus of the minimum sample size for a
trial [77]), and only one included study with a sample
size of more than 100. Small-study effects may reflect
publication bias, differential presence of quality issues
in smaller trials, but also many other factors [78]. This
is also reflected in meta-regression results, where the
sample size significantly affects the proactive balanc-
ing. However, the results of publication bias showed
that there is no funnel plot asymmetry and small sample
effects. For the training dose, the included studies have a
large training period span (4—96 weeks). Previous stud-
ies have showed that training period is a significant factor
affecting exercise effects [79, 80]. This put the heteroge-
neity of our included studies at moderate levels, and our
meta-regression results found that training period also
significantly affected the exercise benefits in proactive
balance. It is worth affirming that this also proves that the
extension of the exercise training period can increase the
exercise effects. In addition, we defined and classified 24
exercise types according to their content or modalities.
This may have biased our findings. For example, Mul_C
is a combination of various types of exercise, but not
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all of them are the same combination of several forms
of exercise. Another example is AQE, we only consider
the environment of the exercise, and do not consider
the modalities of exercise in the water. Therefore, more
research is needed in the future to support our findings.

Conclusion

In conclusion, this NMA confirms that exercise therapy
has clear benefits in balance for people with PD and
also shows that the magnitude of effect varies according
to type of exercise and outcome of interest. There was
low-quality evidence that BWS_TT was found to be the
best for overall balance and dynamic steady-state bal-
ance, AQE showed the best effects in static steady-state
balance, Pilates had the best effects in improving proac-
tive balance, moreover, BGT_ECA and RA_GT showed
similar larger effects in improving reactive balance. The
findings of this review may help clinicians guide their
prescription of exercise type with respect to treatment
outcomes.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512877-023-04239-9.

Additional file 1: Appendix 1. Search Strategy. Appendix 2. Defini-
tions of exercise types and non-exercise training control. Appendix 3.
Assessment of the transitivity. Appendix 4. Characteristics of studies and
subjects included in the review. Appendix 5. The risk of bias assessment
for the individual included studies. Appendix 6. Network meta-analysis
results. Appendix 7. Details of SIDE splitting results. Appendix 8. Sensitiv-
ity analyses. Appendix 9. Grading the evidence for primary outcome of
the network meta-analysis using CINeMA.

Acknowledgements
Not applicable.

Authors’ contributions

YJQ and YY contributed to study design, selected the articles, extracted data,
statistical analysis, data interpretation, and drafting of the manuscript. YJQ, XYF
and HYZ contributed to selected the articles, extracted data, data interpreta-
tion, and critical review of the manuscript. YY and GTW contributed to statisti-
cal analysis and critical review of the manuscript. YJQ, XYF, HYZ, and GTW
contributed to selected the articles, data interpretation, and critical review of
manuscript. YY and GTW is the guarantor of this work and, as such, had full
access to all the data in the study and takes responsibility for the integrity of
the data and the accuracy of the data analysis.

Funding
No have.

Availability of data and materials

All data generated or analysed during this study are included in this published
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
No ethical approval and consent was required for the current study.

Page 14 of 16

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'School of Sports Science and Physical Education, Nanjing Normal University,
Nanjing, China. >Laboratory of Kinesiology and Rehabilitation, School of Physi-
cal Education and Sport, Henan University, 85 Minglun Rd, Shunhe District,
Kaifeng City 475001, China. *Laboratory of Kinesiology and Rehabilitation,
School of Physical Education and Sport, Chaohu University, No. 1 Xuefu Road,
Chaohu Economic Development Zone, Hefei, Anhui Province 238000, China.
“School of Physical Education and Health, Krasnoyarsk State Pedagogical Uni-
versity named after V.P. Astafyev Street. Ada Lebedeva, House 89, Krasnoyarsk
City 660049, Russia.

Received: 26 May 2023 Accepted: 16 August 2023
Published online: 28 August 2023

References

1. Horak FB, Wrisley DM, Frank J. The Balance Evaluation Systems Test (BEST-
est) to differentiate balance deficits. Phys Ther. 2009;89(5):484-98.

2. Kalia LV, Lang AE. Parkinson'’s disease. Lancet. 2015;386(9996):896-912.

3. Curtze C, Nutt JG, Carlson-Kuhta P, Mancini M, Horak FB. Levodopa is a
double-edged sword for balance and gait in people with Parkinson’s
disease. Mov Disord. 2015;30(10):1361-70.

4. Rascol O, Payoux P, Ferreira J, Brefel-Courbon C. The management
of patients with early Parkinson’s disease. Parkinsonism Relat Disord.
2002,9(1):61-7.

5. Nijkrake MJ, Keus SHJ, Kalf JG, et al. Allied health care interventions and
complementary therapies in Parkinson’s disease. Parkinsonism Relat
Disord. 2007;13(Suppl 3):5488-94.

6. Schrag A, Jahanshahi M, Quinn N. How does Parkinson's disease affect
quality of life? A comparison with quality of life in the general population.
Mov Disord. 2000;15(6):1112-8.

7. van der Marck MA, Klok MPC, Okun MS, Giladi N, Munneke M, Bloem BR.
Consensus-based clinical practice recommendations for the examination
and management of falls in patients with Parkinson'’s disease. Parkinson-
ism Relat Disord. 2014;20(4):360-9.

8. Tomlinson CL, Patel S, Meek C, et al. Physiotherapy intervention in Parkin-
son’s disease: systematic review and meta-analysis. BMJ. 2012;345:e5004.

9. Shen X, Wong-Yu IS, Mak MK. Effects of exercise on falls, balance, and gait
ability in Parkinson’s disease: a meta-analysis. Neurorehabil Neural Repair.
2016;30(6):512-27.

10. Radder DLM, Ligia Silva de Lima A, Domingos J, et al. Physiotherapy in
Parkinson’s disease: a meta-analysis of present treatment modalities.
Neurorehabil Neural Repair. 2020;34(10):871-80.

11. Arcolin |, Pisano F, Delconte C, et al. Intensive cycle ergometer train-
ing improves gait speed and endurance in patients with Parkinson’s
disease: a comparison with treadmill training. Restor Neurol Neurosci.
2016;34(1):125-38.

12. de Melo GEL, Kleiner AFR, Lopes JBP, et al. Effect of virtual reality training
on walking distance and physical fitness in individuals with Parkinson’s
disease. NeuroRehabilitation. 2018;42(4):473-80.

13. AtanT, Ozyemisci Taskiran O, Bora Tokcaer A, Kaymak Karatas G, Karakus
Caliskan A, Karaoglan B. Effects of different percentages of body weight-
supported treadmill training in Parkinson’s disease: a double-blind
randomized controlled trial. Turk J Med Sci. 2019;49(4):999-1007.

14. Galli M, Cimolin V, De Pandis MF, et al. Robot-assisted gait training versus
treadmill training in patients with Parkinson's disease: a kinematic evalua-
tion with gait profile score. Funct Neurol. 2016;31(3):163-70.

15. Tang L, Fang Y, Yin J. The effects of exercise interventions on Parkinson'’s
disease: a Bayesian network meta-analysis. J Clin Neurosci. 2019;70:47-54.

16. Rawson KS, McNeely ME, Duncan RP, Pickett KA, Perimutter JS, Earhart
GM. Exercise and Parkinson disease: comparing tango, treadmill, and
stretching. J Neurol Phys Ther. 2019;43(1):26-32.

17. Dias S, Ades AE, Welton NJ, Jansen JP, Sutton AJ. Network meta-analysis
for decision-making. American: Wiley; 2018.


https://doi.org/10.1186/s12877-023-04239-9
https://doi.org/10.1186/s12877-023-04239-9

Qian et al. BMC Geriatrics

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31

32.

33
34

35.

36.

37.

38.

39.

40.

41.

(2023) 23:522

Yang Y, Wang G, Zhang S, et al. Efficacy and evaluation of therapeutic
exercises on adults with Parkinson’s disease: a systematic review and
network meta-analysis. BMC Geriatr. 2022,22(1):813.

Shumway-Cook A, Woollacott MH. Motor control: translating research
into clinical practice. American: Lippincott Williams & Wilkins; 2007.
Granacher U, Muehlbauer T, Zahner L, Gollhofer A, Kressig RW. Compari-
son of traditional and recent approaches in the promotion of balance
and strength in older adults. Sports Med. 2011;41(5):377-400.
Muehlbauer T, Besemer C, Wehrle A, Gollhofer A, Granacher U. Relation-
ship between strength, power and balance performance in seniors.
Gerontology. 2012;58(6):504-12.

Granacher U, Bridenbaugh SA, Muehlbauer T, Wehrle A, Kressig RW. Age-
related effects on postural control under multi-task conditions. Gerontol-
0gy. 2011;57(3):247-55.

Hutton B, Salanti G, Caldwell DM, et al. The PRISMA extension statement
for reporting of systematic reviews incorporating network meta-analyses
of health care interventions: checklist and explanations. Ann Intern Med.
2015;162(11):777-84.

Lesinski M, Hortobagyi T, Muehlbauer T, Gollhofer A, Granacher U. Effects
of balance training on balance performance in healthy older adults: a
systematic review and meta-analysis. Sports Med. 2015;45(12):1721-38.
Higgins JP, Thomas J, Chandler J, et al. Cochrane handbook for systematic
reviews of interventions. American: Wiley; 2019.

Cipriani A, Furukawa TA, Salanti G, et al. Comparative efficacy and accept-
ability of 21 antidepressant drugs for the acute treatment of adults with
major depressive disorder: a systematic review and network meta-analy-
sis. Focus. 2018;16(4):420-9.

Salanti G, Del Giovane C, Chaimani A, Caldwell DM, Higgins JP. Evaluat-
ing the quality of evidence from a network meta-analysis. PLoS One.
2014;9(7):299682.

Nikolakopoulou A, Higgins JP, Papakonstantinou T, et al. Assessing con-
fidence in the results of network meta-analysis (Cinema). BioRxiv. 2019.
Published online April 5. https://doi.org/10.1101/597047. Preprint.
Rucker G. Network meta-analysis, electrical networks and graph theory.
Res Synth Methods. 2012;3(4):312-24.

Shim SR, Kim SJ, Lee J, Riicker G. Network meta-analysis: application and
practice using R software. Epidemiol Health. 2019;41:e2019013.

Rucker G, Schwarzer G. Ranking treatments in frequentist network meta-
analysis works without resampling methods. BMC Med Res Methodol.
2015;15:58.

Higgins JP, Jackson D, Barrett JK, Lu G, Ades AE, White IR. Consistency and
inconsistency in network meta-analysis: concepts and models for multi-
arm studies. Res Synth Methods. 2012;3(2):98-110.

Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consistency in mixed
treatment comparison meta-analysis. Stat Med. 2010;29(7-8):932-44.
Feng YS, Yang SD, Tan ZX, et al. The benefits and mechanisms of exercise
training for Parkinson's disease. Life Sci. 2020;245:117345.

Lamotte G, Rafferty MR, Prodoehl J, et al. Effects of endurance exercise
training on the motor and non-motor features of Parkinson’s disease: a
review. J Parkinsons Dis. 2015;5(1):21-41.

Song R, Grabowska W, Park M, et al. The impact of Tai Chi and Qigong
mind-body exercises on motor and non-motor function and quality of
life in Parkinson’s disease: a systematic review and meta-analysis. Parkin-
sonism Relat Disord. 2017,41:3-13.

Dibble LE, Addison O, Papa E. The effects of exercise on balance in
persons with Parkinson'’s disease: a systematic review across the disability
spectrum. J Neurol Phys Ther. 2009;33(1):14-26.

Petzinger GM, Fisher BE, McEwen S, Beeler JA, Walsh JP, Jakowec MW.
Exercise-enhanced neuroplasticity targeting motor and cognitive cir-
cuitry in Parkinson's disease. Lancet Neurol. 2013;12(7):716-26.

Ganesan M, Sathyaprabha TN, Pal PK, Gupta A. Partial body weight-
supported treadmill training in patients with Parkinson disease:

impact on gait and clinical manifestation. Arch Phys Med Rehabil.
2015;96(9):1557-65.

Fisher BE, Wu AD, Salem GJ, et al. The effect of exercise training in improv-
ing motor performance and corticomotor excitability in people with
early Parkinson’s disease. Arch Phys Med Rehabil. 2008;89(7):1221-9.
Schenkman M, Hall DA, Baron AE, Schwartz RS, Mettler P, Kohrt WM.
Exercise for people in early- or mid-stage Parkinson disease: a 16-month
randomized controlled trial. Phys Ther. 2012;92(11):1395-410.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Page 150f 16

Wallén MB, Hagstromer M, Conradsson D, Sorjonen K, Franzén E. Long-
term effects of highly challenging balance training in Parkinson’s disease-
a randomized controlled trial. Clin Rehabil. 2018;32(11):1520-9.

Steib S, Klamroth S, Galiner H, et al. Perturbation during treadmill training
improves dynamic balance and gait in Parkinson’s disease: a single-
blind randomized controlled pilot trial. Neurorehabil Neural Repair.
2017;31(8):758-68.

Beck EN, Wang MTY, Intzandt BN, Almeida QJ, Ehgoetz Martens KA.
Sensory focused exercise improves anxiety in Parkinson’s disease: a rand-
omized controlled trial. PLoS One. 2020;15(4):e0230803.

Beck EN, Intzandt BN, Almeida QJ. Can dual task walking improve

in Parkinson’s disease after external focus of attention exercise? A

single blind randomized controlled trial. Neurorehabil Neural Repair.
2018;32(1):18-33.

Li F, Harmer P, Fitzgerald K, et al. Tai chi and postural stability in patients
with Parkinson’s disease. N Engl J Med. 2012,366(6):511-9.

Corcos DM, Comella CL, Goetz CG. Tai chi for patients with Parkinson’s
disease. N Engl J Med. 2012;366(18):1737-8.

Rios Romenets S, Anang J, Fereshtehnejad S-M, Pelletier A, Postuma
R.Tango for treatment of motor and non-motor manifestations in
Parkinson’s disease: a randomized control study. Complement Ther Med.
2015;23(2):175-84.

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(6):475-81.

Yang W-C, Wang H-K, Wu R-M, Lo C-S, Lin K-H. Home-based virtual reality
balance training and conventional balance training in Parkinson's disease:
a randomized controlled trial. J Formos Med Assoc. 2016;115(9):734-43.
Tollar J, Nagy F, Hortobdgyi T. Vastly different exercise programs similarly
improve Parkinsonian symptoms: a randomized clinical trial. Gerontology.
2019;65(2):120-7.

Cohen J. A power primer. Psychol Bull. 1992;112(1):155-9.

Buckner SL, Jessee MB, Mattocks KT, et al. Determining strength: a case
for multiple methods of measurement. Sports Med. 2017;47(2):193-5.
van der Kolk NM, King LA. Effects of exercise on mobility in people with
Parkinson’s disease. Mov Disord. 2013;28(11):1587-96.

Monteiro-Junior RS, Cevada T, Oliveira BR, et al. We need to move more:
neurobiological hypotheses of physical exercise as a treatment for Parkin-
son’s disease. Med Hypotheses. 2015;85(5):537-41.

Abbruzzese G, Marchese R, Avanzino L, Pelosin E. Rehabilitation for
Parkinson’s disease: current outlook and future challenges. Parkinsonism
Relat Disord. 2016;22(Suppl 1):560-64.

Volpe D, Giantin MG, Maestri R, Frazzitta G. Comparing the effects of
hydrotherapy and land-based therapy on balance in patients with
Parkinson’s disease: a randomized controlled pilot study. Clin Rehabil.
2014,28(12):1210-7.

Bayraktar D, Guclu-Gunduz A, Lambeck J, Yazici G, Aykol S, Demirci H.

A comparison of water-based and land-based core stability exercises

in patients with lumbar disc herniation: a pilot study. Disabil Rehabil.
2016;38(12):1163-71.

Mehrholz J, Kugler J, Pohl M. Water-based exercises for improving
activities of daily living after stroke. Cochrane Database Syst Rev.
2011;2011(1):Cd008186.

Hurley M, Dickson K, Hallett R, et al. Exercise interventions and patient
beliefs for people with hip, knee or hip and knee osteoarthritis: a mixed
methods review. Cochrane Database Syst Rev. 2018;4(4):Cd010842.
Baroni G, Pedrocchi A, Ferrigno G, Massion J, Pedotti A. Static and
dynamic postural control in long-term microgravity: evidence of a dual
adaptation. J Appl Physiol (1985). 2001;90(1):205-15.

Massion J, Fabre JC, Mouchnino L, Obadia A. Body orientation and regula-
tion of the center of gravity during movement under water. J Vestib Res.
1995;5(3):211-21.

Gomes Neto M, Pontes SS, Almeida LO, da Silva CM, da Conceicao SC,
Saquetto MB. Effects of water-based exercise on functioning and quality
of life in people with Parkinson'’s disease: a systematic review and meta-
analysis. Clin Rehabil. 2020;34(12):1425-35.

Wells C, Kolt GS, Bialocerkowski A. Defining Pilates exercise: a systematic
review. Complement Ther Med. 2012;20(4):253-62.

Pata RW, Lord K, Lamb J. The effect of Pilates based exercise on mobility,
postural stability, and balance in order to decrease fall risk in older adults.
J Bodyw Mov Ther. 2014;18(3):361-7.


https://doi.org/10.1101/597047

Qian et al. BMIC Geriatrics (2023) 23:522 Page 16 of 16

66. Daneshmandi H, Sayyar S, Bakhshayesh B.The effect of a selective Pilates
program on functional balance and falling risk in patients with Parkin-
son’s disease. Zahedan J Res Med Sci. 2017;19(4):e7886.

67. KimY,Vakula MN, Bolton DAE, et al. Which exercise interventions can
most effectively improve reactive balance in older adults? A systematic
review and network meta-analysis. Front Aging Neurosci. 2021;13:764826.

68. Olson M, Lockhart TE, Lieberman A. Motor learning deficits in Parkinson'’s
disease (PD) and their effect on training response in gait and balance: a
narrative review. Front Neurol. 2019;10:62.

69. Rochester L, Burn DJ, Woods G, Godwin J, Nieuwboer A. Does auditory
rhythmical cueing improve gait in people with Parkinson’s disease and
cognitive impairment? A feasibility study. Mov Disord. 2009;24(6):839-45.

70. Kelly VE, Eusterbrock AJ, Shumway-Cook A. A review of dual-task walk-
ing deficits in people with Parkinson’s disease: motor and cognitive
contributions, mechanisms, and clinical implications. Parkinsons Dis.
2012;2012:918719.

71. Bloem BR, Grimbergen YA, van Dijk JG, Munneke M. The “posture second”
strategy: a review of wrong priorities in Parkinson'’s disease. J Neurol Sci.
2006;248(1-2):196-204.

72. Marinelli L, Quartarone A, Hallett M, Frazzitta G, Ghilardi MF. The many
facets of motor learning and their relevance for Parkinson'’s disease. Clin
Neurophysiol. 2017;128(7):1127-41.

73. Picelli A, Melotti C, Origano F, et al. Robot-assisted gait training in patients
with Parkinson disease: a randomized controlled trial. Neurorehabil
Neural Repair. 2012;26(4):353-61.

74. Nieuwboer A, Kwakkel G, Rochester L, et al. Cueing training in the home
improves gait-related mobility in Parkinson’s disease: the RESCUE trial. J
Neurol Neurosurg Psychiatry. 2007;78(2):134-40.

75. Leucht S, Chaimani A, Cipriani AS, Davis JM, Furukawa TA, Salanti G. Net-
work meta-analyses should be the highest level of evidence in treatment
guidelines. Eur Arch Psychiatry Clin Neurosci. 2016;266(6):477-80.

76. Slade SC, Keating JL. Exercise prescription: a case for standardised report-
ing. Br J Sports Med. 2012;46(16):1110-3.

77. Corder G, Foreman D. Nonparametric statistics: an introduction. Nonpara-
metric statistics for non-statisticians: a step-by-step approach. Hoboken:
Wiley; 2009.

78. Sterne JA, Sutton AJ, loannidis JP, et al. Recommendations for examining
and interpreting funnel plot asymmetry in meta-analyses of randomised
controlled trials. BMJ. 2011;343:d4002.

79. Borde R, Hortobagyi T, Granacher U. Dose-response relationships of
resistance training in healthy old adults: a systematic review and meta-
analysis. Sports Med. 2015;45(12):1693-720.

80. Milanovi¢ Z, Spori$ G, Weston M. Effectiveness of high-intensity interval
training (HIT) and continuous endurance training for VO2max improve-
ments: a systematic review and meta-analysis of controlled trials. Sports
Med. 2015;45(10):1469-81.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Comparative efficacy of 24 exercise types on postural instability in adults with Parkinson’s disease: a systematic review and network meta-analysis
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Searches strategy
	Inclusion and exclusion criteria
	Data extraction
	Risk of bias assessment and CINeMA
	Statistical analysis

	Results
	Balance test batteries (overall balance ability)
	Static steady-state balance
	Dynamic steady-state balance
	Proactive balance
	Reactive balance
	Heterogeneity and certainty of evidence
	Meta-regression and sensitivity analysis

	Discussion
	Strengths and limitations
	Conclusion
	Anchor 25
	Acknowledgements
	References


