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network meta-analysis
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Social Sciences of Nanjing University of Aeronautics and Astronautics, Nanjing, China

Introduction: Mind—body therapies (MBTs) have demonstrated beneficial effects
on anxiety, depression, and sleep quality in college students. However, few stud-
ies have compared the efficacy of different types of MBTs. Therefore, we con-
ducted this study to compare and rank the relative effects of various MBTs on
these outcomes.

Methods: A systematic search was conducted across seven electronic data-
bases (inception-July 8, 2025) for randomized controlled trials investigating the
effects of MBTs on depression, anxiety and sleep quality among college students.
Literature selection was performed in accordance with the PICOS framework, and
data extraction was carried out independently by two reviewers. Risk of bias was
assessed via the Cochrane risk of bias tool, version 2 (RoB 2.0) and the Grading
of Recommendations Assessment, Development, and Evaluation (GRADE)
framework. Both pairwise and network meta-analyses were performed via Stata
software, which generated forest, network, and funnel plots. Furthermore, we
adopted the surface under the cumulative ranking curve (SUCRA) to evaluate and
rank the intervention effects of different MBTs on depression, anxiety and sleep
quality among college students.

Results: Twenty-seven eligible studies with 2,664 participants were included. This
network meta-analysis revealed significant differences in the impact of MBTs
on sleep quality among college students compared with the control group.
Baduanjin [SMD = -1.29, 95% Crl (-2.67, —0.02)] and Qigong [SMD = -2.24,
95% Crl (-3.85, —0.44)] demonstrated the most notable effects. Additionally, for
anxiety, yoga [SMD = —3.72, 95% Crl (-6.26, —1.47)] was significantly more effec-
tive than the control. Furthermore, for depression, Qigong [SMD = -3.9, 95%
Crl (=5.76, —1.37)] was significantly better than the control group. Furthermore,
Qigong was significantly more effective than yoga [SMD = 3.78, 95% Crl (0.96,
5.99)] and Baduanjin [SMD = 3.35, 95% Crl (0.03, 5.27)]. The SUCRA ranking iden-
tified Qigong (SUCRA = 90.5%) as the best intervention for sleep quality, yoga
(SUCRA = 89.0%) for anxiety, and Qigong (SUCRA = 95.0%) for depression.
Conclusion: The current evidence indicates that Qigong is the optimal intervention
for alleviating depression and improving sleep quality, whereas yoga is the most effec-
tive intervention for alleviating anxiety. Nevertheless, due to the limited number of
studies included, further research is needed to enhance the reliability of the findings.
Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD420251104941, identifier (CRD420251104941).
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1 Introduction

Anxiety, depression, and sleep disturbances pose significant, inter-
twined mental health challenges for college students, exerting adverse
effects on both their academic trajectories and overall wellbeing. As
they transition from adolescence to adulthood, college students rep-
resent a pivotal group whose psychological resilience has not yet fully
matured; consequently, they confront multiple overlapping challenges
pertaining to academic pursuits, identity formation, and social adap-
tation (1, 2). These transitions are compounded by diverse stressors,
such as intense academic competition, disruptions from public health
emergencies (e.g., the COVID-19 pandemic), and challenges associ-
ated with adapting to independent living (1). These characteristics
predispose college students to a high prevalence of combined mental
health issues and sleep disturbances. Furthermore, evidence indicates
that college students are at high risk for depression (3, 4). These
adverse outcomes impair academic performance and quality of life
(5), exacerbate psychological distress (6), and may lead to self-destruc-
tive tendencies (7). Within this context, a critical contradiction arises:
the growing demand for mental health support far outpaces the capac-
ity of existing interventions, which are characterized by a lack of stan-
dardized protocols and an inability to meet the large-scale needs of
college students (1, 5). This gap highlights the urgent need for safe,
accessible, and effective nonpharmacological interventions aimed at
addressing the pressing public health challenge of college students’
mental health (5, 8).

Mind-body therapies (MBTs) constitute a category of practices
that emphasize the synergistic integration of mental and physical pro-
cesses. In contrast to traditional physical training, which primarily
targets physiological outcomes (e.g., enhancing fitness or muscle
strength), MBTs aim to improve overall health through the synchro-
nized regulation of physical and psychological states (9). Predominant
MBTs include yoga (e.g., laughter yoga, gentle yoga), tai chi (e.g., the
24-form simplified style), baduanjin, and mindfulness meditation
(10). Although these practices vary in expression, they share a
common mechanistic pathway: fostering mind-body connections
through the synergistic integration of physical control, breathing regu-
lation, and attentional training. This typically involves (i) using spe-
cific postures or movements as a foundation (11), (ii) incorporating
regulated breathing techniques (12), and (iii) simultaneously conduct-
ing focus and emotional regulation training (13), ultimately achieving
a synergistic psychophysical balance. Research indicates that MBTs
positively impact student mental health, effectively reducing symp-
toms of depression and anxiety (14) and concurrently improving sleep
quality and reducing the risk of sleep disorders (14, 15). The advan-
tages of MBTs—including their nonpharmacological safety, accessibil-
ity, low complexity, and minimal facility demands—make them
particularly amenable to standardized, large-scale dissemination in
universities, effectively addressing current gaps in student health pro-
motion (16) and effectively addressing current gaps in university
mental health services owing to their potential for standardization and
scalability. However, conventional interventions for student mental
health are plagued by substantial limitations. Pharmacological treat-
ments are associated with risks of adverse effects and drug interactions
(17), whereas psychological counseling faces challenges such as social
stigma (18) and limited resource availability (19). The substantial het-
erogeneity in intervention protocols—evident in the wide variation of
parameters such as session frequency (5-24 sessions) and duration—
undermines the comparability of findings across studies (15, 20). A
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further critical concern pertains to the overall quality of the evidence.
Most systematic reviews in this area are rated as having “critically low”
or “low” methodological quality (21), and primary studies frequently
suffer from a high risk of bias, limited sample sizes, and an absence of
long-term follow-up (22). Consequently, this fragmentation and lack
of standardization hinder the translation of existing research into
practical, actionable guidance for universities (23, 24).

Network meta-analysis (NMA) provides a methodological frame-
work to address this gap. When head-to-head trials comparing mul-
tiple interventions are unavailable or insufficient, NMA synthesizes
direct and indirect evidence through a common comparator (25). This
approach enables the estimation of relative effects among all interven-
tions and allows ranking of their probability of being the most effec-
tive, even in the absence of direct comparisons (26). By applying
NMA, the present study aims to transcend the limitations of pairwise
meta-analyses and offer a comprehensive comparative evaluation of
five MBTs for anxiety, depression, and sleep quality in college students.

Although previous studies have demonstrated the positive effects
of MBTs in alleviating anxiety and depression and improving sleep
quality among college students, the relative effectiveness of different
types of MBTs for these three outcomes remains unclear. Thus, con-
ducting a systematic analysis and meta-analysis of randomized con-
trolled trials (RCTS) in this field is necessary. To our knowledge, this
gap remains unaddressed in the literature. The scope of this systematic
review and NMA is to compare and rank the relative efficacy of five
cifically among college students (aged 18-29 years) for three distinct
but interrelated outcomes: anxiety, depression, and sleep quality. By
addressing this literature gap, our study seeks to offer valuable guid-
ance for the practical application of MBTs in university settings.

2 Materials and methods
2.1 Protocol and guidance

This systematic review followed the framework of the Cochrane
Handbook for Systematic Reviews of Interventions (27) and the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis
guidelines (28). The protocol for this review was prospectively regis-
tered on PROSPERO on June 3, 2025, and there was no deviation from
it (CRD420251104941): https://www.crd.york.ac.uk/PROSPERO/
view/CRD420251104941.

2.2 Literature search strategy

A thorough review of the literature was carried out by searching
seven databases, including the Cochrane Library, PubMed, Embase,
Web of Science, Wanfang Data, VIP Database, and China National
Knowledge Infrastructure (CNKI), to identify RCTs examining the
effects of MBTs on sleep quality, anxiety, and depression among col-
lege students, with the search concluding on July 8, 2025. Only studies
published in English or Chinese were included. To enhance the com-
prehensiveness of the search, the key terms included “students,”
“mind-body therapies,” “sleep,” “anxiety;” and “depression.” To further
expand the search, relevant synonyms were included when the titles,
abstracts, and keywords in these databases were searched. (See
Supplementary Tables 1-6 for full strategies for the databases.)
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2.3 Inclusion and exclusion criteria

The study strictly formulated the inclusion and exclusion criteria
for the selection of literature, adhering to the PICOS principle (27).
The inclusion criteria for the literature were as follows:

1 Population: Eligible participants were college students aged
18-29 years.

2 Intervention: MBTs were administered to the experimental
group. Defined by the synergistic integration of voluntary
mental focus, controlled breathing techniques, and specific
postures or movements, MBTs aim to foster closer mind-body
connections, with examples including yoga, Tai Chi, and spe-
cific regulated breathing and movement practices often cate-
gorized under the broad umbrella of ‘Qigong’ (such as

Qigong practices (referred to as ‘Qigong’ node) were treated
as separate intervention nodes. This allows for a direct com-
parison of these specific, commonly researched forms.
Additionally, no mandatory guidelines were set for the timing,
intensity, or duration of the MBTs intervention. No restric-
tions were applied to blinding, as complete blinding is
extremely challenging for exercise-based interventions.

3 Comparisons: Eligible studies were required to include at least
two groups (experimental/intervention groups). The control
group could either refrain from any exercise intervention and
continue with their regular daily activities or receive other
types of MBTs.

4 Outcomes: The present study analyzed at least one psychologi-
cal outcome from the included studies: depression, anxiety, or
sleep quality. When multiple follow-up assessments were con-
ducted, the longest assessment was selected.

The exclusion criteria were duplicate publications; animal studies;
case reports; conference abstracts; review articles; inaccessible full
texts; publications not in English or Chinese; and studies where the
intervention arm was combined with other therapies (e.g., pharmaco-
logical, dietary, psychological, or educational therapies).

2.4 Definition of each MBTs

Qigong is a traditional Chinese mind-body exercise that com-
bines slow, flowing movements, controlled breathing, and focused
meditative intention (29), characterized by body movement, spiritual
guidance and controlled breathing (30). Yoga is a mind-body practice
that originates from ancient Indian philosophy and integrates physical
postures, regulated breathing, and meditation or mindfulness tech-
niques (31). Tai Chi is a martial-art-derived mind-body practice char-
acterized by slow, continuous, and deliberate circular movements,
weight shifting, and coordinated breathing. It is often described as
“meditation in motion” and requires sustained attention to postural
alignment and kinesthetic awareness (32, 33). Baduanjin is a specific
form of static qigong consisting of eight simple, repetitive movements
synchronized with deep breathing (34). It is designed to improve flex-
is another subtype of qigong that focuses on tendon-strengthening
and isometric muscle tension (37). Its movements are performed with
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deliberate muscular exertion followed by relaxation, aiming to
enhance physical strength and vital energy flow (38).

2.5 Study selection process

Two authors independently screened the literature in strict accor-
dance with predefined inclusion and exclusion criteria. In cases of
discrepancies, the two authors resolved them through discussion; if
consensus could not be reached, they consulted a third party for nego-
tiation to reach an agreement. The information extracted from the
included studies included the following key details: first author, pub-
lication year, country of origin, sample size, sex, age, intervention
measures, and outcome indicators.

2.6 Quality assessment

The quality of all included studies was assessed via the Cochrane
risk of bias tool, version 2 (RoB 2.0) (39) and the Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) framework. The RoB 2.0 tool evaluates five distinct
domains: bias arising from the randomization process, bias due to
deviations from intended interventions, bias due to missing outcome
data, bias in measurement of the outcomes, and bias in selection of the
reported result. Each study was judged as having a “low risk of bias,”
“unclear risk of bias,” or a “high risk of bias.” The implementation of
blinding was clearly described in all included studies. The high risk of
bias was attributed primarily to incomplete outcome data. The results
of the risk of bias assessment are summarized in Figure 1. To ensure
accuracy, the assessments were independently conducted by two
investigators. Any discrepancies were resolved through discussion
until a consensus was reached or by consultation with a third reviewer
when necessary.

The GRADE framework was applied to rate the overall certainty
of evidence for each outcome, incorporating assessments of within-
study bias, reporting bias, indirectness, imprecision, heterogeneity,
and incoherence. These ratings were ultimately summarized, culmi-
nating in a comprehensive evaluation of the quality of evidence.

2.7 Statistical analysis

Using R version 4.3.2 (R Foundation for Statistical Computing), a
Bayesian NMA was conducted on multiple trial groups employing a
prior fuzzy random effects model. Markov chain Monte Carlo meth-
ods (40) were employed to obtain optimal pooled estimates and prob-
abilities for each psychomotor exercise type. Model convergence was
assessed via trajectory plots and Brooks-Gelman-Rubin plots.
Continuous outcomes are expressed as post-erior mean differences
(MDs) with 95% credible intervals (CrIs). The Bayesian model was
run with 4 chains, each completing 50,000 iterations. The first 20,000
iterations served as burn-in to eliminate initialization effects, with the
remainder used for posterior estimation. Model convergence was
assessed using trace plots and Gelman-Rubin diagnostics. A p value
> 0.05 indicated no significant inconsistency between direct and indi-
rect evidence. The surface under the cumulative ranking curve
(SUCRA) was calculated to summarize the cumulative probability of
each intervention being ranked at each possible position. SUCRA
values range from 0 to 100%; a higher SUCRA value indicates a greater
probability of being among the most effective interventions. In addi-
tion, heterogeneity was quantified using the I* statistic, which
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FIGURE 1
Bias risk assessment of the included studies. (A) Risk of bias summary.

. (B) Risk of bias graph.

describes the percentage of total variation across studies that is due to
heterogeneity rather than chance. Network and funnel plots were gen-
erated via STATA 15.0 with a loaded pass-through macro. For the
network plots, each circle represents a psychomotor type, with edges
denoting existing comparisons. The circle size was proportional to the
included population size. Cumulative probability plots were created
via the ggplot2 package.

3 Results
3.1 Literature screening results

The literature screening process was conducted in strict accor-
dance with the PRISMA flow diagram (41). A total of 1,767 articles
were initially identified through the preliminary database search. After
preliminary retrieval, 364 duplicates were first excluded. Next, 1,013
articles were excluded on the basis of title and abstract review, and 11
articles were ultimately excluded following full-text reading.
Ultimately, 27 articles (6, 36, 37, 42-65) met the final inclusion crite-
ria. The detailed screening process is illustrated in Figure 2.

3.2 Basic characteristics of the included
studies

Among the 27 studies analyzed, sample sizes ranged from 18 to

206 participants, with the mean age ranging from 18.95 years to
27.87 years. The majority of the studies were carried out in China, and
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the remaining studies were from India, Turkey, the United States,
and Spain.

The included studies evaluated four types of MBTs, with clear cor-
respondence to the study numbers as follows: Baduanjin, Tai Chi;
varied across the included studies, and detailed specifics are provided
in Table 1. All included studies were RCTs and employed a parallel
group design.

3.3 Consistency tests

A fundamental premise underlying NMA is the assumption of
consistency, which is assessed through consistency tests that examine
the concordance between specific bodies of direct and indirect evi-
dence (defined as comparisons) (66). On the basis of the random-
effects model adopted for this NMA, both consistency and
inconsistency models were fitted to evaluate the agreement between
direct and indirect evidence for the three outcome measures. The
deviance information criterion (DIC) values and residual deviance for
each outcome are presented in Supplementary Table 7. The results
from the consistency model for depression, anxiety, and sleep quality
yielded model fit statistics of 96.55, 90.45, and 34.47, respectively. The
corresponding values from the inconsistency model were 96.37, 90.44,
and 34.51. The close similarity between the deviance statistics of the
consistency and inconsistency models for all outcomes suggests the
model’s outcomes are supported by consistent evidence in most cases.
Furthermore, the low I” values of 34, 6, and 4% for depression, anxiety,
and sleep quality, respectively, indicate negligible heterogeneity within
each network. Given the absence of significant inconsistency and the
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FIGURE 2
Flow diagram of the literature selection process.

low heterogeneity, the consistency model was deemed appropriate for
estimating comparative effects across all interventions.

3.4 Network meta-analysis results
3.4.1 Primary outcome

The network plot is presented in Figure 3, and the league table sum-
marizing pairwise comparisons is shown in Table 2, pairwise compari-
sons revealed that the intervention effects of Baduanjin [SMD = —1.29,
95% CrlI (—2.67, —0.02)] and Qigong [SMD = —2.24, 95% CrI (—3.85,
—0.44)] were significantly better than those of the control group. These
findings indicate that, compared with the control group, Baduanjin and
Qigong were more effective at promoting sleep quality. Compared with
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the control group, yoga was associated with a statistically significant
improvement in anxiety [SMD = —3.72, 95% CrI (—6.26, —1.47)]. These
findings indicate that, compared with the control, yoga is more effective
at alleviating anxiety. For depression, the intervention effects of Qigong
[SMD = —3.9, 95% CrI (—5.76, —1.37)] were significantly better than
those of the control group, and the intervention effects of Qigong were
significantly better than those of yoga [SMD = 3.78, 95% CrI (0.96,
5.99)] and Baduanjin [SMD = 3.35, 95% CrI (0.03, 5.27)]. These findings
suggest that, compared with the control group, the Qigong group was
more effective at alleviating depression, and the Qigong group was more
conducive to alleviating depression than the yoga and Baduanjin groups.

The comparative effectiveness of each MBTs on sleep quality, anxi-
ety, and depression was evaluated on the basis of the SUCRA values
in the ranking table (Table 3 and Figure 4). The ranking of the impact
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TABLE 1 Characteristics of the included studies.

Author/ Research Country Sample Gender Instruments

year classification size (M/F)
N Sleep Anxiety Depression

quality

Alkhatib etal. | RCT China Baduanjin:31 0/62 27.87 PSQI

(42) Control:31

Liu et al. (49) RCT China Baduanjin:50 NR NR POMS POMS
Control:50 SCL-90 SCL-90

Liu (37) RCT China Yijinjing:36 NR NR SDS
Tai chi:36

Yao et al. (62) RCT China Baduanjin:40 9/31 19.23 PSQI SRAS SDS
Control:40 19.33

Yan and Wei RCT China Baduanjin: 50 NR NR SCL-90 SCL-90

(61) Control:50

Xiao et al. RCT China Baduanjin:33 24/7 19.21 SRAS

(59) Control: 34 24/10 19.71

Devi et al. RCT India yoga:20 40/0 NR SCAT

(45) Control:20

Ozaras (52) RCT Turkey yoga:39 8/3 19.40 STAI BDI
Control:40 13/27 19.10

Tian (55) RCT China yoga: 30 0/60 NR SCL-90 SCL-90
Control: 30

Zheng et al. RCT China Tai chi:95 33/62 20.7 PSQI

(6) Control: 103 32/71 20.6

Zhang (85) RCT China Qigong:30 NR NR PSQI SRAS SDS
Control: 30

Caldwell etal. | RCT USA Tai chi:28 10/18 21.2 PSQI STAI

(43) Control: 19 5/14 224

Zhang et al. RCT China Tai chi:9 2/7 24.20 SRAS SDS

(63) Control: 9 3/6 22.50

Mao et al. RCT China Tai chi:52 0/52 NR SRAS SDS

(50) Control: 52

Eraydin et al. RCT Turkey yoga:39 22/27 NR SRAS

(46) Control:40 18/22 STAI

Wang et al. RCT China yoga: 90 NR NR SCL-90 SCL90

(56) Control: 90

Huaetal. (48) | RCT China yoga: 66 1/66 20.29 DASS DASS
Tai chi: 60 21/39 20.38
Control: 20 10/10 21.15

Shi et al. (54) RCT China yoga: 38 0/76 NR POMS
Control: 38

Weietal. (58) | RCT China Baduanjin: 100 NR NR PSQI PHQ
Control:100

Lietal. (36) RCT China Baduanjin: 101 15/86 20.63 PSQI POMS POMS
Control:105 21/84 20.92

Mao (50) RCT China Tai chi:17 72/0 20.33 STAI
Control: 16

Zhou et al. RCT China Qigong A: 25 35/40 NR PSQI SRAS

(65) Qigong B: 25
Control: 25

(Continued)
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TABLE 1 (Continued)

Author/ Research Country Sample Gender Instruments

year classification size (M/F)
N Sleep Anxiety Depression

quality

Castellote- RCT Spain yoga:65 33/32 20.29 STAI

Caballero et control:64 30/34 20.30

al. (44)

Guo (47) RCT China Baduanjin: 30 NR NR SCL-90 SCL-90
Control:30

Xu et al. (60) RCT China Tai chi: 60 31/29 20.6 SRAS SDS
Control: 60 32/28 20.3

Zhang and RCT China Baduanjin: 34 0/73 19.23 SCL-90 SCL-90

Jiang (64) Control:39 19.16

Wang et al. RCT China Baduanjin:100 98/102 NR SCL-90 SCL-90

(57) Control:100

PSQI, Pittsburgh Sleep Quality Index; POMS, Profile of Mood States; SCL-90, Symptom Checklist-90; HAMD, Hamilton Depression Rating Scale; SDS, Self-Rating Depression Scale; SRAS,
Self-Rating Anxiety Scale; HSCL-25, Hopkins Symptom Checklist-25; SCAT, Sport Competition Anxiety Test; BDI, Beck Depression Inventory; STAI, State-Trait Anxiety Inventory; PSS,
Perceived Stress Scale; CES-D, Center for Epidemiologic Studies Depression Scale; DASS, Depression Anxiety Stress Scale; SWLS, Satisfaction With Life Scale; PHQ, Patient Health
Questionnaire; GAD-7, Generalized Anxiety Disorder-7; MDI, major depression inventor.
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FIGURE 3
Network meta-analysis intervention diagram. The width of the lines and the size of the nodes are, respectively, proportional to the number of trials
comparing each pair of intervention and the number of participants. (A) Sleep quality, (B) anxiety, (C) depression.
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TABLE 2 League table of MBTs effects on sleep quality, anxiety and depression.

10.3389/fpubh.2026.1767300

Sleep quality
Baduanjin
—0.57 (-2.87, 1.59) Tai chi
0.95 (~1.36, 2.96) 1.53 (~1.04, 3.89) Qigong
129 (—2.67,-0.02)* | —0.72 (-2.51, 1.08) —2.24 (~3.85, —0.44)* Control
Anxiety
Baduanjin
2.48 (—0.68, 5.92) yoga
1.27 (-3.25,5.72) —1.23(-5.93,3.17) Qigong
0.09 (—3.62, 3.87) —2.39 (—6.27,1.28) —1.17 (-5.99, 3.75) Tai chi

—1.23 (—3.59, 1.03) —3.72 (—6.26, —1.47)* —2.5(—6.37, 1.40) —1.32 (—4.34, 1.55) Control
Depression
Baduanjin
—0.2(=2.77,0.74) yoga
3.35(0.03, 5.27)* 3.78 (0.96, 5.99)* Qigong
0.08 (—1.18,2.87) 0.49 (—0.45, 4.12) —3.05 (—5.21, 1.18) Tai chi
—0.45 (—6.66, 5.86) 0.06 (—6.10, 6.77) —3.65 (—10.04, 3.55) —0.8 (—6.95, 4.93) Yijinjing

—0.41 (—2.14, 0.05) —0.17 (—1.38, 1.32) —3.9 (=5.76, —=1.37)*

—0.75 (—3.65, 0.03) —0.19 (—6.68, 5.87) Control

*p < 0.05.

TABLE 3 SUCRA values for the effectiveness of each MBTs.

Treatment Sleep Anxiety Depression
quality
Yoga NR 88.99 32.90
Yijinjing NR NR 40.07
Tai chi 39.67 43.69 60.27
Qigong 90.53 65.10 95.04
Control 6.80 10.10 16.43
Baduanjin 62.96 42.18 55.31

of MBTs on sleep quality was as follows: Qigong (SUCRA = 90.53)
> Baduanjin (SUCRA = 62.96) > Tai Chi (SUCRA = 39.67). The rank-
ing of the impact of MBTs on anxiety was as follows: yoga
(SUCRA =88.99) > Qigong (SUCRA = 65.10) > Tai Chi (SUCRA
=43.69) > Baduanjin (SUCRA = 42.18). The ranking of the impact of
MBTs on depression was as follows: Qigong (SUCRA = 95.04) > Tai
Chi
(SUCRA = 40.07) > yoga (SUCRA = 32.90).

3.4.2 Publication bias test

To examine the potential publication bias in the NMA that may
be caused by small-scale studies, funnel plots were used for analysis.
Funnel plots can be visually inspected for symmetry, which effectively
helps us determine whether there is bias caused by small-scale studies,
providing an important basis for the reliability of the research results
(67). Supplementary Figure 1 shows that the distribution of study
points on both sides of the inverted funnel plot is relatively regular,
with only a few study points scattered, suggesting that the included
literature has a low likelihood of publication bias.
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4 Discussion

This systematic review and NMA evaluated the effects of various
MBTs on sleep quality, anxiety, and depression among college students
on 27 RCTs. This study aimed to address a significant gap in previous
meta-analyses, which have often been limited by focusing on a single
type of MBTs or a single outcome measure, by comprehensively
exploring the multidimensional effects of these interventions.

In traditional Chinese medicine and established taxonomies,
Baduanjin and Yijinjing are widely recognized as specific subtypes of
Qigong. However, in the included randomized controlled trials, these
practices were operationalized as distinct, protocolized interven-
tions—each with standardized movement sequences, predefined ses-
sion frequencies, and independent comparisons against control
conditions. Accordingly, to enable direct comparative assessment of
their relative effects and to reflect their implementation as discrete
programs in real-world university settings, Baduanjin, Yijinjing, and
other Qigong forms were modeled as separate nodes in the network.

This configuration does not contradict the traditional classification
of these practices within the Qigong family. Rather, it is a methodologi-
cal necessity for evaluating the comparative effectiveness of specific,
commonly studied intervention protocols. In this framework, a high
ranking of the aggregated ‘Qigong’ node suggests a broad, shared ben-
eficial effect across this category of mindful movement interventions,

vides protocol-specific evidence for their potential application.
4.1 Effects of MBTs on sleep quality

On the basis of the results of this NMA, Qigong was identified as
the most effective MBTs for improving sleep quality. Previous meta-

analyses (68-70) have endorsed MBTs for sleep quality. However,
robust evidence supporting the superiority of individual MBTs is
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FIGURE 4
Probability ranking plot of the MBTs effects on various outcomes. (A) Sleep quality, (B) anxiety, (C) depression.

lacking, as the majority of studies comparing MBTs as a group with
other exercise types. For example, both traditional Chinese exercise (a
typical category of MBTs) and aerobic exercise significantly improve
sleep quality among college students, and quantitative evidence from
meta-analyses indicates that aerobic exercise is more effective than
MBTs are (71, 72). Additionally, systematic comparisons across differ-
ent categories of MBTs demonstrated that, compared with Tai Chi and
general aerobic exercise, Qigong induces greater improvements in
sleep outcomes among older generations (73). The superior efficacy of

Frontiers in Public Health

Qigong may be attributed to its integrative nature, which potentially
combines the advantages of various traditional Chinese exercises (74).
Qigong primarily encompasses two forms (75): static exercises (e.g.,
Baduanjin, Liuzijue) and dynamic exercises (e.g., Tai Chi, Wuginxi,
Yijinjing). Both forms have positive effects on disease prevention,
treatment, and rehabilitation and promote physical and mental well-
being (70). On the other hand, multicomponent traditional Chinese
exercises can positively impact multiple core dimensions of sleep qual-
ity, including subjective sleep quality, sleep latency, sleep duration,
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habitual sleep efficiency, sleep disturbances, the use of hypnotic medi-
cation, and daytime dysfunction (72). Consequently, Qigong has
enhanced the improvement of sleep quality.

4.2 Effects of MBTs on anxiety symptoms

This NMA identified yoga as the most effective MBTs for alleviating
anxiety symptoms among college students. While previous meta-anal-
yses have evaluated the clinical efficacy of individual interventions—
such as yoga (76), Tai Chi (15, 77), Baduanjin (16), and Qigong
(78)—and have improved our understanding of each modality’s bene-
fits, they have generally been limited to single-therapy evaluations and
lack direct comparisons across different MBTs. This phenomenon may
be attributed to the modulatory impact of yoga on anxiety, as evidenced
by studies indicating that its superior efficacy may stem from its unique
ability to address the somatic and cognitive facets of anxiety concur-
rently. For example, while tai chi also promotes relaxation, its learning
curve might be steeper. In contrast, the more immediate physical
engagement and explicit focus on breathwork in yoga practices (e.g.,
laughter yoga) can induce rapid downregulation of the stress response
(e.g., reducing salivary cortisol) (20) and alter emotional processing
(79). These effects may be particularly potent for the rapid relief of anxi-
ety symptoms in young adults. In addition, yoga has been found to
reduce the levels of proinflammatory cytokines, including TNF-a and
IL-1P (80), thereby improving anxiety symptoms via the modulation of
neuroinflammatory pathways—a finding that is consistent with estab-
lished neuroimmune mechanisms of stress-related anxiety. The path-
ways discussed above are drawn from separate investigations and are
offered here as theoretical context, not as conclusions supported by the
present data. Future research incorporating mechanistic measures is
needed to test these hypotheses directly. Through these combined path-
ways, yoga facilitates rapid relaxation and helps mitigate academic
stress, representing a practical and readily implementable intervention
in university settings. Furthermore, a critical evidence gap exists regard-
ing their comparative efficacy. Our NMA directly addresses this gap by
simultaneously ranking multiple MBTs, thereby identifying yoga as the
most promising intervention for anxiety among college students.

4.3 Effects of MBTs on depressive
symptoms

The study concluded that Qigong is the most effective interven-
tion for improving depressive symptoms among college students.
Extensive research has demonstrated that Qigong exercises signifi-
cantly reduce anxiety and depression symptoms (29, 81). However,
previous studies have focused primarily on evaluating single-modality
interventions, and a direct comparative assessment of the relative effi-
cacy across different MBTs is lacking. The underlying mechanism for
the antidepressant effect of Qigong may be its impact on central ner-
vous system excitation. Specifically, qigong training increases excita-
tion in the middle cerebral cortex, which subsequently modulates
several key neurobiological pathways. These include the hypotha-
lamic-pituitary-adrenal (HPA) axis, monoamine neurotransmitter
systems, brain-derived neurotrophic factor (BDNF) expression, and
adiponectin levels (82-84). The modulation of these particular path-
ways is critically aligned with the contemporary neurobiological
understanding of depression, offering a plausible theoretical explana-
tion for the broad effects of Qigong observed in clinical studies.
However, it is important to emphasize that none of the trials included
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in this meta-analysis measured these biomarkers. The proposed mech-
anisms are therefore speculative and are presented solely to contextu-
alize the observed efficacy within a broader theoretical framework.
This concordance may explain why the broad, systemic action of
Qigong demonstrates superior efficacy for depression than other
MBTs, which might target more specific mechanisms. Therefore,
Qigong represents a comprehensive nonpharmacological intervention
are more effective in promoting sleep quality among college students.

4.4 Clinical implications

Currently, few systematic comparisons exist regarding the effects
of various MBTs on anxiety, depression, and sleep quality among col-
lege students. Furthermore, the lack of standardized intervention pro-
tocols in practical applications may, to some extent, limit the
comprehensiveness and accuracy of existing findings. Therefore,
future research should prioritize comparative investigations con-
ducted within a unified framework to comprehensively evaluate the
collective impact of different MBTs on depression, anxiety, and sleep
quality. Such efforts will enable a scientific assessment of the efficacy
of MBTs in alleviating these symptoms and help establish optimal,
symptom-specific application strategies for different MBTs types.

4.5 Strengths and limitations

The main strength of this study is the apparent symptom specific-
ity of MBTs among college students, whereas yoga was ranked first
for alleviating anxiety and Qigong for improving sleep quality.
Qigong emerged as the most effective intervention for depressive
symptoms. This tripartite outcome suggests that the interrelated
mechanisms underpinning sleep, anxiety, and depression may be dif-
ferentially modulated by distinct MBTs. The multifaceted physiologi-
cal impact of Qigong appears to be particularly well suited to counter
the neurobiological dysfunctions characteristic of depressive states.
Furthermore, the literature search and study selection processes were
rigorously conducted in accordance with current guidelines and
included multiple electronic databases to ensure comprehensive cov-
erage. Our NMA included only RCTs, which represent the optimal
study design for investigating causal relationships. The findings of
this research are anticipated to provide valuable evidence to support
informed decision-making by healthcare professionals, educators,
and policy makers. Subsequent studies should prioritize the develop-
ment of tailored intervention strategies on the basis of individual
characteristics, including gender and health status, as well as specific
implementation contexts, to increase the effectiveness of approaches
aimed at improving various negative emotional states and sleep
quality.

Several limitations exist for this NMA: @ the inclusion of only
Chinese and English publications may inevitably lead to some omis-
sions. @ The majority of included trials have certain unclear risks in
their RCTs, mainly concentrated in areas including random sequence
generation, blinding of outcome assessment, allocation concealment
(selection bias), blinding of participants and personnel (performance
bias), and blinding of outcome assessment (detection bias). This may
affect the generalizability and reliability of the study conclusions. ®
Most included studies did not provide data on whether participants
continued to practice MBTS after the intervention period. Owing to
the lack of follow-up data, the long-term effects of MBTs on college
students’ anxiety, depression, and sleep quality remain unclear.
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5 Conclusion

In conclusion, this study systematically integrates 27 RCTs and,
through a NMA approach, compares the effectiveness of mainstream
MBTs on anxiety, depression, and sleep quality. With a focus on the
perspective of MBTs types and their intervention effects on different
outcome indicators, the findings indicate that Qigong has the optimal
intervention effect in alleviating depression and improving sleep qual-
ity, whereas yoga has the greatest effectiveness in alleviating anxiety.
This finding addresses the limitations of previous studies that often
focused on single-modality interventions or solitary health outcomes.
Through a comprehensive analysis of the effects of different MBTs
across multiple outcome measures, our study provides valuable
insights for selecting optimal intervention strategies tailored to spe-
cific symptoms. However, owing to limitations in the number and
quality of included studies, as well as potential selection bias, caution
should be exercised when interpreting the results of this study.
Therefore, future research should further expand the sample size, opti-
mize the study design, and conduct more studies on the optimal dose
of each therapy. Notably, in the selection of control groups, active con-
trols should be adopted to effectively mitigate the interference of pla-
cebo effects, thereby enhancing the reliability of research findings.
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