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Abstract

Background: Chronic heart failure (CHF) is a common clinical syndrome characterized by reduced exercise capacity, diminished quality
of life (QoL), and unfavorable cardiovascular outcomes. Conventional cardiac rehabilitation often requires moderate-to-high-intensity
exercise, which may be tolerated poorly by many CHF patients. Low-intensity mind—body interventions, such as traditional Chinese
exercises (TCEs), are potentially more suitable; however, the evidence from existing studies is fragmented and sometimes inconsistent.
Thus, this study aimed to conduct an umbrella review of systematic reviews (SRs) and meta-analyses (MAs) to evaluate the effectiveness
of TCEs in improving exercise capacity, QoL, and cardiovascular function in patients with CHF. Methods: An umbrella review of
SRs/MAs was conducted by searching English and Chinese databases without language limits and focusing on randomized controlled
trials (RCTs) that assessed the additional benefit of TCEs in individuals with CHF. Methodological quality was appraised using the
A Measurement Tool to Assess Systematic Reviews 2 (AMSTAR 2) checklist and the Risk of Bias in Systematic Reviews (ROBIS)
instrument. The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system was utilized to quantify the
certainty of evidence. Individual trial data were retrieved, and re-meta-analyses were performed using standard statistical procedures,
with publication bias assessed via Egger’s test. Results: A total of 15 SRs/MAs were included, encompassing 65 original trials. Our
re-meta-analysis indicated that TCEs were associated with substantially longer 6-minute walk test (6-MWT) values, improved QoL
measured by the Minnesota Living with Heart Failure Questionnaire (MLHFQ), higher left ventricular ejection fraction (LVEF), reduced
B-type natriuretic peptide (BNP) levels, and enhanced maximal oxygen consumption (VO2max). Baduanjin exhibited a particularly
greater improvements in VOzmax. Nonetheless, limitations such as suboptimal methodological quality and overlapping study samples
require cautious interpretation. Conclusions: TCEs may serve as a beneficial adjunct to standard care for CHF, improving exercise
capacity, QoL, and key cardiac markers. Large, rigorous RCTs with extended follow-up are needed to confirm the durability of TCEs
and further define the role of these exercises in comprehensive CHF rehabilitation. The PROSPERO Registration: CRD420251003129
(https://www.crd.york.ac.uk/PROSPERO/view/CRD420251003129).
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1. Introduction

Chronic heart failure (CHF) is a complex, progres-
sive, and refractory clinical syndrome that typically results
from structural or functional cardiac abnormalities of the
heart, manifesting in the form of impaired ventricular ejec-
tion and/or filling and represents the terminal stage of many
cardiovascular diseases [1,2]. More than 64 million peo-
ple worldwide are affected by CHF, which results in dysp-
nea, reduced exercise tolerance, diminished quality of life
(QoL), and even secondary organ dysfunction, such as renal
impairment. According to recent data [3,4], the prevalence
of CHF among adults is about 1% to 2%, but this can rise to
nearly 10% in those aged over 70 years. Meanwhile, owing
to an aging population and improved diagnostic accuracy,
the prevalence of CHF is expected to continue increasing
[5-7].

Conventional treatments, such as pharmacotherapy
and lifestyle changes, aim to alleviate symptoms, improve
function, and reduce hospitalizations [2,8,9]. However,
the multifaceted nature of CHF necessitates adjunctive ap-
proaches to enhance patient outcomes [10]. Traditional
exercise-based rehabilitation programs usually emphasize
high-intensity physical activity [11,12], which may not be
suitable for all patients. Individuals with CHF frequently
have limited physical capacity, making such demanding
programmes challenging to perform. Consequently, there is
growing interest in alternative, low-impact exercise modal-
ities that can be safely and effectively integrated into the
routine care of CHF patients [13,14].

Therefore, traditional Chinese exercises (TCEs),
jue, have attracted increasing attention as potential com-
plementary therapies for CHF. Rooted in ancient Chinese
philosophy and medicine, TCEs blend gentle movements,
breath regulation, and mindful focus, which are practised
consistently to foster holistic well-being. Additionally,
the low-intensity and rhythmic nature of these exercises
makes TCEs particularly suitable for individuals with re-
duced physical capabilities. Each form offers distinct ad-
vantages: Tai Chi, originating from martial arts, focuses
on balance, coordination, and fluid transitions—often re-
ferred to as “moving meditation”; Baduanjin provides sim-
ple, accessible stretching movements aimed at stimulating
stretching to enhance strength, flexibility, and resilience;
Liuzijue employs specific vocalized sounds and breathwork
to harmonize organ function. While Tai Chi is more struc-
tured, with choreographed sequences, Qigong (including
ble and energy-focused. Nonetheless, both are effective for
CHF patients and can be tailored to individual needs, mak-
ing these exercises valuable options for enhancing physical
and mental health in this population.

Emerging evidence indicates that TCEs may also con-
fer cardiovascular benefits, including improved exercise

capacity, enhanced QoL, and reduced psychological dis-
tress [15—18]. However, the consistency of these bene-
fits across trials remains unclear due to substantial varia-
tion in study design, intervention protocols, and outcome
measures. Notably, no current study has provided a consol-
idated, head-to-head appraisal of this fragmented evidence
while simultaneously re-analysing the underlying random-
ized controlled trials (RCTs).

Therefore, the present work provides several key in-
novations. First, to our knowledge, this study provides
the first umbrella review to compile all available system-
atic reviews (SRs)/meta-analyses (MAs) on TCEs for CHF
and quantify review overlap using the Graphical Represen-
tation Of Overlap for OVErviews (GROOVE) tool. Sec-
ond, this study applies a comprehensive quality-assessment
framework to judge both review rigour and evidence cer-
tainty: Methodological quality was appraised with A Mea-
surement Tool to Assess Systematic Reviews 2 (AMSTAR
2), risk of bias was evaluated with the Risk of Bias in Sys-
tematic Reviews (ROBIS) tool, reporting quality was mea-
sured against the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 checklist and
certainty of evidence for every pooled outcome was deter-
mined with the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach. Third,
we conducted a de-duplicated re-meta-analysis of data from
individual RCTs, thereby producing the most up-to-date
and least biased pooled estimates. Crucially, by directly
re-analysing individual RCT data, we can minimise the im-
pact of overlapping reviews, obtain more reliable effect es-
timates, highlight research gaps, and provide clearer guid-
ance on the role of TCEs in CHF rehabilitation.

2. Materials and Methods

This umbrella review was conducted in accordance
with PRISMA guidelines. This study is registered in the
International Prospective Register of Systematic Reviews.

2.1 Eligibility Criteria

The eligibility criteria were developed according
to the population, intervention, comparator, outcomes,
and study design (PICOS) framework. We considered
SRs/MAs that synthesised evidence exclusively from RCTs
investigating TCEs for the management of CHF. Adult pa-
tients (>18 years) with any etiology or New York Heart
Association (NYHA) classification of heart failure were el-
igible, including the full spectrum of phenotypes associ-
ated with left ventricular ejection fraction (LVEF): heart
failure with reduced (HFrEF, LVEF <40%), mildly re-
duced (HFmrEF, LVEF 40-49%), and preserved ejection
fraction (HFpEF, LVEF >50%). Reviews reporting pa-
tients treated either during hospitalisation or after dis-
charge were admissible. Acceptable interventions com-

other clearly defined TCEs administered alone or as an ad-
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junct to conventional care; eligible comparators included
usual care, aerobic or resistance exercise, pharmacother-
apy, or no-exercise control. Reviews had to provide quan-
titative results for at least one pre-specified endpoint, ex-
ercise capacity (e.g., 6-minute walk test (6-MWT) (m)
or VOymax (mL-kg~!-min!)), cardiac function param-
eters (e.g., LVEF (%), plasma B-type natriuretic peptide
(BNP) (pg/mL) or N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP) (pg/mL)), health-related QoL, or clinical
outcomes such as hospitalisation or mortality. We excluded
reviews whose primary studies were not RCTs, those in
which CHF-specific outcomes were absent, protocol-only
publications, and reviews that failed to report extractable
data (number of participants, effect size, and 95% confi-
dence interval (CI)).

2.2 Search Strategy

A comprehensive literature search was conducted
in the Cochrane Library, PubMed (MEDLINE), Embase,
Web of Science Core Collection, and four major Chi-
nese databases (China National Knowledge Infrastructure,
SinoMed, Wanfang Data, and China Science and Tech-
nology Journal Database) from inception to 31 March
2025. The strategy combined controlled vocabulary
(MeSH/Emtree terms such as “heart failure”, “Tai Chi”)
with free-text keywords including “chronic heart failure,”

..... » “meta
analysis,” and “systematic review.” Search algorithms
were adapted to the syntax of each platform, and the com-
plete strategies are reproduced in Supplementary Table
1. In addition, the reference lists of all eligible reviews
and relevant clinical trial or systematic review registries
(ClinicalTrials.gov, PROSPERO, INPLASY) were manu-
ally screened to identify additional citations. No restric-
tions were placed on language, publication date, or geo-
graphical origin; potentially relevant grey literature (the-
ses, conference proceedings, preprints) was also consid-
ered. Two reviewers conducted the searches independently,
and a third reviewer reconciled any discrepancies in re-
trieval or database-specific adaptations.

2.3 Data Extraction and Analysis

All records retrieved from the eight prespecified
databases were exported to EndNote software (Version
X9; Clarivate Analytics, Philadelphia, PA, USA) and de-
duplicated both automatically and manually. The full
search strategies for each database are available in Supple-
mentary Table 1. Two trained reviewers independently
screened titles and abstracts, then assessed the full texts
against the eligibility criteria; any disagreements were re-
solved by consensus, and when necessary, by a third senior
reviewer.

Before formal extraction, a pilot-tested, standardised
form was developed. Two reviewers independently ex-
tracted the following information: (1) general study char-
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acteristics (first author, year, country); (2) number of in-
cluded RCTs and total participants; (3) population details
and intervention/control features; (4) risk-of-bias tool ap-
plied; (5) primary outcomes and provided conclusions; (6)
numerical results of each original RCT. A second pair of
reviewers cross-checked all extracted data, and remaining
discrepancies were settled in consultation with an experi-
enced methodological adjudicator.

Given the inconsistent effect values across MAs/SRs,
we also extracted RCT data from each article, pooled the
outcome metrics, and re-estimated the meta-analysis. Het-
erogeneity between studies was assessed and quantified us-
ing the Q and I? statistics, with a fixed-effects model if no
heterogeneity was present and a random-effects model if
heterogeneity was present. Subgroup analyses were per-
formed to explore sources of heterogeneity. We also used
Eggers’s and funnel plot tests to detect publication bias and
conducted sensitivity analyses to assess the robustness of
the results. Statistical analyses were performed using R
software (Version 4.1.1; R Foundation for Statistical Com-
puting, Vienna, Austria), with p < 0.05 considered statisti-
cally significant.

2.4 Quality Assessment

For methodological appraisal, two reviewers indepen-
dently applied four validated instruments (AMSTAR 2,
ROBIS, PRISMA 2020, and GRADE). A senior reviewer
adjudicated disagreements, and an independent method-
ological consultant confirmed the final ratings.

AMSTAR 2 [19] assesses sixteen items, of which
items 2,4,7,9, 11, 13, and 15 are critical domains. Individ-
ual items were categorised as “yes,” “partial yes,” or “no,”
and the established decision algorithm generated an overall
confidence judgement of high, moderate, low, or critically
low.

ROBIS [20] involves three sequential phases. After
confirming the match between the review question and our
own, four domains, study eligibility criteria, identification
and selection of studies, data collection and appraisal, and
synthesis and findings, were examined by responding to
signalling questions. Each domain and the overall review
were rated as low, high, or unclear risk.

PRISMA 2020 [21] compliance was evaluated across
27 items, with a score of 1 for fully reported items and 0 for
absent or insufficient reporting, yielding a total score of 0
to 27; higher scores indicate more complete reporting.

GRADE [22,23] rates the certainty of evidence for
each pooled outcome. As all pooled estimates originated
from RCTs, evidence was categorized as high and then
downgraded one level for each serious concern identified in
the domains of risk of bias, inconsistency, indirectness, im-
precision, or publication bias. The resulting certainty cate-
gories were then classified as high, moderate, low, or very
low.
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2.5 Evaluating Literature Overlap

The corrected covered area (CCA) quantifies the de-
gree of overlap in the included literature [24]. An excessive
CCA can occur when different SRs/MAs include many of
the same RCTs, owing to similar search strategies, a con-
centrated evidence base, and the limited number of avail-
able trials. Such redundancy may bias results and diminish
the reliability of conclusions [25-27].

We employed the GROOVE tool (v1.0; developed by
Javier Bracchiglione and colleagues at the Interdisciplinary
Centre for Health Studies (CIESAL), Universidad de Val-
paraiso, Chile, and Iberoamerican Cochrane Centre, Spain;
freely available at http://doi.org/10.17605/OSF.I0/U2MS4
and https://es.cochrane.org/es/groovetool) [28] to graph the
degree of overlap and calculate CCA; the CCA was cal-
culated using the formula as CCA = (N — r)/[(r X ¢) —1].
The subsequent results were classified into low overlap (0—

5%), moderate overlap (6—10%), high overlap (11-15%),
and very high overlap (>15%) [29].

2.6 Equity, Diversity, and Inclusion Statement

Our team comprises male and female researchers
across multiple disciplines, including Western medicine
practitioners and traditional Chinese medicine (TCM)
physicians. Since most of the included studies were con-
ducted in China, geographical diversity is limited; this lim-
itation is acknowledged in the Discussion. This review
did not analyse the influence of socioeconomic status or
race/ethnicity on outcomes. We also discuss how cultural
context may affect the application of TCEs in the Discus-
sion.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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Fig. 1. Flow diagram of the literature selection process.
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3. Results
3.1 Search Results

The search retrieved 235 records in total, 226 from
electronic databases and 9 from supplementary sources.
After de-duplication, 115 citations remained. Title-and-
abstract screening eliminated 90 records, leaving 25 articles
for full-text assessment. 10 of these were excluded because
the articles lacked the relevant outcome indicators; 15 stud-
ies [30—44] were ultimately included in the overview. The
screening workflow is shown in Fig. 1, and details of the
excluded studies appear in Supplementary Table 2.

3.2 Characteristics of Included SRs/MAs

The 15 included SRs/MAs were published between
2013 and 2023; 14 originated in China, while one was from
the United States. Three papers were written in Chinese,
whereas 12 were in English. The number of RCTs per
review ranged from 4 to 41, and the sample size ranged
from 229 to 3209 participants. In the controlled compar-
isons, the experimental group received conventional treat-
ment augmented with TCEs (Tai Chi or Qigong variants
the control group received traditional care alone (medica-
tion, health education, routine nursing), with or without ad-
ditional strength training. Quality assessment methods in-
cluded Cochrane criteria (13 studies), Downs and Black in-
dex (one study), and the modified Jadad scale (one study),
reflecting methodological diversity. Table 1 (Ref. [30—44])
provides a detailed overview of the study characteristics.

From the 15 SRs/MAs, we extracted 65 unique RCTs;
detailed cross-links appear in Supplementary Table 3. The
GROOVE tool provided the evidence matrix, and the CCA
was calculated to measure the degree of overlap. The re-
sults showed an adjusted CCA of 15.71%, indicating a very
high degree of overlap between the reviews (Fig. 2). This
redundancy suggests that many analyses relied on the same
core trials or employed similar search strategies, potentially
limiting analytical diversity and weakening the robustness
of pooled conclusions.

3.3 Methodological Quality Assessment

The AMSTAR 2 appraisal revealed that 14 SRs/MAs
were rated with a critically low quality, while one was rated
low quality. Recurring problems included poorly described
methods, absence of a registered protocol, and no prespec-
ified plan for exploring heterogeneity. In addition, most
reviews did not provide a list of excluded studies with justi-
fications, and a few failed to declare the associated funding
sources or conflicts of interest. Detailed AMSTAR 2 scores
are provided in Supplementary Table 4.

3.4 ROBIS Assessment

The ROBIS evaluation indicated that all reviews were
at low risk of bias for domain 1 (the relevance of the re-
search question and the appropriateness of the eligibility
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criteria). By contrast, every review was judged to be at high
risk in domain 2 because the search strategy was not com-
prehensive; most relied solely on database queries without
additional methods or language restrictions. For domain 3,
14 reviews were at low risk; for domain 4, 11 were at low
risk. In the overall judgement, 11 reviews were considered
to have a low risk of bias. The full ROBIS ratings are pre-
sented in Supplementary Table 5.

3.5 Reporting Quality Assessment

Compliance with the PRISMA 2020 checklist is sum-
marised in Supplementary Table 6. The title (item 1)
and introduction (items 3—4) were fully reported (100%),
and the abstract (item 2) was almost complete at 93.33%.
Within the methods section, most items were adequately
covered; however, the search strategy (item 7) and synthe-
sis methods (item 13f) were covered at only 73.33% and
66.67%, respectively. Risk-of-bias assessment (item 11)
and reporting bias assessment (item 14) achieved scores of
86.67% and 80.00%, respectively. In the results section,
completeness was generally high, but study selection (item
16b, 0%) and certainty of evidence (item 22, 26.67%) were
poorly addressed. The discussion was largely complete.
In the information section, registration/protocol (item 24,
0-33.33%), support (item 25, 60.00%), competing inter-
ests (item 26, 53.33%), and data/code availability (item 27,
40.00%) showed lower reporting rates.

3.6 Evidence Quality Assessment

Supplementary Table 7 presents the GRADE-based
evaluation of 83 outcomes from 15 SRs/MAs. Among
these, 46 outcomes were graded critically low quality, 28
low quality, and 9 moderate quality; none received a high
rating. Since blinding was seldom feasible in the included
RCTs, all outcomes were downgraded for study limitations.
Substantial and unexplained heterogeneity affected 61 out-
comes, resulting in a downgrading for inconsistency. Im-
precision was identified in 51 outcomes due to small sam-
ple sizes and wide CIs. Publication bias was suspected in
28 outcomes, as suggested by asymmetric or absent fun-
nel plots. Collectively, these issues markedly reduced the
overall certainty of the evidence.

These methodological weaknesses and the marked
overlap between reviews underscore the need for our re-
meta-analysis to provide a clearer and more reliable evi-
dence base.

3.7 Combined Results From Published Meta-Analyses and
Re-Meta-Analyses

This section presents the synthesised findings from
both published SRs/MAs and our re-meta-analysis of indi-
vidual RCTs. In this umbrella review, we reassessed the
outcome indicators included in SRs/MAs, with detailed re-
pooled effect sizes for each outcome (Figs. 3 and 4).
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Table 1. Characteristics of the included SRs/MAs.

Author, year (Country)

Main results

Yang et al. [30], 2023 (CHN)

Mei et al. [31], 2023 (CHN)

Dai et al. [32], 2023 (CHN)

Bao et al. [33], 2023 (CHN)

Hui et al. [34], 2022 (CHN)

Yao et al. [35], 2021 (CHN)

Taylor-Piliae and Finley [36],
2020 (USA)

Liao et al. [38], 2020 (CHN)

Trials (participants) Intervention group Control group Quality assessment
8 (468) Baduanjin + Conventional Cochrane
conventional treatment treatment
15 (1180) Baduanjin + Conventional Physiotherapy evidence
conventional treatment treatment database
21 (1665) TCEs + conventional Conventional Cochrane
treatment treatment
41 (3209) TCEs + conventional Conventional Cochrane
treatment treatment
15 (1236) Tai Chi + conventional Conventional Cochrane
treatment treatment
9 (721) TCEs + conventional Conventional Cochrane
treatment treatment
6 (229) Tai Chi + conventional Conventional The modified Downs
treatment treatment and Black Quality Index
checklist
22 (1646) TCEs + conventional Conventional Cochrane
treatment treatment

Baduanjin is a safe, feasible, and acceptable intervention, improving
QoL and exercise capacity in HF patients. More rigorous RCTs are
needed for rehabilitation.

Meta-analysis supports the benefits of Baduanjin on QoL, cardiac func-
tion, and VOamax in Chinese CHF patients. Widespread recommenda-
tions require further rigorous, larger studies.

TCEs improved various recovery, clinical, QoL, and physiological in-
dicators in CHF. While expanding participant application is valuable,
existing evidence is insufficient and highly heterogeneous, necessitat-
ing more high-quality trials.

TCEs enhance exercise capacity, cardiac function, and QoL in CHF,
potentially serving as an optimal, accessible exercise-based cardiac re-
habilitation approach.

Tai Chi appears safe and beneficial for the health status of patients with
CHEF. However, further high-quality, long-term studies are needed for a
comprehensive evaluation.

TCEs show potential in improving cardiac function, motor function, and
QoL. TCEs may be an effective adjuvant therapy for HF, but further
rigorous studies are urgently needed to confirm these results, given the
inclusion of low-quality evidence.

Tai Chi can be easily integrated into existing cardiac rehabilitation pro-
grams. Broader recommendations depend on additional rigorous studies
with larger samples.

TCEs may benefit the prognosis of CHF patients and appear relatively
safe. Intervention intensity and follow-up time seem to influence effects.
However, further rigorous studies are urgently needed due to low-quality

evidence.
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Table 1. Continued.

Author, year (Country) Trials (participants) Intervention group Control group Quality assessment Main results

Ss3id dNI

Chen et al. [37],2020 (CHN) 33 (2465) Tai Chi and Qigong + Conventional Cochrane Tai Chi and Qigong practices are promising, low-cost rehabilitation ther-
conventional treatment treatment apies with multiple physical benefits, suitable as an adjunct or alterna-
tive to conventional exercises, especially for home-based settings.
Wang and Ma [42], 2020 (CHN) 7 (543) Baduanjin + Conventional Cochrane Baduanjin can improve cardiac function in HF patients and is utilized
conventional treatment treatment for stable rehabilitation treatment.
Liet al. [43],2018 (CHN) 7 (446) Tai Chi + conventional Conventional Cochrane Tai Chi training significantly improves heart function and QoL for HF
treatment treatment patients, making this exercise applicable to stable HF rehabilitation.
Wei et al. [44], 2017 (CHN) 10 (689) Tai Chi + conventional Conventional Cochrane Current evidence suggests Tai Chi is feasible for HF patients, showing
treatment treatment positive effects on QoL and physiological functions. However, due to
limited study quality and quantity, these conclusions require validation
by more high-quality studies.
Ren et al. [39], 2017 (CHN) 11 (656) Tai Chi + conventional Conventional Cochrane Tai Chi could improve 6-MWT, QoL, and LVEF in HF patients, and may
treatment treatment reduce BNP levels and heart rate. Nevertheless, evidence of its impact
on other important long-term clinical outcomes is lacking, necessitating
larger, more sustainable RCTs.
Gu et al. [40],2017 (CHN) 13 (918) Tai Chi + conventional Conventional Cochrane Despite heterogeneity and risk of bias, this meta-analysis confirms Tai
treatment treatment Chi as a potentially effective cardiac rehabilitation method for CHF.
Nonetheless, larger, well-designed RCTs are needed to address bias.
Pan et al. [41], 2013 (CHN) 4(242) Tai Chi + conventional Conventional Jadad Tai Chi may improve QoL in CHF patients and could be considered for
treatment treatment cardiac rehabilitation. However, evidence for its effect on other impor-

tant clinical outcomes is currently lacking, and further larger RCTs are
urgently needed.

Abbreviations: 6-MWT, 6-minute walk test; BNP, B-type natriuretic peptide; CHF, chronic heart failure; CHN, China; conventional treatment, including health education, usual care, pharmacologic
therapy, dietary, and endurance training; HF, heart failure; LVEEF, left ventricular ejection fraction; QoL, quality of life; RCT, randomized controlled trial; SRs/MAs, systematic reviews and meta-analyses;

TCEs, traditional Chinese exercises; USA, United States of America; VOamax, maximal oxygen consumption.
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Overall results

Number of columns (number of reviews) c 15

Number of rows (number of index publications) 15 65

Number of included primary studies (including double counting) N 208
Covered area N/ (rc) 21. 33%
Corrected covered area (N-r)/ (rc-r) 15. 71%

Interpretation of overlap Very High overlap

Structural Zeros X 0
Corrected covered area (adjusting by structural zeros) (N-r) / (rc-r-X) 15. 71%

Number of non—overlapped primary studies In 1 SR 21

In 2 SRs 9

In 3 SRs 13

In 4 SRs 10
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Fig. 2. Overlap analysis of the included reviews (GROOVE tool). GROOVE, Graphical Representation of Overlap for OVErviews.
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A 6-MWT

Experiment Control

Study Events Mean SD Events Mean SD Mean Difference MD [95%-C1] Weight
Jiao YL,2020 40 113.86 4600 40  71.04 4282( 23.46; 62.18] 2.9%
LiRL,2017 30 36139 3510 30 177.41 183.98 [166.93; 201.03] 29%
LiXY,2018 50 12690 4527 50  78.60 48.30[ 3227, 64.33] 2.9%
Zhou H,2019 34 37889 4246 34 17413 204.76[184.48; 225.04] 2.9%
XuM,2019 40 41258 5644 40 20735 115.23[ 91.95; 138.51] 2.9%
Fang SL,2022 22 4190 5186 22 625 48.15[ 1877, 77.53] 2.8%
Tang HM 2017 28 8597 522 28 4253 4344[ 4064; 46.24]  3.0%
YuML,2018 54 2300 2497 55 446 1854 7.31; 2077)  3.0%
Hong XJ,2020 35 088 2531 35 21.89 21.01[-3279; 9.23] 2.9%
Xu YM,2022 45 557 7314 44 10229 -107.86 [-141.38; -74.34] 2.8%
Pan W,2019 42 453 2932 42 19723 -192.70[211.28; -174.12] 2.9%
Wang Y,2021 31 241.80 6201 31 156.00 85.80[ 54.47; 117.13]  2.8%
Li HJ,2017 33 12185 7.36 33 8208 30.77[ 3215, 4739 3.0%
Yao CD,2010 80 180.00 8822 70  90.00 90.00[ 60.45; 119.55]  2.8%
Yang HX,2021 47 4370 8132 47 19.94 2376( -7.79; 5531] 2.8%
Ke YW,2021 34 6459 3834 33 27.39 37.20[ 18.11; 5629 2.9%
Deng XF,2019 51 5245 2400 49 2866 2379[ 14.59; 3299 3.0%
Caminiti G,2011 30 7741 4084 30 50.80 2661( 862, 4460] 29%
Zhou HM 2015 30 13224 12830 29  46.86 8538 20.87; 149.89]  2.4%
Yeh GY,2013 8 6880 18253 8 1040 58.40 [-134.78; 251.58] 1.0%
Yang XJ,2015 30 87.00 13267 30 -26.17 11317 [ 47.60; 178.74]  2.4%
YuD,2019 49 107.02 3768 49  56.69 50.33[ 36.14; 6452 29%
Yu ML,2020 97 16820 40.18 94 10250 6570[ 54.92; 76.48] 3.0%
Yeh GY,2004 15 8500 111.34 15 -51.00 136.00 [ 42.68; 220.32]  2.0%
Yeh GY, 2011 50 2579 16502 50 27.84 2.05[-63.70; 59.60] 2.5%
YuT,2019 80 7670 8560 40 5560 21.10(-10.13; 52.33] 2.8%
Kang ZL,2021 38 7738 3187 38 5294 24.44[ 1119; 3769] 29%
Deng XD,2018 55 29730 6125 56 155.70 141,60 [120.25; 162.95] 2.9%
Pan XF,2016 31 4400 3365 31 -1.00 4500( 3064; 59.36] 2.9%
Sang L2015 50 12750 11432 50  61.80 65.70[ 18.83; 112.57] 2.7%
Zhou YX,2021 50 13767 4126 50 67.13 7054 [ 55.51; 8557 29%
Li CF 2015 90 10744 9218 90  33.80 7364 46.77; 100.51]  2.9%
Wang N,2011 28 9065 7024 28 3507 5558[ 17.16; 94.00] 2.8%
Yuan LH,2017 30 9539 2747 30 6202 3337[ 19.68; 47.068] 29%
Ding F 2018 30 9860 8317 30 57.20 41.40( -0.30; 83.10]  2.7%
Li XX,2017 30 18535 1028 30  43.60 141.75[136.86; 146.64] 3.0%

Random effects model 1517 1461
Heterogeneity: I° = 9%, <* = 4968.7318, p = 0

52.75[ 28.93; 76.56] 100.0%

200 -100 0 100 200

B MLHFQ
Experiment Control

Study Events Mean SD Events Mean SD Mean Difference MD [95%-CI] Weight
Jiao YL,2020 40 -19.84 895 40 -1051 6.28 = -9.33[-12.72; -5.94] 3.4%
LiRL,2017 30 -26.90 10.91 30 -8.49 1207 i -18.41[-24.23;-12.59] 2.6%
Li XY,2018 50 -22.10 515 50 -430 647 -17.80 [-20.09; -15.51] 3.7%
Chen DM,2017 30 -7.57 1572 33 1.12 1295 —| -8.69[-15.84; -1.54] 2.2%
Lu HL,2019 40 -18.44 231 40 -17.40 219 -1.04[-2.03; -0.05] 3.9%
Qi W,2020 50 -16.40 5.60 50 -8.60 5.29 -7.80[-9.93; -5.67] 3.7%
Fang SL,2022 22 -6.07 1238 22 0.84 12.90 -6.91[-14.38; 0.56] 2.2%
Tai HM,2017 22 1482 367 22 -851 4.15 -6.31[-8.62; -4.00] 3.7%
Yu ML,2018 54 -6.23 859 55 -128 731 -495[-7.95; -1.95] 3.5%
Hong XJ,2020 35 -552 7.92 35 -315 649 -237[-5.76; 1.02] 3.4%

Xu YM,2022 45 -34.81 635 44 -30.93 459
Wang Y,2021 31 -17.30 535 31 -7.60 570
Ye L2021 40 1079 809 40 247 8.85
Li HJ,2017 33 3217 157 33 -20.15 154
Yao CD,2010 80 -19.00 1679 70 -6.80 15.40
Ke YW,2021 34 1335 325 33 -480 3.04
Deng XF,2019 51 911 379 49 441 441

-3.88[-6.18; -1.58] 3.7%
-9.70 [-12.45; -6.95] 3.6%
-8.32[-12.04; -4.60] 3.3%

12,02 [12.77;-11.27] 3.9%
-1220[-17.35; -7.05] 2.8%
-8.55[-10.06; 7.04] 3.8%
-470[-631; -309] 38%

Wang X,2022 33 667 192 36 414 159 2.53[-3.37; -1.69] 3.9%
Feng WJ,2017 32 2144 959 28 743 939 -14.01[-18.82; -9.20] 2.9%
Caminiti G,2011 32 1490 1317 33 240 1357 -12.50 [-19.00; -6.00] 2.4%
Yeh GY,2013 8 410 17.09 8 1340 27.84 9.30[-13.34; 31.94] 0.5%
Zhou ,2020 52 893 277 51 -470 3.13 -4.23[-5.37; -3.09] 3.9%
Yu ML,2020 97 2570 992 94 -12.10 1159 -13.60 [-16.66; -10.54] 3.5%
Yeh GY,2004 15 -17.00 2207 15  8.00 22.91 - -25.00 [-41.10; -8.90] 0.8%
Yeh GY,2011 50 -16.87 2352 50 -537 30.56 -11.50 [-22.19; -0.81] 1.5%
Kang ZL,2021 38 -21.00 11.04 38 -10.18 10.49 -10.82 [-15.66; -5.98] 2.9%

Sang L,2015(a) 50 1110 177 50 290 145 8.20[-8.83; -7.57] 3.9%
Zhou YX,2021 50 980 405 50 510 3.86 -4.70[-6.25; -3.15]  3.8%
Yuan LH,2016 28 829 218 29 324 192 5.05[-6.12; -3.98] 3.9%
Yuan LH,2017 30 958 206 30 317 224 6.41[-7.50; -5.32] 3.9%
Ding F,2018 30 2380 1229 30 -14.30 12.14 -9.50[-15.68; -3.32] 2.5%
Li XX,2017 30 -37.451851 30 -22.50 0.46 -14.95[-21.57; -8.33] 2.4%

Random effects model 1262 1249
Heterogeneity: /> = 95%, * = 17.3758, p <0.01

8.35[-9.97; -6.72] 100.0%

Fig. 3. Pooled effect sizes of the included outcomes. (A) 6-MWT. (B) MLHFQ. 6-MWT, 6-minute walk test; MLHFQ, Minnesota

Living with Heart Failure Questionnaire.

3.7.1 6-MWT

Published systematic reviews and meta-analyses [30,
32,33,35,38-40,42—44] consistently indicate that TCEs sig-
nificantly prolong 6-MWT distance compared to controls,
suggesting enhanced exercise capacity. Three reviews
specifically on Baduanjin reported highly significant im-
provements (all p < 0.001) [31,33,42]. While Dai et al.
[32] found that performing TCEs for longer than three
months yielded better effects, Hui ef al. [34] noted no sig-
nificant difference between 6-month and 12-month Tai Chi
interventions. Taylor-Piliae and Finley [36] suggested a
slight beneficial effect, although one small sample review
(four RCTs) reported no significant improvement from Tai
Chi [41].

Our re-meta-analysis, which pooled 36 original RCTs,
confirmed these findings. The group that performed
TCEs demonstrated a significantly greater 6-MWT distance
(random-effects mean difference (MD) = 52.75 m, 95% CI:
28.96-76.56; Fig. 3A), despite high heterogeneity (p = 0;
12 = 99%). Subgroup analyses showed no significant dif-
ferences among Baduanjin (MD = 50.99 m, 95% CI: 1.77—
100.21), Tai Chi (MD = 51.33 m, 95% CI: 34.20-68.46),
Yijinjing (MD = 37.20 m, 95% CI: 18.11-59.26), Liuzijue
(MD = 85.38 m, 95% CI: 20.87-149.89), and mixed exer-
cises (MD = 52.75 m, 95% CI: 28.93-76.56).

Both published meta-analyses and our re-meta-
analysis consistently support that TCEs enhance functional
exercise capacity, as measured by the 6-MWT.

3.7.2 Minnesota Living With Heart Failure Questionnaire
(MLHFQ) Scores

Systematic reviews and meta-analyses [30—35,37—44]
have consistently reported that performing TCEs results in
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significant improvements in MLHFQ scores. Dai et al. [32]
indicated that longer TCE durations yielded better QoL out-
comes, with subgroup analysis confirming greater improve-
ments for interventions >3 months. Hui et al. [34] reported
significant QoL improvements after 3 and 6 months of Tai
Chi, with greater gains at 6 months. Taylor-Piliae and Fin-
ley [36] reported that Tai Chi significantly improved QoL
in patients with heart failure, with effects comparable to
those of other exercise interventions (Hedges g = 0.617, p
=0.000, 12 = 0%).

Our re-meta-analysis, based on 32 original RCTs,
similarly found significant improvements. The TCEs
group had significantly lower MLHFQ scores than con-
trols (random-effects MD =-8.35, 95% CI: —9.97 to —6.72;
Fig. 3B), suggesting a substantial QoL advantage. High
heterogeneity was also observed (p < 0.01; 12 = 95%).
The subgroup analyses revealed no significant differences
among the Baduanjin (MD = —7.95, 95% CI: —10.32 to —
5.60), Tai Chi (MD =-8.89, 95% CI: —11.34 to —6.43), and
Yijinjing groups (MD = —-8.35, 95% CI: -9.97 to —6.72) (p
=0.56).

Both sets of analyses consistently demonstrated that
TCE:s significantly improve the QoL for patients with heart
failure.

3.7.3 LVEF

Multiple systematic reviews and meta-analyses [31—
33,39,40,42—44] have demonstrated that TCEs significantly
increase LVEF values. However, one study [32] reported
no significant difference in outcomes between intervention
durations of less than 3 months and those of more than 3
months (p = 0.14 and p = 0.16, respectively). Yao ef al.
[35] also showed no significant improvement in LVEF with
TCEs compared to controls (MD = 1.38, 95% CI: [-3.08,
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A LVEF
Experiment Control

Study Events Mean SD Events Mean SD Mean Difference MD [95%-Cl]  Weight
Jiao YL.,2020 40 1705 793 40 907 775 798[454;11.42)  34%
Qi W,2020 50 729 1271 50 041 1523 6.88(1.38,12.38] 2.5%
Zhang L2022 40 300 361 40 100 361 200[042; 358] 4.1%
Yu ML,2018 54 267 921 55 160 803 107[-2.18; 432 35%
Hong XJ,2020 35 679 787 35 559 7.21 120[-2.34; 474]  3.3%
Xu YM,2022 45 141 945 44 170 826 029[-397; 3.39] 3.3%
Pan W,2019 42 871 550 42 239 561 632[394; 870] 3.8%
LiHJ,2017 33 887 069 33 457 066 430[397; 463] 4.3%
Yao CD,2010 80 1778 958 70 930 8.49 848[559,11.37] 3.6%
Yang HX,2021 47 062 300 47 104 261 042[156; 0.72] 4.2%
Ke YW,2021 34 861 451 33 309 490 552(3.26; 7.78]  3.9%
Wang XT,2022 33 149 088 59 117 091 032(006; 0.70]  4.3%
Feng WJ,2017 32 200 608 28 200 7.1 0.00(-340; 340] 34%
Zhou B,2020 52 1087 488 51 765 515 322[128; 516 4.0%
Ke JH,200 30 480 369 30 110 349 370[188; 552] 4.0%
Wei D,2003 40 838 406 30 -108 280 946[7.8511.07] 4.1%
YuD,2019 49 958 523 49 436 488 522[322; 722 40%
Yu ML,2020 97 780 580 94 410 501 370[2.16; 524] 4.1%
YuT2019 80 1025 862 40 660 8.30 365[046; 6.84] 3.5%
Kang ZL,2021 38 1040 559 38 656 518 384[142; 626] 3.8%
Deng XD,2018 55 630 578 56 500 530 130[-0.76; 3.36]  3.9%
Pan XF,2016 31 390 845 31 080 7.55 3.10(089; 7.09] 3.1%
Sang L,2015(a) 50 980 350 50 480 3.34 500[366; 634] 4.2%
Zhou YX,2021 50 999 1174 50 185 1455 814[2.96,13.32] 26%
Sang L,2015(Baduanjin) 30 2000 320 30 630 301 370[12.13;15.27] 4.1%
Shi ZBn 2015 26 100 265 29 100 3.00 000[-149; 149]  4.1%
Li XX,2017 30 891 711 30 496 935 395025 8.15] 3.0%

Random effects model 1223 1184
Heterogeneity: I* = 96%, * = 10.7262, p < 0.01

4.08[274; 5.41] 100.0%

45 -0 5 0 5 10 15

C BNP
Experiment Control

Study Events Mean SD Events Mean SD Mean Difference MD [95%-C1] Weight
Fang SL,2022 22 11500 21276 22 1700 24322 —a—| 132,00 [-267.03; 3.03] 62%
Yang XJ,2015 30 10027 27439 30 3640 29143 —8— -136.67 [-279.90; 6.56] 5.7%
Yu ML,2020 97 20340 31.85 94 -147.60 3571 B 55,80 [-65.41; -46.19] 14.4%
Zhang ZH,2021 63 19760 3118 64 -134.65 30.70 62.95[-73.71; -652.19] 14.4%
Yeh GY,2004 15 4800 371.15 15  90.00 39215 -138.00 [-411.24; 135.24] 2.2%
Yu 2019 80 -179.90 11655 40 -122.30 107.23 - -57.60 [-99.51; -15.69] 12.8%
Deng LM,2021 60 -330.36 2453 60 14522 24.23 a -194.14 [-202.86; -185.42] 14.4%
Pan XF,2016 31 100 5651 31 181.00 4267 =2 -182.00 [-206.93; -157.07] 13.9%
Li CF,2015 90 13030 87.56 90 -63.60 90.67 66.70 [-92.74; -40.66] 13.8%
Li XX,2017 30 36528 557.41 30 -147.96 523.32 217.32[-490.91; 5627) 22%
Random effects model 518 476 —= ., MO73[154.92; 66.53] 1000%

Heterogeneity: I = 99%, <% = 3508.0206, p < 0.01
400 200 0 200 400

B NT-proBNP

Experiment Control
Study Events Mean SD Events Mean  SD Mean Difference MD [95%-CI] Weight
Zhang L2022 40 -40350 28311 40 27146 328.75 = 132,04 [266.49; 2.41] 4.4%
YuML2018 54 1478 107236 55 -507.59 2578.18 492.81(-246.15;1231.77) 0.2%
Hong XJ,2020 35 -339.73 26088 35 -286.62 24107 - 5311[170.79; 6457] 54%
Yang HX,2021 47 4145 17577 47 912 19820 & -50.57 [126.31; 25.17] 10.2%
Wang XT,2022 33 13107 3076 36 -12315 4211 [-] 7.92[-2622; 9.38] 247%
Feng WJ,2017 32 21190 20884 28 -97.00 207.00 = -114.90 [-220.32; -9.48] 6.4%
Caminiti G,2011 30 3670 2762 30 1750 2623 -] -19.20[-32.83; 557 255%
Kang ZL,2021 38 28894 8659 38 21889 84.50 -70.05[108.52; -31.58] 18.9%
Shi 78,2015 26 40003 27352 29 -279.75 22459 - 12028 [253.45; 12.89] 44%
Random effects model 335 338 L -45.68 [ -76.33; -15.04] 100.0%

Heterogeneity: /* = 58%, * = 9112181, p = 0.01
1000 500 0 500 1000

D vO,max
Experiment Control

Study Events Mean SD Events Mean SD Mean Difference MD [95%-Cl]  Weight
Yu ML,2018 54 040 1.00 55 048 186 L 3 -0.08 [-0.64; 0.48] 11.2%
Hong XJ,2020 35 377 1.74 35 185 157 - 1.92[1.14,2.70] 10.5%
Ye L,2021 40 274 173 40 008 185 " 266 (188 344] 104%
Ke YW,2021 34 329 215 34 019 213 - 310[2.08;4.12] 96%

Deng XF,2019 51 380 1.74 49 059 1.77 - 321[252;3.90] 10.8%
Feng WJ,2017 32 206 1.06 28 094 097 | 3 1.12[0.61;1.63] 11.3%
Yeh GY,2013 8 0.70 6.56 8 -0.10 458 0.80[-4.74;6.34] 1.4%

Zhang ZH,2021 63 223 288 64 036 3.02 - 1.87[0.85,2.89] 9.5%

Yeh GY,2004 15 090 300 15 -0.70 6.00 1.60[-1.79,4.99] 3.1%

Yeh GY,2011 50 033 382 50 -0.15 534 —-— 0.48 [-1.34;2.30] 6.6%

Shi ZB,2015 26 164 080 29 065 0.92 [ | 0.99[0.54; 1.44] 115%
Sato $,2010 10 1.00 265 10 0.00 361 —t 1.00[-1.77,3.77] 4.1%

Random effects model_ 418 a7 - 1.67[0.97; 2.36] 100.0%

—r

Heterogeneity: /* = 87%, * = 1.0425, p < 0.01
6 4 2 0 2 4 6

Fig. 4. Repooled effect sizes of cardiac function and exercise capacity outcomes. (A) LVEF. (B) NT-proBNP. (C) BNP. (D)
VOgomax. LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; BNP, B-type natriuretic pep-

tide; VO2max, maximal oxygen uptake.

5.84]; p=0.54). Liao et al. [38], despite overall significant
results, highlighted non-overlapping Cls.

Our re-meta-analysis, which pooled 27 RCTs, simi-
larly found significant improvements. TCEs significantly
increased LVEF (random-effects MD =4.08, 95% CI: 2.74—
8.15; Fig. 4A), despite substantial heterogeneity (p < 0.01;
I? = 96%). The subgroup analyses revealed no signifi-
cant differences among the Baduanjin (MD = 3.42, 95%
CI: 1.81-5.03), Tai Chi (MD = 4.38, 95% CI: 2.28-6.49),
and Yijinjing groups (MD = 5.52, 95% CI: 3.26-7.78) (p =
0.32).

Overall, both published meta-analyses and our re-
meta-analysis consistently indicate that TCEs can signifi-
cantly increase LVEF in patients with CHF.

3.7.4 BNP and NT-proBNP

Prior SRs/MAs [31,33-35,39,40,43,44] generally in-
dicate that TCEs (e.g., Tai Chi, Baduanjin, Liuzijue) are as-
sociated with reductions in BNP and NT-proBNP levels, al-
though the reported effect sizes vary. Mei et al. [31] found
Baduanjin reduced NT-proBNP (standardized mean differ-
ence (SMD) = 0.62, 95% CI: 0.31-0.93; p < 0.01). Mean-
while, Bao ef al. [33] reported decreases in BNP (MD =
—56.80 pg/mL; p < 0.001) and NT-proBNP (MD =-174.94
pg/mL; p < 0.05). Hui ef al. [34] observed Tai Chi low-
ered BNP/NT-proBNP (SMD = -1.12, 95% CI: —1.70 to
—0.54; p = 0.0002). Yao et al. [35] reported significant
BNP reductions (MD =-59.77, 95% CI: —82.85 to —36.70;
p < 0.00001). Ren et al. [39] (SMD = —1.08) and Gu et

10

al. [40] (SMD = —-1.01) demonstrated that Tai Chi reduced
BNP levels. Li et al. [43] reported Tai Chi decreased NT-
proBNP (MD = —12.14), and Wei et al. [44] found Tai Chi
reduced BNP levels (MD =-10.75). Taylor-Piliae and Fin-
ley [36] and Chen et al. [37] reported modest but signifi-
cant reductions in NT-proBNP. Conversely, Liao et al. [38]
found no significant between-group difference in BNP lev-
els, and Pan et al. [41] reported no significant change in
NT-proBNP, likely due to the small sample size and hetero-
geneity.

Our re-meta-analysis of original trials corroborated
these findings. For NT-proBNP (nine RCTs), the pooled
MD was —45.68 pg/mL (95% CI: —76.33 to —15.04), with
moderate heterogeneity (p = 0.01; I? = 58%; Fig. 4B). Bad-
uanjin (MD = -74.70, 95% CI: —108.77 to —40.63) had a
more pronounced effect than Tai Chi (MD =-16.57, 95%
CI: -27.12 to —6.03). For BNP (10 RCTs), the overall MD
was —110.73 pg/mL (95% CI: —154.92 to —66.53), with high
heterogeneity (p < 0.01; 12 = 99%; Fig. 4C). Baduanjin
(MD =-193.91, 95% CI: —202.61 to —185.20) achieved a
significantly better effect than Tai Chi (MD =-91.44, 95%
CI: —149.10 to —33.77) and combined exercise (MD = —
68.94, 95% CI: —94.56 to —43.32).

Despite variations in the reported effect magnitudes,
both prior syntheses and our re-meta-analysis consistently
demonstrate that TCEs, particularly Baduanjin, signifi-
cantly reduce BNP and NT-proBNP concentrations in CHF
patients.
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3.7.5 VOomax

Existing SRs/MAs present mixed results in assessing
maximal oxygen consumption (VOgmax). Only three stud-
ies [31,32,37] demonstrated that Tai Chi and Baduanjin sig-
nificantly increased VOsmax (intervention durations of 3
to 12 months). In contrast, other studies [33-35,41,43,44]
found no significant differences between the TCE and con-
trol groups.

Our re-meta-analysis, which pooled 12 RCTs, re-
ported that TCEs induced a significant improvement in
VOsmax (random-effects MD = 1.67, 95% CI: 0.97-2.36;
Fig. 4D), with high heterogeneity (p < 0.01; 1> =87%). The
CI: 2.08-4.12) had a higher effect than Baduanjin (MD =
1.72, 95% CI: 0.56-2.88) and Tai Chi (MD = 1.22, 95%
in only one study, these results may be more uncertain and
variable.

Overall, despite some inconsistencies in the literature,
both published meta-analyses and our re-meta-analysis sug-
gest that TCEs promote potential benefits for aerobic capac-

ity.
3.8 Bias Assessment and Sensitivity Analyses

The Egger’s and funnel plot tests were used to detect
publication bias. According to Egger’s test, the results of
the MLHFQ, 6-MWT, BNP, LVEF, and VOsmax analy-
ses did not indicate significant publication bias, thereby in-
creasing confidence in the results of these studies. Although
there are insufficient studies to perform Egger’s test for NT-
proBNP, the symmetry of the funnel plot suggests that sig-
nificant publication bias is potentially absent. Nevertheless,
these findings should still be interpreted with caution and in
conjunction with other methods or complementary studies
for further affirmation (Supplementary Table 8).

To assess the robustness of the results, we also per-
formed sensitivity analyses by excluding individual studies.
The results showed that the overall effect and the reliabil-
ity of the conclusions remained robust even after excluding
any single study (Supplementary Table 9).

4. Discussion

In contrast to conventional cardiac rehabilitation ex-
ercises, TCEs stand out for their low intensity and minimal
reliance on specific venues or schedules, making these ex-
ercises more accessible and easier to disseminate and im-
plement. Moreover, the movements involved in these ex-
ercises are deliberately slow, gentle, steady, and varied.
Furthermore, during practice, TCEs emphasise synchronis-
ing body movement with breathing and promote circulation
through stretching, thereby relieving symptoms of heart
failure and improving cardiopulmonary function. Further-
more, TCEs draw on TCM concepts such as “supporting
Yang” and “nourishing Qi,” both of which aim to restore
physiological balance.
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A scientific statement by the American Heart Associ-
ation [10] on “Complementary and Alternative Medicines
in the Management of Heart Failure,” identified Tai Chias a
safe and well-tolerated adjunctive therapy for patients with
heart failure and suggests that Tai Chi may be a beneficial
form of exercise and cardiac rehabilitation. Cardiovascu-
lar benefits may arise from enhanced parasympathetic ac-
tivity and reduced sympathetic drive [10]. This is thought
to increase coronary collateral circulation, stroke volume,
and cardiac output, thereby improving LVEF and alleviat-
ing symptoms in patients with heart failure [45,46]. Exer-
cises such as Baduanjin and Liuzijue also benefit the phys-
ical and mental health of patients with heart failure. For
example, Baduanjin training in patients with ST-elevation
myocardial infarction (STEMI) has been shown to mitigate
adverse left ventricular remodelling by improving energy
metabolism, suppressing inflammation, and modulating ex-
tracellular matrix organisation [47]. Consistent practice of
Liuzijue can strengthen respiratory muscle endurance and
enhance lung ventilation, potentially increasing activity tol-
erance in patients with heart failure [48,49]. Additionally,
Liuzijue can mitigate the inflammatory response by de-
creasing the levels of interleukin (IL)-4, IL-13, and IL-17
while simultaneously increasing IL-10 levels [50]. Yijin-
jing has also demonstrated potential benefits in heart fail-
ure rehabilitation; the stretching and rotational movements

ease heart failure symptoms [51].

Our re-meta-analysis, which draws directly on data
from 65 original RCTs, provides compelling evidence that
TCEs, including Tai Chi, Baduanjin, Qigong, Liuzijue,
with CHF. With intervention periods ranging from 1 to 12
months, these practices consistently increased 6-MWT dis-
tance, improved MLHFQ QoL scores, and raised LVEF;
no material differences were detected among the exercise
styles. TCEs also lowered BNP and NT-proBNP concen-
trations, with Baduanjin showing the most marked effect.
peared to yield the greatest gains in VOomax, a result that
warrants confirmation in larger, well-designed trials. The
magnitude of these effects on 6-MWT (+53 m), MLHFQ (-
8.4 points), and LVEF (+4.1%) is broadly consistent with
ecarlier syntheses by Pan et al. [41] and Gu et al. [40];
however, the increase in VOsmax observed in our study
(~1.7 mL-kg~!-min~1) exceeds previous estimates, prob-
ably because duplicate trials were removed and several re-
cent RCTs were incorporated. These effect sizes align with
and extend the signals noted in earlier reviews by Pan ef al.
[41] and Gu et al. [40], providing a more consolidated and
up-to-date appraisal of the use of TCEs to treat CHF.

Recent high-quality studies lend additional support to
the results of our re-meta-analysis. The multicenter RCT
(the BEAR trial) evaluated Baduanjin as an adjunct to stan-
dard rehabilitation in patients with HFmrEF or HFpEF.
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Integrating a 12-week Baduanjin programme significantly
improved 6-MWT (6.14% vs. 1.32% in controls), raised
the anaerobic threshold (25.87% vs. 3.94%), and improved
QoL (MLHFQ score fell by 16.8% vs. 3.99%), with no
safety issues reported [15]. In addition, a contemporary
network meta-analysis comparing several mind-body exer-
cises in heart failure populations provided a detailed rank-
ing of their relative effects. Tai Chi, Baduanjin, and yoga
each improved LVEF, with Tai Chi performing best. Tai
Chi was also the only modality that consistently lengthened
6-MWT, whereas pilates, dancing, and yoga were most
effective for VOomax. For QoL, Liuzijue, Tai Chi, and
Baduanjin all provided significant benefits, with Liuzijue
showing the greatest advantage [16]. Collectively with our
pooled estimates, these results suggest that the selection of a
specific TCE modality could be tailored to individual reha-
bilitation goals (e.g., LVEF vs. exercise capacity), thereby
enhancing precision in exercise prescriptions for CHF.

In addition to the physiological and functional im-
provements, TCEs confer meaningful mental health bene-
fits, a factor critical for the comprehensive management of
CHF. MAs indicate a reduction in anxiety and depressive
symptoms across various chronic illnesses, including those
with physical comorbidities [52]. Findings in other chronic
conditions further support this broad applicability; for in-
stance, a recent meta-analysis in cancer survivors reported
that Tai Chi and Qigong interventions produce small-to-
moderate improvements in both physical and mental health
compared to passive controls, underscoring their utility in
managing chronic illness-related distress beyond heart fail-
ure [53]. The psychological benefits extend to immediate
effects as well; even short, acute sessions of Tai Chi have
been shown to temporarily improve attention and signifi-
cantly reduce perceived stress in middle-aged adults, sug-
gesting immediate psychological relief that could enhance
initial patient engagement and adherence to exercise regi-
mens [54]. Furthermore, these mind—body exercises have
been shown to positively modulate heart rate variability
(HRV), a key indicator of autonomic nervous system bal-
ance that is crucial for cardiovascular health, and to reduce
perceived stress [55]. Specific improvements in depression
and HRV parameters with Tai Chi in older adults have also
been demonstrated, suggesting a direct link between TCEs
and neurophysiological benefits [56]. These psychophysi-
ological effects may act synergistically with hemodynamic
and anti-inflammatory mechanisms, such as increased va-
gal tone, improved endothelial function, and downregula-
tion of IL-6 and TNF-q, to produce the multidimensional
benefits observed in our analysis.

5. Limitations

Despite the encouraging findings of our re-meta-
analysis, several limitations should be acknowledged. First,
as detailed in our quality assessments, the methodological
quality of many included SRs and MAs was suboptimal,
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which may affect the reliability of the pooled estimates and
raise concerns about bias and heterogeneity. Second, the
high degree of overlap among primary studies across re-
views (CCA = 15.71%) is an important concern, as it may
inflate effect sizes and potentially distort meta-analytic con-
clusions. Third, TCEs such as Tai Chi, Baduanjin, and Yi-
jinjing vary considerably in style, intensity, and duration,
and this lack of standardization makes it difficult to attribute
outcomes to specific protocols or formulate precise clinical
recommendations. In addition, although the inclusion of
numerous Chinese studies improved comprehensiveness, it
may also introduce potential cultural bias in outcome re-
porting, particularly for subjective measures such as QoL.
Finally, heterogeneity in intervention protocols and patient
characteristics across primary studies also contributed to
variability in the results. Although our re-meta-analysis
sought to mitigate some of these issues by directly repooling
the original data and confirming robustness through sensi-
tivity analyses, further large-scale and rigorously designed
studies are still needed to strengthen the evidence base.

6. Conclusions

This umbrella review supports the feasibility of incor-
porating TCEs as a form of complementary medicine for
patients with CHF. Based on our re-analysis of existing ev-
idence, TCEs appear to confer potential benefits in exercise
capacity, QoL, and cardiovascular functional markers.

While the current evidence base, characterised by
limitations in methodological quality, high study overlap,
and low certainty of evidence, precludes drawing strong,
definitive conclusions regarding widespread clinical effi-
cacy, these exercises may still represent a valuable adjunc-
tive intervention for certain CHF patients. This is particu-
larly relevant for individuals who are unable to participate
in higher-intensity exercise programs due to physical limi-
tations or preference. Clinicians considering TCEs should
apply these exercises cautiously, integrating them appro-
priately into a comprehensive, individualized rehabilitation
program under suitable guidance and monitoring.

To provide robust guidance for clinical practice, high-
quality RCTs with rigorous designs and sufficient sample
sizes are needed to improve the assessment of the impact of
TCEs. Additional research into the mechanisms of action
and long-term follow-up studies will facilitate a more com-
prehensive understanding of the benefits and limitations of
TCEs, thereby strengthening the scientific basis for their
use in the comprehensive management of CHF and ulti-
mately enhancing patient outcomes and QoL.
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