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Objective: To examine the dose—response relationship between specific types
of exercise for alleviating Timed up and Go (TUG) in Parkinson's disease PD.

Design: Systematic review and Bayesian network meta-analysis.

Data sources: PubMed, Medline, Embase, PsycINFO, Cochrane Library, and Web
of Science were searched from inception until February 5th, 2024.

Study analysis: Data analysis was conducted using R software with the MBNMA
package. Effect sizes of outcome indicators were expressed as mean deviation
(MD) and 95% confidence intervals (95% Crl). The risk of bias in the network was
evaluated independently by two reviewers using ROB2.

Results: A total of 73 studies involving 3,354 PD patients. The text discusses dose—
response relationships in improving TUG performance among PD patients across
various exercise types. Notably, Aquatic (AQE), Mix Exercise (Mul_C), Sensory
Exercise (SE), and Resistance Training (RT) demonstrate effective dose ranges, with
AQE optimal at 1500 METs-min/week (MD: —8.359, 95% Cl: —1.398 to —2.648),
Mul_C at 1000 METs-min/week (MD: —4.551, 95% CI: —8.083 to —0.946), SE at 1200
METs-min/week (MD: —5.145, 95% CI: —9.643 to —0.472), and RT at 610 METs-min/
week (MD: —2.187, 95% CI: —3.161 to —1.278), respectively. However, no effective
doses are found for Aerobic Exercise (AE), Balance Gait Training (BGT), Dance, and
Treadmill Training (TT). Mind—body exercise (MBE) shows promise with an effective
range of 130 to 750 METs-min/week and an optimal dose of 750 METs-min/week
(MD: -2.822, 95% Cl: —4.604 to —0.996). According to the GRADE system, the
included studies’ overall quality of the evidence was identified moderate level.

Conclusion: This study identifies specific exercise modalities and dosages that
significantly enhance TUG performance in PD patients. AQE emerges as the
most effective modality, with an optimal dosage of 1,500 METs-min/week.
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MBE shows significant benefits at lower dosages, catering to patients with
varying exercise capacities. RT exhibits a nuanced “"U-shaped” dose—-response
relationship, suggesting an optimal range balancing efficacy and the risk of
overtraining. These findings advocate for tailored exercise programs in PD
management, emphasizing personalized prescriptions to maximize outcomes.

Systematic Review Registration: International Prospective Register of
Systematic Reviews (PROSPERQO) (CRD42024506968).

KEYWORDS

Parkinson'’s disease, exercise, Timed and up go, dose—response, RCTs, Bayesian
network meta-analysis

Introduction

TUG (Timed up-and-go test) has been widely accepted as a standard
assessment for measuring the basic motor symptoms of PD and has been
widely accepted in clinical practices for over 20years (Yoo et al., 2020).
A cross-sectional cohort study demonstrated that the TUG is an accurate
assessment tool for identifying those with PD who are at risk for falls
(Nocera et al,, 2013). In a TUG test several basic mobility sub-tasks
included “Sit,” “Sit-to-Stand,” “Walk,” “Turn,” “Walk-Back,” and “Sit-
Back” (Li et al., 2018). Because the test has the advantages of being quick
and does not require special equipment or training, it will be easier to
perform as part of routine health management. In addition, a review
study shows a significant correlation between TUG test results and a
history of falls (Beauchet et al., 2011). On the other hand, in predicting
PD risk, a cohort study involving 1,497,093 older adults over 3.5 years
found that participants with slower TUG test results—defined as 20s for
abnormal outcomes—had a significantly increased risk of developing PD
compared to those with normal TUG test results (Yoo et al., 2020).

Exercise has been shown to improve TUG in PD (Gobbi et al.,
2009). However, the effect of different forms of exercise on
improving TUG in PD patients remains controversial. For example,
a recent meta-analysis result by Zhen et al. (2022) found aerobic
exercise can improve TUG in PD patients. But, Sousa et al. (2017)
showed that mixed exercise can improve TUG in PD patients more
effectively than aerobic exercise. Not only that, in terms of anaerobic
resistance training the systematic review results of Lima et al.
confirmed resistance exercise as a more effective modality to
improve TUG in PD (Lima et al., 2013). Meanwhile, it is worth
exploring Meng et al’s study which found that both resistance
exercise and mind-body exercise can improve identically TUG in
PD (Nietal., 2016). Interestingly, the RCTs of Palamara et al. (2017)
found that aquatic exercise was more effective than land exercise in
improving TUG in PD. In addition, sensory training has been
gaining popularity in recent years, in a network meta-analysis, the

Abbreviations: RCT, Randomized controlled trials; SMD, Standardized mean
difference; SD, Standardized Deviation; SE, Standard errors; AE, Aerobic exercise;
AQE, Aquatic exercise; BGT, Balance and Gait Training; CON, control group; MBE,
Mind—-body exercise; MulC, Mixed training; RT, Resistance training; SE, Sensory
Exercise; TT, Treadmill virtual Realty; DIC, Eviance information Criterion; UME,
Uncorrelated mean-effects model; MCMC, Markov Chain Monte Carlo; TUG,
Timed and up Go.
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study results found that sensory training had a superior effect on
improving TUG in PD patients (Qian et al., 2023).

The reason for the different effects of different exercise types to
improve TUG may be due to differences in exercise dosage. And, the
amount of exercise dosage is strongly associated with sustained
improvement in health (Foulds et al., 2014). In addition, the result of
Gallardo et al. showed a nonlinear dose-response relationship between
exercise and cognitive improvement in old adults, and their studies, it is
also the first time determining the exercise dose by task metabolic
equivalents (Gallardo-Gomez et al.,, 2022, 2023). At the same time, a
recent meta-analysis study results found that exercise interventions
recommended by the American College of Sports Medicine (ACSM),
which include elements of flexibility, cardiovascular endurance, muscle
strength, functional training, and motor control, can significantly
enhance motor function, activity ability in PD when adhered to with
high compliance (Cui et al., 2023). However, the optimal exercise form
and exercise dose to improve TUG in PD patients has not been clearly
defined in previous studies. In our study, we continue to put the exercise
dose as calculated as task metabolic equivalents for an intervention
(Willis et al., 2024). To determine the relationship between exercise dose
and TUG improvement.

We utilize advanced techniques in this systematic review and
network meta-analysis, including model-based dose-response network
meta-analysis within a Bayesian framework (Pedder, 2021) to investigate
the relationship between various exercise interventions and TUG in PD
patients. We acknowledge that statistically significant improvements in
TUG may not always reflect clinically meaningful changes. Hence, our
analysis emphasizes assessing clinical relevance alongside statistical
significance. Additionally, we aim to determine the minimum clinically
important difference (MCID) for TUG and identify optimal exercise
dosages for clinically meaningful improvements. Our research will
contribute significantly to evidence-based exercise guidelines for
managing motor symptoms in PD, aiding healthcare professionals in
decision-making.

Method

This systematic review and network meta-analysis (NMA) were
registered with the International Prospective Register of Systematic
Reviews (PROSPERO) (CRD42024506968) and This NMA was
reported by the preferred Reporting Items for Systematic Review and
Meta-analysis Protocols statement extension for PRISMA-NMA
checklist (Page et al., 2021).
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Search strategy

Literature was systematically retrieved through comprehensive
searches conducted in PubMed, Medline, Embase, PsycINFO,
Cochrane Central Register of Controlled Trials, and Web of Science,
from the inception of each database to February 5th, 2024. The
following subject heading and keyword were used for electronic
searching: (“Parkinson Disease” or “Parkinson” or “Parkinson’s
Disease”) AND (“exercise” or “Exercises” or “Physical Activity” or
“Training” or “endurance training” or “Tai Chi” or “yoga” or “Balance”
or “Resistance” or “Walking” or “Dance” or “Aerobic”) AND (“TUG”
or “Timed up and Go”) AND (“Randomized controlled trial” or
“controlled clinical trial” or “randomized”). Detailed search strategies
for each database and platform can be found in Supplementary File 1.

In addition, to ensure no relevant studies were overlooked,
we meticulously reviewed the reference lists of all selected articles and
the bibliographies of systematic reviews published within the past
5years. The screening process for titles/abstracts and full texts were
rigorously carried out by two independent investigators (JYW and
LZ), with any discrepancies resolved through discussion or, if
necessary, by consulting a third author (YY) for adjudication.

Eligibility criteria and study selection

Studies were selected based on specific inclusion criteria: (1)
Participants had to be diagnosed with Parkinson’s Disease (PD), with
a mean age of 50 years or older, and at Hoehn and Yahr stages below
4; (2) The intervention involved any type of exercise, encompassing 9
distinct exercise modalities as detailed in Supplementary File 2; (3)
Comparators included those receiving no intervention, standard care,
educational sessions on the disease, or active control, which could
involve a different exercise type from the intervention group or the
same exercise type but at a varied dosage; (4) Outcomes had to include
Timed up and go test (TUG) (Podsiadlo and Richardson, 1991); (5)
The study design must be a randomized controlled trial (RCT).
Exclusion criteria were applied to studies that: (1) focused solely on
the acute effects of exercise; (2) incorporated mixed interventions
from different disciplines (e.g., combining exercise with repetitive
transcranial magnetic stimulation); (3) lacked clear descriptions of
exercise types or sufficient details to calculate exercise dosage; (4) did
not provide mean values and standard deviations in their results, or
failed to respond to our data requests. Following these criteria, two
independent reviewers (JYW and LZ) meticulously screened the titles,
abstracts, and full texts of potentially relevant studies to determine
their suitability for inclusion.

Data extraction

Two reviewers (JYW and LZ) meticulously extracted critical
information from each publication, including authorship, title,
publication year, and journal name, along with specific data on
the study population such as the number of participants, and their
demographic details (age and sex). The nature of the interventions
and the outcome measures employed were also cataloged (detailed
in Supplementary File 3). To calculate effect sizes, data on the
change scores (difference between endpoint and baseline scores),
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standard deviations, and the number of participants in each group
were collected. In instances where the mean changes and standard
deviations were not directly reported, they were estimated by the
guidelines provided in the Cochrane Handbook (Higgins et al.,
2019). To meet the data analysis requirements of the Dose—
Response Network meta-analysis package in the R program,
we also converted the standard errors [SE=SD /SQRT (Sample
size)] (Watt et al., 2022). Should the required data not
be obtainable through these methods, we committed to contacting
the original authors up to four times over 6 weeks to request the
necessary information.

Data setting and management

First, we assigned specific codes to interventions based on the
type of exercise performed. These codes included: “Aerobic exercise
(AE),” “Aquatic exercise (AQE),” “Balance and gait training (BGT),”

» o«

“Resistance Training (RT),” “Dance;” “Mixed exercise (Mix,

combination of 2 or more special exercise types),” “Sensory Exercise
(SE),” Treadmill Training (TT), “Mind Body Exercise (MBE:
including “Qigong,” “Tai Chi,” and “Yoga”). Next, interventions were
further categorized based on their specific type and dose
combinations, expressed in terms of METs-min/week (Metabolic
Equivalent of Task (METs)). Not only, by calculating METs-min
consumed per week, our study took into account not only the
duration and frequency of exercise (METs-min/week =duration
minute x times - pre-week x MET value) but also the intensity of
exercise, which is critical to assess its impact on health outcomes
(Ainsworth et al., 2011; Ferguson, 2014; Wasfy and Baggish, 2016).
To facilitate network analysis and ensure connectivity, we applied
approximate values of 250, 500, 750, 1,000, or 1,200 MET-min/week
for exercise dosages, as previously employed in similar studies
(Gallardo-Goémez et al, 2022). This step was essential for
conducting the network meta-analysis as outlined by J.PT. Higgins
etal. (2012). We provided a detailed inclusion of study-specific data
information about different exercise METs and approximate values
in Supplementary Table 2.

Data synthesis

In our analysis, we utilized the R statistical environment (Version
4.3.0)" and employed the MBNMAdose package (Pedder, 2021) for
conducting Model-Based Network Meta-Analysis (MBNMA).
We specifically implemented a random-effects Bayesian MBNMA
approach to synthesize data and assess the dose-response relationship
between exercise dosage and TUG. Our assessment involved several
key components, including an evaluation of network connectivity
following the method described by Donegan et al. (2013), a model
assessment using the approach outlined by Wheeler et al. (2010), and
an examination of data consistency as per White et al. (2012) (details
provided in Supplementary Files 4, 5). All effect sizes were reported as
mean differences (MD), with 95% credible intervals (CrI) used to

1 www.r-project.org
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assess the credibility of our estimates. In the process of selecting an
appropriate dose-response model, we compared fit indices, including
the Deviance Information Criterion (DIC), between-study standard
deviation, number of parameters in the model, and residual values, as
suggested by Evans (2019). Ultimately, we opted for restricted cubic
splines to evaluate the non-linear dose-response association, as
detailed in Supplementary File 6.

To further enhance the clinical relevance of our findings,
we conducted an estimation of the exercise dosage or range of dosages
required to achieve the Minimum Clinically Important Difference
(MCID), as recommended by Bernstein and Mauger (2016). In our
analysis, we applied a distribution-based method to establish a
consolidated MCID value for the TUG test, following the approach
outlined by Watt et al. (2021). Our results indicated that the MCID for
the TUG test could be estimated as a reduction of —2.7s when
considering a 0.4 standard deviation (SD) threshold, or a reduction of
—3.4s at a 0.5 SD level. However, to provide clinicians with more
robust and clinically meaningful guidance, we ultimately selected an
MCID of —3.4s at the 0.5 SD threshold. This choice reflects our
commitment to delivering rigorous and valuable recommendations
for clinical practice, ensuring that our findings can be effectively
applied to benefit patients.

10.3389/fnagi.2024.1399175

Risk of bias and quality of evidence

Two reviewers (HYZ and XYF), meticulously evaluated and rated
the included studies by the Cochrane Risk of Bias 2.0 criteria, the
study-assessment items included randomized sequence generation,
bias due to deviation from the intended intervention, incomplete data,
measurement bias, selective bias in reporting results, which as detailed
by Sterne et al. (2019). In instances where discrepancies arose, they
were resolved through thorough discussion or by seeking the input of
a third reviewer, YY, to reach a consensus.

Results
Characteristics of included studies

A total of 5,258 articles were retrieved from the databases and
through hand-searching. After removing duplicates, we screened the
citations by title and abstract, considering 771 potentially eligible
articles, and subsequently searched for their full texts. After excluding
studies that did not meet the inclusion criteria, 73 studies were
included in our analysis (Figure 1). These studies involved 3,354

[ Identification of studies via databases and registers ]
)
Records removed before the screening:
o 1. Duplicate records removed (n =
"g‘ Records identified from: 2431)
(3] PubMed, Medline, Embase, Psy - § L
5.‘_: ¢INFO, Cochrane, and WOS > 2. Records marked as ineligible by
§ (n=8258) automation tools (n = 1877)
- 3. Records removed for other reasons
— (n =2130)
PR A Records excluded
" 1. Papers excluded on basis of title and
Reiords screened > P
(n=1835) abstract (n = 932)
2. Review or systematic review (n=98)
\ 4 3. Animal experiments. (n= 26)
Reports sought for retrieval g
=) (n=779) -
= Reports not retrieved
@ n=_8
?_, n=3)
» \4
Reports assessed for eligibility
(m=771) —»| Reports excluded:
1. Parkinson with other disease (n=97)
2. Exercise dose not clearly (n=78)
3. Not clearly describe the forms of
exercise (n=57)
D
\4 4. Experimental group is not exercise
e Studies include in review alone (n=159)
IS (n=73) 5. Not available data (n=18)
° Include meta-analysis
= (n=73) 6. Non RCT (n=33)
—
FIGURE 1
PRISMA flow diagram of the search process for studies. RCT randomized controlled trials.
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participants (1,963 males), all of whom had PD and were aged
between 51.6 to 72 years, with a mean disease duration of 6.34 years
(SD=2.34) and a mean Hoehn and Yahr stage of 3.25 (SD=0.35). The
exercise period ranged from 2 to 48weeks (mean=9.3 weeks,
SD=6.1), the frequency of exercise training per week ranged from 1
to 7 sessions (mean =2.89 sessions, SD=1.22), and the duration of
each session ranged from 15 to 90 min (mean=49.0 min, SD=12.6).
The characteristics of all included populations are detailed in
Supplementary Table 1.

Network connectivity

Whether or not connectivity is met determines the basis of
NMA. When direct comparison is not possible, lack of connectivity
can lead to low statistical power and misleading results (Rouse et al.,
2017). The results showed that there was no connectivity deficit in the
two networks, thus ensuring the accuracy of the analysis (Figures 2, 3).

Dose-response relationships

Figure 3 shows the dose-response relationship of different
exercise types improving TUG performance. We described in detail
the different exercise types and doses to improve the TUG
performance in patients with PD. In 7 studies involving 99 patients
with PD in AQE, the graphical results showed a nonlinear
improvement in the mean value of TUG performance changes in PD
patients with increasing doses of AQE. The effective dose of AQE
ranges from 790 to 1,500 METs-min/week for improving TUG
performance, and the optimal AQE dose is estimated at 1500

FIGURE 2

Treatment-level and agent-level network plot. The first value
indicates the specific intervention and the second one is the
corresponding dose of that intervention. AE Aerobic Exercise, AQE
Aquatic Exercise, BGT Balance and Gait Training, Dance, MBE Mind—
body Exercise, CON Control group, MulC Multicomponent Exercise
Program, RT Resistance Training, TT Treadmill Training, SE Sensory
Exercise.
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METs-min/week (MD: —8.359, 95Crl: —1.398 to —2.648). Significantly,
we identified the MCID among the exercise doses for AQE, in which
AQE exceeding 970 METs-min/week was found to be a significant
clinical effect for improving the TUG performance.

At the same time, in 12 studies involving 237 patients with PD in
Mul_C, Where the effective range of Mul_C was estimated at 570
METs-min/week to 1,000 METs-min/week, and the optimal Mul_C
dose was estimated at 1000 METs-min/week (MD: —4.551, 95%Crl:
—8.083 to —0.946), For MCID, when the Mul_C dose exceeding 870
METs-min/week was found to be a significant clinical effect for
improving the TUG performance. On the other hand, in 25 studies
involving 570 PD patients with PD in SE, the effective range of SE was
estimated at 350 ~ 1,200 METs-min/week, and the optimal SE dose
was estimated at 1200 METs-min/week (MD: —5.145, 95Crl: —9.643
to —0.472), For MCID, when the SE dose exceeding 910 METs-min/
week was found to be a significant clinical effect.

In 18 studies involving 396 patients with PD in RT, we found that
RT dose-response results showed an inverted U shape and had optimal
doses for improving the TUG performance. In this result, the effective
dose of RT ranges from 85 to 980 METs-min/week for improving TUG
performance, and the optimal RT dose was estimated at 610
METs-min/week (MD: —2.187, 95Crl: —3.161 to —1.278) at the same
time, we also did not find significant clinical effects in the RT dose.

In 11 studies involving 169 patients with PD participated in AE,
16 studies involving 236 patients with PD participated in BGT, 6
studies involving 95 patients with PD participated in Dance, 14 studies
involving 348 patients with PD participated in MBE, and 12 studies
involving 227 patients with PD participated in TT. These studies were
worth attention that none of the exercise doses for AE, BGT, Dance,
MBE, and TT exceeded 750 METs-min/week (Figure 3 Shades of
green represent the sample size for distributing exercise doses, with
larger sample sizes being darker and vice versa). At the same time,
we also found that AE, BGT, Dance, and TT did not effectively
improve the TUG performance at any dose. However, it is interesting
to note that MBE the effective dose of MBE ranges from 130 to 750
METs-min/week for improving TUG performance and 750
METs-min/week (MD: —2.822, 95%Crl: —4.604 to —0.996) appears to
be the optimal MBE dose for improving the TUG performance in PD
patients. In addition, For MCID, it is worth exploring a point in which
we did not find significant clinical effects in the MBE dose (Figure 4).

Risk of bias and quality of evidence

Overall, 22 studies (40%) were classified a low risk of bias,20
studies (38%) were classified unclear risk of bias, and 12 studies (23%)
were classified high risk of bias, Figure 5 shows the result of Cochrane
Risk of Bias Tool and Study-level risk of bias assessments are presented

in Supplementary File 7. According to the GRADE system, the overall
quality of the evidence was moderate.

Discussion
Main finding

In this dose-response study, which incorporated 73 studies
involving 3,354 patients with PD, we uncovered a nonlinear
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FIGURE 3

by the green part in our study.

Dose-response association between agent-level dose and change in TUG in Parkinson's disease patients, the exercise dose distribution is represented

dose-response relationship between various exercise modalities and
improvements in TUG performance. Among the nine types of
exercises evaluated, AQE, Mul_C, SE, RT, and MBE demonstrated
significant improvements in TUG function in PD patients. Notably,
AQE emerged as the most effective modality, with an optimal dosage
identified at 1500 METs-min/week. Further analysis into the dosage
range necessary to achieve the Minimum Clinically Important
Difference (MCID) in PD patients revealed that AQE, Mul_C, and SE
all significantly enhanced TUG performance, with respective MCID
dosages of 970, 870, and 910 METs-min/week. Additionally, RT
exhibited an inverted U-shaped dose-response curve, indicating an
effective dosage range from 85 to 980 METs-min/week for improving
TUG performance. Moreover, MBE was effective within a dosage range
of 130 to 750 METs-min/week, suggesting its potential to significantly
enhance TUG performance at lower dosages in PD patients.

Strengths

This study reinforces that AQE is the optimal exercise modality
for improving TUG performance in PD patients, with an
established effective dosage of 1,500 METs-min per week.
Consistent with prior research (Volpe et al., 2014; Qian et al.,

Frontiers in Aging Neuroscience

2023), our findings highlight AQEFE’s significant benefits in
enhancing posture stability and motor symptoms, thus improving
balance capabilities in PD patients. The TUG test, a standard tool
for assessing functional balance in daily activities, reflects balance
and posture control. We propose that the therapeutic benefits of
AQE, derived from the buoyancy, resistance, and warmth of water,
create an advantageous environment for PD patients. Water
buoyancy alleviates the effect of gravity, easing the load on weight-
bearing joints, reducing pain, and enhancing mobility
(Al-Qubaeissy et al., 2013), while also diminishing fall anxiety
(Gomes Neto et al, 2020), which encourages safer, larger
movements. The resistance of water increases the effort required
for movement, engaging multiple muscle groups crucial for motor
function and stability. Additionally, the warmth of water relaxes
muscles, reduces spasticity, and promotes circulation, aiding
flexibility and mobility, particularly beneficial for those with
muscle rigidity and bradykinesia (Malanga et al., 2015; An et al.,
2019). Consequently, AQE’s multifaceted therapeutic effects render
it superior to other exercise forms in enhancing TUG performance.

Despite AQE’s effectiveness, its implementation faces challenges
such as site restrictions and high costs, limiting accessibility for PD
patients. This study explored the impacts of Mul_C and SE as viable

alternatives, achieving the MCID at dosages of 870 and 910 METs-min/
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motor symptoms in Parkinson'’s disease patients.

week, respectively. Mul_C integrates diverse exercise elements—such
as aerobic and strength training, balance, and flexibility exercises—and
promotes neuroplasticity, enhancing both motor and non-motor
symptoms (Zhen et al., 2022). SE, through targeted sensory inputs like
visual, auditory, and proprioceptive cues, significantly improves motor
control and postural stability, optimizing movement strategies and
reducing fall risk (Abbruzzese et al., 2016; Carpinella et al., 2017; Beck
et al.,, 2020). Given the challenges associated with AQE, Mul_C, and
SE present effective, lower-cost alternatives that improve motor
function and quality of life in PD patients. Future research should
investigate these modalities across diverse PD populations to develop
optimal, comprehensive rehabilitation strategies.

This study found that increased doses of AQE, Mul_C, and SE led
to nonlinear improvements in TUG test scores for PD patients,
suggesting that appropriate exercise dosage can enhance motor
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functions. However, an optimal balance in exercise dosage is essential
to avoid overtraining risks, such as increased fatigue or adverse
reactions, which can impair rehabilitation (Smith, 2000; da Rocha
etal,, 2019). The limited data available restricted our ability to pinpoint
the optimal exercise dosage for balancing efficacy and safety,
underscoring the need for further research into various exercise
dosages and their impacts on motor function in PD patients.

The study also revealed a “U-shaped” relationship between RT
dosage and TUG performance improvements, with 610 METs-min/
week identified as optimal. Research supports that RT enhances muscle
strength and motor coordination, which are crucial for PD patients at
risk of gait instability and falls due to muscle rigidity and bradykinesia
(Brienesse and Emerson, 2013; Chung et al., 2016; Li et al., 2020).
However, excessive RT can cause muscle over-fatigue and damage,
particularly in PD patients with compromised recovery capabilities due
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to neurodegenerative changes, highlighting the importance of
optimizing RT dosage for safety and effectiveness (Siciliano et al., 2018).

Furthermore, our findings indicate that MBE, even at a low dosage
of 130 MET-min/week, significantly benefits PD patients, making it a
viable option for those less active or non-adherent to exercise regimes.
MBE practices like Tai Chi, Qigong, and Yoga focus on balance and
coordination, integrating mind and body through movement and
deep breathing, and potentially improving neuroplasticity and
alleviating symptoms (Benke et al., 1998; Tessitore et al., 2002; Shen
et al,, 2016; Kwok et al., 2019). This suggests that MBE’s accessible
approach could significantly enhance the quality of life for PD
patients, warranting further promotion and research.

Limitations

While this NMA incorporated high-quality randomized controlled
trials, several limitations warrant consideration. Firstly, the study is
subject to the inherent limitations of the included studies in the meta-
analysis, such as variability within the PD patient cohorts, the types
and dosages of exercise interventions employed, and the outcomes
assessed. Additionally, this study only included published randomized
controlled trials, which may introduce publication bias, as studies
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yielding significant results are more likely to be published. Moreover,
the methodology used to determine the optimal exercise dosage relied
on approximations (e.g., 250, 500, 750, 1,000, or 1500MET-min/week),
which might oversimplify the situation and affect the accuracy of the
results. Lastly, the study did not evaluate the impact of individual
patient characteristics (such as age, ethnic background, etc.) on the
efficacy of exercise interventions, nor did it conduct subgroup analyses,
which could limit the applicability of the study findings to individual
patients. Future research should build on the results of this study to
determine personalized exercise programs for PD patients with
different individual characteristics, aiming to maximize the
improvement of TUG function and enhance their quality of life.

Clinical implications and directions for
future research

The clinical significance of our study was to systematically
evaluate the impact of different exercise interventions on TUG test
performance in PD patients, use task metabolic equivalents as the
benchmark for exercise intensity assessment, determine the optimal
exercise form and dosage, and provide evidence-based exercise
prescriptions for clinical practice.
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Our study outlines new directions for future research. We propose
that long-term studies be designed and implemented to evaluate the
sustained effects of various types and doses of exercise interventions
on TUG performance in patients with PD. Such studies will help
ascertain the long-term benefits of these interventions on daily
functioning and quality of life. Additionally, personalized exercise
programs should be developed and validated for PD patients at
different stages of the disease, of varying ages, and with diverse
physical conditions. Customized exercise programs can more
effectively meet individual patient needs and maximize the benefits of
exercise. Furthermore, future studies should include subgroup
analyses to explore how factors such as gender, race, and disease
severity affect the efficacy of exercise interventions. This will enhance
the precision of exercise recommendations and ensure that all PD
patients can derive benefits from exercise. In terms of exercise dose, it
is crucial to employ more sophisticated dose-response models to
accurately determine the relationship between exercise dose and TUG
performance. This approach will provide more precise and practical
exercise dosing recommendations for clinical practice. It is also
important to rigorously assess the potential adverse effects of exercise
interventions to ensure the safety of exercise regimens. Detailed
recording and analysis of adverse events are essential to provide
scientifically sound and safe exercise prescriptions for PD patients.

Conclusion

This study has identified specific exercise modalities and dosages that
significantly improve TUG performance in PD patients. AQE emerged as
the most effective modality with an optimal dosage of 1,500 METs-min/
week, while MBE demonstrated significant benefits at lower dosages,
offering a practical option for patients with varying exercise capacities. The
study also highlighted a nuanced “U-shaped” dose-response relationship
for RT, pinpointing an optimal range that balances efficacy with the risk of
overtraining. These findings advocate for the integration of tailored exercise
programs into PD management strategies, emphasizing the need for
personalized prescriptions to maximize patient outcomes.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding authors.

Author contributions

YYu: Writing - original draft, Writing - review & editing,
Validation. JW: Writing - review & editing. GW: Conceptualization,

References

Abbruzzese, G., Marchese, R., Avanzino, L., and Pelosin, E. (2016). Rehabilitation for
Parkinson's disease: current outlook and future challenges. Parkinsonism Relat. Disord.
22, S60-S64. doi: 10.1016/j.parkreldis.2015.09.005

Ainsworth, B. E., Haskell, W. L., Herrmann, S. D., Meckes, N., Bassett, D. R,, Tudor-Locke, C.,
etal. (2011). 2011 compendium of physical activities: a second update of codes and MET values.
Med. Sci. Sports Exerc. 43, 1575-1581. doi: 10.1249/MSS.0b013e31821ecel2

Frontiers in Aging Neuroscience

10.3389/fnagi.2024.1399175

Investigation, Writing - review & editing. TW: Methodology,
Supervision, Writing - review & editing. HZ: Funding acquisition,
Visualization, Writing — review & editing. XF: Software, Supervision,
Writing - review & editing. LW: Methodology, Project administration,
Writing - review & editing. XC: Data curation, Writing — review &
editing. RX: Visualization, Writing - review & editing. LZ:
Investigation, Software, Writing - review & editing. S-CL:
Methodology, Writing — review & editing. YYa: Formal analysis,
Investigation, Project administration, Software, Supervision, Writing
- review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. Financial
support was provided by the National Science and Technology
Council (NSTC 112-2637-E-165-002) of the Executive Yuan.

Acknowledgments

The authors would like to thank Tien-Hung Hou from Taiwan
Tainan University of Applied Sciences for assisting in guiding part of
the article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnagi.2024.1399175/
full#supplementary-material

Al-Qubaeissy, K. Y., Fatoye, E. A., Goodwin, P. C.,, and Yohannes, A. M. (2013). The
effectiveness of hydrotherapy in the management of rheumatoid arthritis: a systematic
review. Musculoskeletal Care 11, 3-18. doi: 10.1002/msc.1028

An, J., Lee, ., and Yi, Y. (2019). The thermal effects of water immersion on health
outcomes: An integrative review. Int. . Environ. Res. Public Health 16:1280. doi: 10.3390/
ijerph16071280

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1399175
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1399175/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1399175/full#supplementary-material
https://doi.org/10.1016/j.parkreldis.2015.09.005
https://doi.org/10.1249/MSS.0b013e31821ece12
https://doi.org/10.1002/msc.1028
https://doi.org/10.3390/ijerph16071280
https://doi.org/10.3390/ijerph16071280

Yuan et al.

Beauchet, O., Fantino, B., Allali, G., Muir, S., Montero-Odasso, M., and Annweiler, C.
(2011). Timed up and go test and risk of falls in older adults: a systematic review. J. Nutr.
Health Aging 15, 933-938. doi: 10.1007/s12603-011-0062-0

Beck, E. N., Wang, M. T. Y, Intzandt, B. N., Almeida, Q. J., and Ehgoetz Martens, K. A.
(2020). Sensory focused exercise improves anxiety in Parkinson's disease: a randomized
controlled trial. PLoS One 15:¢0230803. doi: 10.1371/journal.pone.0230803

Benke, T., Bosch, S., and Andree, B. (1998). A study of emotional processing in
Parkinson's disease. Brain Cogn. 38, 36-52. doi: 10.1006/brcg.1998.1013

Bernstein, J. A., and Mauger, D. T. (2016). The minimally clinically important
difference (MCID): what difference does it make? J Allergy Clin Immunol Pract 4,
689-690. doi: 10.1016/j.jaip.2016.04.022

Brienesse, L. A., and Emerson, M. N. (2013). Effects of resistance training for people
with Parkinson's disease: a systematic review. J. Am. Med. Dir. Assoc. 14, 236-241. doi:
10.1016/j.jamda.2012.11.012

Carpinella, I, Cattaneo, D., Bonora, G., Bowman, T., Martina, L., Montesano, A., et al.
(2017). Wearable sensor-based biofeedback training for balance and gait in Parkinson
disease: a pilot randomized controlled trial. Arch. Phys. Med. Rehabil. 98, 622-630.623.
doi: 10.1016/j.apmr.2016.11.003

Chung, C. L., Thilarajah, S., and Tan, D. (2016). Effectiveness of resistance training on
muscle strength and physical function in people with Parkinson's disease: a systematic
review and meta-analysis. Clin. Rehabil. 30, 11-23. doi: 10.1177/0269215515570381

Cui, W,, Li, D., Yue, L., and Xie, J. (2023). The effects of exercise dose on patients with
Parkinson’s disease: a systematic review and meta-analysis of randomized controlled
trials. J. Neurol. 270, 5327-5343. doi: 10.1007/s00415-023-11887-9

da Rocha, A. L., Pinto, A. P, Kohama, E. B, Pauli, ]. R, de Moura, L. P, Cintra, D. E.,
et al. (2019). The proinflammatory effects of chronic excessive exercise. Cytokine 119,
57-61. doi: 10.1016/j.cyt0.2019.02.016

Donegan, S., Williamson, P,, D'Alessandro, U., and Tudur Smith, C. (2013). Assessing
key assumptions of network meta-analysis: a review of methods. Res. Synth. Methods 4,
291-323. doi: 10.1002/jrsm.1085

Evans, N. J. (2019). Assessing the practical differences between model selection
methods in inferences about choice response time tasks. Psychon. Bull. Rev. 26,
1070-1098. doi: 10.3758/s13423-018-01563-9

Ferguson, B. (2014). ACSM’s guidelines for exercise testing and prescription 9th Ed.
2014. J. Can Chiropr. Assoc. 58:328.

Foulds, H. J., Bredin, S. S., Charlesworth, S. A,, Ivey, A. C., and Warburton, D. E.
(2014). Exercise volume and intensity: a dose-response relationship with health benefits.
Eur. J. Appl. Physiol. 114, 1563-1571. doi: 10.1007/s00421-014-2887-9

Gallardo-Gémez, D., del Pozo-Cruz, J, Noetel, M., Alvarez-Barbosa, F,
Alfonso-Rosa, R. M., and del Pozo Cruz, B. (2022). Optimal dose and type of exercise to
improve cognitive function in older adults: a systematic review and bayesian model-based
network meta-analysis of RCTs. Ageing Res. Rev. 76:101591. doi: 10.1016/j.arr.2022.101591

Gallardo-Gémez, D., del Pozo-Cruz, J., Pedder, H., Alfonso-Rosa, R. M.,
Alvarez-Barbosa, E, Noetel, M., et al. (2023). Optimal dose and type of physical activity
to improve functional capacity and minimise adverse events in acutely hospitalised older
adults: a systematic review with dose-response network meta-analysis of randomised
controlled trials. Br. J. Sports Med. 57, 1272-1278. doi: 10.1136/bjsports-2022-106409

Gobbi, L. T, Oliveira-Ferreira, M. D., Caetano, M. J. D., Lirani-Silva, E., Barbieri, E A., Stella, E,
etal. (2009). Exercise programs improve mobility and balance in people with Parkinson's disease.
Parkinsonism Relat. Disord. 15, $49-S52. doi: 10.1016/S1353-8020(09)70780-1

Gomes Neto, M., Pontes, S. S., Almeida, L. O., da Silva, C. M., da Conceigéo Sena, C.,
and Saquetto, M. B. (2020). 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. 34, 1425-1435. doi: 10.1177/0269215520943660

Higgins, J. P, Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M. ], et al. (2019).
Cochrane handbook for systematic reviews of interventions. Chichester: John Wiley & Sons.

Higgins, J. P. T, Jackson, D., Barrett, J. K., Lu, G., Ades, A. E., and White, I. R. (2012).
Consistency and inconsistency in network meta-analysis: concepts and models for
multi-arm studies. Res. Synth. Methods 3, 98-110. doi: 10.1002/jrsm.1044

Kwok, J. Y. Y., Kwan, J. C. Y., Auyeung, M., Mok, V. C. T., Lauy, C. K. Y., Choi, K. C,,
etal. (2019). Effects of mindfulness yoga vs stretching and resistance training exercises
on anxiety and depression for people with Parkinson disease: a randomized clinical trial.
JAMA Neurol. 76, 755-763. doi: 10.1001/jamaneurol.2019.0534

Li, T, Chen, J., Hu, C,, Ma, Y., Wu, Z,, Wan, W et al. (2018). Automatic timed up-and-go
sub-task segmentation for Parkinson's disease patients using video-based activity classification.
IEEE Trans. Neural Syst. Rehabil. Eng. 26,2189-2199. doi: 10.1109/tnsre.2018.2875738

Li, X, He, ], Yun, ], and Qin, H. (2020). Lower limb resistance training in individuals
with Parkinson's disease: An updated systematic review and Meta-analysis of randomized
controlled trials. Front. Neurol. 11:591605. doi: 10.3389/fneur.2020.591605

Lima, L. O., Scianni, A., and Rodrigues—de—Paula, F. (2013). Progressive resistance
exercise improves strength and physical performance in people with mild to moderate
Parkinson's disease: a systematic review. J. Physiother. 59, 7-13. doi: 10.1016/
S1836-9553(13)70141-3

Malanga, G. A., Yan, N, and Stark, J. (2015). Mechanisms and efficacy of heat and
cold therapies for musculoskeletal injury. Postgrad. Med. 127, 57-65. doi:
10.1080/00325481.2015.992719

Frontiers in Aging Neuroscience

10.3389/fnagi.2024.1399175

Ni, M., Signorile, J. E, Mooney, K., Balachandran, A., Potiaumpai, M., Luca, C., et al.
(2016). Comparative effect of power training and high-speed yoga on motor function
in older patients with Parkinson disease. Arch. Phys. Med. Rehabil. 97, 345-354.e15. doi:
10.1016/j.apmr.2015.10.095

Nocera, J. R., Stegemoller, E. L., Malaty, I. A., Okun, M. S., Marsiske, M., and
Hass, C. J. (2013). Using the timed up & go test in a clinical setting to predict falling in
Parkinson's disease. Arch. Phys. Med. Rehabil. 94, 1300-1305. doi: 10.1016/j.
apmr.2013.02.020

Page, M. J., Moher, D., Bossuyt, P. M., Boutron, L., Hoffmann, T. C., Mulrow, C. D.,
et al. (2021). PRISMA 2020 explanation and elaboration: updated guidance and
exemplars for reporting systematic reviews. BMJ 372:n160. doi: 10.1136/bmj.n160

Palamara, G., Gotti, F,, Maestri, R., Bera, R., Gargantini, R., Bossio, F, et al. (2017).
Land plus aquatic therapy versus land-based rehabilitation alone for the treatment of
balance dysfunction in Parkinson disease: a randomized controlled study with
6-month follow-up. Arch. Phys. Med. Rehabil. 98, 1077-1085. doi: 10.1016/j.
apmr.2017.01.025

Pedder, H. (2021). "MBNMAdose: An R package for incorporating dose-response
information into network Meta-analysis", in: Evidence synthesis and Meta-analysis in R
conference 2021.

Podsiadlo, D., and Richardson, S. (1991). The timed "up & go": a test of basic
functional mobility for frail elderly persons. J. Am. Geriatr. Soc. 39, 142-148. doi:
10.1111/j.1532-5415.1991.tb01616.x

Qian, Y, Fu, X,, Zhang, H., Yang, Y., and Wang, G. (2023). Comparative efficacy of 24
exercise types on postural instability in adults with Parkinson's disease: a systematic
review and network meta-analysis. BMC Geriatr. 23:522. doi: 10.1186/
512877-023-04239-9

Rouse, B., Chaimani, A., and Li, T. (2017). Network meta-analysis: an introduction
for clinicians. Intern. Emerg. Med. 12, 103-111. doi: 10.1007/s11739-016-1583-7

Shen, X., Wong-Yu, 1. S., and Mak, M. K. (2016). Effects of exercise on falls, balance,
and gait ability in Parkinson's disease: a Meta-analysis. Neurorehabil. Neural Repair 30,
512-527. doi: 10.1177/1545968315613447

Siciliano, M., Trojano, L., Santangelo, G., De Micco, R., Tedeschi, G., and Tessitore, A.
(2018). Fatigue in Parkinson's disease: a systematic review and meta-analysis. Mov.
Disord. 33, 1712-1723. doi: 10.1002/mds.27461

Smith, L. L. (2000). Cytokine hypothesis of overtraining: a physiological adaptation
to  excessive stress? Med. Sci. Sports Exerc. 32, 317-331. doi
10.1097/00005768-200002000-00011

Sousa, N., Mendes, R., Silva, A., and Oliveira, J. (2017). Combined exercise is more
effective than aerobic exercise in the improvement of fall risk factors: a randomized
controlled trial in community-dwelling older men. Clin. Rehabil. 31, 478-486. doi:
10.1177/0269215516655857

Sterne, J. A. C., Savovi¢, J., Page, M. ., Elbers, R. G., Blencowe, N. S., Boutron, I, et al.
(2019). RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ
366:14898. doi: 10.1136/bm;j.14898

Tessitore, A., Hariri, A. R., Fera, E, Smith, W. G., Chase, T. N., Hyde, T. M., et al.
(2002). Dopamine modulates the response of the human amygdala: a study in
Parkinson's disease. J. Neurosci. 22, 9099-9103. doi: 10.1523/jneurosci.22-
20-09099.2002

Volpe, D., Giantin, M. G., Maestri, R., and Frazzitta, G. (2014). Comparing the effects
of hydrotherapy and land-based therapy on balance in patients with Parkinson's disease:
a randomized controlled pilot study. Clin. Rehabil. 28, 1210-1217. doi:
10.1177/0269215514536060

Wasfy, M. M., and Baggish, A. L. (2016). Exercise dose in clinical practice. Circulation
133,2297-2313. doi: 10.1161/CIRCULATIONAHA.116.018093

Watt, J. A., Del Giovane, C., Jackson, D., Turner, R. M., Tricco, A. C., Mavridis, D.,
etal. (2022). Incorporating dose effects in network meta-analysis. BMJ:376. doi: 10.1136/
bmj-2021-067003

Watt, J. A., Veroniki, A. A., Tricco, A. C., and Straus, S. E. (2021). Using a distribution-
based approach and systematic review methods to derive minimum clinically important
differences. BMC Med. Res. Methodol. 21:41. doi: 10.1186/s12874-021-01228-7

Wheeler, D. C., Hickson, D. A., and Waller, L. A. (2010). Assessing local model
adequacy in Bayesian hierarchical models using the partitioned deviance
information criterion. Comput. Stat. Data Anal. 54, 1657-1671. doi: 10.1016/j.
¢sda.2010.01.025

White, I. R., Barrett, J. K., Jackson, D., and Higgins, J. P. T. (2012). Consistency and
inconsistency in network meta-analysis: model estimation using multivariate meta-
regression. Res. Synth. Methods 3, 111-125. doi: 10.1002/jrsm.1045

Willis, E. A., Herrmann, S. D., Hastert, M., Kracht, C. L., Barreira, T. V., Schuna, ]. M.
Jr.,, et al. (2024). Older adult compendium of physical activities: energy costs of human
activities in adults aged 60 and older. J. Sport Health Sci. 13, 13-17. doi: 10.1016/j.
jshs.2023.10.007

Yoo, ]. E,, Jang, W,, Shin, D. W,, Jeong, S. M., Jung, H. W,, Youn, J., et al. (2020). Timed
up and go test and the risk of Parkinson's disease: a nation-wide retrospective cohort
study. Mov. Disord. 35, 1263-1267. doi: 10.1002/mds.28055

Zhen, K., Zhang, S., Tao, X, Li, G., Lv, Y., and Yu, L. (2022). A systematic review and
meta-analysis on effects of aerobic exercise in people with Parkinson's disease. NPJ
Parkinsons Dis. 8:146. doi: 10.1038/s41531-022-00418-4

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1399175
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1007/s12603-011-0062-0
https://doi.org/10.1371/journal.pone.0230803
https://doi.org/10.1006/brcg.1998.1013
https://doi.org/10.1016/j.jaip.2016.04.022
https://doi.org/10.1016/j.jamda.2012.11.012
https://doi.org/10.1016/j.apmr.2016.11.003
https://doi.org/10.1177/0269215515570381
https://doi.org/10.1007/s00415-023-11887-9
https://doi.org/10.1016/j.cyto.2019.02.016
https://doi.org/10.1002/jrsm.1085
https://doi.org/10.3758/s13423-018-01563-9
https://doi.org/10.1007/s00421-014-2887-9
https://doi.org/10.1016/j.arr.2022.101591
https://doi.org/10.1136/bjsports-2022-106409
https://doi.org/10.1016/S1353-8020(09)70780-1
https://doi.org/10.1177/0269215520943660
https://doi.org/10.1002/jrsm.1044
https://doi.org/10.1001/jamaneurol.2019.0534
https://doi.org/10.1109/tnsre.2018.2875738
https://doi.org/10.3389/fneur.2020.591605
https://doi.org/10.1016/S1836-9553(13)70141-3
https://doi.org/10.1016/S1836-9553(13)70141-3
https://doi.org/10.1080/00325481.2015.992719
https://doi.org/10.1016/j.apmr.2015.10.095
https://doi.org/10.1016/j.apmr.2013.02.020
https://doi.org/10.1016/j.apmr.2013.02.020
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1016/j.apmr.2017.01.025
https://doi.org/10.1016/j.apmr.2017.01.025
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1186/s12877-023-04239-9
https://doi.org/10.1186/s12877-023-04239-9
https://doi.org/10.1007/s11739-016-1583-7
https://doi.org/10.1177/1545968315613447
https://doi.org/10.1002/mds.27461
https://doi.org/10.1097/00005768-200002000-00011
https://doi.org/10.1177/0269215516655857
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1523/jneurosci.22-20-09099.2002
https://doi.org/10.1523/jneurosci.22-20-09099.2002
https://doi.org/10.1177/0269215514536060
https://doi.org/10.1161/CIRCULATIONAHA.116.018093
https://doi.org/10.1136/bmj-2021-067003
https://doi.org/10.1136/bmj-2021-067003
https://doi.org/10.1186/s12874-021-01228-7
https://doi.org/10.1016/j.csda.2010.01.025
https://doi.org/10.1016/j.csda.2010.01.025
https://doi.org/10.1002/jrsm.1045
https://doi.org/10.1016/j.jshs.2023.10.007
https://doi.org/10.1016/j.jshs.2023.10.007
https://doi.org/10.1002/mds.28055
https://doi.org/10.1038/s41531-022-00418-4

	Optimal dosage ranges of various exercise types for enhancing timed up and go performance in Parkinson’s disease patients: a systematic review and Bayesian network meta-analysis
	Introduction
	Method
	Search strategy
	Eligibility criteria and study selection
	Data extraction
	Data setting and management
	Data synthesis
	Risk of bias and quality of evidence

	Results
	Characteristics of included studies
	Network connectivity
	Dose–response relationships
	Risk of bias and quality of evidence

	Discussion
	Main finding
	Strengths
	Limitations
	Clinical implications and directions for future research

	Conclusion
	Data availability statement
	Author contributions

	References

