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Effect of active mind-body
movement therapies on older
osteoarthritis: a systematic review
and meta-analysis of randomized
controlled trials

Congying Pi?, Zixi Wang?, Lingyu Su?, Huaiyu Jian?, Junyan Liu?,
Kun Zhu?, Ting Zou?, Xiaoyuan Mao?, Qinghua Zhang'* and
Zhaoqian Liu'*

Xiangya School of Pharmaceutical Sciences, Central South University, Changsha, China, >Xiangya
Hospital, Central South University, Changsha, Hunan, China

Objective: To systematically review the literature to quantify and compare the
effects of active mind-body movement therapies (AMBMTs) on pain, stiffness,
and joint function in older adults with osteoarthritis (OA).

Methods: We searched PubMed, Embase, Cochrane Register of Controlled Trials,
Web of Science, ScienceDirect, CINAHL, and PEDro. The outcome measures
included the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) and the 36-item Short Form Health Survey (SF-36).

Results: A total of 27 studies involving 1781 patients were obtained. The results
of meta-analysis showed that compared with the control group, the patients
had significantly lower WOMAC pain score (SMD: —0.50, 95%Cl: —0.68, —0.32;
p < 0.01), stiffness score (SMD: —0.71, 95%Cl: —1.02, —0.40; p < 0.01) and joint
function score (SMD: —0.66, 95%Cl: —0.85, —0.47; p < 0.01).

Conclusion: AMBMTs are a complementary therapy to improve pain in older
adult patients with OA, of which Tai Ji is the most effective.
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Highlights

Osteoarthritis (OA) is a degenerative joint disease with a high incidence among the older

adult population.

o Active mind-body movement therapies (AMBMTs) have been recognized and
recommended as a new treatment for osteoarthritis.

o Meta-analysis of AMBMTSs, showed that this kind of therapy could improve the pain and

dysfunction caused by osteoarthritis, thus improving the quality of life of patients.

Tai Ji can better reduce the pain level of older adult patients.
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1 Introduction

Osteoarthritis (OA) is the most prevalent joint disease, affecting
more than 500 million people worldwide (1). OA is a leading cause of
disability in older adults, and this phenomenon becomes worse with
the increasing number of aging population (2). OA imparts
tremendous humanistic and economic burdens on individuals and
society, and with the aging population globally, the clinical and
economic burden of OA is increasing further (3). Clinically, the
treatment of OA mainly includes non-steroidal anti-inflammatory
drug drug therapy, surgical treatment and so on (2). Nevertheless,
these approaches merely provide the relief of OA. Meanwhile, several
adverse effects occur following pharmacotherapy (4). Exercise therapy
is a nonpharmacological modality that reduces pain and improves
physical function (5) and is recommended by many expert
societies (6).

Different from traditional exercise, mind-body practices are a
large and diverse group of procedures or techniques that target brain-
body interactions as a way to promote health (7). Mind-body therapy
can be classified into three subcategories based on the mode of
physical participation, namely static intervention therapies, passive
intervention therapies and active mind-body movement therapies
(AMBMTs). Static intervention therapies require the body to remain
still and relies on cognitive or mental regulation (such as meditation,
hypnotherapy, progressive muscle relaxation). In passive intervention
therapies, body movement is driven by external forces, and patients
do not need the participation of active muscle groups (such as massage
therapy, chiropractic manipulation). AMBMTSs require patients to
independently perform structured movements while integrating
conscious concentration and respiratory regulation (such as Tai Ji,
Yijinjing, and Yoga) (8, 9). Tai Ji (10), Baduanjin (11), Yijinjing (12),
Waugqinxi (13), and Yoga (14) are different types of AMBMTs that can
enable people to achieve deep relaxation and peace of mind (15),
which can improve the pain and physical function of OA patients.

AMBMT has the characteristics of low intensity and relative
safety, which may be a more suitable exercise therapy for older adult
patients. At the same time, because the body and mind are integrated
in the process of AMBMT, it can relieve the mood in the process of
improving the pain of patients. At present, although there are some
evidence-based evaluations of AMBMTs therapy for older patients
(16, 17), there is no meta-analysis to compare the therapeutic effect of
several kinds of AMBMTs on older patients and the effect of AMBMTs
on older patients as a whole.

This meta-analysis used data from randomized controlled trials
(RCTs) to assess the effects of different psychosomatic AMBMTs on
pain, stiffness, physical functioning, mental, and physical health in
older patients with OA to provide patients with more optimized
exercise treatment program.

2 Methods
2.1 Study search and selection

This meta-analysis adheres to the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) guidelines and is
registered with PROSPERPO (CRD42024530152), and there was no
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deviation from the original scheme. We have made a supplementary
explanation in the method section. The PRISMA checklist for reporting
the meta-analysis results is shown in Supplementary Table 1. We searched
PubMed, Embase, Cochrane Register of Controlled Trials, Web of
Science, Science Direct, CINAHL, and PEDro for the published articles
between their inception and January 2024. In addition, we also screened
the references of relevant articles to identify additional published and
unpublished records. The search strategy was made for the use of Medical
Subject Heading (MESH) terms and correspondence keywords: Tai Ji,
Yoga, OA, etc. We also conducted manual searches of grey literature (e.g.,
conference papers, internal reports, etc.) to avoid missing studies that
meet our criteria. Specific search strategies were presented in the
Supplementary Table 2.

2.2 Inclusion, exclusion criteria, and study
outcomes

2.2.1 Inclusion and exclusion criteria

The inclusion criteria of this study were as follows: (1) Patients
diagnosed with OA in the lower extremity joints (e.g., knee joint, hip
joint, and ankle joint, etc.); (2) Intervention measures in the
experimental group were only AMBMTs, including Tai Ji, Qigong, Yoga,
Baduanjin, Yijinjing or Wugqinxi; (3) Interventions in the control group
included health education, waiting list, self-exercise at home, attention
control, and no intervention; and (4) RCTs published in English.

The exclusion criteria were as follows: (1) Intervention measures
of the experimental group were AMBMTs combined with other forms
of exercise; (2) Intervention measures of the control group were
another kind of exercise; (3) Medical records were uneven; (4) Studies
without primary outcome data; (5) Cohort studies, case-control
studies, and case reports; and (6) Repeatedly published articles,
conference abstracts, reviews, and letters.

2.2.2 Outcomes indicators

The primary outcome was Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) score (18), including
pain subscale, physical function subscale, and stiffness subscale.
Secondary outcomes were scores on the physical and mental
components of the 36-item Short Form Health Survey (SF-36) (19).

2.3 Data extraction

Data were extracted and verified independently by two
investigators according to inclusion and exclusion criteria. Any
differences were resolved through discussion until consensus was
reached or a third investigator was consulted. The following data will
be extracted for each study: (1) General information: author, year of
publication and country of study; (2) Basic information about
participants in the intervention and control groups (e.g., age, sex, site
of disease and Body Mass Index (BMI)), methods (e.g., randomization,
mode of allocation), intervention frequency and duration. (3)
Outcomes: WOMAC pain subscale scores, WOMAC physical
function subscale scores, WOMAC stiffness subscale scores, SF-36
mental component summary, and SF-36 physical component summary.
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2.4 Quality assessment

Two authors independently evaluate the methodological quality
of the included studies (20) using Cochrane bias risk assessment tool.
The details of evaluation included random sequence generation,
allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data, selective
reporting, and other bias. We also made a judgment of “low bias risk,”
“high bias risk” or “unclear” for each study included.

2.5 Statistical analysis

The comparison of outcomes were expressed by standard mean
difference (SMD) and 95% confidence intervals (CIs), and the test level
was a = 0.05. I-squared and Cochran’s Q-statistic test were used to
assess the heterogeneity. A fixed-effect model was used, while a random-
effects model was used if there was moderate heterogeneity (I? > 50%,
P <0.10). For highly heterogeneous variables, sensitivity analysis or
subgroup analysis will be used to explore the source of heterogeneity.
Furthermore, we used Egger’s (21) tests to evaluate publication bias,
with a visual funnel plot as a complement. Meta-analysis and results
were presented using RevMan5.4.1 software (The Cochrane
Collaboration, Copenhagen, Denmark) and Stata v12.0 (Stata Corp LP,
College Station, TX, United States). A two-sided p < 0.05 was considered
statistically significant except for the Cochran Q-test. The data used in

10.3389/fpubh.2025.1616053

this study were derived from published literatures, so no additional
ethical approval and patient consent were required for this study.

3 Results
3.1 Search results

We screened out 5,109 literatures through seven databases. After
eliminating duplicate articles, we screened the titles and abstracts of
1,247 literatures, and then excluded 655 literatures. The remaining 592
literatures were scanned according to the inclusion and exclusion
criteria. After 565 literatures were excluded, 27 studies were finally
included (22-48). They were conducted in five countries, including
China (n = 11), the United States (n = 12), Australia (n = 1), India
(n = 1), and South Korea (n = 2) (Figure 1).

3.2 Study characteristics

The basic characteristics of the included studies were shown in
Supplementary Table 3. There were totally 27 studies (22-48) including
1781 individuals which focused on the therapeutic effects of AMBMTs
on OA. Among them, 14 studies (23, 24, 27-31, 35-37, 39, 40, 42, 48)
investigated the therapeutic effects of Tai Ji on OA, while 6 studies (25,
26, 32-34, 38) investigated the therapeutic effects of Yoga on OA

Identification of studies via databases and registers

Records removed before screening:

v

Duplicate records removed (n=3862)

Read the title/abstract and exclued (n=655):
Commentary report (68)

Review and meta-analysis (126)

Editorial/letter to editor(35)
Trrelevant to the subject (258)

Basic research into a diseases or drugs (203)

Full-text articles excluded (n=565) :
Insufficient data (100)

Records identified from:
PubMed (n=1622)
E Embase (n=607)
é Cochrane (n=51)
.‘ﬂg) Web of Science (n=1605)
=
= ScienceDirect (n=827)
CINAHL (n=340)
— PEDro (n=57)
)
A
Records screening (n=1247)
on
3
@
A
Full-text records reviewed (n=592)
e
)
<
= v
E Studies included in quantitive
= analysis (n=27)
—
FIGURE 1
PRISMA flow diagram for search strategy and study selection.

Full text unavailable (89)
Non-RCTs (184)

Inconsistent outcome indicators (192)
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patients. And the experimental group of 4 studies (22, 41, 45, 46) was
treated with Baduanjin exercise therapy. This study (47) reported data
(88.9%) (22-31, 35-48) focused on knee osteoarthritis (KOA), and 3
studies (11.1%) (32-34) included multiple types of joint OA (not
subdivided). These studies were published between 2003 and 2022.

3.3 Quality assessment

All studies were assessed for risk of bias (Supplementary Figure 4).
Twenty-five studies included random sequences as low risk of bias
(23-41, 43-48), and two studies did not report random generation
(22, 42). For allocation concealment, seven studies did not report
information on assignment concealment (22, 25, 28, 35, 37, 42, 45).
Four studies lacked blinding of participants and staff (22, 24, 35, 39),
and only three studies were unclear (42, 43, 45). For blinding of
outcome assessors, one study was at high risk of bias (42), and four
studies were unclear (22, 29, 31, 35). Only three studies were at high
risk of incomplete data bias (24, 35, 47). Most of the included studies
showed a low risk of bias for selective reporting.

3.4 Effects of interventions

3.4.1 Effect of AMBMTs on pain

Twenty-seven studies with a total of 1781 patients were included
in this study (22-48). There was moderate heterogeneity among the
included studies (I = 67%, p < 0.01), so a random-effects model

10.3389/fpubh.2025.1616053

was used. The pooled results showed that patients with OA who
received AMBMTs had better pain relief than those who did not
AMBMTSs (SMD: —0.50; 95% CI: —0.68, —0.32; p < 0.01) (Figure 2).

3.4.2 Effect of AMBMTs on stiffness

Twenty-two studies with a total of 1,395 patients were included in
the study (22-30, 32, 35-40, 42-48). The pooled results showed that
patients with OA who received AMBMTs had lower joint stiffness
than those who did not receive AMBMTs (SMD: —0.71; 95%CI:
~1.02, —0.40; p < 0.01) (Figure 3).

3.4.3 Effect of AMBMTs on physical function

Twenty-six studies with a total of 1,515 patients were included in
the study (22-43, 45-48). The pooled results showed improved joint
function in patients with OA who received AMBMTs compared with
patients with OA who did not receive AMBMTs (SMD: -0.66; 95% CI:
—0.85, —0.47; p < 0.01) (Figure 4).

3.4.4 Effect of AMBMTs on the quality of life

Seven studies assessed the mental component summary (MCS) of
the SF-36 scale, and a total of 474 patients were included in the study
[22,30, 31, 36, 39; 40; 47]. The pooled results showed an improvement
in mental status in patients with OA who did not receive AMBMTs
(SMD: 0.58; 95% CI: 0.22, 0.95; p < 0.01) (Supplementary Figure 5).

Physical component summary (PCS) was reported in six studies,
and a total of 453 patients were included in the study [30, 31, 36, 39,
40; 47]. The pooled results showed that the mental state of OA patients
who did not receive AMBMTs was improved (SMD: 0.62; 95% CI:
0.30, 0.94; p < 0.01) (Supplementary Figure 6).

Experimental Control Std. Mean Difference Std. Mean Difference
r I Mean D Total Mean D Total Weigh IV, R m, 95% CI IV, Random, 95% CI
An et al 2008 -78.9 105.29 1" 214 99.2 10 2.4% -0.94 [-1.85, -0.03] ]
Batra et al 2011 -3 3.9 8 -225 448 8 2.2% -0.17 [-1.15, 0.81] T
Brismee et al 2007 -3.08 5.67 22 -016 425 19 3.5% -0.57 [-1.19, 0.06] ]
Cheung et al 2014 -35 3.56 18 0.6 3.71 18 3.1% -1.10 [-1.81, -0.40] -
Cheung et al 2017 -2.8 9.59 32 0.2 2.86 23 4.0% -0.39[-0.93, 0.15] I
Fransen et al 2007 -9.6 18.95 56 -44 16.61 41 4.7% -0.29 [-0.69, 0.12] ™
Hu et al 2020 -6.57 3.75 52 037 9.78 40 4.5% -0.98 [-1.42, -0.54] -
Kang et al 2022 -2.09 3.9 12 -0.66 3.39 15  2.9% -0.38 [-1.15, 0.38] T
Lee et al 2009 -2.2 4.1 29 -0.2 1.8 15  3.5% -0.56 [-1.20, 0.07] ]
Lee et al 2017 -188.82 113.52 41 -38.68 1156 34 4.2% -1.30 [-1.80, -0.80] -
McCaffrey et al 2011 44 459 7 1 0.6 7 1.5% -1.54 [-2.79, -0.30] -
McCaffrey et al 2019 3 1.87 9 3 2.23 9 2.3% 0.00 [-0.92, 0.92] T
Park et al 2017 -2.1 3.52 63 -0.8 4.5 49 4.9% -0.32 [-0.70, 0.05] ™
Song et al 2003 -2.45 3.9 22 061 5.1 21 3.6% -0.66 [-1.28, -0.05] -
Song et al 2022 -6.67 3.54 20 -1.53 3.94 20 3.2% -1.35[-2.04, -0.65] -
Tsai etal 2013 -2.6 2.54 28 -1.02 1.68 27 3.9% -0.72[-1.27,-0.17] -
Vaghela et al 2020 -8.84 3.19 43 -7.3 221 40 4.5% -0.55 [-0.99, -0.11] ™
Wang et al 2009 -167.25 97.99 20 -38.45 97.99 20 3.3% -1.19 [-1.87, -0.51] -
Wang et al 2016 -167.2 1195 106 -143 123.24 98 5.4% -0.20 [-0.47, 0.08] N
Wang et al 2021 -1.05 2.28 41 144 2.32 43 4.6% 0.17 [-0.26, 0.60] B
Wortley et al 2013 -28 123.41 12 -13 9141 6 2.2% -0.12[-1.11, 0.86] -1
Xiao et al 2020 -2.8 3.62 49 -1.8 3.72 49 4.8% -0.27 [-0.67, 0.13] ™
Xiao et al 2021 -17.2 32,08 132 -206 2505 134 5.6% 0.12[-0.12, 0.36] i
Ye et al 2020-1 -2.96 5.23 25 -2.76 8.72 25 3.9% -0.03 [-0.58, 0.53] T
Ye et al 2020-2 -2.42 5.05 28 -2.72 8.11 28 4.0% 0.04 [-0.48, 0.57] T
Zhang et al 2022 -12.64 2.98 25 -11.48 241 25 3.8% -0.42[-0.98, 0.14] ™
Zhu et al 2016 -3.3 3.04 23 -0.28 3.46 23 3.6% -0.91[-1.52, -0.30] -
Total (95% CI) 934 847 100.0% -0.50 [-0.68, -0.32] '
Heterogeneity: Tau? = 0.13; Chiz = 78.39, df = 26 (P < 0.00001); I = 67% i 1‘0 5 5 5 1’0
Test for overall effect: Z = 5.47 (P < 0.00001) Favours [experimental] Favours [control]
FIGURE 2
Forest plot showing the effect of AMBMTs on the WOMAC pain.
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Experimental Control Std. Mean Difference Std. Mean Difference
r r Mean D Total Mean D Total Weigh! 1V, Random, 95% CI IV, Random, 95% CI
An et al 2008 -26.1 47.81 11 75 493 10  3.9% -0.66 [-1.55, 0.22] ]
Batra et al 2011 -0.42 257 8 -075 215 8 3.6% 0.13[-0.85, 1.11] 1
Brismee et al 2007 -1.07 15 22 -055 1.26 19  47% -0.37 [-0.99, 0.25] -T
Cheung et al 2014 -1.8  1.31 18 04 1.74 18 4.3% -1.40 [-2.13, -0.66] -
Cheung et al 2017 47 17 32 05 1.55 23 4.1% -3.13[-3.94, -2.32] -
Hu et al 2020 -1.88 2.85 52 -16 3.12 40 52% -0.09 [-0.51, 0.32] T
Kang et al 2022 -15 257 12 -0.27 1.58 15  4.2% -0.57 [-1.35, 0.20] ]
Lee et al 2009 1.2 241 29 -03 14 15 4.6% -0.47 [-1.10, 0.17] ™
McCaffrey et al 2011 -0.9 2 7 0 184 7  34% -0.44 [-1.50, 0.63] T
Song et al 2003 -0.91 1.6 22 023 1.8 21 47% -0.66 [-1.27, -0.04] ]
Song et al 2022 -394 241 20 -0.18 3.21 20 4.5% -1.30 [-1.99, -0.61] -
Tsai et al 2013 -1.79 135 28 -022 1.12 27  4.8% -1.25[-1.83, -0.66] -
Vaghela et al 2020 -317 155 43 -205 134 40 51% -0.76 [-1.21, -0.32] -
Wang et al 2009 -73.05 45.53 20 -50.15 45.53 20 4.6% -0.49 [-1.12, 0.14] ™
Wang et al 2016 -75.3 59.62 106 -70.1 59.85 98 5.5% -0.09 [-0.36, 0.19] T
Wortley et al 2013 -7 60.51 12 -10 43.31 6 3.6% 0.05[-0.93, 1.03] T
Xiao et al 2020 -05 262 49 -06 261 49  52% 0.04 [-0.36, 0.43] T
Xiao et al 2021 -505 7.63 132 -155 905 134 55% -0.42[-0.66, -0.17] =
Ye et al 2020-1 -1.84 1.88 25 208 1.82 25  4.4% -2.09 [-2.78, -1.39] -
Ye et al 2020-2 -1.58 1.86 28 204 186 28  4.6% -1.92 [-2.56, -1.28] -
Zhang et al 2022 -6.32 149 25 -7.84 1.96 25 4.8% 0.86 [0.28, 1.44] -
Zhu et al 2016 -1.8 142 23 -059 1.18 23 47% -0.91 [-1.52, -0.30] -
Total (95% CI) 724 671 100.0% -0.71 [-1.02, -0.40] ¢
Heterogeneity: Tau? = 0.43; Chi? = 143.69, df = 21 (P < 0.00001); I = 85% - 1’0 5 5 5 1’0
Test for overall effect: Z = 4.51 (P < 0.00001) Favours [experimental] Favours [control]
FIGURE 3

Forest plot showing the effect of AMBMTs on the WOMAC stiffness.

Heterogeneity: Tau? = 0.15; Chi? = 73.36, df = 25 (P < 0.00001); I> = 66%
Test for overall effect: Z = 6.75 (P < 0.00001)

FIGURE 4

Forest plot showing the effect of AMBMTs on the WOMAC physical function.

Experimental Control Std. Mean Difference Std. Mean Difference
_StudyorSubgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random,95%Cl
An et al 2008 -58.9 359.63 11 220.4 330.52 10 2.6% -0.77 [-1.67,0.12] ]
Batra et al 2011 -3.29 15.31 8 -487 17.73 8 24% 0.09 [-0.89, 1.07] T
Brismee et al 2007 -10.54 1273 22 1.9 10.66 19 3.6% -1.03 [-1.69, -0.37] -
Cheung et al 2014 -13  10.92 18 -0.9 13.34 18  3.5% -0.97 [-1.67, -0.28] -
Cheung et al 2017 -8.9 11.52 32 0.9 10.06 23 41% -0.88 [-1.45, -0.32] -
Fransen et al 2007 -10.6  20.75 56 -09 17.95 41 4.9% -0.49 [-0.90, -0.08] ]
Hu et al 2020 -35.57 13.14 52 -13.9 20.27 40 47% -1.29 [-1.75, -0.84] -
Kang et al 2022 -9.41 8.29 12 -046 8.95 15 3.0% -1.00 [-1.81, -0.19] -
Lee et al 2009 94 144 29 -27 108 15  3.7% -0.49 [-1.13, 0.14] ]
Lee et al 2017 -620.81 463.33 41 -443.13 462.86 34 47% -0.38 [-0.84, 0.08] -
McCaffrey et al 2011 -10.5 16.56 7 9 127 7 1.9% -1.24 [-2.42, -0.06] ]
McCaffrey et al 2019 -5.8 12.85 9 -9.7 1223 9 25% 0.30 [-0.63, 1.23] T
Park et al 2017 7.3 1171 63 -3.8 1511 49  51% -0.26 [-0.64, 0.11] N
Song et al 2003 -11.09 12 22 -133 106 21 3.8% -0.84 [-1.47,-0.22] -
Song et al 2022 -13.11 5.66 20 -129 7.04 20  3.2% -1.81[-2.56, -1.07] -
Tsai etal 2013 -6.82 8.86 28 1.3 6.04 27 4.2% -0.72 [-1.26, -0.17] -
Vaghela et al 2020 -28.53 917 43 -19.25 9.01 40 47% -1.01 [-1.47, -0.55] -
Wang et al 2009 -506.75 286.12 20 -182.15 286.12 20 3.6% -1.11[-1.78, -0.44] -
Wang et al 2016 -608.3 456.74 106 -494.2 459.87 98 5.6% -0.25[-0.52, 0.03] N
Wang et al 2021 -244  5.06 41 -217 522 43 4.8% -0.05 [-0.48, 0.38] T
Wortley et al 2013 -142 377.46 12 -72 353.08 6 24% -0.18 [-1.16, 0.80] -
Xiao et al 2020 -8.2 1053 49 -86 9.64 49  5.0% 0.04 [-0.36, 0.44] T
Ye et al 2020-1 -11.32  9.58 25 284 774 25  4.0% -0.96 [-1.55, -0.37] -
Ye et al 2020-2 -104  9.14 28 -2.25 7.4 28  41% -0.97 [-1.52, -0.41] -
Zhang et al 2022 -16.84  5.22 25 -165 3.75 25  41% -0.07 [-0.63, 0.48] T
Zhu et al 2016 -8.85  8.17 23 152 352 23 3.8% -1.15[-1.77,-0.52] -
Total (95% Cl) 802 713 100.0% -0.66 [-0.85, -0.47] ‘

10 5 0 5 10
Favours [experimental] Favours [control]

3.5 Subgroup analysis results

3.5.1 Subgroup analysis of pain

We first performed a subgroup analysis of movement modalities,
which showed a reduction in heterogeneity compared to previous
statistics, suggesting that exercise modalities may be one of the

sources of heterogeneity in the effect of AMBMTs on pain outcomes
in people with OA. At the same time, it was found that among the five
exercise methods (Tai Ji, Yoga, Baduanjin, Yijinjing, and Wuqinxi),
Tai Ji had a better pain improvement effect (I 60%; SMD: —0.68;
95%CI: —0.92, —0.45; p < 0.01, Table 1), followed by yoga (I% 35%;
SMD: —0.53; 95%CI: —0.84, —0.23; p < 0.01, Table 1).
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Second, we performed subgroup analyses for exercise duration,
with reduced heterogeneity and better pain relief in exercise duration
greater than or equal to 12 weeks (I% 70%; SMD — 0.54; 95% CI — 0.77,
—0.31; p<0.01, Table 1), suggesting that prolonged exercise
relieved pain.

We also analyzed the patient’s own physiology (age and BMI).
Despite no evident contribution to the reduction in heterogeneity, it
was found that age was younger than 65 years (I’ 68%; SMD: —0.62;
95% CI: —0.93, —0.31; p < 0.01, Table 1).

3.5.2 Subgroup analysis of stiffness

Subgroup analyses were performed as analysis of joint stiffness
scores from all included studies found that AMBMTs improved
stiffness, but there was a high degree of heterogeneity. Heterogeneity
in the Tai Ji group was found to be reduced when subgroup analyses
were performed according to exercise patterns, but not compared to
the overall improvement (I% 60%; SMD: —0.51; 95%CI: —0.78, —0.24;
p <0.01, Table 2). However, there was a large heterogeneity in the

TABLE 1 Results of subgroup analysis affecting WOMAC pain heterogeneity.

No. of studies

No. of participants

SMD [95%Cl]

10.3389/fpubh.2025.1616053

other exercise mode group, indicating that there may be high
heterogeneity in the research literature included in the other exercise
mode group.

Subgroup analyses were performed in the same manner as pain
outcomes. Heterogeneity was reduced in subgroup analysis by gender,
and joint stiffness score was significantly decreased in women after
AMBMTs (P 48%; SMD: —0.79; 95%CIL: —1.10, —0.47; p < 0.01,
Table 2), suggesting that patient gender had an impact on outcome
heterogeneity. In subgroup analysis, according to the different
frequency of exercise per week, twice a week of AMBMTs could not
significantly improve joint stiffness (I’ 56%; SMD: —0.05; 95%CI:
—0.42, 0.32; p > 0.05, Table 2).

3.5.3 Subgroup analysis of physical function

Finally, we analyzed the joint function outcomes from the above-
mentioned subgroup analysis perspectives, suggesting that sample size
(less than 30 people) had a significant impact on heterogeneity
(Table 3).

Heterogeneity

P 12
Exercise type
Tai Ji 14 838 —0.68 [—0.92, —0.45] <0.01 60% <0.01
Baduanjin 7 625 —0.08 [—0.30, 0.14] >0.05 36% >0.05
Yoga 6 318 —0.53 [—0.84, —0.23] >0.05 35% <0.01
Duration time
>12 weeks 16 1,098 —0.54 [—0.77, —0.31] <0.01 70% <0.01
<12 weeks 11 386 —0.43 [-0.71, —0.14] <0.01 59% <0.01
BMI (Mean) (kg/m?)
>28 7 564 —0.55 [-0.97, —0.12] <0.01 85% <0.05
<28 11 495 —0.41 [-0.66, —0.15] <0.05 55% <0.01
Age (Mean) (Years)
>65 14 853 —0.32 [-0.64, —0.01] <0.01 74% <0.05
<65 9 618 —0.62 [-0.93, —0.31] <0.01 68% <0.01
Gender
Females 7 479 —0.71 [-1.23, —0.20] <0.01 81% <0.01
Sample size
>30 21 1,667 —0.50 [—0.70, —0.31] <0.01 72% <0.01
<30 6 114 —0.46 [—0.87, —0.05] >0.05 13% <0.05
Frequency
2 sessions per week 11 688 —0.52 [—0.79, —0.25] <0.01 59% <0.01
3 sessions per week 11 617 —0.52 [-0.81, —0.24] <0.01 66% <0.01
Control group
Health education 9 482 —0.71 [-0.96, —0.46] >0.05 38% <0.01
Waiting list 7 322 —0.37 [-0.68, —0.06] >0.05 41% <0.05
OA position
KOA 24 1,637 —0.50 [-0.69, —0.31] <0.01 69% <0.01

SMD, standard mean difference; BMI, body mass index; OA, osteoarthritis; KOA, knee osteoarthritis.
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TABLE 2 Results of subgroup analysis affecting WOMAC stiffness heterogeneity.

No. of studies SMD [95%Cl]

No. of participants

Heterogeneity

P 12
Exercise type
Tai Ji 12 666 —0.51 [-0.78, —0.24] <0.01 60% <0.01
Baduanjin 6 541 —0.67 [-1.41,0.07] <0.01 93% >0.05
Yoga 5 188 —1.44 [-2.53, —0.34] <0.01 89% <0.01
Duration time
>12 weeks 13 842 —0.65 [—1.06, —0.24] <0.01 87% <0.01
<12 weeks 9 553 —0.80 [-1.32, —0.28] <0.01 84% <0.01
BMI (Mean + SD) (kg/m?)
>28 5 564 —0.43 [-0.79, —0.07] <0.05 68% <0.05
<28 10 495 —-0.72 [-1.27,0.17] <0.01 88% <0.05
Age (Mean + SD) (Years)
>65 11 735 —0.65 [~1.09, —0.22] <0.01 85% <0.01
<65 8 543 —0.67 [-1.21, -0.12] <0.01 88% <0.05
Gender
Females 7 479 —0.79 [~1.10, —0.47] >0.05 48% <0.01
Sample size
>30 17 1,299 —0.80 [~1.16, —0.45] <0.01 89% <0.01
<30 5 96 —0.34[-0.75,0.07] >0.05 0% >0.05
Frequency
2 sessions per week 7 386 —0.05 [—0.42, 0.32] >0.01 56% >0.05
3 sessions per week 10 533 —0.97 [-1.38, —0.57] <0.01 79% <0.01
Control group
Health education 8 370 —0.99 [-1.61, —0.38] <0.01 86% <0.01
Waiting list 6 225 —-1.12 [-1.79, —0.45] <0.01 79% <0.01
OA position
KOA 21 1,381 ‘ —0.72 [~1.03, —0.40] ‘ <0.01 86% <0.01

SMD, standard mean difference; BMI, body mass index; OA, osteoarthritis; KOA, knee osteoarthritis.

3.6 Sensitivity analysis and risk of bias 4 Discussion
assessment

OA is one of the chronic diseases that plague the older adult,

As shown in Supplementary Figure 7, we eliminated the main
outcome indicators one by one for sensitivity analysis, and found
that there was no statistical difference between the results before and
after elimination, which indicated that the results of all included
studies were more reliable. Secondly, we used a funnel chart to
evaluate publication bias and Egger’ test to detect the symmetry of
funnel chart. From the funnel chart results, there is asymmetry in
chart  of
(Supplementary Figure 8). According to Egger’s test, the pain score
of WOMAC is t=-1.97 (95%CI: —4.13, —0.88, p<0.01,
Supplementary Figure 9), stiffness result is t = —0.52 (95% CI: —1.97,
0.15, p > 0.05, Supplementary Figure 9), and physical function is
t=—2.11 (95%CI: —4.08, —0.49, p < 0.05, Supplementary Figure 9).
Egger’ test is consistent with the funnel chart results, which shows

the funnel pain and physical function

that there is publication bias in the study of pain and
physical function.

Frontiers in Public Health

which greatly affects the life quality of patients. The treatment of OA
has always been on the agenda, and in addition to drug treatment,
exercise therapy has also received extensive attention in recent years
(49). Among them, Tai Ji, Yoga, Baduanjin and other slow and
accurate action training can enhance proprioception and muscle
coordination, thus improving physical function. Secondly, it can
improve mood and enhance pain tolerance by adjusting the
autonomic nervous system (such as increasing vagus nerve tension)
and reducing stress response (such as reducing cortisol level), which
can be applied to different people (50-53). Although there is evidence
supporting the efficacy of AMBMTs on older adult patients, these
studies mainly focus on the efficacy of a single exercise mode, and
little attention is paid to the efficacy of this type of AMBMTs.
Therefore, our current work provides an important supplement in the
aspect of the published meta-analyses by pooling the published RCTs
in the relevant area.
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TABLE 3 Results of subgroup analysis affecting WOMAC physical function heterogeneity.

No. of studies

No. of participants

SMD [95%Cl]

Heterogeneity
P 12

Exercise type

Tai Ji 14 838 —0.76 [—1.02, —0.50] <0.01 65% <0.01
Baduanjin 6 359 —0.76 [—1.02, —0.50] <0.01 69% <0.05
Yoga 6 318 —0.67 [—1.08, —0.27] <0.05 61% <0.01
Duration time

>12 weeks 16 1,098 —0.71 [—0.96, —0.45] <0.01 74% <0.01
<12 weeks 10 417 —0.58 [-0.86, —0.29] >0.05 43% <0.01
BMI (Mean) (kg/m?)

>28 6 470 —0.50 [-0.77, —0.24] >0.05 40% <0.01
<28 11 579 —0.71 [-1.06, —0.37] <0.01 74% <0.01
Age (Mean) (Years)

>65 13 997 —0.49 [-0.73, —0.26] <0.01 64% <0.01
<65 9 618 —0.78 [~1.12, —0.44] <0.01 73% <0.01
Gender

Females 7 213 —1.09 [—1.39, —0.80] >0.05 0% <0.01
Sample size

>30 20 1,401 —0.69 [—0.90, —0.48] <0.01 71% <0.01
<30 6 114 —0.46 [—0.95, —0.03] >0.05 37% 0.07
Frequency

2 sessions per week 11 688 —0.35 [—0.53, —0.17] >0.05 18% <0.01
3 sessions per week 10 617 —0.95 [—1.23, —0.68] <0.01 60% <0.01
Control group

Health education 9 482 —0.99 [-1.32, —0.66] <0.01 62% <0.01
Waiting list 6 322 —0.70 [-0.93, —0.47] >0.05 0% <0.01
OA position

KOA 22 1,316 —0.68 [~0.89, —0.48] <0.01 68% <0.01

SMD, standard mean difference; BMI, body mass index; OA, osteoarthritis; KOA, knee osteoarthritis.

Results from a recent meta-analysis (16) showed that mind-body
exercises (Tai Ji, Baduanjin, and Yoga) significantly improved pain
(SMD: -0.65; 95% CI: —0.87, —0.42), stiffness (SMD: —0.75; 95%Cl:
—1.05, —0.45). The article explores more types of exercise, including
not only the traditional mind-body movement in China but also the
AMBMTs of yoga, which originated in India. Among them, for
traditional Chinese sports, in addition to the inclusion of Tai Ji, which
has attracted much attention, it also pays attention to the three sports
known but have their own characteristics. Another meta-analysis,
which also used WOMAC as the sole measure (10), showed that Tai Ji
was associated with better pain relief (SMD: —0.51; 95%CI: —0.89,
—0.13; p < 0.01), and Baduanjin had an improvement in joint stiffness
(SMD: —1.30; 95%CI: —2.32, —0.28; p < 0.05) and improved somatic
function (SMD: —0.52; 95%CI: —0.97, —0.07; p < 0.05). But from the
results of subgroup analysis of exercise types in this study, Tai Ji not
only had a good effect on pain relief (SMD: —0.68; 95%CI: —0.92,

Frontiers in Public Health

—0.45; p < 0.01), but also improved physical function (SMD: —0.76;
95%CI: —1.02, —0.50; p < 0.01), whereas Yoga had a better advantage
in improving joint flexibility (SMD: —1.44; 95% CI: —2.53, —0.34;
p =0.01). The reason for the discrepancy in the results may be that this
study was limited to patients with OA of lower extremity joints, while
published studies have focused on the population of patients with
knee arthritis. Considering the moderate heterogeneity shown in this
study, in addition to conducting subgroup analyses for different
exercise types of AMBMTs, we also studied other factors, such as
intervention time, patient age, sample size, etc. Among them, motor
typing can well explain the heterogeneity existing in the study.
Meanwhile, subgroup analysis based on sample size can significantly
reduce heterogeneity. This might be because the wide confidence
intervals of small-sample studies mask group differences, while the
precise data of large samples bring subgroup differences (such as
patient age and BMI) to the surface. This results suggest that AMBMTs
in patients older than 65 years still has some improvement effect,
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especially in improving joint stiffness, which is similar to that of
patients younger than 65 years (SMD: —0.65; 95% CI: —1.09, —0.22;
p <0.01), probably due to the fact that this type of low-intensity,
low-load traditional cardio exercise requires the whole body to be in
a relaxed state, which can help improve cardiopulmonary function
and physical agility in older adult patients. Therefore, it is
recommended that older adult patients try and practice this kind of
exercise appropriately.

When patients with OA suffer from chronic pain, their mental
state may be affected, further impacting their lives. Therefore,
we selected the Physical Health (PCS) and Mental Health (MCS)
scores of SF-36 to evaluate the impact of AMBMTs therapy on the
quality of life of older adult patients with OA. The results showed that
the SF-36 scores of OA older adult patients were significantly
improved, which was consistent with the results of a previous study
(6). However, due to the lack of this indicator in yoga-related studies,
it mainly suggests that traditional Chinese mind-body exercises (Tai
Ji, Baduanjin, and Yijinjing) can be able to improve the quality of life
of OA older adult patients.

The following limitations of this study should be noted. First, the
inclusion of individual RCTs had issues of unclear allocation methods
and reporting bias, which reduced confidence in the overall results.
Second, due to the limitation of the quality of the original data
reports, subgroup analyses based on baseline OA severity (KL
classification or WOMAC score) were not conducted for all included
studies in this study. The combined effect size may represent the
“average value” of subgroups with different severity levels, masking
the potential heterogeneity of therapeutic effects (such as exercise
being more effective for early OA but less effective for late OA). Last,
because 24 weeks was the maximum duration of treatment in the
included studies, our results can only be used as a basis for the short-
term treatment of OA with AMBMTs, but the long-term benefits of
this type of exercise are unclear. So future RCTs and meta-analyses
must systematically collect and report the baseline severity of OA in
patients (standard indicators such as KL classification and WOMAC),
and incorporate severity subgroup analyses as a key part of preset
analyses or sensitivity analyses to provide more accurate and
personalized evidence. In addition, long-term follow-up of > 1 year
is needed to evaluate the sustained benefit and dose-response
relationship of AMBMTS, and to design a step-by-step intervention
scheme (such as short-term reinforcement and long-term
maintenance) to balance the immediate effect and sustainability, so
as to provide better strategies for clinical practice. Furthermore,
various geographical and cultural backgrounds may lead to different
understanding angles and different understanding of the same type
of sports. A large class of sports will produce different factions, and
the specific sports postures in different factions are also different. For
example, there are differences between different schools in action
intensity and breathing rhythm, which may lead to the heterogeneity
of exercise intervention effect. For example, the high-intensity burst
action of Chen Tai Ji may improve muscle strength more significantly,
while the uniform style of Yang Tai Ji may be more conducive to
cardiovascular regulation, so even if the same type of exercise is used,
the therapeutic effect may be different due to different schools (54).
Therefore, it is difficult to come up with an individualized treatment
plan for different groups of people, involving specific sports genres,
sports frequencies and sports duration.
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5 Conclusion

AMBMTs (especially Tai Ji) can improve pain and dysfunction
caused by OA, thus improving patients’ quality of life. However, due
to the methodological limitations of some of the included studies,
more high-quality RCTs with large samples, multicenter, and
conducted over a long period of time are needed for further validation
and support.
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