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Revisiting traditional Chinese exercise @
in prediabetes: effects on glycaemic and lipid
metabolism - a systematic review and meta-
analysis

Ruixiang Yan'", Wuwen Peng'", Di Lu'", Jiaxin He', Jian Sun’, Lingju Guan®", Shufang Liu?" and Duanying Li""

Abstract

Background and objectives Most existing studies have primarily focused on the effects of Traditional Chinese
Exercises (TCEs) on glycemic control in individuals with prediabetes, while specific recommendations for managing
dyslipidemia in this population remain insufficient. Moreover, there is a lack of systematic research and conclusive
evidence regarding the optimal exercise dose required to achieve metabolic improvements in individuals with
prediabetes. Therefore, this meta-analysis aims to comprehensively evaluate the efficacy of TCEs in improving
glycemic and lipid profiles in individuals with prediabetes and to explore the potential impact of exercise dose on
these metabolic parameters.

Methods A comprehensive search of six databases (PubMed, Web of Science, Cochrane Library, Embase, CNKI, and
WanFang Data) followed PRISMA guidelines to identify randomized controlled trials (RCTs) on TCEs (e.g., “Tai Chi,’
"Yijinjing,""Baduanjin”) and prediabetes (e.g., “impaired glucose tolerance,“impaired glucose regulation”) published
up to November 10, 2024. Three reviewers independently screened studies, extracted data, and assessed bias risk.
Meta-analysis and subgroup/meta-regression analyses were conducted using Stata 17 software. The review protocol

is registered in PROSPERO (CRD42024615150).

Results A total of 15 studies involving 1,839 participants were included. The meta-analysis revealed that TCEs
significantly improved HbA1c (MD =-0.28%; 95% Cl: -0.38% to -0.18%; P=0.001), FBG (MD = -0.44 mmol/L; 95% Cl:
-0.53t0-0.34 mmol/L; P<0.001), 2hPG (MD =-1.16 mmol/L; 95% Cl: -1.48 to -0.85 mmol/L; P<0.001), TC (MD =-0.31
mmol/L; 95% Cl:-0.50 to -0.11 mmol/L; P=0.002), TG (MD =-0.28 mmol/L; 95% Cl: -0.50 to -0.06 mmol/L; P=0.012),
and HDL (MD =-0.28 mmol/L; 95% Cl: -0.50 to -0.06 mmol/L; P=0.012) compared to control groups.
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Conclusions TCEs significantly improve prediabetics'blood glucose and lipid levels. The recommended exercise
regimen is 30-50 min per session, 2-3 times per week, for at least three months.

Introduction

Prediabetes refers to a state where blood glucose lev-
els are higher than usual but have not yet reached the
diagnostic threshold for diabetes. It is a high-risk stage
for developing diabetes and is also considered the only
reversible “golden period” [1, 2]. According to the Inter-
national Diabetes Federation (IDF) 2019 report, approxi-
mately 374 million people worldwide have prediabetes,
accounting for 7.5% of the adult population [3]. This
number is projected to rise to 548 million, or 8.6%, by
2045%, Without timely management, about 5-10% of
individuals with prediabetes will progress to type 2 dia-
betes (T2D) each year, and approximately 70% will
eventually develop T2D [3, 4]. The high prevalence and
conversion rates of prediabetes present a significant
burden on public health and healthcare expenditure [5].
Therefore, timely intervention and effective management
strategies for prediabetes are crucial for preventing the
onset of diabetes and its complications.

Lifestyle changes, particularly increasing physical
activity levels, are more effective than medication alone
in reversing prediabetes and preventing its progression
to diabetes [6]. However, such interventions face many
obstacles in real-world settings. Many patients struggle
to adhere to regular moderate-intensity aerobic exercises
(such as jogging or brisk walking) due to sedentary habits,
physical limitations, and other factors [7-9]. For patients
unable to follow lifestyle recommendations, pharmaco-
logical and dietary therapy provide an alternative option.
However, while plant-based dietary therapies, such as
okra consumption, may improve fasting blood glucose
(FBG), their effects on longer-term indicators, such as
glycated hemoglobin (HbAlc) [14], remain limited. Simi-
larly, the long-term use of pharmacological treatments is
constrained by such problems as adverse side effects [10],
diminished efficacy upon discontinuation [11], weight
regain [12], and recurrence of prediabetes [13], rendering
these treatments less appropriate as sustainable strategies
for long-term management of prediabetes. These limita-
tions underscore the urgent need for more effective and
sustainable approaches to address the multifaceted chal-
lenges of prediabetes management.

Under the “Exercise is Medicine” (EIM) concept, TCEs
adopted globally as effective disease prevention and
management tools [15]. These practices, rooted in tradi-
tional Chinese medicine, are characterized by their low
intensity, non-competitive nature, and high adherence.
They emphasize the combination of breathwork, medita-
tion, and physical movement, making them particularly

suitable for middle-aged and elderly individuals with
prediabetes, especially those with a weakened constitu-
tion [16]. In addition, TCEs are easy to learn, represent
low-risk interventions with favorable outcomes, and do
not require professional guidance or expensive resources,
thus reducing implementation difficulty [17, 18]. This
makes TCEs a more feasible and cost-effective inter-
vention, especially in resource-limited communities or
healthcare systems.

In recent years, TCEs have demonstrated signifi-
cant potential in preventing and managing prediabetes,
becoming an effective lifestyle intervention strategy. A
previous meta-analysis [19] has only proven that TCEs
positively affect blood glucose control in individuals with
prediabetes. However, systematic assessments regard-
ing the impact of exercise dosage on blood glucose and
lipid profiles still need to be done. Moreover, predia-
betes is often associated with metabolic disturbances,
such as dyslipidemia, in addition to abnormal glucose
metabolism. This may increase the risk of progression
to T2D and cardiovascular diseases [20]. Although cur-
rent guidelines emphasize enhanced lipid management
for diabetes patients, there are few specific recommen-
dations for addressing dyslipidemia in individuals with
prediabetes [21]. Therefore, this meta-analysis aims to (1)
comprehensively assess the effectiveness of TCEs in con-
trolling blood glucose and lipid levels in individuals with
prediabetes, (2) explore the optimal exercise prescription
to improve glucose and lipid metabolism in prediabetes
patients.

Protocol and registration

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [22] conducted
this systematic review and meta-analysis. The protocol
for this systematic review and meta-analysis has been
registered in PROSPERO (CRD42024615150).

Search strategy and study selection

We conducted a comprehensive literature search in six
databases: PubMed, Web of Science, Cochrane Library,
Embase, CNKI, and WangFang Data, to identify random-
ized controlled trials (RCTs) on the effects of TCEs on
individuals with prediabetes. The search was conducted
from establishing each database until November 10,
2024. Three independent reviewers (RX, LD, and BW)
performed the search and screened the eligible studies,
with any disagreements resolved through consultation
with a fourth reviewer (GS). Additionally, the reference
lists of the included studies and relevant systematic
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reviews were checked for further potential eligible trials.
A complete list of the search strategies can be found in
Appendix 1.

Eligibility criteria

The studies were evaluated using the PICOS framework
(Population, Intervention, Comparison, Outcome, and
Study Design) [23]. Studies were included in the review if
they met al.l of the following criteria:

Population

This study included research recruiting participants
aged>18 years with prediabetes, excluding those with
diagnosed diabetes, severe comorbidities, children, ado-
lescents, and pregnant women. The diagnosis of predia-
betes was based on the American Diabetes Association
(ADA) criteria [24], which include any of the following
conditions: fasting blood glucose levels between 5.6 and
6.9 mmol/L; HbAlc levels between 39 and 47 mmol/
mol (5.7-6.4%); or a 2-hour plasma glucose level between
7.8 and 11.0 mmol/L in an oral glucose tolerance test
(OGTT) (Table 1).

Intervention

The interventions included TCEs such as Tai Chi, Yijin-
jing, Baduanjin, and Shaolin Neigong, with detailed defi-
nitions of TCEs provided in Appendix 2.

Comparator
The control groups included health education, routine
care, and waiting lists.

Outcome
The included studies were required to report at least one
of the following outcomes:

Blood glucose control: HbAlc, FBG, postprandial
2-hour blood glucose (2hPG);

Blood lipid control: Total cholesterol (TC), triglycerides
(TG), high-density lipoprotein (HDL), low-density lipo-
protein (LDL).

Study design
The study design was restricted to RCTs.

Table 1 Diagnostic criteria for prediabetes
Parameter Testused Prediabetesrange

mg/dlor % mmol/l or mmol/mol(HbA1c)
(HbA1c)

IFG FPG test 100-125 5.6-6.9

IGT OGTT 140-199 7.8-11.0

HbAlc HbATctest 57-64 39-46

FPG, fasting plasma glucose; HbAlc, haemoglobin Alc; IFG, impaired fasting
glucose; IGT, impaired glucose tolerance; OGTT, oral glucose tolerance test
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Exclusion criteria
Studies were excluded if they met any of the following
criteria:

Non-randomized controlled trials.

. Interventions involving pharmacological treatments

or dietary control.

3. Studies that were not peer-reviewed, including
theses, research protocols, conference abstracts, and
other forms of gray literature.

4. Studies that did not provide appropriate data for
analysis.

5. Studies whose full text could not be obtained

through public databases or other sources.

s

Data extraction

We independently extracted the following informa-
tion from each eligible study using a pre-designed data
extraction form: study characteristics (first author, pub-
lication year), population characteristics (age, gender,
sample size), intervention characteristics (type, dura-
tion, frequency, cycles), and outcome measures. If data
were missing, we emailed the corresponding author up
to three times within 3 weeks to obtain the relevant data.
Two reviewers (GS and BW) performed data extrac-
tion independently, verified and adjudicated by a third
reviewer (LD). Any disagreements were resolved through
discussion and consensus.

Measures of treatment effect

This meta-analysis assessed the intervention effect using
the Mean Difference (MD) and its standard deviation
(SD) change. If the original studies did not directly report
the SD, we estimated it based on standard error (SE),
95% confidence interval (95%CI), p-value, or t-statistics
[25]. For studies that did not report the SD of pre-post
changes, the following formula was used to estimate it:

2 2
SDchangﬂ = \/SDbuns‘Hus + SDPust —2xrx SDbaﬂﬁlum X SDpnst

The SD of the differences before and after the interven-
tion was calculated, assuming a correlation coefficient of
0.5. This assumption, widely used in the literature, rep-
resents moderate measurement consistency, aiming to
balance potential variability before and after the inter-
vention and ensure the robustness and reliability of the
analysis results [25].

Quality and GRADING of evidence assessment

The risk of bias was assessed using the Cochrane Risk
of Bias tool (version 2.0), covering domains such as
random sequence generation, allocation concealment,
blinding, incomplete outcome data, and selective report-
ing of outcomes [26]. The overall risk of bias for each



Yan et al. Diabetology & Metabolic Syndrome (2025) 17:117

study was categorized as follows: Low risk of bias: All
domains assessed as low risk; High risk of bias: At least
one domain evaluated as high risk; Some concerns: If
the study did not meet the above standards. Two inde-
pendent reviewers performed the risk of bias assessment,
and any disagreements were resolved through consulta-
tion and consensus.

The quality of the evidence was evaluated using
the GRADE (Grading of Recommendations Assess-
ment, Development, and Evaluation) approach, com-
pleted through the GRADEpro GDT online tool (www.
gradepro.org). According to the GRADE framework, evi-
dence quality was systematically assessed based on five
domains: risk of bias, inconsistency, indirectness, impre-
cision, and publication bias. The quality of evidence for
each outcome was classified as “high,” “moderate,” “low;
or “very low;” based on a comprehensive evaluation of the
credibility of effect estimates [27]. Independent reviewers
carried out all assessments, with disagreements resolved
through discussion.

Statistical analysis

A meta-analysis was performed when two or more rela-
tively homogeneous studies reported the same outcome
measure [28]. The intervention effect was assessed using
the MD and its 95% CI. The MD was calculated as the
change in the intervention group before and after the
intervention relative to the change in the control group
and standardized based on the SD after the intervention
to improve comparability between studies. To address
possible variations between studies, a random-effects
model was utilized, incorporating variations in study
populations, interventions, and measurement methods
[29]. Heterogeneity was assessed using the I* statistic and
interpreted as follows: <25% indicating low heterogene-
ity, 25-75% indicating moderate heterogeneity, and >75%
indicating high heterogeneity [30]. Publication bias was
evaluated using funnel plots and Egger’s test, with p <0.05
considered indicative of significant bias [31]. When pub-
lication bias was detected, the trim and fill method was
applied to adjust the pooled effect size and estimate the
impact of missing studies [32].

To explore potential factors contributing to heteroge-
neity, we conducted subgroup analyses and evaluated
the effects of different doses of TCEs on individuals with
prediabetes. The subgroup analyses were based on the
following pre-defined variables: intervention duration
(short-term: <3 months; medium-term: 3-12 months;
long-term: >12 months), exercise frequency (<3 times/
week; >3 times/week), duration of each exercise session
(<30 min; 30-60 min; 260 min), TCE type (e.g., Baduan-
intervention was supervised. For outcomes with high
heterogeneity, sensitivity analysis was conducted by
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excluding one study at a time to assess the robustness
of the results and identify potential sources of hetero-
geneity. When subgroup analysis could not sufficiently
explain heterogeneity, we performed meta-regression
analysis to quantify the impact of possible confounding
factors on the effect size and explore the sources of het-
erogeneity. According to the requirements of regression
analysis, each covariate should include at least ten stud-
ies [25]. In this study, the pre-defined covariates included
publication year, baseline BMI, sample size, and the pro-
portion of males to systematically assess these variables’
impact on the effect size and supplement the unexplained
sources of heterogeneity from the subgroup analysis.

All statistical analyses were performed using Stata soft-
ware (version 17.0; StataCorp, College Station, TX, USA),
and forest plots were used to visually present the com-
bined effect size and its confidence intervals. The statisti-
cal significance level was set at p <0.05.

Results

Literature selection and study characteristics

The systematic search identified 213 potential records.
After removing duplicates, 89 records remained for title
and abstract screening. Thirty-two studies were selected
for full-text assessment during the title and abstract
screening. Following a thorough review of the full texts,
15 studies were finally included in this systematic review
and meta-analysis. The literature selection and inclusion
process is detailed in Fig. 1.

All included studies were published between 2010 and
2023, with varying study sizes, durations, and interven-
tion types. The 15 studies included 35 experimental
groups (926 participants) and 22 control groups (713 par-
ticipants). Of these studies, 15 reported FBG, 11 reported
HbAlc, and 12 reported 2hPG. 5 studies reported pri-
mary and secondary outcomes (TC, TG, HDL, and LDL).
Detailed characteristics of the included studies are shown
in Table 2.

Risk of bias, certainty of evidence

The risk of bias for each study is detailed in Appendix 3.
Overall, two studies (13.3%) were classified as low risk of
bias, twelve studies (80%) were classified as unclear risk
of bias, and one study (6.7%) was classified as high risk
of bias (Fig. 2). Regarding the randomization process, all
studies clearly described the random sequence genera-
tion process; however, only two studies mentioned allo-
cation concealment, and the remaining studies did not
provide relevant information. Therefore, most studies
in this area were rated as “unclear risk” Regarding out-
come data missingness, one study was considered to have
a “high risk of bias” due to a high attrition rate and lack
of reporting on the reasons for attrition, which could be
related to the actual outcomes.
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Fig. 1 PRISMA flow diagram of the search process for studies

Additionally, four studies were rated as “unclear risk”
due to incomplete information on dropout rates. In
contrast, the remaining studies were assessed as hav-
ing a “low risk of bias” in this domain. For other sources
of bias, none of the studies indicated additional bias
sources. Thus, they were all rated as “low risk of bias”

After evaluating the quality of evidence using the
GRADE framework, the quality of evidence for all out-
comes was determined to be low to moderate (Table 3).
This result was mainly influenced by the higher risk of
bias in some studies. Furthermore, the heterogeneity
between studies also somewhat reduced the overall cred-
ibility of the evidence.

Primary outcomes
A total of 27 studies involving 1,190 participants reported
changes in HbAlc (Fig. 3). The meta-analysis showed

in this review(n=9)

that TCEs significantly reduced HbAlc levels in indi-
viduals with prediabetes (MD =-0.28%; 95% CI: -0.38% to
-0.18%; P=0.001). Heterogeneity analysis indicated mod-
erate heterogeneity between studies (12=53.1%).

A total of 35 studies involving 1,831 participants
reported changes in FBG (Fig. 4). The meta-analysis
showed that TCEs significantly reduced FBG levels in
individuals with prediabetes (MD = -0.44 mmol/L; 95%
CI: -0.53 to -0.34 mmol/L; P<0.001). Heterogeneity anal-
ysis indicated low heterogeneity between studies (I* =
21.6%).

A total of 26 studies involving 1,092 participants
reported changes in 2hPG (Fig. 5). The meta-analysis
showed that TCEs significantly reduced 2hPG levels in
individuals with prediabetes (MD = -1.16 mmol/L; 95%
CL: -1.48 to -0.85 mmol/L; P<0.001). Heterogeneity
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As percentage (intention-to-treat)
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Mising outcome data

Dewviations from intended interventions
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Fig. 2 The overall risk of bias is presented as a percentage of each risk of bias item across all included studies. Green=_Low risk, Red=High risk, Yel-

low=Some concerns

analysis indicated moderate heterogeneity between stud-
ies (I” = 64.2%).

Secondary outcomes

Seven studies involving 370 participants reported
changes in TC, TG, HDL, and LDL. The meta-analysis
results showed that TCEs significantly reduced TC (MD
=-0.31 mmol/L; 95% CI: -0.50 to -0.11 mmol/L; P=0.002;
I’ = 0%) and TG (MD = -0.28 mmol/L; 95% CI: -0.50 to
-0.06 mmol/L; P=0.012; I> = 53.4%) in individuals with
prediabetes(Figs. 6).

However, TCEs did not show statistically significant
improvements in HDL (MD = -0.28 mmol/L; 95% CI:
-0.50 to -0.06 mmol/L; P=0.012; I = 85.6%) and LDL
(MD=0.16 mmol/L; 95% CI: -0.04 to 0.35 mmol/L;
P=0.12; I = 52.0%) in prediabetes patients(Figs. 6).

Subgroup analysis

Subgroup analyses were performed based on pre-defined
variables: intervention duration (short-term: <3 months;
medium-term: 3—-12 months; long-term: >12 months),
exercise frequency (<3 times/week; >3 times/week),
duration of each exercise session (<30 min; 30—60 min;
Neigong, and Tai Chi), and supervision status (super-
vised, non-supervised), as detailed in Appendix 4 and
Table 4.

The subgroup analysis showed that intervention dura-
tion significantly impacted the improvement of HbAlc
(subgroup difference P=0.047) and FBG (subgroup dif-
ference P=0.044). TCE interventions lasting>12 months
had the most significant effect, with improvements in
HbAlc and FBG significantly better than those with
short-term (<3 months) or medium-term (3—12 months)
interventions. Further analysis revealed that 2hPG
(P<0.001) showed significant improvements across
all intervention durations, while interventions last-
ing>12 months demonstrated significant effects on TC
(P=0.002) and TG (P<0.001).

Exercise frequency significantly improved LDL levels
(subgroup difference P=0.043), with TCE interventions
of <3 times/week showing significantly better effects
than >3 times/week. Further analysis indicated that
HbAlc (P<0.001), FBG (P<0.001), and 2hPG (P<0.001)
showed significant improvements across all frequencies,
while improvements in TC (P=0.004) and TG (P=0.001)
were only observed at an exercise frequency of <3 Times/
week. Additionally, the study found that TCE interven-
tions>3 times/week did not significantly improve lipid
profiles.

The duration of each exercise session signifi-
cantly improved FBG (subgroup difference P=0.036),
2hPG (subgroup difference P=0.017), and LDL (sub-
group difference P=0.018), with interventions last-
ing<60 min showing more significant effects. Further
analysis revealed that FBG and 2hPG showed signifi-
cant improvements across all durations, while interven-
tions lasting >60 min did not show significant effects on
HbAlc. Additionally, interventions lasting 30-60 min
showed significant improvements in TC (P=0.002),
TG (P=0.012), and LDL (P=0.018), while interventions
lasting>60 min did not show significant effects on lipid
profiles.

Supervision status significantly affected the improve-
ment of 2hPG (subgroup difference P=0.001), with non-
supervised TCE interventions showing better effects than
supervised ones. However, regardless of supervision,
TCE interventions significantly improved blood glucose
levels.

Different TCE types showed significant differences
in the improvement of HbAlc (subgroup difference
P=0.003), 2hPG (subgroup difference P<0.001), TG
(subgroup difference P=0.012), and LDL (subgroup
difference P=0.019). Specifically, Shaolin Neigong
showed the most significant improvement in HbAlc
(P=0.003), Tai Chi showed the most potent effect on
2hPG (P<0.001), and Baduanjin showed clear advan-
tages in improving TG and LDL (P=0.012). Additionally,
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Effect %
study (years) (95% Cl) Weight
Hu (2022) — -0.31 (-0.60, -0.02) 4.93
Cai (2023) - -0.11 (-0.40, 0.18) 4.95
Ma (2022a) :—0-— -0.07 (-0.28, 0.14) 6.08
Ma (2022b) —_— -0.31 (-0.583, -0.09) 5.99
Ma (2022c) — -0.45 (-0.67, -0.23) 5.97
Zhang (2023) e ot 0.06 (-0.16, 0.28) 5.96
Li (2017a1) —:—0—— -0.17 (-0.69, 0.35) 2.50
Li (2017a2) —_— -0.35 (-0.85, 0.15) 2.68
Li (2017a3) —_— -0.49 (-1.02, 0.04) 245
Li (2017a4) —_— -0.43 (-1.00, 0.14) 2.20
Li (2017b1) —_— -0.43 (-0.95, 0.09) 2.53
Li (2017b2) —e—:— -0.56 (-1.04, -0.08) 2.80
Li (2017b3) —_— -0.94 (-1.47,-0.41) 249
Li (2017b4) _— -0.72 (-1.29, -0.15) 2.21
Song (2013) - * 0.40 (-0.55, 1.35) 0.95
Wu (2015) —:*—— -0.21 (-0.73, 0.31) 2.51
Wu (2016a1) —_— -0.09 (-0.40, 0.22) 4.64
Wu (2016a2) — -0.13 (-0.44, 0.18) 4.64
Wu (2016a3) —— -0.17 (-0.47, 0.13) 4.78
Wu (2016b1) — -0.12 (-0.44, 0.20) 4.46
Wu (2016b2) — -0.18 (-0.48, 0.12) 4.81
Wu (2016b3) —_— -0.26 (-0.55, 0.03) 4.84
Li (2020) | . -0.04 (-0.17, 0.09) 7.39
Fang (2014) * " -0.69 (-1.66, 0.28) 0.93
Li (2019¢1) —4-—:—— -0.53 (-1.13, 0.08) 2.01
Li (2019¢2) —_— -0.85 (-1.44, -0.26) 2.1
Li (2019¢3) —_— X -1.16 (-1.73, -0.58) 217
Overall, DL (I2 =53.1%, p < 0.001) 0 -0.28 (-0.38, -0.18) 100.00

T |
-2 0 2

NOTE: Weights are from random-effects model

Fig. 3 Forest plot of the effect of TCEs versus control groups on HbAlc

Baduanjin showed significant effects in the comprehen-
sive improvement of blood glucose and lipid profiles.

In summary, subgroup analysis identified intervention
duration (=12 months), frequency (<3 times per week),
session duration (30-60 min), and supervision status
(non-supervised) as key factors influencing glycemic and
lipid outcomes. Among the TCE types, Baduanjin exhib-
ited the most significant effects on lipid parameters, par-
ticularly TG and LDL. At the same time, Shaolin Neigong
and Tai Chi demonstrated the greatest improvements in
glycemic outcomes, including HbAlc and 2hPG.

Results of meta-regression

A meta-regression analysis assessed the sources of het-
erogeneity and the potential impact of confounding fac-
tors on effect estimates, ensuring that each covariate
included at least ten studies, as detailed in Appendix 5.
The confounders included publication year, mean age,
male proportion, BMI, and sample size. The regression
analysis showed that the improvement in 2hPG was sig-
nificantly associated with sample size (B = -0.018; 95%
CI: -0.0291 to -0.0069). No significant associations were
found between the confounding factors and other out-
comes (such as HbA1lc, FBG, TC, TG, HDL, and LDL).

Sensitivity analysis
To evaluate the impact of each study on the overall effect
estimates and the variability of the results, a sensitivity
analysis was conducted by systematically removing one
study at a time, as detailed in Appendix 9. This approach
assessed the reliability of the findings. The analysis
revealed that the overall effect sizes and their 95% confi-
dence intervals changed only slightly, while the direction
of the effect remained consistent across all outcomes.
The study Ma2022c [35] was identified as the primary
contributor to the heterogeneity observed in the HDL
outcome. When this study was included, heterogene-
ity was significant (I*> = 85.6%, P<0.001); however, its
removal resulted in a marked decrease in heterogeneity
to 0% (I* = 0.0%, P=0.483). Additionally, the summary
effect size changed slightly from 0.16 (95% CI: -0.04
to 0.35) to 0.07 (95% CI: -0.01 to 0.15), with the overall
trend and direction of the effect remaining consistent.
Although some outcomes exhibited high heterogeneity,
the influence of individual studies on the overall results
was limited, indicating that the conclusions of this meta-
analysis are robust and reliable.

Publication bias
Egger’s test for publication bias revealed that 2hPG
(P=0.023) and HbAlc (P=0.001) showed evidence of
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Effect %
study (years) (95% Cl) Weight
Cai (2023) ——t -0.31(-0.68, 0.06) 424
Hu (2022) —— -0.55 (-0.79, -0.31) 7.44
Ma (2022a) “—— -0.25 (-0.51, 0.01) 6.71
Ma (2022b) —— -0.56 (-0.83, -0.29) 6.58
Ma (2022c) —_— -0.77 (-1.06, -0.48) 5.83
Zhang (2023) — -0.21 (-0.50, 0.08) 5.90
Fu (2023) —_— -0.18 (-0.86, 0.50) 158
Li (2017a1) _— 0.02 (-0.75, 0.79) 1.27
Li (2017a2) — -0.10 (-0.94, 0.74) 1.08
Li (2017a3) —_—t—— -0.21(-0.79, 0.37) 212
Li (2017a4) —_— -0.13 (-0.82, 0.56) 1.55
Li (2017b1) —_— -0.38 (-1.16, 0.40) 1.23
Li (2017b2) - -0.40 (-1.26, 0.46) 1.02
Li (2017b3) —_— -0.63 (-1.23,-0.03) 1.96
Li (2017b4) e -0.40 (-1.12, 0.32) 1.42
Li (2019a) —_— -0.33 (-1.07, 0.42) 1.34
Li (2019a) —_— -0.56 (-1.31, 0.18) 1.34
Li (2019a) —_— -0.79 (-1.57, -0.01) 1.24
Li (2019b1) —_— -0.36 (-1.06, 0.33) 152
Li (2019b2) —_——— -0.62 (-1.33, 0.08) 1.49
Li (2019b3) —_— -0.84 (-1.54, -0.15) 152
Song (2013) -+ . -0.94 (-1.96, 0.08) 074
Wu (2015) —_— -1.12 (150, -0.74) 418
Wu (2016a1) —_— -0.14 (-0.70, 0.42) 219
Wu (2016a2) —_— -0.26 (-0.81, 0.29) 2.33
Wu (2016a3) —_— -0.44 (-0.93, 0.05) 277
Wu (2016b1) B e — -0.17 (-0.75, 0.41) 2,09
Wu (2016b2) —_— -0.46 (-1.00, 0.08) 239
Wu (2016b3) —_— -0.45 (-0.92, 0.02) 3.01
Li (2020) | —— -0.18 (-0.36, 0.00) 9.47
Wang (2010) —_— -0.64 (-1.14, -0.14) 2.71
Fang (2014) —_—— -0.55 (-0.86, -0.24) 546
Li (2019¢1) —_— -0.20 (-0.89, 0.50) 1.51
Li (2019¢2) —_— -0.39 (-1.18, 0.40) 1.21
Li (2019¢3) —_— -0.53 (-1.21, 0.15) 157
Overall, DL (I = 21.6%, p = 0.131) > -0.43 (-0.53, -0.34) 100.00
T T
2 0 2

NOTE: Weights are from random-effects model

Fig. 4 Forest plot of the effect of TCEs versus control groups on FBG

publication bias, while FBG (P=0.66), TC (P=0.429), TG
(P=0.177), HDL (P=0.717), and LDL (P=0.177) showed
no evidence of publication bias, as detailed in Appendix 6
and 7. The trim and fill method was applied to adjust the
2hPG and HbAlc outcomes, showing publication bias.
After adjustment, no additional studies were missing, and
the adjusted effect sizes were consistent with the original
results (2hPG: P=0.00; HbAlc: P=0.00), indicating that
the original analysis results are robust and unaffected by
potential publication bias, as detailed in Appendix 8.

Adverse events

None of the included randomized controlled trials
reported adverse events related to the intervention.
Therefore, no information on adverse events could be
extracted from the existing literature for this study.

Discussion

This study assessed the comprehensive effects of various
TCEs on blood glucose and lipid control in individuals
with prediabetes through systematic review and meta-
analysis. We also explored the potential moderating
effects of intervention duration, intensity, and frequency
through subgroup analysis. Although current guidelines
generally recommend exercise as an essential compo-
nent of diabetes prevention and management, adherence

to and effectiveness of traditional unsupervised exercise
interventions are often limited due to the close associa-
tion between diabetes and physical inactivity. To address
this, we specifically analyzed the differences between
supervised and unsupervised exercise forms to explore
further the applicability of TCEs in managing prediabe-
tes. The results indicate that TCEs, as a simple and highly
acceptable form of exercise, show significant health bene-
fits even in an unsupervised setting. Based on these find-
ings, we suggest that individuals with prediabetes adopt
TCEs as an ideal intervention for lifestyle management to
foster long-term exercise habits and improve glucose and
lipid metabolism.

TCEs are low-intensity aerobic exercises that combine
body movement, mental focus, and breath regulation
(“three-in-one”), with metabolic improvement effects
comparable to or even better than moderate-intensity
aerobic exercise [35, 38, 47]. The primary mechanism of
TCEs is to enhance insulin sensitivity and improve skel-
etal muscle glucose uptake [48]. However, this process’s
higher dependency on insulin signaling and lower effi-
ciency require longer intervention durations to achieve
significant effects [48]. Compared to traditional aero-
bic exercise, TCEs show more pronounced effects in
improving mental health [43, 44]. Previous studies have
confirmed that psychological regulation also positively
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Effect %
study (years) (95% CI) Weight
Cai (2023) —_— -0.13 (-1.74, 1.48) 2.56
Hu (2022) —_— -1.65 (-2.93, -0.37) 3.39
Ma (2022a) |~ -0.43 (-0.91, 0.05) 6.57
Ma (2022b) - -0.82 (-1.33, -0.31) 6.43
Ma (2022c) —-OI— -1.24 (-1.77,-0.71) 6.36
Zhang (2023) —_—— -0.35 (-1.76, 1.06) 3.04
Fu (2023) —_ -0.78 (-2.41, 0.85) 2.52
Li (2017a1) —_— -1.13 (-3.01, 0.75) 2.05
Li (2017a2) —_— -1.43 (-3.07,0.21) 2.49
Li (2017a3) —_— -1.49 (-3.25,0.27) 2.27
Li (2017a4) —— -1.44 (-3.12,0.24) 2.42
Li (2017b1) —_— -1.53 (-3.42, 0.36) 2.04
Li (2017b2) — -2.10 (-3.75, -0.45) 2.48
Li (2017b3) —_— -2.39 (-4.16, -0.62) 2.25
Li (2017b4) —_— -2.24 (-3.93, -0.55) 2.39
Song (2013) —— -1.02 (-1.51, -0.53) 6.53
Wu (2015) — ! -2.97 (-3.70, -2.24) 5.45
Wu (2016a1) —_——— -0.55 (-1.60, 0.50) 4.16
Wu (2016a2) — -1.18 (-2.38, 0.02) 3.64
Wu (2016a3) —_— -1.63 (-2.61, -0.65) 4.41
Wu (2016b1) —_— -1.82 (-3.45, -0.19) 2.52
Wu (2016b2) —_— -2.04 (-3.85, -0.23) 217
Wu (2016b3) —0—:— -2.15(-3.79, -0.51) 2.49
Li (2020) | —— -0.03 (-0.51, 0.45) 6.55
Wang (2010) —— -0.62 (-1.11, -0.13) 6.50
Fang (2014) —— -0.71 (-1.24, -0.18) 6.32
Overall, DL (I2 =64.2%, p < 0.001) 0 -1.16 (-1.48, -0.85) 100.00

I I
-5 0 5

NOTE: Weights are from random-effects model

Fig. 5 Forest plot of the effect of TCEs versus control groups on 2hPG

affects blood glucose control [49]. TCEs, through mind-
ful practice and “breathing with the mind,” regulate the
balance of cortical excitation and inhibition, promoting
mental focus and calm, which helps lower stress hor-
mones like cortisol [50]. Reduced cortisol levels improve
insulin sensitivity and glucose utilization, further improv-
ing blood glucose levels [51].

Moreover, Li et al. [39, 40] studies have shown that
resistance training significantly outperforms Baduanjin
in lowering FBG and HbAlc. This difference may be due
to the different metabolic regulatory mechanisms of the
two types of exercise. Resistance exercise directly con-
sumes glucose reserves through high-intensity muscle
contractions, induces muscle hypertrophy, and increases
muscle glucose utilization ability [52]. This mechanism
significantly improves blood glucose quickly, reflecting
higher metabolic regulation efficiency. However, con-
cerns arose as 4 and 6 participants dropped out from
resistance training groups in two studies due to severe
muscle soreness and discomfort. In contrast, multiple
studies from China [33, 39, 40] and Boston [53-55] have
shown that TCEs have higher adherence and acceptance,
with patients reporting more positive subjective experi-
ences, including greater enjoyment [53—-55], energy levels
[33, 35], and improved quality of life [45, 56].

Interestingly, we found that participants practicing
TCEs in unsupervised settings showed more significant
improvements in blood glucose levels. TCEs, through
slow, smooth, and rhythmic body movements, mental
regulation, and controlled breathing, help practitioners
enter a meditative state during exercise [57]. Unsuper-
vised practice aligns with the Daoist philosophy of “fol-
lowing the natural way,” allowing practitioners to follow
their rhythm and manner, naturally exploring the mind-
body connection and maximizing autonomy [58]. More-
over, most of the studies included in this meta-analysis
were conducted in China, where collective exercise is
deeply rooted in the culture. TCEs are often practiced
in public spaces (e.g., parks or squares), where mutual
encouragement and social support further enhance
internal motivation, prompting patients to engage more
actively in exercise and achieve sustained health ben-
efits [59]. This sense of social belonging may be the key
to maintaining high participation and significant health
improvements in unsupervised settings among Chinese
practitioners. Two studies from Boston [55, 60] also
indicated that social support positively impacts Western
practitioners. In these studies, participants improved
exercise adherence through group practices and social
interaction, improving health outcomes. This finding
suggests that the collective exercise model represented
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HDL Effect %
study (years) (95% Cl) Weight
Cai (2023) _._é' -0.03 (-0.24,0.18) 14.24
Hu (2022) —0-—%— -0.07 (-0.42, 0.28) 11.02
Ma (2022a) ——#E— 0.10(-0.08, 0.28) 14.95
Ma (2022b) —é‘— 0.21(0.02, 0.40) 14.83
Ma (2022c) ' ——  0.70(0.51,0.89) 14.83
Zhang (2023) —F—‘; 0.01(-0.15, 0.17) 15.31
Fang (2014) ——0§— 0.11 (-0.08, 0.30) 14.81
Overall. DL (I = 85.6%, p < 0.001) <® 0.16 (-0.04, 0.35) 100.00
T T
-1 0 1
NOTE: Welghts are from random-effects model
TC Effect %
sludy (years) (95% Cl) Weight
Cai (2023) -0.20(-0.91,051) 753
Hu (2022) % -0.28 (-1.03, 0.47) 6.81
Ma (2022a) _%—Q—— -0.20 (-0.62, 0.22) 22,07
Ma (2022b) +— -0.31(-074,0.12) 20.89
Ma (2022¢) —0—:— 59 (-1.03, -0.15) 20.16
Zhang (2023) —“——0— 0.15(-0.48, 0.78) 9.72
Fang (2014) _O—f—— -0.48 (-1.03,0.07) 12.82
Overall, DL ll; =0.0%. p = 0.623) @ -0.31(-0.50,-0.11) 100.00
T T
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LD L Effect %
sludy (years) (95% ClI) Weight
Cai (2023) —_— 0.23(-0.31,0.77) 1.74
Hu (2022) —_—— -0.23(-0.82, 0.36) 10.53
Ma (2022a) ————— -0.12(-0.48,0.24) 17.45
Ma (2022b) — -0.35(-0.72,0.02) 17.06
Ma (2022¢) R -0.67 (-1.03, -0.31) 17.39
Zhang (2023) [ e — 0.18 (-0.29, 0.65) 1372
Fang (2014) —_— -0.09 (-0.62, 0.44) 12.12
Overall, DL (I’ = 52.0%, p = 0.052) C> 0.18(-0.42,006)  100.00
T T
-1 0 1
NOTE Weights are from random-effects model
TG Effect %
study (years) (95% CI) Weight
i
Cai (2023) e — -0.03 (-0.49, 0.43) 12.59
Hu (2022) % -0.28 (-0.93,0.37) 8.04
Ma (2022a) —;-‘—— -0.21(-0.50, 0.08) 168.78
V
Ma (2022b) —‘*—;— 042 (-0.72. -0.12) 18.26
Ma (2022c) il — § -0.64 (-0.94,-0.34) 18.27
Zhang (2023) ; —f——————————  0.38(-0.18.0.94) 9.82
Fang (2014) —o—j—— -0.41(-0.82, -0.00) 14.25
Overall, DL (I = 53.4%, p = 0.045) 0 -0.28 (-0.50, -0.06) 100.00
T T

-1
NOTE Woights aro from random-aftects modol

o

-1 0 1
NOTE Woights aro from random-offects modol

Fig. 6 Forest plot of the effect of TCEs versus control groups on lipid metabolism (TC, TG, HDL, LDL)

by TCEs aligns well with Chinese culture and has cross-
cultural potential. Despite cultural differences in social
support mechanisms, the sense of community and moti-
vational support from collective exercise generally facili-
tates long-term participation. It improves health, further
supporting the feasibility and effectiveness of TCEs as a
global health intervention strategy.

The dyslipidemia pattern in prediabetes is similar to
that in T2D, characterized by low HDL levels, elevated
TG levels (hypertriglyceridemia), and an increase in
small, dense LDL particles [61]. These lipid abnormali-
ties reflect worsening metabolic disturbances and indi-
cate that individuals with prediabetes may have a higher
cardiovascular risk. Thus, this study included lipid
metabolism indicators as secondary outcomes to assess
the metabolic attributes of prediabetes comprehensively.
Among all lipid indicators, TG is the most significantly
associated risk factor for prediabetes, primarily con-
trolled through lifestyle interventions [62]. This meta-
analysis found that TCEs significantly improved TG

levels, consistent with Dong et al. [42] and Song et al.
[42]. However, no significant improvements in HDL and
LDL were observed. To explore this phenomenon further,
we conducted a subgroup analysis. The results suggested
that compared to TG, HDL and LDL require longer
durations of an exercise intervention to show improve-
ment, consistent with findings from Pan et al. [63]. This
was further supported by Ma et al. [35], who found that
Baduanjin requires more than 6 months of continuous
intervention to improve HDL levels significantly. Fur-
thermore, with extended intervention durations, Baduan-
jin significantly outperformed traditional aerobic exercise
in improving HDL. Therefore, in the long term, Baduan-
jin may have advantages over conventional aerobic exer-
cise in improving lipid metabolism and blood glucose
control. Additionally, two network meta-analyses have
demonstrated that Baduanjin outperforms other forms
of TCEs in improving HDL levels [64, 65]. This sug-
gests that the unique mechanisms of each TCE modal-
ity—ranging from respiratory regulation to enhanced
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Table 4 Summary of subgroup analysis results

Outcome Number of Heterogeneity Meta-analysis Subgroup
participants P value P Effect estimate (95%Cl) P value differences

Meta-analysis results by exercise period

HbA1c(%) 1190 0.001* 53.10% -0.28(-0.38-0.18) 0.001* 0.047*

<3 months 474 0.765 0.00% -0.19(-0.29,-0.08) <0.001*

3-12 months 590 <0.001* 73.10% -0.34(-0.50,-0.17) <0.001*

>12 months 126 0.635 0.00% -0.46(-0.68,-0.29) <0.001*

FBG(mmol/L) 1831 0.131 21.60% -0.44(-0.53,-0.34) <0.001* 0.044*

<3 months 619 0.073 37.20% -0.39(-0.56,-0.22) <0.001*

3-12 months 1076 0.68 0.00% -0.37(-0.47,-0.26) <0.001*

>12 months 126 0313 1.70% -0.67(-0.88,-0.45) <0.001*

2hPG (mmol/L) 1092 <0.001% 64.20% -1.16(-1.48,-0.85) <0.001* 0.663

<3 months 436 <0.001* 69.50% -1.31(-1.84,-0.78) <0.001*

3-12 months 530 0.007 57.10% -1.06(-1.54,-0.58) <0.001*

>12 months 126 0.166 47.90% -0.98(-1.50,-0.46) <0.001*

TC (mmol/L) 370 0.623 0.00% -0.31(-0.50,-0.11) 0.002* 0.24

<3 months 94 0.855 0.00% -0.22(-0.58,0.15) 0.238

3-12 months 150 0.491 0.00% -0.17(-0.49,0.15) 0.289

>12 months 126 0.757 0.00% -0.55(-0.89,-0.21) 0.002*

TG (mmol/L) 370 0.045* 53.40% -0.28(-0.50,-0.06) 0.012% 0.078

<3 months 94 0.848 0.00% -0.22(-0.49,0.05) 0.103

3-12 months 150 0.037* 69.70% -0.07(-0.53,0.38) 0.759

>12 months 126 0375 0.00% -0.56(-0.80,-0.31) <0.001*

HDL (mmol/L) 370 <0.001* 85.60% 0.16(-0.04,0.35) 012 0526

<3 months 94 0399 0.00% 0.07(-0.09,0.23) 0424

3-12 months 150 0.167 44.10% 0.07(-0.08,0.21) 0.371

>12 months 126 <0.001* 94.90% 041(-0.17,0.98) 017

LDL (mmol/L) 370 0.052 52.00% -0.18(-0.42,0.06) 0.144 0.525

<3 months 94 0.755 0.00% -0.15(-0.46,0.16) 0339

3-12 months 150 0.106 55.50% -0.02(-0.41,0.38) 0.942

>12 months 126 0.074 68.70% -041(-0.98,0.15) 0.152

Meta-analysis results by exercise frequency

HbA1c(%) 1190 0.001* 53.10% -0.28(-0.38-0.18) <0.001* 0.069

<3 times/week 378 0.003* 72.50% -0.47(-0.72,-0.2) <0.001*

>3 times/week 812 0.064 34.20% -0.21(-0.31,-0.11) <0.001*

FBG(mmol/L) 1831 0.131 21.60% -0.44(-0.53,-0.34) <0.001* 0.296

<3 times/week 666 0.346 10.70% -0.51(-0.66,-0.35) <0.001*

>3 times/week 1155 0.145 23.00% -041(-0.52,-0.30) <0.001*

2hPG (mmol/L) 1092 <0.001% 64.20% -1.16(-1.48,-0.85) <0.001* 0.143

<3 times/week 198 0.081 60.20% -0.82(-1.28,-0.36) <0.001*

>3 times/week 894 <0.001* 65.40% -1.27(-1.65,-0.88) <0.001*

TC (mmol/L) 370 0.623 0.00% -0.31(-0.50,-0.11) 0.002* 0.494

<3 times/week 198 0.524 0.00% -0.36(-0.61,-0.12) 0.004*

>3 times/week 172 0429 0.00% -0.22(-0.54,0.10) 0.181

TG (mmol/L) 370 0.045 53.40% -0.28(0.50,-0.06) 0.012* 0.138

<3 times/week 198 0.135 50.00% -042(-0.67,-0.18) 0.001*

> 3 times/week 172 0.148 43.90% -0.10(-0.44,0.24) 0.547

HDL (mmol/L) 370 <0.001* 85.60% 0.16(-0.04,0.35) 012 0.102

<3 Times/Week 198 <0.001* 91.40% 0.34(-0.03,0.70) 0.068

>3 Times/Week 172 0.711 0.00% 0.02(-0.08,0.13) 0.642

LDL (mmol/L) 370 0.052 52.00% -0.18(-0.42,0.06) 0.144 0.043*

<3Times/Week 198 0.103 56.00% -0.38(-0.70,-0.07) 0.018*

>3 Times/Week 172 0.603 0.00% -0.04(-0.22,0.31) 0.748

Meta-analysis results by single exercise session duration
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Outcome Number of Heterogeneity Meta-analysis Subgroup
participants P value P Effect estimate (95%Cl) Pvalue differences

HbA1c(%) 1190 0.001* 53.10% -0.28(-0.38,-0.18) <0.001* 0.243

<30 minutes 420 0.045 46.40% -0.34(-0.52,-0.17) <0.001*

30-60 minutes 466 0.08 41.60% -0.30(-0.43,-0.16) <0.001*

>60 minutes 304 0.084 48.50% -0.14(-0.32,0.05) 0.141

FBG(mmol/L) 1821 0.131 21.60% -044(-0.53,-0.34) <0.001* 0.036*

<30 minutes 790 0.976 0.00% -0.33(-0.51,0.16) <0.001*

30-60 minutes 446 0.032% 50.80% -0.57(-0.75,-0.40) <0.001*

>60 minutes 615 0474 0.00% -0.31(-042,-0.19) <0.001*

2hPG (mmol/L) 1092 <0.001* 64.20% -1.164(-1.48,-0.85) <0.001* 0.017*

<30 minutes 262 0.819 0.00% -1.25(1.76,-0.75) <0.001*

30-60 minutes 466 <0.001* 77.20% -1.45,(-1.97,-0.93) <0.001*

>60 minutes 364 0.124 40.10% -0.57(-0.98,-0.16) 0.007*

TC (mmol/L) 370 0.623 0.00% -0.31(-0.50,-0.11) 0.002* 0.505

30-60 minutes 226 0.629 0.00% -0.35(-0.59,-0.12) 0.003*

>60 minutes 114 0331 9.50% -0.20(-0.58,0.17) 0.29

TG (mmol/L) 370 0.045 53.40% -0.28(0.50,-0.06) 0.012* 0.15

30-60 minutes 226 0.245 27.80% -041(-0.61,-0.20) <0.001*

>60 minutes 114 0.078 60.80% -0.05(-0.49,0.38) 0.809

HDL (mmol/L) 370 <0.001* 85.60% 0.16(-0.04,0.35) 012 0.207

30-60 minutes 226 <0.001* 89.20% -0.25(-0.07,0.57) 0.127

>60 minutes 114 0.583 0.00% 0.03(-0.07,0.14) 0.547

LDL (mmol/L) 370 0.052 52.00% -0.18(-0.42,0.06) 0.144 0.018*

30-60 minutes 226 0.19 37.10% -0.36(-0.61,-0.10) 0.006*

>60 minutes 114 0.659 0.00% -0.11(-0.18,0.40) 0.461

Meta-analysis results by supervised status

HbA1c(%) 1190 0.001% 53.10% -0.28(-0.38,-0.18) <0.001* 0.053

supervised 430 0.008* 65.50% -0.17(-0.31,-0.03) 0.017*

unsupervised 760 0.043* 38.20% -0.35(-0.48,-0.22) <0.001*

FBG(mmol/L) 1821 0.131 21.60% -0.44(-0.53,-0.34) <0.001* 0.667

supervised 781 0.031* 49.60% -043(-0.57.-0.28) <0.001*

unsupervised 1041 0486 0.00% -047(-0.59,-0.35) <0.001*

2hPG (mmol/L) 1092 <0.001* 64.20% -1.16(-1.48,-0.85) <0.001* 0.001*

supervised 490 0.032* 54.30% -0.65(-0.99,-0.30) <0.001*

unsupervised 602 0.008* 50.30% -1.52(-1.93,-1.11) <0.001*

Meta-analysis results for different types of TCEs

HbA1c(%) 1190 0.001% 53.10% -0.28(-0.38,-0.18) <0.001* 0.003*

Yijinjing 84 0.354 0.00% -0(-0.18,0.17) 0.971

Taiji 108 0.162 48.80% -0.11(-0.74,0.52) 0.74

Baduanjin 200 0.003% 59.10% -0.26(-0.38,-0.13) <0.001*

Shaolin Neigong 798 0.601 0.00% -0.47(-0.65,-0.30) <0.001*

FBG(mmol/L) 1799 0.117 23.00% -0.44(-0.53,-0.35) <0.001* 0425

Yijinjing 144 0.344 6.20% -0.32(-0.54,-0.10) 0.004

Taiji 369 0.873 0.00% -0.57(-0.77,-0.36) <0.001*

Baduanjin 1086 0.244 17.90% -041(-0.52,-0.30) <0.001*

Shaolin Neigong 200 0.053 47.80% -0.44(-0.74,-0.13) 0.005*

2hPG (mmol/L) 1070 <0.001* 65.60% -1.18(-1.50,-0. 86) <0.001* <0.001*

Yijinjing 144 0812 0.00% -0.56(-1.0-0.11) 0.015*

Taiji 108 0.368 0.00% -1.10(-1.55,-0. 64) <0.001*

Baduanjin 618 0.008* 58.20% -0.89(-1.25,-0.53) <0.001*

Shaolin Neigong 200 041 3.00% -2.22(-2.70,-1.73) <0.001*

TC (mmol/L) 342 0494 0.00% -0.31(-0.50,-0.11) 0.003* 0.155

Yijinjing 84 047 0.00% -0(-047,047) 0.991
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Outcome Number of Heterogeneity Meta-analysis Subgroup
participants P value P Effect estimate (95%Cl) Pvalue differences

Baduanjin 258 0.605 0.00% -0.38(-0.60,-0.16) 0.001*

TG (mmol/L) 342 0.025% 61.10% -0.28(-0.52,-0.03) 0.026* 0.012*

Yijinjing 84 0.269 18.20% -0.42(0.60,-0.23) 0.485

Baduanjin 258 0.262 25.00% 0.14(-0.26,0.54) <0.001*

HDL (mmol/L) 342 <0.001* 87.40% -0.18(-0.03,0.40) 0.089 0.068

Yijinjing 84 <0.001* 0.00% -0.01(-0.13,0.12) 0.943

Baduanjin 258 0.768 89.10% 0.28(0.002,0.56) 0.048*

LDL (mmol/L) 342 0.029* 60% -0.17(-045,0.11) 0.225 0.019*

Yijinjing 84 <0.001* 89.10% -0.20(-0.15,0.56) 0.265

Baduanjin 258 0.46 13.50% -0.33(-0.60,-0.06) 0.016*

HbATc: glycated hemoglobin; FBG: fasting blood glucose; 2hPG: 2-hour plasma glucose; TC: total cholesterol; TG: triglycerides; HDL: high-density lipoprotein
cholesterol; LDL: low-density lipoprotein cholesterol; Cl: confidence interval, *P <0.05

systemic circulation—may contribute differently to
HDL improvement. Baduanjin, characterized by gentle
stretching, coordinated breathing, and mental regulation,
positively impacts HDL enhancement by improving auto-
nomic nervous system balance and regulating hormone-
combines dynamic and static exercises with an emphasis
on strength-focused practices, improves overall meta-
bolic activity but has relatively limited effects on HDL
levels [67]. In this study, Baduanjin demonstrated signifi-
cant improvements in both glycemic and lipid profiles.
However, further large-scale, long-term, randomized
controlled trials are needed to confirm Baduanjin’s supe-
riority and explore its underlying mechanisms.

LDL is traditionally considered a cardiovascular risk
factor, but its role in diabetes progression remains con-
troversial [68]. A large retrospective study in Chinese
adults found that increased LDL (>2.16 mmol/L) may
reduce prediabetes risk through mechanisms such as
decreased pancreatic B-cell uptake of LDL particles [68].
Recent research suggests elevated low-density lipoprotein
cholesterol does not necessarily increase cardiovascular
risk [69]. Beebe et al. [69] found that after 16 weeks of Tai
Chi, LDL concentrations did not significantly decrease.
TCEs appeared to optimize LDL particle size, result-
ing in a slight increase in total LDL concentration. Our
meta-analysis also did not observe significant changes in
LDL concentrations, possibly due to the optimization of
LDL particle size by TCEs rather than a direct reduction
in LDL concentration. TCEs promote the generation and
activity of lipoprotein lipase, reducing the likelihood of
TG-LDL exchange, thereby increasing LDL particle size
and transforming it into a healthier phenotype, which
lowers cardiovascular risk [70, 71]. Thus, the metabolic
role of LDL in individuals with prediabetes may have a
dual nature, and focusing solely on its concentration
changes may not fully assess metabolic health status.

This study found significant heterogeneity in some
outcomes. To explore the sources of heterogeneity, we
performed subgroup and meta-regression analyses. The
results indicated that the primary sources of heteroge-
neity for HbAlc were intervention duration and TCE
type; for 2hPG, it was session duration, TCE type, and
sample size; for TG, it was related to TCE type; and for
LDL, it was associated with TCE type and exercise fre-
quency. Meta-regression revealed a significant asso-
ciation between sample size and 2hPG improvement,
indicating that larger sample sizes reduce random error
and variability, leading to more precise and generaliz-
able results. Identifying sample size as a key source of
heterogeneity underscores the importance of address-
ing study-scale differences in future analyses. Future
research should prioritize adequately powered studies to
enhance the accuracy and generalizability of findings. In
addition to sample size, meta-regression included other
covariates such as baseline BMI, age, publication year,
and male proportion to evaluate their potential con-
tributions to heterogeneity. However, the analysis did
not identify significant associations between these fac-
tors and the outcomes assessed (e.g., HbAlc, HDL). The
limited variability in baseline BMI and age across the
included studies further supports the finding that these
factors likely have minimal impact on the observed het-
erogeneity. Additionally, we conducted a sensitivity
analysis, which showed that removing individual studies
had minimal effects on overall effect sizes and 95% confi-
dence intervals, with the direction of the impact remain-
ing consistent, indicating that the conclusions of this
meta-analysis are robust and reliable. Notably, sensitiv-
ity analysis for HDL indicated that Ma2022c [35] (inter-
vention duration>12 months) was the primary source
of heterogeneity for HDL outcomes. However, subgroup
analysis did not show significant statistical differences
between subgroups (P=0.526). This result may be due to
the small sample size in the >12-month group (n=126),
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which led to insufficient statistical power. However, We
observed a trend of greater HDL improvement with lon-
ger intervention durations, aligning with the findings of
meta-analyses by Yu et al. [19] and Dong et al. [72], which
demonstrated that extended TCE interventions were
associated with significant improvements in glycemic and
lipid control in individuals with prediabetes. These results
suggest a potential dose-response relationship between
intervention duration and HDL improvement, warrant-
ing confirmation through more extensive, well-powered
studies. Although sensitivity analyses supported the over-
all robustness of the findings, caution is warranted when
extrapolating these results to populations with differing
baseline characteristics or intervention conditions.

Limitations

First, this study included only RCTs, excluding obser-
vational studies and gray literature, which may limit
the generalizability of the findings. While this approach
ensured methodological rigor and minimized bias from
non-peer-reviewed sources, it may have introduced pub-
lication bias by omitting studies with null or negative
results. Future research should balance methodological
quality with the inclusion of gray literature to improve
the breadth and representativeness of evidence.

Second, the quality of the included literature was gen-
erally assessed as a moderate risk of bias, with the over-
all evidence quality ranging from very low to moderate.
Many RCTs did not report the implementation of alloca-
tion concealment and blinding procedures in detail, lead-
ing to uncertainty in bias risk assessment. This lack of
reporting may increase selection bias in study design and
implementation.

Finally, most of the studies were conducted in China.
TCEs are deeply rooted in culture and supported by the
community, potentially enhancing adherence and magni-
fying intervention effects in this cultural context. How-
ever, this cultural specificity may limit the transferability
of the findings to other regions or populations. Neverthe-
less, TCEs show great potential for application in public
health, especially in community-based diabetes care and
prevention, due to their low cost, accessibility, safety, and
high adherence [42]. Future research should focus on
developing effective strategies, such as culturally adapted
educational materials, improved access to certified train-
ers, and integrating culturally rooted programs into com-
munity health initiatives [60, 73]. These efforts would
enable TCEs to adapt to diverse cultural and healthcare
settings, ensuring their global applicability and maximiz-
ing their health benefits.

Clinical implications
In this meta-analysis, although the observed reduction
in HbAlc (0.28%) did not reach the conventional clinical
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significance threshold for the management of type 2
diabetes (typically defined as a reduction of >0.5%), its
potential significance for individuals with prediabetes
should not be underestimated. The primary objective of
interventions in prediabetes is to prevent or delay the
progression to type 2 diabetes rather than to alleviate
clinical symptoms immediately. Recent evidence-based
studies on lifestyle interventions have demonstrated that
even modest reductions in HbA1lc are valuable for diabe-
tes prevention. For instance, the 2021 update of the U.S.
National Diabetes Prevention Program (DPP) has incor-
porated a reduction in HbAlc by 0.2% as one of the key
indicators for assessing the success of lifestyle interven-
tions [74]. This suggests that the HbAlc reduction of
0.28% observed in our study may have significant clinical
relevance in lowering the risk of progression from predia-
betes to type 2 diabetes.

Practical implications

According to the ADA exercise guidelines, it is recom-
mended that individuals engage in at least 150 min of
moderate-to-vigorous intensity aerobic exercise per week,
distributed over at least three days. However, our study
found that engaging in TCEs for at least three months
for individuals with prediabetes, with each session last-
ing 30 to 50 min, two to three times per week (totaling
60-150 min), significantly improved glycemic. In con-
trast, achieving significant improvements in lipid profiles
may require longer durations of TCEs (>12 months) to
attain optimal effects. Compared to the moderate-to-vig-
orous intensity exercises recommended by the guidelines,
such as running or cycling, traditional exercises like Tai
Chi and Baduanjin are relatively gentle regarding inten-
sity and movement requirements. These forms of exer-
cise are more suitable for individuals with lower physical
capacity or limited time, thereby enhancing adherence.
Additionally, the lower initial exercise volume provides
greater feasibility for those who are inactive, laying the
foundation for gradually increasing exercise intensity and
duration over time. Notably, the longer the intervention
period, the more pronounced the improvement in meta-
bolic indicators with TCEs. Therefore, we recommend
that TCEs be adopted as a lifelong lifestyle intervention
for preventing and managing diabetes, aiming to achieve
sustained and widespread health benefits.

Conclusions

This systematic review and meta-analysis found that
TCEs significantly improve blood glucose and lipid lev-
els in individuals with prediabetes. As a low-cost, acces-
sible, and easily adherent intervention, TCEs have broad
potential for application in diabetes prevention and
management. Future studies should include high-qual-
ity RCTs from diverse cultural backgrounds to verify
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long-term effects and dose-response relationships, maxi-
mizing TCEs’ impact on global health.
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