GSC Advanced Research and Reviews

: F‘Ql
, eISSN: 2582-4597 CODEN (USA): GARRC2
Cross Ref DOI: 10.30574/gscarr

y @l
GS C Journal homepage: https://gsconlinepress.com/journals/gscarr/

ONLINE PRESS

(REVIEW ARTICLE) W) Check for updates

Comparative effect of Tai-Chi Chuan Versus Aerobic Exercise in Patients with
Parkinson’s disease: Systematic Review and Meta-Analysis

Ketut Ganesha Putra Anugraha !, Nathanael Jonathan Tjipta 1, Rayhan Belva Mahdi !, Hayuris Kinandita
Setiawan 2%, Eka Arum Cahyaning Putri 2, Sundari Indah Wiyasihati 2 and Misbakhul Munir 2

1 Medical Program, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia.
2 Department of Physiology, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia.

GSC Advanced Research and Reviews, 2024, 21(03), 140-150
Publication history: Received on 22 October 2024; revised on 02 December 2024; accepted on 05 December 2024

Article DOI: https://doi.org/10.30574 /gscarr.2024.21.3.0478

Abstract

Exercise is seen as an important aspects in the management of Parkinson’s disease, one of the most prevalent
neurodegenerative diseases in the world. Tai-Chi Chuan, a mind and body exercise, is widely known for its proven
benefits in controlling Parkinson’s disease symptoms and could be an alternative exercise compared to conventional
aerobic exercise. Therefore, this study aims to compare the effect of Tai-Chi Chuan compared to aerobic exercise in
patients with Parkinson’s disease. Systematic review approach based on the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) was done across 4 databases including PubMed, Scopus, Science direct, and
Cochrane. Included studies went through quality assessment using RoB2.0 or ROBINS-I and quantitative assessment
using RevMan 5.4.1. From 173 studies, only three studies were eligible. A total of 581 samples were divided into 295 in
Tai-Chi and 286 in the aerobic exercise group. Our analysis showed that two studies were low risk in bias and one
moderate risk. Tai-Chi group showed a statistically significant better performance in Foot-up and go test [SMD =-0.61;
95% CI (-0.79, -0.44) P = 0.06]and 50-foot walk [SMD = -1.06; 95% CI (-1.86, -0.26) P = 0.009]. Furthermore, Aerobic
exercise has a favorable response towards the Beck Depression Inventory-11 (BDI-II) and VO2 max without the
significance shown. This systematic review and meta-analysis showed favorable response to both exercise in
Parkinson’s disease. Tai-Chi helps Parkinson’s disease in improvements on motor symptoms meanwhile Aerobic
exercise in cardiovascular health.
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1. Introduction

Parkinson’s disease together with Alzheimer’s are two of the most prevalent neurodegenerative diseases worldwide.
The latest global prevalence of Parkinson’s disease was found to be 106.38 in 100,000 population in 2019 [1]. This
figure shows an outstanding 155.50% increase from the year 1990. Furthermore, within this figure, Parkinson’s disease
is associated with over 329.000 deaths per year in 2019, of which the mortality rate has been increasing from
1.76/100,000 in 1994 to 5.67/100.000 in 2019 [2]. Thus, further investigation is needed regarding the management of
Parkinson’s disease, particularly in the area of prevention.

One of the prevention of morbidity and mortality in Parkinson’s disease is the prescription of exercise [3]. Exercise in
Parkinson’s disease is associated with reduced morbidity and mortality through the effect of increasing general health-
related fitness and controlling both motor and non-motor symptoms [4]. Exercise is proven to reduce motor symptoms
such as bradykinesia, rigidity, and postural instability which reduces the risk of falling in patients with Parkinson’s
disease [5,6]. The most common non-motor symptoms are neuropsychiatric disorders such as depression and anxiety
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which could reduce health-related quality of life leading to increased morbidity and mortality rate. Thus, to assess the
most suitable type of exercise in Parkinson’s disease is beneficial in the management of Parkinson’s disease [7].

Tai-Chi Chuan is a traditional Chinese mind-body exercise commonly found in Chinese adults and elderly. Tai-Chi Chuan
is widely known for its proven benefits in general fitness, such as increasing balance, strength, aerobic capacity, well -
being, sleep quality, flexibility, and immune capacity [8]. Particularly in Parkinson’s disease Tai-Chi Chuan has gained
popularity as its physical activity is suitable for patients with Parkinson’s disease and elderly. Tai-Chi Chuan is known
to control motor and nonmotor symptoms as well as reducing complications in patients with Parkinson’s disease [9].
Thus, Tai-Chi Chuan could be beneficial as an alternative exercise choice in Parkinson’s disease.

Compared to the health benefits of conventional aerobic exercise which has been widely understood, Tai-Chi Chuan
could be better in the setting of Parkinson’s disease management. Thus, this study aims to assess the comparative effect
of Tai-Chi Chuan compared to aerobic exercise in the management of patients with Parkinson’s disease.

2. Methods

2.1. Search Strategy

This Review was conducted in accordance to Preferred Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) [10]. Four databases including PubMed, Scopus, Cochrane, Science Direct were benefited to retrieve the
studies in this review. Keywords for the literature search are based on Mesh Terms: “Tai chi”, “Chi, Tai”, “Taiji”,
“Taijiquan”, “aerobic exercise”, “exercises”, “Physical exercises”, “Parkinson”, “Parkinson’s disease”, “Primary
parkinsonism”.

Studies that were included must follow these inclusion criteria: 1) Diagnosed with Parkinson’s disease; 2)The patient’s
received tai chi as an therapy with aerobic exercise as the comparison; 3) Adult patients; 4) English language; 5) Data
reported on numerical values; 6)Full text study;. Exclusion criteria were: 1) Review articles, meta-analysis, case reports.
2) duplicated studies; 3) No comparison of the intended intervention; 4) Insufficient data.

2.2. Data Collection & Extraction

Data collection and extraction of the studies were performed using Microsoft Excel by two authors (K.G.P.A and N.J.T)
with the help of other author (R.B.M; H.K.S; E.A.C.P; S.L.LW; and M.M) for any ambiguous findings to be discussed.
Duplicate studies were excluded after retrieving the search results from each database. Collection of the articles were
done by two steps screening: 1) Screening through title and abstract; 2) Full text screening. Included studies then will
be assessed for the probability of bias using Cochrane Risk of Bias 2.0 (RoB2.0) tool for RCT studies and Risk Of Bias In
Non-randomized Studies (ROBINS) for non-RCT by the help of ROBVIS for the risk of bias visualization [11]. After all
authors agreed with the included studies, data that will be extracted were: 1) Characteristic of the studies 2) Baseline
and demographic characteristic of the samples 3) Follow up of the outcome used.

2.3. Data Synthesis

Meta-analyses of this study were performed using RevMan 5.4.1. Outcomes that were used are continuous data that
presented as mean difference (MD) with 95% confidence interval (CI) and reported in a forest plot. However, if there is
a difference of measurement in the outcomes of the study, Standardized Mean Difference (SMD) were used.
Heterogeneity will determine whether fixed effect or random effect model for the analysis, with 12 > 75% considered
as high heterogeneity. The concept of p value < 0.05 indicates that the result is statistically significant

3. Results

3.1. Study Selection and Identification

A total of 173 studies from PubMed, ScienceDirect, Scopus, Cochrane went through a series of duplicate elimination,
screening based on inclusion and exclusion criteria. The study selection process can be seen in Figure 1. Three studies
met all the requirements and a few outcomes that could help determine which intervention is better were: Beck
Depression Inventory-II (BDI-II), VO2max, Foot Up and Go Test (FUG), and 50-foot walk (50WU).
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Figure 1 PRISMA Flow Chart

3.2. Demographic and Clinical Characteristics

The demographic and clinical characteristics of the patients displayed in Table 1. Three included studies went through
data extraction, two of them were Randomized Controlled Trial (RCT) and one Observational/cohort study. All of the
studies were found to be performed in Asia, especially Taiwan and China. Total samples accumulated are 581 with 295
in Tai chi group and 286 in Aerobic exercise. The mean age of the samples are about 61.89 - 66.31. A study conducted
by Tsai etal [13] showed the longest illness duration that is 12.62 years for Tai-Chi group and 14.65 for Aerobic exercise.

For the tai chi group, Yang style of tai chi were conducted from the included studies with only a study by Li et al [12]
performed a 2 months follow up, other study performed a 12 weeks trial. It is the same for the Aerobic exercise group,
Tsaietal [13] and Chang et al [14] shown a 12 weeks trial with a frequency of two times per week. The outcome of these
studies varied, with two studies reporting BDI-II, VO2 max, and Foot up and go. Meanwhile only one study reported a
50-foot walk test. Each study also has a unique outcome, Tsai etal [13] shown both Tai chi and Aerobic Exercise improve
the antioxidant activity and cognitive function, Li et al [12] shown that the post intervention assessment of functional
reach and incidence of fall are better in tai chi group compared to the aerobic exercise. For Chang et al [14], it showed
that both Tai Chi and aerobic exercise helps motor and neurocognitive performance.

Table 1 Study characteristics

Author, Year Country | Study Type | Participants | Illness duration (years) | Age

Tsai, 2024 [13] |Taiwan |RCT TC: 21 TC:12.62 + 4.14 TC: 64.67 £ 8.05
AE: 20 AE: 1495 + 2.74 AE: 65.05 *+ 6.80

Li, 2020 [12] China  |Cohort TC: 250 TC: 4.99 + 2.52 TC: 62.52 £ 5.45
AE: 250 AE:5.35+3.01 AE: 61.89 + 4.55

Chang, 2024 [14] | Taiwan |RCT TC: 24 TC: 6.75 £ 5.49 TC: 66.31 + 6.54
AE: 16 AE: 6.57 £7.92 AE: 64.43 + 7.37

RCT: Randomized Controlled Trial; TC: Tai Chi; AE: Aerobic Exercise
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Table 1 Continued

Author, Intervention Outcome
Year Tai-Chi Aerobic Exercise
Frequency + | Duration Frequency + Characteristic Duration
Characteristic (min) (min)
Tsai, 2024 |12 Weeks Trial, 3x|60 12 Weeks Trial, 2x per week 30 BDI-II
[13] per week 4 min warm up Foot up and Go
Yang style Taichi 24 min exercise (8 Cycle of 1 minute V02 Max
70-75% HR and 2 min of recovery)
2 min cooling down
Li, 20202 Months, 3x per|NR 2 Months, 3x per week 90 Foot up and Go
[12] week 50-foot walk
Yang style Taichi test
Chang, 12 Weeks Trial, 2x|60 12 Weeks Trial, 2x per week 30 BDI-II
2024 [14] | per week 4 min warm up V02 Max
Yang style Taichi 24 min exercise (8 Cycle of 1 minute
70-75% HR and 2 min of recovery)
2 min cooling down

3.3. Risk of Bias

Two studies were found to be a RCT, therefore RoB2 Tool was used to assess the quality of the study. The results of the
quality assessment can be seen in figure 2. The overall assessment in study conducted by Tsai et al [13] and Chang [14]
were found to be low in all the domains. Therefore, the summary or overall risk of bias showed 100% low risk. Since
one included study were non-randomized, hence the ROBINS-I was needed to assess the risk of bias. The overall risk of
bias, as shown in figure 3, were found to be moderate risk of bias due to three domains (Participants selection, intended
intervention, and outcomes measurement) being suspected to have a moderate level bias.

Risk of bias domains
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% 25% 50% 75% 100%

Figure 2 RoB2
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3.4. Analysis

3.4.1. Baseline

From the two baseline data that were used to determine if there is any difference in clinical characteristics of the
patients, it was found that there were no statistically significant differences between the two groups. Figure 4 showed
the forest and funnel plot of samples duration of Parkinson’s disease, and Figure 5 for the age of the patients. Both
analysis showed an I? < 75% therefore a fixed-effect model was used. For illness duration the MD: [-0.45; 95% CI (-0.92,
0.02) P = 0.06)] and for age MD [0.64; 95% CI (-0.21, 1.49) P = 0.14)] which indicates no significant difference of the
baseline between the two groups.

Tai-chi Aerobic Exercise Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chang 2024 6.75 549 26 657 792 14 1.0% 0.18[-4.47 483
Li2020 499 252 250 535 301 250 941% -0.36[-0.85013]
Tsai 2024 1262 4.14 21 1495 274 20 49% -233[4.47,-019] —
Total (95% Cl) 297 284 100.0% -0.45[-0.92,0.02]
Heterogeneity. Chi*= 317, df=2(P=0.21), F=37% -1{0 ‘5 0 é 1%0
Test for overall effect Z=1.87 (P = 0.06) Favours [TC] Favours [AE]

5 SEMD) A

76,
' s |

Figure 4 Analysis of the illness duration between tai chi group and aerobic exercise group. a) forest plot of the
analysis. b) Funnel plot
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Tai-chi Aerobic Exercise Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chang 2024 66,31 6.54 26 6443 14 3.4% 1.88[-2.73 649
Li 2020 6252 545 250 61.89 250 931% 063[-0.25 1.51]
Tsai 2024 64.67 8.05 21 B5.05 20 3.5% -0.38[-4.93 417
Total (95% CI) 297 284 100.0% 0.64[-0.21, 1.49]
Heterogeneity: Chi*= 047, df= 2 (P=0.79); F=0% _110 }5 P 5% 1:0
Test for overall effect. Z=1.47 (P=0.14) Favours [TC] Favours [AE]
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Figure 5 Analysis of the age baseline data between tai chi and aerobic exercise group. a) Forest plot. b) funnel plot

3.5. OUTCOME

3.5.1. BDI-1I

The analysis result of BDI-II as an outcome is depicted in figure 6. Heterogeneity was presented with 12 = 0% which
indicates low heterogeneity, therefore a fixed-effect model were used. There were no statistically significant differences
between BDI-II in group Taichi or aerobic exercise (P = 0.72). The MD [0,62; 95% CI (-2.77, 4.00)] was found to be a
little bit in favor of aerobic exercise, nevertheless it is far from significant.

Tai-chi
Study or Subgroup  Mean  SD Total Mean

Aerobic Exercise
SD Total Weight IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Mean Difference

Chang 2024 -1.56 7.85 26 -3.36
Tsai 2024 -1.95 715 21 -1.85
Total (95% CI) 47

Heterogeneity: Chi*=0.28, df=1 (P = 0.59), F= 0%
Testfor overall effect Z= 036 (P=0.72)

o SEND)
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Figure 6 Analysis of BDI-II between Tai Chi and Aerobic Exercise Group. a) Forest Plot. b) Funnel Plot
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3.5.2. VO2 Max

The analysis of VO2max is represented in figure 7. Heterogeneity was tend to be low due to the I?= 0%, hence a fixed-
effect model was used. The result showed VO2max increased in favor of aerobic exercise, however it is not statistically
significant [MD = -4.89; 95% CI (-10.36, 0.58) P = 0.08].

Tai-chi Aerobic Exercise Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chang 2024 -036 1018 26 794 148 14 397% -8.30[-16.99,0.38) —_—
Tsai 2024 14 1118 21 404 1182 20 603% -264[-9.69, 4.41) —a—
Total (95% CI) 47 34 100.0% -4.89[-10.36, 0.58] i
Heterogeneity. Chi*= 098, df= 1 (P = 0.32); F= 0% — — p y
Testfor overall effect Z=1.75 (P = 0.08) S S .
0. SECMD) .
71N
A
1 forN
ForN
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:
24 i
;
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Figure 7 Analysis of VO2Max between Tai chi and Aerobic exercise group. a) forest plot b) funnel plot

3.5.3. Foot Up and GO

The analysis of the foot up and go are presented in forest plot in figure.8. For this analysis, Standardized Mean
Difference (SMD) were benefited due to the included studies used a different type of foot up and go test. Li et al [12]
conducted an 10-Foot-Up and Go test meanwhile Tsai et al [13] performed a 8-Foot Up and Go test. Heterogeneity was
slightly high with 12 = 72% however it is still below 75% and it is not significant to the analysis (p = 0.06). Therefore a
fixed-effect model was used with the result of statistically significant decrease in time for the tai chi group compared to
the aerobic exercise (p < 0.00001). The alleviation performance of Foot up and go test can be seen in SMD = -0.61; 95%
CI (-0.79,-0.44).

3.5.4. 50 Foot walk test

The analysis of the 50-foot walk test are presented in forest plot in figure 9. Only one study reported this outcome
therefore no funnel plot is shown. The result shown a statistically significant decrease in time for the 50-foot walk test
in the Tai Chi group compared to aerobic exercise with SMD = -1.06; 95% CI (-1.86, -0.26) p = 0.009.
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Tai-chi Aerohic Exercise Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
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Figure 8 Analysis of Foot-up and Go test between Tai chi and Aerobic Exercise group. a) forest plot b) funnel plot

Tai-chi Aerobic Exercise Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl I, Fixed, 95% CI
Li 2020 -213 383 250 107 538 250 100.0% -1.06[1.86,-0.26]
Total (95% CI) 250 250 100.0% -1.06 [-1.86, -0.26] i
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'
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Figure 9 Forest plot of 50-Foot Walk test between Tai chi group and aerobic exercise

3.5.5. Sensitivity analysis

From the analysis that was done, the funnel plot of each outcome showed that there were no outlier. Therefore no
sensitivity analysis needed to be done.

4. Discussion

4.1. Main Findings

This Meta-Analysis study was conducted to compare the effectiveness between Tai-Chi Chuan and aerobic exercise in
patients with Parkinson’s disease. Outcomes used to assess the efficacy were BDI-II, VO2 Max, Foot-up and go, and 50-
foot Walk test. The result is varied amongst the outcomes, with Aerobic exercise performed a MD of 0.62 (p = 0.72) for
BDI-II which means the score were slightly more reduced in this group. However the non-significant results means there
was no difference between both groups in terms of this outcome. Aerobic exercise was also ahead in improving V02
max with MD of -4.89 (P = 0.08), however this finding was also not significant statistically. For the other group, Tai-Chi
Chuan showed a statistically significant improvement from two outcomes compared to Aerobic Exercise. Foot-up and
go test showed an SMD of -0.61 (p < 0.00001) and 50WU showed an SMD of -1.09 (p = 0.009) These tests are the
representative of the health conditions and symptoms in Parkinson'’s disease that is discussed later in this article.

4.2. Tai-Chi Chuan increases mobility and reducing fall risk in Parkinson’s disease

Many clinical reviews have assessed the wide advantage of Tai-Chi Chuan in general fitness and particularly in chronic
diseases. One of which is a clinical review done by Huston and McFarlane in 2016 which encompasses the benefits of
Tai-Chi Chuan through 120 systematic reviews and meta-analysis [8]. One of the benefits with strong excellent evidence
is regarding fall prevention and improving Parkinson’s disease symptoms control. Our current evidence also suggest
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that fall prevention is best achieved with Tai-Chi Chuan exercise as it shows higher ability to complete the 50-foot walk
up test (50WU) and Foot up and go test (FUG). Both of this test emphasized mobility and flexibility because both of the
tests include activity of walking firmly and doing turns in the shortest time possible. Furthermore 50WU and FUG tests
are proven to be a reliable tools to access balance, mobility, and flexibility in healthy adults and in adults with
comorbidities, one of which is Parkinson’s [15-17].

Fall risk in Parkinson's disease is an important aspect to be assessed as it is correlated with a high risk of morbidity and

mortality [18]. Prediction of fall risk in patients with Parkinson’s can also be assessed using the FUG test [19]. It is known
that patients with Parkinson’s are particularly susceptible to falls as motor symptoms such as bradykinesia, rigidity,
dyskinesia, gait freezing, and postural changes may occur and worsen over time (6). All of these motor symptoms
highlight the lack of flexibility and mobility in patients with Parkinson’s disease.

A study found that reduced mobility, shown by deduction of walking speed, is associated with higher mortality in
patients with Parkinson's disease [20]. Thus, 50WU and FUG tests could also assess the risk of mortality in patients with
Parkinson’s disease. With the improvement of performance speed in 50WU and FUG tests, our study is in line with
current evidence regarding the efficacy of Tai-Chi Chuan exercise in improving motor symptoms in Parkinson’s disease.
Our study suggests that Tai-Chi Chuan is beneficial for increasing mobility and reducing fall risk in patients with
Parkinson’s disease.

4.3. Aerobic exercise increases cardiovascular fitness in Parkinson’s disease

Aerobic exercise in all of the studies uses either stationary bicycle or treadmill or dance [12-14]. Aerobic exercises were
mostly done in a moderate to high-intensity interval training. Aerobic exercise in this review significantly increases
VOZmax of patients with Parkinson’s disease. This finding is in line with the current evidence which states that aerobic
exercise increases cardiovascular fitness, and also improves bone health and reducing mortality rate in Parkinson’s
disease [21]. Furthermore, aerobic exercise shows decreased cardiovascular disease risk in patients with Parkinson’s
disease [22]. As for cardiovascular fitness, VO2max is deemed to be one of the most important aspect to assess
cardiovascular fitness in Parkinson’s disease [23]. Thus our review suggests that aerobic exercise is a suitable exercise
to increase cardiovascular capacity in patients with Parkinson’s disease.

4.4. Tai-Chi Chuan and Aerobic Exercise Effect on Non-motor symptoms of Parkinson’s disease

One of the major concerns in patients with Parkinson disease is the emergence of non-motor symptoms. One of the most
significant non-motor symptoms spectrum is the neuropsychiatric disorders, including anxiety, depression, cognitive
dysfunction, and dementia [24]. These neuropsychiatric symptoms are associated with a higher risk of morbidity and
mortality in Parkinson's disease as it is related with reduced health-related quality of life [7]. Depressive symptoms
particularly are common and are often underdiagnosed and undertreated in Parkinson’s disease [25]. Even though
current evidence shows that exercise have beneficial effect in mental state of patients with Parkinson’s disease, studies
shows inconsistent outcomes [26,27]. This is due to the fact that psychiatric disorders are multifactorial and complex
condition with a wide range of risk factors. Small sample size and neglection of risk factors associated with depression
may alter the outcome of depressive symptoms in this review. However, our review shows that the effect of Tai-Chi
Chuan exercise to improve depressive symptoms in Parkinson’s disease through BDI-II self-questionnaire does not
differ significantly compared to aerobic exercise.

5. Conclusion

Parkinson’s disease is still known as one of the neurodegenerative disease that leads in morbidity and mortality. This
systematic review and meta-analysis have shown that both Tai-chi and aerobic exercise could benefit Parkinson'’s
disease patients depending on the aspect. As for the motor symptoms, tai chi has an advantage over aerobic exercise
due to the better performance on foot-up and go test and 50-foot walk. Nevertheless, Aerobic leads in cardiovascular
health condition and slightly in the neuropsychiatric. The presence of this study is to prove the benefit of exercise for
parkinson’s disease, however future clinical trial is still needed to evaluate the response.
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