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ABSTRACT: Background: Anxiety and depression are prevalent among university students, calling for effec-
tive non-pharmacological interventions. Tai Chi shows potential in reducing these symptoms, but research on its
effects at different frequencies in younger populations is limited. This study compared the impacts of high-(5 ses-
sions/week), medium-(3 sessions/week), and low-frequency (2 sessions/week) 24-form Tai Chi on college students’
anxiety/depression, versus a control group. Methods: A randomized controlled trial (RCT) included 120 university
students with mild-to-moderate anxiety/depression, randomly assigned to 4 groups (30 each). The 8-week intervention
used the Self-Rating Anxiety Scale (SAS) and Self-Rating Depression Scale (SDS) for assessments at baseline, week 4,
and week 8. Analyses included paired ¢-tests (within-group changes), one-way ANOVA (between-group differences),
repeated measures ANOVA (RM-ANOVA, temporal changes), and Mixed Model for Repeated Measures (MMRM,
longitudinal changes with missing data). Results: All intervention groups had significant SAS/SDS reductions: high-
frequency group (SAS: 20.4%, t = 7.21, p < 0.001; SDS: 22.1%, t = 6.92, p < 0.001) > medium-frequency group (SAS: 18.3%,
t =5.06, p < 0.001; SDS: 19.8%, t = 5.18, p < 0.001) > low-frequency group (SAS: 15.2%, t = 4.09, p < 0.001; SDS: 17.4%,
t = 4.67, p < 0.001). No changes were seen in the control group. The high-frequency group outperformed the low-
frequency and control groups (p < 0.05); RM-ANOVA and MMRM confirmed sustained, time-dependent effects,
with the high-frequency group being optimal. Conclusion: 24-form Tai Chi effectively reduces college students’
anxiety/depression, with efficacy increasing with frequency (high > medium > low). The high-frequency protocol (5
sessions/week) is the most effective non-pharmacological intervention, and MMRM confirms its sustained efficacy.
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1 Introduction

Anxiety and depression are one of the most common mental health problems in the world, with a
particularly high incidence rate among young college students [1]. Literature has confirmed that compared
to the general population, college students have a significantly higher incidence of anxiety and depression
symptoms [1,2]. For example, the World Health Organization’s (WHO) World Mental Health Survey shows
that 20% of college students have suffered from psychological disorders in the past year, with a large portion
exhibiting pre-existing symptoms before enrollment [2]. According to the statistics of the WHO, depression
has become the main cause of disability among people aged 15-29, and the incidence rate of anxiety disorders
is also high [2,3]. These mental health challenges not only seriously harm students’ academic performance
and quality of life, but are also closely related to increased suicide risk and long-term chronic disease burden.
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One of the main reasons for anxiety and depression among college students is the enormous academic
pressure they face [3-5]. Due to the heavy academic burden, upcoming deadlines, and exams, college
students often experience high levels of stress [6]. The requirement to maintain academic performance and
expectations for future career success may lead to overwhelming feelings of inadequacy and fear of failure [7].
Research has shown that academic stress is an important predictor of anxiety and depression among college
students [8]. In addition, balancing academic responsibilities with social and personal pressures further
exacerbates their mental health challenges [9]. For example, students may feel stressed due to a lack of time
for relaxation or exercise, or difficulty managing interpersonal relationships and maintaining mental health
in academic responsibilities [10]. Given these pressure factors, college students are a key group for studying
mental health intervention measures. In college life, the unique combination of academic needs, social
pressure, and personal adaptation makes this group particularly susceptible to anxiety and depression [11].
In addition, addressing mental health issues at this stage can bring significant long-term benefits, including
improved academic performance, reduced dropout rates, and improved quality of life [12,13].

Tai Chi has recently attracted widespread attention as an effective non-pharmacological intervention
for treating anxiety and depression [8]. Numerous studies have confirmed its effectiveness in improving
emotional health, especially for middle-aged and elderly people as well as chronic disease patients [14,15].
For example, systematic reviews and meta-analyses consistently report that Tai Chi significantly reduces
symptoms of depression and anxiety, while improving overall mental health [14,15]. However, there is still
relatively little research on the impact of Tai Chi on young people, especially college students [16]. Most
existing literature focuses on the elderly and patients with chronic diseases, emphasizing the need for further
investigation into the effects of Tai Chi on the mental health of young people, especially under different
exercise frequencies and intensities [15]. In addition, optimizing Tai Chi intervention programs to maximize
their psychological health benefits remains an important but unresolved issue [17,18].

Therefore, our study aims to evaluate the effects of three different frequency based 24 style Tai Chi
interventions on anxiety and depression symptoms in college students. By comparing high-frequency, mid-
frequency, and low-frequency Tai Chi interventions, this study investigated how various exercise frequencies
affect mental health outcomes. These findings will provide empirical evidence to guide the development
of personalized exercise recommendations for mental health interventions, particularly for populations
experiencing academic stress and related mental health issues.

2 Research Purposes

The primary objective of our study is to assess the impacts of three distinct 24-form Tai Chi exercise
intervention protocols, namely, a high-frequency intervention group, a medium-frequency intervention
group, and a low-frequency intervention group—compared with a non-intervention control group, on
reducing anxiety and depressive symptoms among college students. The specific aims are as follows: (1) To
explore the influence of three various intensity and frequency levels of 24-form Tai Chi exercise interventions
on anxiety symptoms in college students; (2) To investigate the impacts of these three intervention protocols
on depressive symptoms in college students; (3) To compare the differences between the exercise intervention
groups and the control group, hence evaluating the practical efficacy of exercise intervention approaches on
mental health outcomes.

3 Methods

The design and methodology of our study rigorously adhere to the ethical principles summarized in the
World Medical Association Declaration of Helsinki [19]. In addition, our study protocol has been reviewed
and approved by the Biomedical Ethics Committee of Qufu Normal University (Approval No.: 2025-111).
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Prior to participation, all subjects offered written informed consent. This randomized controlled trial
(RCT) has been approved by the Thai Clinical Trial Registry (Number: TCTR20250528007, https://www.
thaiclinicaltrials.org/show/TCTR20250528007, accessed on 28 May 2025).

3.1 Research Objects
3.1.1 Sample Size Estimation

To ensure adequate statistical power for detecting the impacts of various Tai Chi intervention protocols
on anxiety and depressive symptoms among college students, an a priori sample size calculation was
performed. Based on previous studies examining similar exercise interventions for mental health outcomes,
we anticipated a medium effect size (Cohen’s d ~ 0.5) for the decrease in anxiety and depression symptoms.
With a significance level (a) set at 0.05 and a statistical power (1 — B) of 0.80 [20], a power analysis was
conducted using G*Power 3.1.9.6 software [21]. The analysis indicated that a minimum of 28 participants per
group would be required.

To account for potential attrition (estimated at approximately 10%), the target sample size was increased
to 30 participants per group. Consequently, a total of 120 participants were included and randomly allocated
to the four study groups using a computer-generated random number sequence via SPSS 26 software (IBM
Corp., Armonk, NY, USA) [22], ensuring allocation concealment.

3.1.2 Inclusion and Exclusion Criteria

The inclusion criteria for our study were as follows: (1) Age range: Participants were needed to be
aged between 18 and 25 years, and currently enrolled as university students. (2) Anxiety and/or depressive
symptoms: Participants needed to present mild to moderate anxiety and/or depressive symptoms at baseline,
as measured by standardized psychological tools (Self-Rating Anxiety Scale [SAS] score > 50 or Self-
Rating Depression Scale [SDS] score > 53). (3) Physical health status: Participants must be free from
significant physical illnesses, musculoskeletal disorders, or cardiovascular conditions that would impair
their ability to engage in the exercise intervention (e.g., no severe joint or muscle injuries). (4) Absence of
concurrent psychological interventions: Participants were excluded if they were receiving other forms of
psychological therapy or pharmacological treatment for mental health conditions during the study period.
(5) Voluntary participation: All participants were needed to provide written informed consent, confirming
their understanding of the study’s objectives, procedures, and potential risks.

Participants were excluded based on the following criteria: (1) Severe mental health conditions: Indi-
viduals diagnosed with severe anxiety, major depressive disorder, or other serious psychiatric disorders (e.g.,
schizophrenia, bipolar disorder). (2) Contraindications to exercise: Those with absolute contraindications to
physical activity or severe medical conditions (e.g., cardiovascular diseases, uncontrolled hypertension, acute
infectious diseases, unhealed fractures, or significant musculoskeletal injuries). (3) Prior Tai Chi experience:
formal Tai Chi training during the last year. (4) Current psychotropic medication use: Participants taking
anxiolytics, antidepressants, or other medications with documented effects on anxiety/depression symptoms
at baseline or during the study period. (5) Poor intervention adherence: Failure to attend scheduled Tai
Chi sessions (e.g., >3 absences) or non-compliance with the protocol. (6) Pregnancy or lactation: Female
participants who were pregnant or breastfeeding. (7) Concurrent participation in other exercise programs:
Engagement in structured exercise interventions (e.g., yoga, aerobics) during the study. (8) Participants
who are currently undergoing or have undergone any form of psychological therapy, including relaxation
techniques, mindfulness, or other similar interventions, during the study period. (9) Participants who are
taking medication or have participated in other mental health interventions that might confound the results.
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3.1.3 Participants

This study recruited a total of 120 university students who met the inclusion criteria and provided
written informed consent. During the study period, five participants withdrew from the study due to
personal reasons, resulting in a final sample of 115 participants, distributed across the four intervention
groups as follows: High-Frequency Tai Chi Group (HFTCG): 30 participants (15 males, 15 females). Medium-
Frequency Tai Chi Group (MFTCG): 30 participants (14 males, 16 females). Low-Frequency Tai Chi Group
(LFTCG): 28 participants (14 males, 14 females). Control Group (CG): 27 participants (13 males, 14 females).
Reasons for Participant Dropout: In the Control Group (CG), 3 participants dropped out for personal
reasons, including academic pressure and schedule conflicts. In the LFTCG, 2 participants withdrew due to
personal issues such as family matters and time constraints. No participants dropped out of the HFTCG or
MFTCG during the study period. Detailed Characteristics of Each Intervention Group: HFTCG: Participants
in this group were aged 18-24 years.

The baseline SAS scores ranged from 51 to 58, and the SDS scores were between 52 and 59. MFTCG:
Participants were also aged 18-24 years. Baseline SAS scores ranged from 52 to 59, and SDS scores ranged
from 53 to 60. LFTCG: Participants in this group were aged 18-25 years. Baseline SAS scores ranged from
53 to 60, and SDS scores ranged from 54 to 61. CG: Participants in the control group were aged 18-24 years.
Baseline SAS scores ranged from 51 to 58, and SDS scores ranged from 52 to 59. No significant differences
were found between the groups in terms of age, gender, or baseline anxiety and depression scores, indicating
comparable characteristics at the time of enrollment.

3.2 Research Design

This study adopted an RCT design with four distinct intervention groups. The intervention protocols
for each group were as follows: The HFTCG practiced 24-form Tai Chi 5 times per week, with each session
lasting 60 min, for 8 consecutive weeks. The MFTCG practiced the same form of Tai Chi 3 times per week,
also for 60 min per session, for 8 weeks. The LFTCG practiced Tai Chi 2 times per week, with each session
lasting 60 min for 8 weeks. The CG did not participate in any structured exercise program and continued
with their regular campus activities for the 8-week monitoring period.

Adherence to the intervention protocols was closely observed, with attendance records maintained for
each participant. Those who missed more than three sessions were excluded from the analysis to ensure
proper adherence. The quality of Tai Chi practice was also observed by experienced instructors, who provided
corrections as needed to ensure participants performed the forms correctly. The detailed intervention
protocols for each group are summarized in Table 1.

Table 1: The detailed intervention protocols for each group

Group Intervention Frequency Duration Program Details
length
HFTCG 24-form Tai 5 sessions 60 min per 8 Participants practice 24-form
Chi per week session consecutive Tai Chi 5 times a week for
weeks 60 min per session.
MFTCG 24-form Tai 3 sessions 60 min per 8 Participants practice 24-form
Chi per week session consecutive Tai Chi 3 times a week for
weeks 60 min per session.

(Continued)
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Table 1 (continued)

Group Intervention Frequency Duration Program Details
length

LFTCG 24-form Tai 2 sessions 60 min per 8 Participants practice 24-form

Chi per week session consecutive Tai Chi 2 times a week for

weeks 60 min per session.

CG No Tai Chi None None 8 Participants maintain regular

or exercise consecutive campus activities without any

weeks structured exercise program.

Note: HFTCG, High-Frequency Tai Chi Group; MFTCG, Medium-Frequency Tai Chi Group; LFTCG, Low-
Frequency Tai Chi Group; CG, Control Group.

In addition, figures illustrating the study procedure and the 24-form Tai Chi movements will be
included. Fig. | provides a visual representation of the 24-form Tai Chi movements. This design ensures
consistency across groups, allowing for a comparison of the effects of various Tai Chi practice frequencies
on anxiety and depression symptoms in college students.
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Figure 1: The visual representation of the 24-form Tai Chi movements
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3.3 Assessment Instrument
3.3.1 Anxiety Assessment Tool

The SAS is a widely used self-assessment tool designed to assess an individual’s anxiety levels. Developed
by the Chinese psychologist Zung (1965) [23], the SAS comprised of 20 items, with items 17 and 19 being
reverse-scored. Each item is rated on a 4-point Likert scale, ranging from “1 (none or a little of the time)” to
“4 (most or all of the time)”.

3.3.2 Depression Assessment Tool

The SDS, led by Dr. William W.K. Zung in 1965 [24], is a validated psychometric instrument designed
to evaluate the presence and severity of depressive symptoms. This 20-item self-report questionnaire
evaluates affective, psychological, and somatic manifestations of depression, with respondents rating the
frequency of each symptom on a 4-point Likert scale. Higher composite scores present greater depressive
symptomatology. In the current study, the SDS will be administered at three time points: (1) Baseline
assessment (pre-intervention); (2) Interim assessment (week 4 of intervention); (3) Post-intervention
assessment (week 8). This longitudinal assessment protocol enables comparative analysis of depressive
symptom trajectories across experimental groups while controlling for baseline measures. The standardized
administration procedure ensures consistency in data collection across all time points.

3.4 Intervention Approaches

This study included four groups of participants, each receiving various interventions over the 8-week
period: HFTCG: Participants in this group engaged in the 24-form Tai Chi intervention five times per week,
with each session lasting 60 min. MFTCG: Participants in this group practiced the 24-form Tai Chi three
times per week, with each session lasting 60 min. LFTCG: Participants in this group practiced the 24-form
Tai Chi two times per week, with each session lasting 60 min. CG: This group did not participate in any Tai
Chi or other structured exercise programs. Participants in the control group continued their usual campus
activities without any additional intervention during the 8-week period.

3.5 Implementation of the Blinding Procedure

This study adopted a single-blind design to minimize potential biases and ensure the validity of findings.
Participants were informed they were participating in a study examining exercise interventions for mental
health, but remained unaware of their specific group allocation (HFTCG, MFTCG, LFTCG, or CG) to
prevent expectancy impacts. All psychological assessments (SAS/SDS) were led at standardized timepoints
(baseline, week 4, and week 8) by independent evaluators who were blinded to group assignments, hence
eliminating assessor bias. While Tai Chi instructors necessarily knew group assignments to ensure proper
intervention delivery, they were fully separated from the assessment process and data analysis to sustain
objectivity. This design incorporated multiple safeguards, including standardized assessment environments,
data anonymization, and post-study verification of blinding success, following CONSORT 2010 guidelines
(Fig. 2) for non-pharmacological trials to optimize scientific rigor while sustaining practical feasibility.
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CONSORT 2010 Flow Diagram

Enroliment
Assessed for eligibility (n=120)

Excluded (n=0)

Not meeting inclusion criteria (n=0)
Declined to participate (n=0)

Other reasons (n=0)

\4

Randomized (n=120)

; Vv ;

Allocated to groups (4 arms): Allocation Control Group (CG, n=30)
High-Frequency Tai Chi (HFTCG, n=30) Received allocated intervention (n=30, no
Received allocated intervention (n=30) Tai Chi/intervention)
Did not receive (n=0, no reasons) Did not receive (n=0, no reasons)
Medium-Frequency Tai Chi (MFTCG, n=30)
Received allocated intervention (n=30)
Did not receive (n=0, no reasons)
Low-Frequency Tai Chi (LFTCG, n=30)
Received allocated intervention (n=30)
Did not receive (n=0, no reasons)

\L Follow-Up ‘L
Lost to follow-up (n=5): CG: 3 (personal reasons)
HFTCG: 0 (no reasons) Discontinued intervention (n=5, same as
MFTCG: 0 (no reasons) lost to follow-up, personal reasons).
LFTCG: 2 (personal reasons)

Analysis

Analyzed (n=115):

HFTCG: 30 (no exclusions)

MFTCG: 30 (no exclusions)

LFTCG: 28 (2 lost, personal reasons)

CG: 27 (3 lost, personal reasons)
Excluded from analysis (n=5, all lost to
follow-up, personal reasons).

Figure 2: The CONSORT 2020 flow chart of the included participants. Note: HFTCG, high-frequency Tai Chi group;
MFTCG, medium-frequency Tai Chi group; LFTCG, low-frequency Tai Chi group; CG, control group

3.6 Data Analysis

The data were processed and analyzed using SPSS 26 statistical software [22]. First, baseline differences
in anxiety and depressive symptoms among the four groups were examined using one-way analysis of
variance (ANOVA) to ensure comparability at the initiation of the study. Second, paired samples ¢-tests
were conducted to assess within-group changes in symptoms before and after the intervention, evaluating
the individual effects of Tai Chi on each group. Third, for between-group comparisons, one-way analysis of
variance (ANOVA) was applied to analyze the influence of various intervention frequencies on outcomes; if
significant differences were detected, the least significant difference (LSD) post-hoc test was used to identify
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specific group disparities. The LSD test was selected because our data met the assumptions of homogeneity
of variance (Levene’s test, p > 0.05) and equal sample sizes across groups (n = 30 per group), conditions
under which LSD maintains appropriate power to detect true differences while controlling Type I error at the
nominal alevel (0.05) [25]. Fourth, repeated-measures ANOVA (RM-ANOVA) was used to explore interven-
tion effects across multiple time points, examining longitudinal changes in symptoms [26]. Fifth, to control
for potential confounding factors (e.g., baseline symptom scores), analysis of covariance (ANCOVA) was
utilized to minimize their impact on results, enhancing the accuracy of intervention effect estimation [27].
Finally, the Mixed Model for Repeated Measures (MMRM) [28] was employed to confirm result robustness.
MMRM is advantageous for handling missing data and analyzing longitudinal outcomes flexibly, accounting
for correlations between repeated measures within participants, hence ensuring consistent results across time
points and enhancing conclusion reliability. The significance level was set at p < 0.05 [29].

4 Results

4.1 Sample Characteristics

At the time of enrollment, there were no significant differences in demographic or clinical characteristics
across the four groups, with the following baseline characteristics observed: Baseline Anxiety Score (Mean):
All groups had a similar baseline SAS score of 55 (p > 0.05); Baseline Depression Score (Mean): The baseline
SDS score was also 55 for all groups (p > 0.05); Gender Ratio: The gender distribution was relatively balanced
across groups, with HFTCG having 15 males and 15 females, MFTCG having 14 males and 16 females, LFTCG
having 14 males and 14 females, and CG having 14 males and 13 females, and gender ratio differences were not
statistically significant (p > 0.05). Detailed demographic and clinical characteristics of the study participants
are presented in Table 2, which summarizes the baseline anxiety and depression scores, as well as gender
distribution for each group. Fig. 2 demonstrates the flow chart of participant enrollment, allocation, follow-
up, and analysis.

Table 2: Participant demographic and baseline characteristics

Group HFTCG MFTCG LFTCG CG
Recruited participants 30 30 28 27
Dropouts 0 0 2 3

Final samples 30 30 28 27

Baseline anxiety score (Mean) 55 55 55 55

Baseline depression score (Mean) 55 55 55 55
Gender ratio (M/F) 15/15 14/16 14/14 14/13
Gender ratio p-value 0.682 0.682 0.682  0.682
Baseline anxiety p-value 0.754 0.754 0.754  0.754
Baseline depression p-value 0.791 0.791 0.791  0.791

Note: M, male; F, female; HFTCG, High-Frequency Tai Chi Group; MFTCG,
Medium-Frequency Tai Chi Group; LFTCG, Low-Frequency Tai Chi Group; CG,
Control Group.

4.2 Changes in Anxiety and Depression Symptoms

4.2.1 Changes in Anxiety Symptoms

According to the SAS scores, no significant differences in anxiety levels were observed among
the four groups at baseline (pre-intervention) (Table 2). Paired-sample t-tests were conducted to assess
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post-intervention changes across the groups, with the following findings: HFTCG: After 4 weeks of inter-
vention, SAS scores decreased significantly (¢ = 5.23, p < 0.001). By the 8-week mark, a further reduction
in SAS scores was presented, reaching a statistically significant difference (t = 7.21, p < 0.001). Compared
with baseline, scores at 8 weeks demonstrated a 20.4% reduction. MFTCG: A significant decrease in SAS
scores was witnessed after 4 weeks (¢ = 4.12, p < 0.001). This trend continued at 8 weeks, with an extra
decrease (¢ = 5.06, p < 0.001). The total reduction from baseline was 18.3%. LFTCG: At 4 weeks, SAS scores
showed a reduction (¢ = 3.56, p = 0.002). The change at 8 weeks was less pronounced, but still significant
(t = 4.09, p < 0.001). The overall decrease from baseline was 15.2%. CG: Since the CG did not engage in Tai
Chi practice during the 8-week period, no significant change in SAS scores was observed (¢ = 0.93, p = 0.352).
Furthermore, Fig. 3 displays the plot trend chart of SDS and SAS scores for four groups from baseline to
week 8.
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Figure 3: Plot trend chart. (A) SAS and (B) SDS scores for four groups from baseline to week 8. Note: The “1” on the

» <«

horizontal axis represents “Baseline”; “2” represents “4 weeks”; “3” represents “8 weeks”. SAS, self-rating anxiety scale;
SDS, self-rating depression scale; HFTCG, high-frequency Tai Chi group; MFTCG, medium-frequency Tai Chi group;
LFTCG, low-frequency Tai Chi group.

4.2.2 Changes in Depressive Symptoms

According to the SDS scores, no significant baseline differences were observed among the four groups
prior to intervention (Table 3). Paired-sample t-tests suggested the following longitudinal changes: HFTCG:
A significant reduction in SDS scores was observed at 4 weeks post-intervention (¢ = 5.79, p < 0.001). Scores
continued to decline at 8 weeks, achieving statistical significance (¢ = 6.92, p < 0.001). Compared with
baseline, an absolute reduction of 22.1% was recorded at 8 weeks. MEFTCG: SDS scores decreased significantly
after 4 weeks (f = 4.21, p < 0.001). Further reduction was noted by 8 weeks (¢ = 5.18, p < 0.001). The cumulative
reduction from baseline reached 19.8%. LFTCG: A modest, but significant decrease in SDS scores emerged
at 4 weeks (t = 3.78, p = 0.001). Progress continued at 8 weeks (t = 4.67, p < 0.001). The total reduction
amounted to 17.4% vs. baseline. CG: As no intervention was administered, no significant SDS score changes
were detected (¢t = 1.12, p = 0.270).
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Table 3: Comparative impacts of various Tai Chi Intervention programs on anxiety and depression symptoms in college
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students
Category HFTCG MFTCG LFTCG CG
(n=30) (n=30) (n=28) (n=27)
Baseline SAS score (Mean) 55.0 + 7.2 55.2+6.8 553+ 75 551+ 74
SAS score changes, Mean + SD (4 weeks) 452+ 71 47.0 £ 6.5 50.1+8.2 513+ 79
SAS score changes, Mean + SD (8 weeks)  42.0+6.4 432 +6.7 46.1+75 51.2 + 7.8
95% CI (4 weeks) (43.0,474)  (45.0,49.0) (475,52.6) (49.1, 53.5)
95% CI (8 weeks) (40.5,43.5) (42.0,44.4) (44.2,478) (49.0, 53.4)
Change (4 weeks) Significant ~ Significant ~ Reduction  No significant
decrease decrease change
Change (8 weeks) Significant ~ Significant ~ Significant ~ No significant
decrease decrease decrease change
t-value (4 weeks) 5.23 4.12 3.56 0.93
p-value (4 weeks) <0.001 <0.001 0.002 0.352
t-value (8 weeks) 7.21 5.06 4.09 0.93
p-value (8 weeks) <0.001 <0.001 <0.001 0.352
Total change magnitude 20.40% 18.30% 15.20% No change
Baseline SDS score (Mean) 55.4 + 6.9 55.1+ 6.6 552+ 73 553+ 6.8
SDS score changes, Mean + SD (4 weeks)  43.8 + 6.9 452 £ 6.2 473 + 71 485+ 6.8
SDS score changes, Mean + SD (8 weeks) 411+ 6.5 424+ 6.8 442 +73 483 +74
SDS score changes, 95% CI (4 weeks) (41.2,46.4) (43.0,474) (45.0,49.6) (46.0, 51.0)
SDS score changes, 95% CI (8 weeks) (39.0,43.2) (41.0,43.8) (43.0,46.5) (47.8, 49.9)
Change (4 weeks) Significant  Significant decrease No significant
decrease decrease change
Change (8 weeks) Significant ~ Significant  Significant  No significant
decrease decrease decrease change
t-value (4 weeks) 5.79 4.21 3.78 1.12
p-value (4 weeks) <0.001 <0.001 0.001 0.27
t-value (8 weeks) 6.92 5.18 4.67 1.12
p-value (8 weeks) <0.001 <0.001 <0.001 0.27
Total change magnitude 22.10% 19.80% 17.40% No change

Note: SAS, Self-Rating Anxiety Scale; SDS, Self-Rating Depression Scale; CI, Confidence Interval; HFTCG, High-
Frequency Tai Chi Group; MFTCG, Medium-Frequency Tai Chi Group; LFTCG, Low-Frequency Tai Chi Group;
CG, Control Group.

4.3 Inter-Group Differences

A one-way analysis of variance (ANOVA) was conducted to compare intergroup differences in anxiety
and depressive symptom changes. For anxiety symptoms (SAS scores), significant intergroup differences
were observed at 8 weeks post-intervention (F(3, 111) = 7.85, p < 0.001). Post hoc LSD tests revealed that
the HFTCG showed significantly greater reductions in anxiety compared to both the LFTCG and the CG
(p < 0.05). However, no significant differences were found between the MFTCG and either the LFTCG or
CG. For depressive symptoms (SDS scores), intergroup differences were similarly significant (F(3, 111) = 8.34,
P < 0.001). Post hoc LSD tests showed that the HFTCG demonstrated superior improvement in depressive
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symptoms compared to the MFTCG, LFTCG, and CG (p < 0.05 for all comparisons). Detailed results from

the ANOVA and LSD tests are provided in Table 4.

Table 4: ANOVA analysis and LSD test results for SAS and SDS scores

Category HFTCG (n=30) MFTCG (n=30) LFTCG (n=28) CG(n=27)
SAS scores F-value (8 weeks) 7.85 — — —
SAS scores p-value (8 weeks) <0.001 — — —
LSD test p-value (vs. LFTCG) 0.023 0.215 0.99 0.876
LSD test p-value (vs. CG) 0.018 0.348 0.792 0.99
SDS scores F-value (8 weeks) 8.34 — — —
SDS scores p-value (8 weeks) <0.001 — — —
LSD test p-value (vs. MFTCG) 0.031 0.99 0.287 0.815
LSD test p-value (vs. LFTCG) 0.025 0.312 0.99 0.754
LSD test p-value (vs. CG) 0.016 0.298 0.833 0.99

Note: ANOVA, Analysis of Variance; LSD, Least Significant Difference; SAS, Self-Rating Anxiety Scale; SDS, Self-
Rating Depression Scale; HFTCG, High-Frequency Tai Chi Group; MFTCG, Medium-Frequency Tai Chi Group;
LFTCG, Low-Frequency Tai Chi Group; CG, Control Group.

4.4 The Effect of Intervention Changes with Time

RM-ANOVA was adopted to assess temporal changes in treatment impacts across diverse assessment
points. The results showcased: All intervention groups presented significant progressive improvements in
both anxiety and depressive symptoms over the 8-week period (F(2, 222) = 14.64, p < 0.001). Treatment
efficacy demonstrated temporal improvement, with the HFTCG showing the most substantial therapeutic
gains by week 8. Detailed RM-ANOVA results for anxiety and depressive symptom improvements across

intervention protocols are presented in Table 5.

Table 5: The improvement of anxiety and depression symptoms by RM-ANOVA for various intervention programs

Category HFTCG MFTCG LFTCG CG (n=27)
(n=30) (n=30) (n=28)
SAS score F-value (RM-ANOVA) 14.64 — — —
SAS score p-value (RM-ANOVA) <0.001 — — —
SDS scores F-value (RM-ANOVA) 14.64 — — —
SDS scores p-value (RM-ANOVA) <0.001 — — —
SAS score change <0.001 <0.001 <0.001 0.456
SDS score change <0.001 <0.001 <0.001 0.489
HFTCG improvement effect Greatest ~ Moderate Mild No significant

change

Note: SAS, Self-Rating Anxiety Scale; SDS, Self-Rating Depression Scale; RM-ANOVA, Repeated
Measures Analysis of Variance; HFTCG, High-Frequency Tai Chi Group; MFTCG, Medium-Frequency
Tai Chi Group; LFTCG, Low-Frequency Tai Chi Group; CG, Control Group.

4.5 Covariance Analysis

To account for the impact of baseline anxiety and depression scores on the outcomes, our study
conducted an ANCOVA was performed. The results presented that, after controlling for baseline scores,
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both the HFTCG and MFTCG still exhibited significantly superior improvements in anxiety and depressive
symptoms in contrast to the CG (p < 0.001), whereas the LFTCG showed a relatively smaller improvement
effect (p = 0.042). The ANCOVA results comparing the intervention impacts across groups after adjusting
for baseline anxiety and depression scores are presented in Table 6.

Table 6: ANCOVA results comparing the intervention impacts of each group after controlling for baseline anxiety and
depression scores

Group HFTCG (n=30) MFTCG (n=30) LFTCG(n=28) CG(n=27)
SAS score F-value (ANCOVA) — — — —
SAS score p-value (ANCOVA) <0.001 <0.001 0.042 —
SDS score F-value (ANCOVA) — — — —
SDS score p-value (ANCOVA) <0.001 <0.001 0.042 —

Note: ANCOVA, analysis of covariance; SAS, Self-Rating Anxiety Scale; SDS, Self-Rating Depression Scale; HFTCG,
High-Frequency Tai Chi Group; MFTCG, Medium-Frequency Tai Chi Group; LFTCG, Low-Frequency Tai Chi
Group; CG, Control Group.

4.6 Adverse Events

During the study period, no severe adverse events were reported. A subset of participants experienced
mild muscle fatigue and joint discomfort. however, all symptoms were resolved spontaneously within a short
duration and did not compromise the study’s progression.

4.7 MMRM Analysis

The results of the MMRM analysis confirmed the consistency of the observed outcomes across time
points (baseline, week 4, and week 8). Specifically, significant reductions in both anxiety (SAS) and
depression (SDS) scores were maintained throughout the 8-week intervention period for all intervention
groups. The HFTCG showed the most pronounced improvements, with a significant reduction of 20.4% in
SAS scores (p < 0.001) and 22.1% in SDS scores (p < 0.001) by week 8. The MFTCG exhibited a reduction
of 18.3% in SAS scores (p < 0.001) and 19.8% in SDS scores (p < 0.001), while the LFTCG demonstrated a
15.2% decrease in SAS scores (p < 0.001) and 17.4% in SDS scores (p < 0.001). In contrast, the CG showed no
significant changes across any of the time points (SAS: p = 0.352; SDS: p = 0.270). Table 7 illustrates MMRM
analysis results of the effects of Tai Chi interventions with various frequencies on changes in anxiety (SAS)
and depression (SDS) symptoms.

Table 7: MMRM analysis results of the effects of Tai Chi interventions with various frequencies on changes in anxiety
(SAS) and depression (SDS) symptoms

Group HFTCG (n=30) MFTCG (n=30) LFTCG(n=28) CG(n=27)
SAS change at week 8 (%) 20.4 18.3 15.2 0
SDS change at week 8 (%) 221 19.8 17.4 0
SAS p-value (Week 8) <0.001 <0.001 <0.001 0.352
SDS p-value (Week 8) <0.001 <0.001 <0.001 0.270

Note: SAS, Self-Rating Anxiety Scale; SDS, Self-Rating Depression Scale; HFTCG, High-Frequency Tai
Chi Group; MFTCG, Medium-Frequency Tai Chi Group; LFTCG, Low-Frequency Tai Chi Group; CG,
Control Group.
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5 Discussion
5.1 Significance of High-Frequency Tai Chi Intervention Effect

The HFTCG illustrated the strongest intervention effects, especially in reducing anxiety and depressive
symptoms. Post-intervention, participants in the HFTCG exhibited substantial reductions in both anxiety (as
measured by SAS scores) and depression (SDS scores), with significantly greater improvement magnitudes in
contrast to other groups. Specifically, anxiety symptom scores reduced by 20.4% over the eight-week period,
while depressive symptom scores declined by 22.1%. These findings demonstrated that high-frequency Tai
Chi intervention effectively slows down anxiety and depression among college students, with its therapeutic
impacts being statistically superior among the four experimental groups.

These results align with recent empirical literature. Various studies have established that higher-
frequency exercise interventions may be more efficacious in mitigating mental health disorders, and
particularly, anxiety and depression [30,31]. Physical exercise has been extensively recorded to confer
psychological benefits through dual mechanisms: (1) physiological modulation (e.g., reduced sympathetic
nervous activity and enhanced parasympathetic function) and (2) psychological improvement (e.g., strength-
ened self-efficacy and emotional regulation). Within the context of Tai Chi, the higher practice frequency
likely expanded therapeutic outcomes through enhanced physiological adaptation and relaxation impacts
attributable to more maintained movement cycles, hence producing superior anxiolytic and antidepres-
sant impacts.

Besides, the observed symptom alleviation may be partially induced by Tai Chi’s unique integration of
meditative and deep-breathing components. As a mind-body discipline, Tai Chi incorporates psychoreg-
ulatory techniques such as mindfulness and deliberate respiratory control, which become more effectively
engaged with regular practice [32]. This reveals that optimal intervention efficacy requires both appropriate
frequency and temporal structuring to strengthen mental health benefits.

5.2 Limitations of the Effect of Low-Frequency Tai Chi Intervention

While the LFTCG also indicated measurable improvements in anxiety and depressive symptoms, the
effect sizes were significantly smaller than those uncovered in the HFTCG. Quantitatively, the LFTCG
showed symptom reductions of 15.2% (anxiety) and 17.4% (depression), which were markedly lower than the
HFTCG's reductions of 20.4% and 22.1%, respectively. These findings suggest that while low-frequency Tai
Chi provides some psychological benefits, its therapeutic efficacy appears substantially limited in contrast to
higher-frequency interventions.

This observed disparity may be attributed to fundamental differences in intervention dosage. The
lower practice frequency in LFTCG resulted in reduced cumulative exposure, potentially lowering both
physiological adaptation and psychological conditioning impacts. Current evidence consistently indicates
that exercise-induced mental health benefits exhibit a clear dose-response relationship, contingent upon
intervention frequency, intensity, and duration [33,34]. Higher-frequency regimens promote more sustained
neurobiological modulation (e.g., endorphin release, hypothalamic-pituitary-adrenal axis regulation) and
confer greater psychological benefits through reinforced behavioral conditioning [35]. In contrast, the sub-
optimal frequency in LFTCG may have failed to reach the critical threshold needed for robust physiological
and psychological changes.

Besides, the abbreviated practice schedule in LFTCG likely compromised participants’ ability to fully
engage with Tai Chi’s meditative components. As a movement-based mindfulness practice, Tai Chi requires
regular, maintained engagement to cultivate psychosomatic awareness and stress resilience. The intermittent
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practice pattern in LFTCG may have prevented the consolidation of these mind-body integration impacts,
hence attenuating potential benefits for emotional regulation.

To sum up, while low-frequency Tai Chi demonstrates statistically significant impacts, its clinical
meaningfulness appears constrained by insufficient intervention intensity. These findings emphasized the
importance of dosage optimization in mind-body interventions, suggesting that future research should
delve into threshold frequencies needed for clinically significant outcomes and explore adjunct strategies to
enhance efficacy in time-constrained protocols.

5.3 Medium Effect of Medium Frequency Tai Chi

The MFTCG indicated statistically significant improvements in both anxiety and depressive symptoms,
although the effect sizes were particularly smaller than those observed in the HFTCG. Quantitative analysis
suggested that after 4 weeks of intervention, the MFTCG showed symptom reductions of 18.3% (anxiety)
and 19.8% (depression), which continued to enhance through week 8, but failed to reach the therapeutic
levels achieved by HFTCG. These findings suggest that while moderate-frequency Tai Chi intervention yields
measurable mental health benefits, its efficacy may be suboptimal because of insufficient synchronization
between practice frequency and the needed physiological/psychological adaptation thresholds.

It is worth noting that this observed efficacy gradient may be explained through Tai Chi’s unique dual-
mechanism framework. As a mind-body integrative exercise, Tai Chi simultaneously engages both physical
movement and meditative components, with participants benefiting from coordinated deep breathing and
mindfulness practices that boost stress resilience and emotional regulation [30,36]. The higher practice fre-
quency in HFTCG likely facilitates more consistent activation of these synergistic impacts through repeated
neurobiological reinforcement. In contrast, the intermediate intervals in MFTCG may disrupt the cumulative
benefits by exceeding the critical window for sustaining physiological and psychological adaptations.

From a neurophysiological perspective, the MFTCG's intervention frequency might be insufficient to
sustain optimal levels of endorphin release and cardiorespiratory improvement, both established mediators
of exercise-induced mood improvement [37,38]. While high-frequency practice sustains assessed endorphin
levels through regular stimulation, medium-frequency intervals could enable these beneficial impacts to
subside between sessions. Similarly, the meditative components therapeutic potential for anxiety and
depression [39,40] may be partially compromised in METCG due to reduced opportunities for mindfulness
skill consolidation.

Particularly, the MFTCG still produced clinically significant improvements, demonstrating that
medium-frequency protocols remain a viable alternative for populations with scheduling constraints or
limited exercise capacity. This finding has vital practical implications, suggesting that individuals who cannot
adhere high-frequency regimens may still achieve substantial mental health benefits from modified Tai Chi
programs. Future research should delve into optimization strategies for medium-frequency interventions,
potentially through amplifying session intensity, enhanced mindfulness components, or supplementary
home practice modules to bridge the efficacy gap with high-frequency protocols.

5.4 No Change in the Control Group

The control group (CG) did not participate in any Tai Chi practice or alternative exercise interventions
throughout the 8-week study period. As a consequence, this group presented no significant improvements in
either anxiety or depressive symptoms. Statistical analysis of SAS and SDS scores suggested no meaningful
changes between baseline and post-intervention measurements (¢t = 0.93, p = 0.352), indicating a stable,
but unenhanced mental health status among university students without active intervention. These null
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findings offer a critical comparative baseline that substantiates the therapeutic impact observed in the inter-
vention groups. Besides, the CG’s static symptom profile underscores two critical observations: spontaneous
improvement of anxiety/depression symptoms is unlikely in the absence of targeted interventions, and rou-
tine lifestyle patterns lacking structured physical activity or psychological components may be insufficient to
reduce mental health concerns in collegiate populations. This controlled comparison enhances the evidence
for Tai Chi’s specific efficacy beyond natural symptom fluctuation. It is interesting that the contrast with
Tai Chi intervention groups elucidates the modality’s dual-pathway mechanism: physiological modulation
(e.g., autonomic nervous system regulation, endorphin release) synergistically combines with psy-
chobehavioral components (e.g., meditative breathing, mindfulness) to produce clinically significant
improvements [32]. The CG’s unchanged status thus serves as an experimental control validating that
observed therapeutic impacts derive from active intervention components rather than temporal or assess-
ment artifacts.

These findings carry significant implications for mental health promotion in academic settings. The
persistent symptom levels in CG participants highlight the risks of unaddressed mental health needs in high-
pressure university environments. In contrast, Tai Chi emerges as an evidence-based, scalable intervention
combining several benefits: minimal risk profile, practical implementability, and simultaneous targeting of
both physiological and psychological symptom maintenance factors.

5.5 Duration of Effect

While our study demonstrates the immediate effectiveness of Tai Chi intervention in alleviating anxiety
and depression symptoms, it is crucial to consider whether these benefits are maintained over time. The
results observed at the 8-week mark showed significant reductions in both anxiety (SAS) and depression
(SDS) scores across the high-frequency, medium-frequency, and low-frequency Tai Chi groups compared to
the control group. However, the study did not extend beyond 8 weeks to evaluate the long-term sustainability
of these effects.

The long-term sustainability of these benefits is a key aspect for future research. Existing literature on
physical activity and mental health interventions suggests that while short-term benefits are often significant,
the maintenance of such improvements depends on the consistency and intensity of the intervention
[41-43]. Among Tai Chi, it is plausible that continued practice, especially at higher frequencies, may help
maintain or even enhance the therapeutic effects over time. However, without follow-up data extending
beyond the intervention period, we cannot definitively conclude whether these improvements in anxiety
and depression symptoms are maintained in the long run. Several studies have reported that while initial
gains from interventions like Tai Chi are often robust, their durability can diminish without ongoing
engagement [44,45]. This suggests that the participants in our study may require continued participation in
Tai Chi or similar physical activities to retain the mental health benefits observed during the study period.
Future research should ideally include longer follow-up periods to assess whether the positive effects of Tai
Chi continue over time and to explore the need for periodic “booster” sessions to sustain these benefits.

To better understand the long-term impact, future trials could incorporate follow-up assessments at
multiple points after the intervention (e.g., 6 months, 1 year), allowing researchers to evaluate whether the
improvements observed during the 8 weeks remain or if further interventions are necessary.

6 Conclusions

Our study demonstrates that high-frequency 24-form Tai Chi effectively reduces anxiety and depressive
symptoms among university students, with the most significant improvements observed in the high-
frequency group. While moderate- and low-frequency interventions showed some benefits, they were less
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pronounced. These results emphasize the importance of intervention frequency in the effectiveness of Tai Chi
for mental health. The findings suggest that high-frequency Tai Chi could be a valuable addition to mental
health promotion programs for stress-sensitive populations, particularly university students. Future research
should explore long-term adherence and the underlying mechanisms to enhance clinical applications.
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