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ABSTRACT
Background Tai Chi has shown beneficial effects on 
the motor and non- motor symptoms of Parkinson’s 
disease (PD), but no study has reported the effect of 
long- term Tai Chi training.
Objective To examine whether long- term Tai Chi 
training can maintain improvement in patients with PD.
Methods Cohorts of patients with PD with Tai Chi 
training (n=143) and patients with PD without exercise 
as a control group (n=187) were built from January 
2016. All subjects were assessed at baseline and in 
November 2019, October 2020 and June 2021. A 
logarithmic linear model was used to analyse rating 
scales for motor and non- motor symptoms. The need to 
increase antiparkinsonian therapies was presented as 
a Kaplan–Meier plot and as a box plot. The bootstrap 
method was used to resample for statistical estimation.
Results Tai Chi training reduced the annual changes 
in the deterioration of the Unified Parkinson’s Disease 
Rating Scale and delayed the need for increasing 
antiparkinsonian therapies. The annual increase in the 
levodopa equivalent daily dosage was significantly lower 
in the Tai Chi group. Moreover, patients benefited from 
Tai Chi training in motor symptoms, non- motor symptoms 
and complications.
Conclusion Tai Chi training has a long- term beneficial 
effect on PD, with an improvement in motor and non- 
motor symptoms and reduced complications.
Trial registration number NCT05447975.

INTRODUCTION
Parkinson’s disease (PD) is a common debilitating 
and progressive neurodegenerative movement 
disorder characterised by bradykinesia, resting 
tremor and rigidity.1 The pathological hallmarks 
of PD are the loss of dopaminergic neurons in the 
substantia nigra and the abnormal aggregation of 
α-synuclein.2 It is estimated that, by 2030, the 
number of patients with PD in China will increase 
to 4.94 million, which will result in a huge burden 
to public health.3 The treatment of PD consists 
mainly of drug therapy with levodopa and other 
antiparkinsonian drugs. Non- drug therapies such 
as physical exercise and rehabilitation also have an 
important role in the comprehensive management 
of patients with PD.4

A few studies have investigated whether some 
antiparkinsonian drugs with potential neuropro-
tection could serve as disease modifying therapy. 
However, none of them found definite effects on 
delaying the disease progression.5 Drug therapy for 
PD is effective in improving the clinical symptoms, 

but long- term drug treatment can cause both motor 
and non- motor complications. Although mono-
amine oxidase B inhibitors such as rasagiline and 
selegiline may have potential disease modification 
effects,5 6 there is no evidence to show that they 
delay disease progression.7 Whether long- term 
exercise training could delay the disease progres-
sion of PD is of interest and worthy of investigation.

Previous studies focusing on exercise training 
have shown the effect of Tai Chi in improving the 
clinical symptoms of PD.8–14 Li and colleagues found 
an improvement in maximal excursion, direction 
control, gait velocity and quality of life after 6 months 
of Tai Chi training for 1 hour twice a week.9 10 Simi-
larly, with the same exercise frequency, Hackney 
and colleagues found an improvement in balance 
and gait velocity in patients with PD after 13 weeks 
of Tai Chi training.14 Similar results were observed 
by Zhang and colleagues in a 12- week randomised 
controlled trial.13 Amano and colleagues found an 
improvement in gait performance and gait initia-
tion after 16 weeks of Tai Chi training in a multi-
center study.8 In our previous study, the beneficial 
effect was observed after 1 year of Tai Chi training. 
With regard to non- motor symptoms, patients with 
PD showed an improvement in the executive func-
tion and the digit span backwards tests after Tai 
Chi training.11 12 However, all of these studies only 
looked at the short- term (<1 year) effects after Tai 
Chi training and it is not known whether Tai Chi 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Tai Chi has shown beneficial effects on the 
symptoms of Parkinson’s disease (PD). However, 
the effect of long- term Tai Chi training is not 
known.

WHAT THIS STUDY ADDS
 ⇒ Following an average of 4.3 years of 
observation, Tai Chi training was found to 
have a long- term beneficial effect on PD, 
with improvement in motor and non- motor 
symptoms and a reduction in the prevalence of 
complications.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Tai Chi could be applied in the long- term 
management of PD. The long- term beneficial 
effect on PD could prolong the time during 
which patients are non- disabled, resulting in a 
higher quality of life, a lower caregiver burden 
and less drug usage.
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can maintain the long- term beneficial effect in patients with PD. 
The effects of Tai Chi on motor complications and non- motor 
symptoms have not previously been reported.

Furthermore, Tai Chi is more economical than drug therapy. It 
is a traditional Chinese exercise widely accepted by the popula-
tion and easy to be conducted anywhere. Thus, Tai Chi is a good 
choice to study as a long- term intervention for patients with PD. 
In this study we examine whether long- term Tai Chi training can 
maintain the beneficial effects on PD.

METHODS
Study population
Patients were recruited from our Movement Disorders Clinic in 
Ruijin Hospital, Shanghai Jiao Tong University School of Medi-
cine. PD was diagnosed by senior movement disorder specialists 
(SC, YT) based on diagnostic criteria from both the UK Brain 
Bank and the Movement Disorder Society.15 16 When assessing 
patients with PD, those with secondary causes such as inflam-
matory, drug- induced, vascular and toxin- induced parkinsonism 
were excluded. Patients with PD with other neurodegener-
ative diseases such as progressive supranuclear palsy, multiple 
system atrophy, cortical basal ganglia degeneration or Wilson’s 
disease were also excluded, as were those with other neurolog-
ical diseases such as stroke. Hoehn–Yahr staging, familial history 
and other individual information was recorded. Patients with 
Hoehn–Yahr staging ≤2.5 were enrolled at baseline consid-
ering the safety during Tai Chi training. The control group 
was matched using propensity score matching with the ratio of 
1:1.5. Patients with regular exercise of more than 50 min/week 
were excluded. Five Tai Chi classes were held successively from 
January 2016 (first class January 2016; second class November 
2016; third class March 2017; fourth class September 2017; and 
fifth class January 2018). All classes were held without discon-
tinuation until the last follow- up. All subjects were evaluated 
at baseline and re- evaluated in November–December 2019, 
October–November 2020 and June–July 2021 at “ON” state, 
respectively. The levodopa equivalent daily dosage (LEDD) was 
recorded. The medication remained stable unless it was neces-
sary to change it due to disease progression. Attendance at the 
Tai Chi training group and the quality of the training were moni-
tored as reported previously .2

Assessment rating scales
The following rating scales were used to assess the status of 
patients. The Unified Parkinson’s Disease Rating Scale (UPDRS) 
was used to assess the overall status of PD and the Timed Up 
and Go test (TUG) was used to assess the velocity of walking. 
To minimise errors we tested the TUG scale three times for each 
patient and then calculated the average time as the TUG time. 
The Berg Balance Scale (BBS) was used to assess balance func-
tion, the Mini- Mental State Examination – simplified Chinese 
version (MMSE) and the Parkinson’s Disease Cognitive Rating 
Scale (PDCRS) were used to assess cognitive function, and 
the Hamilton Anxiety Rating Scale (HAMA) and Hamilton 
Depression Rating Scale (HAMD) were used to assess anxiety 
and depression. The Rapid Eye Movement Sleep Behaviour 
Disorder questionnaire – Hong Kong version (RBD- HK) was 
used to assess the status of probable rapid eye movement sleep 
behaviour disorder. The 39- item Parkinson’s Disease Ques-
tionnaire (PDQ- 39) was used to assess life quality of patients 
with PD, the Parkinson’s Disease Sleep Scale (PDSS) was used 
to assess overall sleep status and the Epworth Sleepiness Scale 
(ESS) was used to assess excessive daytime sleepiness. The Scales 

for Outcomes in Parkinson’s Disease- Autonomic questionnaire 
(SCOPA- AUT) was used to assess autonomic function and the 
Non- Motor Symptoms Questionnaire (NMS- Quest) was used to 
assess non- motor symptoms of PD. All patients were assessed by 
well- trained doctors (PH, YH, GL, SC) who were blinded to the 
allocation of patients.

Exercise and quality control
The Tai Chi method taught by Sino Tai Chi, a professional Tai 
Chi organisation, was adopted for Tai Chi training, as previ-
ously reported.2 The patients trained twice a week for 60 min 
each time. They were taught from segment to whole Tai Chi 
training. Coaches corrected inappropriate movements. Patients 
who discontinued Tai Chi training or those whose attendance 
rate was less than 75% were all regarded as giving up training.

In the control group, patients continued to use antiparkinso-
nian drugs and to keep their daily activity levels as usual. We did 
not restrict the daily activities that they had taken before being 
recruited into the study.

Outcomes
The study had three primary outcomes, all of which are related 
to the long- term beneficial effect:

 ► Rate of change in UPDRS total score per year.
 ► Rate of change in LEDD per year; the LEDD of patients 

who received deep brain stimulation (DBS) was not taken 
into account.

 ► Percentage of patients who increased antiparkinsonian 
therapy, including the need to increase the dose of antipar-
kinsonian drugs and DBS.

The following indicators were regarded as secondary 
outcomes:

 ► Evaluation of motor symptoms: UPDRS part III, TUG and 
BBS.

 ► Evaluation of non- motor symptoms: autonomic function, 
mood, sleep and cognition, assessed by rating scales.

 ► Quality of life evaluated by PDQ- 39.
 ► Difference in the prevalence of complications (dyski-

nesia, wearing- off phenomenon, dystonia) and non- motor 
symptoms (including PD- MCI, hallucinations, restless leg 
syndrome).

Statistical methods
Analyses of the adjusted means of change from baseline to each 
follow- up in rating scales were performed and compared in the 
Tai Chi training group and the control group with a logarithmic 
linear model of covariance that included the following fixed 
effects: treatment group (Tai Chi=1, control group=0), age, 
gender, change in the amount of LEDD and baseline Hoehn–
Yahr staging. Years of education were also included when 
analysing PDCRS. We calculated the p value with the bootstrap 
method for resampling 1000 times. The years of follow- up were 
calculated as months between follow- up/12. The results are 
presented as mean change with 95% CIs. The percentage need 
for increasing antiparkinsonian therapy was shown in a Kaplan–
Meier plot and a bar plot and a Kaplan–Meier plot with a table 
of the number at risk was applied. Bonferroni correction was 
used for multiple corrections.

R (version 3.5.1) and RStudio (version 1.1463) were used to 
perform statistical analysis. Packages stats (version 3.5.1), base 
(version 3.5.1), spinds (version 2.2.0), plyr (version 1.8.5), 
survival (version 2.43–3) and survminer (version 0.4.3) were 
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introduced into the statistical analysis. Figures were plotted in 
Prism 9 (version 9.3.1, San Diego, California, USA).

RESULTS
Demographic status
There was no significant difference in gender, age, education, 
disease duration, Hoehn–Yahr staging, amount of exercise per 
week, MMSE, HAMA, HAMD and LEDD at baseline between 
the patients undergoing Tai Chi training (n=143) and patients 
in the control group (n=187) (figure 1, table 1). In the Tai Chi 
group the dropout rate was 11.72% compared with 19.40% in 
the control group.

Effect of Tai Chi on long-term beneficial effect
The annual increase in the UPDRS total score was significantly 
higher in the control group than in the Tai Chi group in the 
follow- up of 2019, 2020 and 2021 (annual changes in UPDRS 
total score: Tai Chi group: 2.960±0.70 in 2019, 3.005±0.72 in 
2020, 3.007±0.70 in 2021; control group: 4.907±0.93 in 2019, 

4.975±0.93 in 2020, 4.975±0.94 in 2021; p<0.001) indicating 
faster progression of PD in the control group (figure 2A).

Using a Kaplan–Meier plot, the greater need to increase anti-
parkinsonian therapy in the control group was also observed 
(figure 2D). The number of patients who needed to increase 
antiparkinsonian therapy in the control group was significantly 
higher than that in the Tai Chi group in the follow- up of 2019 and 
2020. The percentage of patients who needed to increase anti-
parkinsonian therapy in the control group was 83.42% (year of 
2019) and 96.26% (year of 2020), and the percentage of patients 
who needed to increase antiparkinsonian therapy in the Tai Chi 
group was 70.63% (year of 2019) and 87.41% (year of 2020) 
(figure 2C). Although all patients in the two groups increased 
antiparkinsonian therapy in the follow- up of 2021 (figure 2C), 
the annual increase in LEDD was higher in the control group 
in three follow- ups (Tai Chi group: 282.50±190.97 in 2019, 
228.42±135.79 in 2020, 203.99±106.21 in 2021; control 
group: 410.20±247.71 in 2019, 434.10±151.11 in 2020, 
436.80±99.37 in 2021; p<0.001) (figure 2B), which also 
reflected a faster progression of PD in the control group.

Effect of Tai Chi on motor and non-motor symptoms
Patients with PD benefited from Tai Chi training in motor symp-
toms assessed by UPDRS Part III, BBS and TUG. The Tai Chi 
group had slower deterioration in UPDRS III scores (annual 
changes of UPDRS III: Tai Chi group: 1.751±0.69 in 2019, 
2.052±0.77 in 2020, 2.192±0.72 in 2021; control group: 
3.482±1.03 in 2019, 3.989±1.00 in 2020, 4.135±0.99 in 
2021; p<0.001, table 2). Continuous improvement in the BBS 
and TUG scales were also shown in the Tai Chi group (table 2).

For non- motor symptoms, autonomic symptoms were assessed 
by SCOPA- AUT, quality of life was assessed by PDQ39, sleep 
was assessed by PDSS and cognition was assessed by PDCRS 
and PDCRS frontal cortical score after Bonferroni correction. 
The Tai Chi group had slower deterioration in cognitive func-
tion (annual changes of PDCRS total score: Tai Chi group: 
–0.746±1.13 in 2019, –1.016±0.86 in 2020, –1.220±0.74 
in 2021; control group: –3.266±0.75 in 2019, –2.758±0.57 
in 2020, –2.630±0.50 in 2021, p<0.001; annual changes in 

Figure 1 Flow chart of the study.

Table 1 Demographic data of study patients

Tai Chi group
(n=143)

Control group
(n=187) P value

Gender, female, N (%) 65 (45.45) 88 (47.06) 0.859

Age at baseline, mean (SD) 66.70 (9.02) 66.40 (8.13) 0.756

Education, years, mean (SD) 9.88 (2.45) 10.26 (2.99) 0.211

History of hypertension, N (%) 12 (8.39) 17 (9.09) 0.979

History of diabetes mellitus, N (%) 13 (9.09) 14 (7.49) 0.746

History of smoking, N (%) 18 (12.59) 26 (13.90) 0.853

Family history, N (%) 11 (7.69) 13 (6.95) 0.966

Tremor dominant, N (%) 89 (62.24) 118 (63.10) 0.963

Disease duration, mean (SD) 4.35 (2.01) 3.98 (1.85) 0.086

Amount of exercise at baseline, min/
week, mean (SD)

25.47 (14.03) 23.12 (15.16) 0.147

MMSE at baseline, mean (SD) 27.80 (1.49) 27.96 (1.43) 0.315

UPDRS at baseline, mean (SD) 16.73 (3.37) 17.16 (3.75) 0.272

LEDD at baseline, mean (SD) 224.21 (91.51) 229.54 (85.38) 0.590

HAMD at baseline, mean (SD) 4.71 (1.65) 4.64 (1.72) 0.829

HAMA at baseline, mean (SD) 3.22 (1.02) 3.35 (1.37) 0.733

HAMA, Hamilton Anxiety Rating Scale; HAMD, Hamilton Depression Rating Scale; 
LEDD, levodopa equivalent daily dosage; MMSE, Mini- Mental State Examination; 
SD, standard deviation; UPDRS, Unified Parkinson’s Disease Rating Scale.
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PDCRS frontal cortical score: Tai Chi group: –0.576±1.16 
in 2019, –0.754±0.85 in 2020, –0.879±0.74 in 2021; 
control group: –2.682±0.49 in 2019, –2.219±0.42 in 2020, 
–2.067±0.39 in 2021, p=0.003; table 2). The Tai Chi group 
also showed improvements or slower deterioration in autonomic 
symptoms, sleep and quality of life (table 2).

Effect of Tai Chi on the prevalence of complications
We also calculated the prevalence of motor and non- motor 
complications and found that the prevalence of dyskinesia, 
wearing- off phenomenon, dystonia, hallucination, mild cogni-
tive impairment (MCI) and restless legs syndrome in the Tai Chi 
group was significantly lower than in the control group. The 
percentage of motor complications was as follows: dyskinesia: Tai 
Chi group: 1.40%, control group: 7.49%; wearing- off phenom-
enon: Tai Chi group: 1.40%, control group: 6.42%; dystonia: 
Tai Chi group: 0%, control group: 1.60% and the percentage 
of non- motor symptoms was as follows: hallucinations: Tai Chi 
group: 0%, control group: 2.14%; PD- MCI: Tai Chi group: 
2.80%, control group: 9.63%; restless legs syndrome: Tai Chi 
group: 6.99%, control group: 15.51% (p≤0.028) (figure 3)

Adverse events and serious adverse events
Falling, dizziness and back pain were the three types of adverse 
events in our study and occurred as follows: falling: 18 (11.11%) 
in the Tai Chi group and 39 (16.81%) in the control group 
(p=0.338); dizziness: 9 (5.56%) in the Tai Chi group and 17 
(7.33%) in the control group (p=0.825); and back pain: 3 
(1.85%) in the Tai Chi group and 15 (6.47%) in the control 
group (p=0.279).

Twenty- three cases of bone fractures were reported as serious 
adverse events. Six (3.70%) patients in the Tai Chi group and 17 
(7.33%) in the control group had fractures caused by falls which 
occurred during daily life and not during training, which was the 
reason they discontinued the follow- up (p=0.208).

DISCUSSION
In our study, delayed progression in motor function (UPDRS- III, 
BBS) and continuous improvement in quality of life (PDQ39), 
sleep (ESS, PDSS) and cognition (PDCRS) were found in the Tai 
Chi group. The rate of UPDRS deterioration was much higher 
in the control group. The need to increase antiparkinsonian 
therapy and LEDD was also higher in the control group. The 
prevalence of complications (dyskinesia, wearing- off phenom-
enon, dystonia) and several non- motor symptoms (hallucina-
tions, PD- MCI and restless legs syndrome) were lower in the 
Tai Chi group. Above all, Tai Chi was an effective treatment that 
could maintain the long- term beneficial effect on PD. To our 
knowledge, this is the first study to show Tai Chi can maintain 
its long- term beneficial effect on PD.

Drugs are currently the mainstay of PD treatment and show 
their effectiveness in many ways, but the management of PD is 
still challenging. First, from the motor symptom point of view, 
the response to antiparkinsonian drugs may decline during the 
course of the illness and the benefit of medications for gait and 
balance is limited.17 Second, in contrast to the motor symptoms 
of PD for which treatment is available, non- motor symptoms are 
often more refractory and inadequately treated.18 Third, current 
therapies for PD provide only symptomatic relief without inter-
vening in the disease progression.19 Although previous studies 

Figure 2 (A) Scatterplot showing the annual changes in Unified Parkinson’s Disease Rating Scale (UPDRS) total score. There was no difference in the 
UPDRS total score at baseline. The rate shown for each year was calculated as (total score in that year – total score in baseline)/years of follow- up. Years 
of follow- up were calculated as months between follow- up/12. (B) Annual increases in levodopa equivalent daily dose (LEDD) showing a large difference 
between the control and Tai Chi groups. The bar is shown in SEM.(C) The need to increase antiparkinsonian therapy in the Tai Chi and control groups. In the 
follow- ups in 2019 and 2020, the need to increase antiparkinsonian therapy in the control group was significantly higher than that in the Tai Chi group. 
(D) Plot showing the need to increase antiparkinsonian therapy with a table of the number at risk. The need for antiparkinsonian therapy in the control 
group (black line) is significantly higher than that of the Tai Chi group (red line).
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Table 2 Primary and secondary outcomes in the Tai Chi and control groups

Measure Tai Chi, mean (SD) Control, mean (SD)

Between- group difference of annual rate in mean change from baseline

Tai Chi vs control P value Maximum P value*

UPDRS - total score (per year)

  Follow- up in 2019 2.960 (0.70) 4.907 (0.93) −1.95 (−2.13 to –1.76) <0.001 <0.001

  Follow- up in 2020 3.005 (0.72) 4.975 (0.93) −1.97 (−2.15 to –1.78) <0.001 <0.001

  Follow- up in 2021 3.007 (0.70) 4.975 (0.94) −1.97 (−2.15 to –1.78) <0.001 <0.001

UPDRS Part III (per year)

  Follow- up in 2019 1.751 (0.69) 3.482 (1.03) −1.73 (−1.93 to –1.54) <0.001 <0.001

  Follow- up in 2020 2.052 (0.77) 3.989 (1.00) −1.94 (−2.13 to –1.74) <0.001 <0.001

  Follow- up in 2021 2.192 (0.72) 4.135 (0.99) −1.94 (−2.14 to –1.75) <0.001 <0.001

TUG (second/year)

  Follow- up in 2019 0.521 (0.11) 0.856 (0.21) −0.34 (−0.37 to –0.30) <0.001 0.013†

  Follow- up in 2020 0.546 (0.09) 0.810 (0.16) −0.26 (−0.29 to –0.23) <0.001 0.013†

  Follow- up in 2021 0.552 (0.08) 0.777 (0.14) −0.22 (−0.25 to –0.20) <0.001 0.013†

BBS (per year)

  Follow- up in 2019 −0.551 (0.76) −1.744 (0.57) 1.19 (1.05 to 1.34) <0.001 <0.001

  Follow- up in 2020 −0.570 (0.55) −1.582 (0.44) 1.01 (0.90 to 1.12) <0.001 <0.001

  Follow- up in 2021 −0.597 (0.46) −1.421 (0.39) 0.82 (0.73 to 0.92) <0.001 <0.001

NMS- Quest (per year)

  Follow- up in 2019 0.796 (0.46) 1.459 (0.46) −0.66 (−0.76 to –0.56) <0.001 0.003

  Follow- up in 2020 0.750 (0.37) 1.355 (0.42) −0.61 (−0.69 to –0.52) <0.001 0.003

  Follow- up in 2021 0.730 (0.33) 1.248 (0.37) −0.52 (−0.60 to –0.44) <0.001 0.003

PDSS (per year)

  Follow- up in 2019 −1.676 (0.55) −2.813 (0.84) 1.14 (0.98 to 1.30) <0.001 <0.001

  Follow- up in 2020 −1.512 (0.49) −2.325 (0.63) 0.81 (0.69 to 0.94) <0.001 <0.001

  Follow- up in 2021 −1.490 (0.45) −2.145 (0.52) 0.66 (0.55 to 0.76) <0.001 <0.001

ESS (per year)

  Follow- up in 2019 0.559 (0.35) 0.959 (0.48) −0.40 (−0.49 to –0.31) <0.001 0.036†

  Follow- up in 2020 0.561 (0.30) 0.848 (0.36) −0.29 (−0.36 to –0.21) <0.001 0.036†

  Follow- up in 2021 0.575 (0.27) 0.820 (0.33) −0.24 (−0.31 to –0.18) <0.001 0.036†

HAMA (per year)

  Follow- up in 2019 0.749 (0.50) 1.180 (0.53) −0.43 (−0.54 to –0.32) 0.001 0.050†

  Follow- up in 2020 0.705 (0.40) 1.006 (0.42) −0.30 (−0.39 to –0.21) 0.001 0.050†

  Follow- up in 2021 0.715 (0.35) 0.961 (0.37) −0.25 (−0.33 to –0.17) 0.001 0.050†

HAMD (per year)

  Follow- up in 2019 0.859 (0.38) 1.375 (0.41) −0.52 (−0.60 to –0.43) <0.001 0.006†

  Follow- up in 2020 0.804 (0.29) 1.171 (0.32) −0.37 (−0.43 to –0.30) <0.001 0.006†

  Follow- up in 2021 0.774 (0.26) 1.081 (0.30) −0.31 (−0.37 to –0.24) <0.001 0.006†

PDCRS total score (per year)

  Follow- up in 2019 −0.746 (1.13) −3.266 (0.75) 2.52 (2.32 to 2.72) <0.001 <0.001

  Follow- up in 2020 −1.016 (0.86) −2.758 (0.57) 1.74 (1.59 to 1.90) <0.001 <0.001

  Follow- up in 2021 −1.220 (0.74) −2.630 (0.50) 1.41 (1.28 to 1.54) <0.001 <0.001

PDCRS - frontal cortical score (per year)

  Follow- up in 2019 −0.576 (1.16) −2.682 (0.49) 2.11 (1.92 to 2.29) <0.001 <0.001

  Follow- up in 2020 −0.754 (0.85) −2.219 (0.42) 1.47 (1.33 to 1.61) <0.001 <0.001

  Follow- up in 2021 −0.879 (0.74) −2.067 (0.39) 1.19 (1.06 to 1.31) <0.001 <0.001

PDCRS - posterior cortical score (per year)

  Follow- up in 2019 −0.170 (0.25) −0.584 (0.50) 0.41 (0.33 to 0.50) 0.002 0.041†

  Follow- up in 2020 −0.262 (0.23) −0.540 (0.37) 0.28 (0.21 to 0.35) 0.002 0.041†

  Follow- up in 2021 −0.342 (0.23) −0.563 (0.31) 0.22 (0.16 to 0.28) 0.002 0.041†

SCOPA- AUT (per year)

  Follow- up in 2019 0.940 (0.34) 1.735 (0.49) −0.79 (−0.89 to –0.70) <0.001 <0.001

  Follow- up in 2020 0.806 (0.28) 1.369 (0.35) −0.56 (−0.63 to –0.49) <0.001 <0.001

  Follow- up in 2021 0.789 (0.26) 1.250 (0.30) −0.46 (−0.52 to –0.40) <0.001 <0.001

PDQ39 (per year)

  Follow- up in 2019 3.439 (1.08) 5.769 (1.51) −2.33 (−2.62 to –2.04) <0.001 <0.001

  Follow- up in 2020 2.895 (0.84) 4.558 (1.12) −1.66 (−1.88 to –1.44) <0.001 <0.001

Continued
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have shown the effectiveness of Tai Chi treatment on PD, they 
mainly focused on motor symptoms over a short period of time 
(less than 6 months). It was not possible to conclude that there is 
a long- term beneficial effect from these previous studies. Based 
on this prospective cohort study, we found a long- term beneficial 
effect in both motor symptoms and non- motor symptoms in the 
Tai Chi group. We also demonstrated improvements in gait and 
imbalance, and improvements in sleep and cognition. PD is a 
progressive disabling neurodegenerative disorder with decreased 
motor function and worsened non- motor symptoms. A longer 
time without being disabled will give a higher quality of life, a 
lower burden for caregivers and less drug usage for patients with 
PD. Our results show that Tai Chi can prolong the improvements 
in motor and non- motor symptoms comprehensively, and those 
patients with PD who persevere with Tai Chi training could gain 
more benefits from exercise, indicating that continuing to exer-
cise helps the control of symptoms. Thus, it is highly recom-
mended that Tai Chi training is undertaken as early as possible.

Our study showed the long- term beneficial effect of Tai Chi 
on PD. Combined with the findings of our previous study, 
these results suggest that Tai Chi may have the potential to 
delay the progression of the disease.2 Activated microglia and 
increased inflammation are involved in the pathogenesis of PD. 

Proinflammatory cytokines such as interleukin (IL)- 17A and IL- 6 
are associated with the severity of the clinical symptoms.20 It 
has been shown in mice that exercise lessens the inflammation 
including the microglia pathway in the brain.21 After exercise, 
the levels of tumour necrosis factor-α and IL- 1β are down-
regulated.22 In our previous study we found that plasma cyto-
kines IL- 1β, IL- 5, IL- 7, IL- 9, IL- 13, monocyte chemoattractant 
protein (MCP)- 1, macrophage inflammatory protein (MIP)- 1α 
and MIP- 1β were relatively downregulated and granulocyte- 
macrophage colony stimulating factor (GM- CSF) levels were 
upregulated in patients after Tai Chi training.2 Changes in 
IL- 1β, IL- 5, IL- 9, IL- 13, MIP- 1α and GM- CSF were related 
to the clinical improvements. Arginine biosynthesis, the urea 
cycle, TCA cycle and beta oxidation of very long- chain fatty 
acids were involved in the improvement in PD symptoms by 
Tai Chi. Above all, the anti- inflammatory process involved the 
amelioration of PD symptoms found in our study. In addition 
to anti- inflammation, HIP2 mRNA levels were also raised after 
Tai Chi training, indicating its role in enhancing the ubiquitin 
proteosome pathway which is associated with the degradation of 
abnormally folded proteins such as α-synuclein.23 Our previous 
study used fMRI to investigate the neuroplasticity via func-
tional connectivity24 and found a significant association between 
changes in UPDRS and the switch in the default mode network, 
changes in BBS and the switch in the visual network, change 
in the somatomotor network and improvement of PDCRS and 
SCOPA- AUT. Other studies also showed that physical exercise 
could induce structural plasticity and enhance cognitive func-
tion, which is consistent with our results.18

Our study has shown that Tai Chi retains the long- term bene-
ficial effect on PD, indicating the potential disease- modifying 
effects on both motor and non- motor symptoms, especially gait, 
balance, autonomic symptoms and cognition. PD can worsen 
motor function and non- motor symptoms progressively with 
time, resulting in disability and influencing the quality of life. 
The long- term beneficial effect on PD could prolong the time 
without disability, leading to a higher quality of life, a lower 
burden for caregivers and less drug usage.

Strengths and limitations
There are several strengths and interesting findings in our study. 
First, it is the first study to demonstrate the long- term effects 
of Tai Chi training with an average of 4.3 years of observation. 
Second, we observed that long- term Tai Chi training could 
maintain the beneficial effect on PD, while previous studies only 
observed a temporary improvement in motor symptoms. We have 
shown that exercise and other rehabilitation treatment might 

Measure Tai Chi, mean (SD) Control, mean (SD)

Between- group difference of annual rate in mean change from baseline

Tai Chi vs control P value Maximum P value*

  Follow- up in 2021 2.596 (0.67) 3.987 (0.95) −1.39 (−1.57 to –1.21) <0.001 <0.001

LEDD (mg/ year)

  Follow- up in 2019 282.50 (190.97) 410.20 (247.71) −127.73 (–176.70 to –78.76) <0.001 <0.001

  Follow- up in 2020 228.42 (135.79) 434.10 (151.11) −205.65 (–237.15 to –174.15) <0.001 <0.001

  Follow- up in 2021 203.99 (106.21) 436.80 (99.37) −232.85 (–255.14 to –210.56) <0.001 <0.001

*This is the maximum p value after using the bootstrap method.
†The p value was not significant after Bonferroni correction.
BBS, Berg Balance scale; ESS, Epworth Sleepiness Scale; HAMA, Hamilton Anxiety Rating Scale; HAMD, Hamilton Depression Rating Scale; LEDD, levodopa equivalent daily 
dosage; NMQuest, Non- Motor Symptoms Questionnaire; PDCRS, Parkinson’s Disease Cognitive Rating Scale; PDQ- 39, 39- item Parkinson’s Disease Questionnaire; PDSS, 
Parkinson’s Disease Sleep Scale; SCOPA- AUT, Scales for Outcomes in Parkinson’s Disease- Autonomic questionnaire; TUG, Timed Up and Go test; UPDRS, Unified Parkinson’s 
Disease Rating Scale.

Table 2 Continued

Figure 3 Prevalence of motor complications: (A) dyskinesia, (B) wearing- 
off phenomenon and (C) dystonia and non- motor complications: (D) 
hallucinations, (E) PD- mild cognitive impairment (PD- MCI) and (F) restless 
legs syndrome. All data are shown as bar plots.
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achieve some form of neuroprotection and will be an important 
adjunct to drug treatments in the management of PD. Third, 
Tai Chi could ameliorate both motor and non- motor symp-
toms effectively and safely, which indicates that Tai Chi training 
combined with drug therapy could bring more comprehensive 
improvements and thus might delay the demand for increased 
drug therapy. In addition, Tai Chi is a safe physical exercise. The 
results of our study show that Tai Chi does not increase the risk 
of falls. Falls might be associated with postural instability due 
to disease progression. The lower rate of falls (11.11% in the 
Tai Chi group vs 16.81% in the control group) also indicated 
that Tai Chi might have a beneficial effect in improving postural 
instability.

Our study also has some limitations. First, the number of 
subjects is not sufficiently large and the patients were not 
randomised. Larger randomised long- term cohort studies are 
warranted. Second, we did not assess all symptoms and compli-
cations such as apathy. Third, there are several unmeasurable 
confounders, such as different motivations in pursuing health, 
different lifestyles, etc. We tried to minimise the impact of these 
confounders. Patients recruited as controls were mainly based 
on non- physical factors such as a long distance from home or 
time conflicts with their daily work/life rather than lack of moti-
vation in practising Tai Chi. A balanced baseline also helped to 
minimise the potential influences, including LEDD, UPDRS, and 
mood assessments. However, these potential confounders might 
still exist.

CONCLUSION
Tai Chi training maintains the long- term beneficial effect on PD, 
improved motor and non- motor symptoms and reduced compli-
cations and could be used in the long- term management of PD.
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