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Abstract
[bookmark: _Hlk153809743][bookmark: _Hlk153803469]Tai Chi, a practice that combines elements of both exercise and mindfulness, offers a wide range of health benefits. The body of evidence concerning the impact of Tai Chi on diabetes has recently been growing. This editorial aims to provide a concise summary of the current state of evidence for Tai Chi's effects on individuals with type 2 diabetes (T2D). The review includes 3 randomized controlled trials (RCTs) and 5 systematic reviews and meta-analyses, all of which investigate the effectiveness of Tai Chi on various health outcomes in individuals with T2D. Tai Chi demonstrates a significant effect to enhance glycemic control, lower blood pressure, improve serum lipid profiles, reduce insulin resistance, positively influence obesity-related indices, and improve overall quality of life in individuals with T2D. However, it is noteworthy that recent RCTs have reported inconsistent findings regarding the effects of Tai Chi on glycemic control and insulin resistance. The author also delves into potential mechanisms by which Tai Chi may exert its influence on the human body. Finally, the editorial highlights the critical issues that warrant further exploration in the future.
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Core Tip: Exercise therapy plays a crucial role in the management of diabetes. Tai Chi offers a unique approach, serving not only as a moderate-intensity exercise but also as a mindfulness intervention that incorporates deep breathing and meditation. While prior systematic reviews have highlighted the favorable effects of Tai Chi on glycemic control and metabolic parameters in individuals with type 2 diabetes, recent randomized controlled trials have yielded inconsistent findings. This suggests that Tai Chi holds potential as an addition to diabetes management, yet there remains an insufficiency of scientific evidence, particularly in terms of elucidating its biological mechanisms of action.

INTRODUCTION
Tai Chi, a traditional Chinese martial art, provides various health benefits. In 2016, Huston and McFarlane[1] summarized the evidence regarding the effects of Tai Chi on health as follows:
Strong evidence supports the positive impact of Tai Chi exercise in managing depression, aiding in cardiac and stroke rehabilitation, and addressing dementia. There is also moderate evidence suggesting that Tai Chi exercise can improve the quality of life (QOL) for patients with cancer, fibromyalgia, hypertension, and osteoporosis. However, there is currently no clear evidence directly linking Tai Chi exercise to benefits for diabetes, rheumatoid arthritis, or chronic heart failure. Systematic reviews on overall health and fitness consistently demonstrate strong evidence for improving balance and aerobic capacity, particularly in individuals with low fitness levels. Furthermore, there is good evidence indicating that Tai Chi exercise can enhance lower limb strength, with moderate evidence suggesting improvements in overall well-being and sleep quality.
[bookmark: OLE_LINK372]Tai Chi serves as a dual intervention, encompassing both exercise and mindfulness. Mindfulness-based interventions have demonstrated a positive impact on glycemic control, leading to an approximate 0.3% reduction in hemoglobin A1c (HbA1c) levels in individuals with type 2 diabetes (T2D)[2]. In addition, traditional martial arts, such as Tai Chi, incorporate breathing techniques aimed at harmonizing the human body. For instance, diaphragmatic breathing can effectively alleviate both physiological and psychological stress, potentially benefiting the brain and cardiovascular (CV) system by enhancing autonomic nervous system (ANS) function[3]. Notably, a recent systematic review has revealed that Tai Chi enhances heart rate variability, which is closely associated with ANS function, when compared to control groups[4].
Patients with diabetes frequently experience ANS dysfunction, and CV autonomic neuropathy plays a pivotal prognostic role in CV morbidity and mortality. Exercise holds the potential to rectify sympatho-vagal balance by elevating parasympathetic nervous system activity while reducing sympathetic nervous activity in individuals with T2D. This adjustment could be particularly valuable in the management of diabetes patients at risk of severe hypoglycemia unawareness[5]. Consequently, Tai Chi, which incorporates both exercise and mindfulness, may offer additional benefits to diabetes patients compared to conventional structured exercise.
The body of evidence regarding the effects of Tai Chi on diabetes has been steadily growing. A PubMed search utilizing the terms "Tai Chi" and "diabetes" yielded 168 articles as of September 30, 2023. Among these, 52 articles were randomized controlled trials (RCTs) and systematic reviews. In this paper, the author reviewed representative RCTs and systematic reviews published within the last five years, summarizing the current state of evidence on this topic.

RANDOMIZED CONTROLLED TRIALS
The author identified three eligible RCTs published between 2018 and 2023.
In the study by Chan et al[6], the effects of Tai Chi on reducing CV risk factors were compared to brisk walking in adults with hypertension. Although the study participants were not necessarily patients with diabetes, 58.5% of them had diabetes, prompting the author's review. A total of 246 adults with hypertension were randomly assigned to three groups: Tai Chi (n = 82), brisk walking (n = 82), or a control group (n = 82). However, 52 participants dropped out at the 9-month follow-up point, resulting in a dropout rate of 21.1%. An intention-to-treat analysis was conducted accordingly. The adherence rate to the exercise intervention was 90% in the Tai Chi group and 88% in the brisk walking group during the 3-mo study period. In the Tai Chi group, participants performed a 24-form Yang style Tai Chi for 60 min, twice a week, for a duration of three months. All training sessions were led by the same qualified and experienced Tai Chi Master. Additionally, participants were encouraged to engage in daily Tai Chi practice at home for 30 min, on at least five days each week, both during and after the 3-mo study period. Adherence to the intervention was defined as successfully completing at least 80% of the recommended sessions.
In contrast, individuals in the brisk walking group were instructed to walk at a pace of 5 to 6 km/h for 30 min a day, on at least five days per week. Each participant was provided with a pulse oximeter to monitor their heart rate during brisk walking and was advised to aim for a personalized heart rate corresponding to a moderate-intensity exercise, determined based on their age. The primary outcome measured was the change in blood pressure. Secondary outcomes included fasting blood glucose and HbA1c levels.
At the 9-mo follow-up, Tai Chi demonstrated significant improvements in various CV risk factors compared to the control group. These improvements encompassed a substantial decrease in systolic blood pressure (−13.33 mmHg) and diastolic blood pressure (−6.45 mmHg), lower fasting blood glucose levels (−0.72 mmol/L), reduced HbA1c levels (−0.39%), decreased perceived stress, and improved mental health and self-efficacy in exercising. Notably, the Tai Chi group exhibited even more pronounced improvements compared to the brisk walking group. Specifically, the Tai Chi group experienced more substantial decreases in systolic blood pressure (−12.46 mmHg), diastolic blood pressure (−3.20 mmHg), and fasting glucose levels (−1.27 mmol/L), more significant drops in HbA1c levels (−0.56%), lower levels of perceived stress, and more substantial enhancements in perceived mental health and exercise self-efficacy in contrast to the brisk walking group. However, no significant differences emerged in body mass index (BMI), waist circumference, serum cholesterol levels, aerobic endurance, and perceived physical health among the groups at the 9-mo follow-up.
The authors concluded that Tai Chi displayed more favorable effects on CV risks compared to brisk walking. However, it is worth noting that they did not describe whether the participants in the brisk walking group were encouraged to continue brisk walking after the 3-mo intervention, whereas the participants in the Tai Chi group were encouraged to engage in daily Tai Chi practice at home for 30 min. This disparity in post-intervention activities may have introduced some bias. Indeed, at the 3-mo mark, no significant differences in glycemic control appeared to exist between the Tai Chi group and brisk walking group.
Li et al[7] conducted a study to examine the therapeutic effects of Tai Chi and Qigong exercises in middle-aged and older patients with T2D. Initially, 103 eligible patients were randomly allocated to the Tai Chi group, the Qigong group, and the control group. However, 16 participants dropped out, leaving 24 participants in the Tai Chi group, 34 participants in the Qigong group, and 29 participants in the control group who completed the study. Each group engaged in 60 min of exercise, five times a week, over a span of 12 wk.
For the Tai Chi intervention, the authors employed the classical Chen style (18 forms), and these Tai Chi classes were led by an experienced instructor. Each session adhered to a structured format, commencing with a 10-min warm-up and self-massage, followed by a 10-min review of principles and essential movements, 30 min of practice and skill-building, and concluding with a 10-min relaxation period.
In contrast, the Qigong exercise was specifically tailored based on the theory of meridians in traditional Chinese medicine, with a focus on the unique characteristics of diabetic patients. Each Qigong movement was designed to promote meridian circulation, emphasizing the benefits of clearing various meridians to prevent and treat diseases related to internal organs. Professional instructors from the Fitness Qigong Association of Jiaozuo led the fitness Qigong classes, and similar to the Tai Chi sessions, these classes followed a structured pattern. They started with a 10-min warm-up and self-massage, followed by a 10-min review of movement principles and breathing techniques, a 30-min practice session, and ended with a 10-min relaxation period. Throughout the intervention period, participants were encouraged to practice Qigong for approximately 60 min at home.
As for the control group, participants engaged in low-intensity stretching exercises. Each class session consisted of 40 min of activity, which included a 10-min warm-up and self-massage, followed by 30 min of supervised stretching exercises. These stretching exercises primarily focused on the upper body, trunk, and lower body, incorporating controlled breathing and relaxation techniques.
Fasting blood glucose levels increased in the control group, slightly decreased in the Qigong group, and remained unchanged in the Tai Chi group. However, there was no significant difference in the effects of the interventions between the groups. Although no significant difference was observed between the groups, HbA1c levels decreased in the control group and showed no change in the Qigong group. On the other hand, HbA1c levels increased in the Tai Chi group compared to those in the control group. This result is unexpected, as regular exercise typically leads to improvements in glycemic control. The author speculates that other factors, such as dietary intake and changes in medications, which were not mentioned in the paper, may have contributed to this outcome.
Furthermore, blood C-peptide levels significantly decreased in the Tai Chi group compared to both the Qigong group and the control group. The authors mentioned the possibility that Tai Chi exercise may lead to a decrease in insulin secretion in patients with T2D. However, given that Tai Chi involves moderate-intensity exercise and offers various health benefits, including insulin sensitivity[8], caution is needed in interpreting these results.
Most recently, Chen et al[9] assessed the effectiveness of Tai Chi exercise in improving cognitive function compared to fitness walking in patients with T2D who had mild cognitive impairment. A total of 328 patients were randomly assigned to three groups: The Tai Chi group (n = 107), the fitness walking group (n = 110), and the control group (n = 111). All participants were included in the intention-to-treat analysis, and 289 participants (88.1%) completed the study, with 282 participants (86.0%) evaluated at the 36-wk follow-up. The adherence rate for the intervention was 88.8% in the Tai Chi group and 90.0% in the fitness walking group.
[bookmark: _Hlk153810255]The primary outcome measured was cognitive function, assessed using the Montreal Cognitive Assessment (MoCA) at 36 wk. Secondary outcomes included fasting blood glucose, insulin, homeostasis model assessment-insulin resistance (HOMA-IR), HbA1c, advanced glycation end products (AGEs), and soluble receptor of AGE (sRAGE) levels. All groups attended educational seminars focused on T2D management, with each seminar lasting 30 min. These seminars were held once every four weeks during the 24-wk study period.
Participants in the Tai Chi group underwent supervised 24-wk training in the 24-form Tai Chi, with 1-h training sessions three times a week. Additionally, participants were encouraged to continue exercising beyond the 24-wk supervised period, up until the 36-wk follow-up evaluation. Certified instructors guided the fitness walking and Tai Chi exercises. Participants in the control group did not receive any exercise intervention and maintained their usual lifestyle.
In comparison to fitness walking, Tai Chi exercise at 36 wk demonstrated a greater improvement in mean MoCA scores (24.67 ± 2.72 vs 23.84 ± 3.17; between-group mean difference (MD) of 0.84; 95%CI, 0.02 to 1.66). Furthermore, Tai Chi was more effective in enhancing other cognitive subdomain test results, fasting blood glucose levels (129.4 ± 25.9 mg/dL vs 139.5 ± 36.2 mg/dL; between-group MD of −10.3; 95%CI, −18.6 to −2.3), and the AGE/sRAGE ratio (0.05 ± 0.03 vs 0.07 ± 0.05; between-group MD of −0.02; 95%CI, −0.03 to −0.01). However, no significant differences were observed in HOMA-IR and HbA1c levels.
At 24 wk, Tai Chi did not exhibit a significantly greater improvement in MoCA scores compared to fitness walking. Nonetheless, Tai Chi was more effective in enhancing certain cognitive subdomain test results compared to fitness walking. Additionally, there were no differences between groups in fasting blood glucose and HbA1c levels, HOMA-IR, and the AGE/sRAGE ratio.
Compared with the control group, Tai Chi significantly improved mean MoCA scores at 24 wk (23.99 ± 3.10 vs 22.54 ± 3.29; between-group MD of 1.45; 95%CI, 0.59 to 2.32). However, no significant improvements were observed in fasting blood glucose and HbA1c levels, HOMA-IR, and the AGE/sRAGE ratio.
At 36 wk, the Tai Chi group exhibited a significant improvement in cognitive subdomain test results, fasting blood glucose levels (129.4 ± 25.9 mg/dL vs 140.0 ± 29.7 mg/dL; between-group MD of -10.6; 95%CI, −18.9 to −2.3), and the AGE/sRAGE ratio (0.05 ± 0.03 vs 0.07 ± 0.04; between-group MD of −0.02; 95%CI, −0.03 to −0.01). However, HbA1c levels and HOMA-IR did not differ significantly between groups.
Although one patient in the control group reported hospital admission and one patient in the Tai Chi group visited the emergency department, there was no significant difference in the number of adverse events among the three groups. These findings suggest that Tai Chi exercise has a beneficial effect on cognitive function and may offer protection to the vasculature. However, it may not significantly improve glycemic control in patients with T2D.
Table 1 summarizes RCTs investigating the effects of Tai Chi in patients with T2D.

SYSTEMATIC REVIEWS
The author identified a total of five systematic reviews and meta-analyses investigating the effects of Tai Chi on health outcomes in patients with T2D.
In a review by Zhou et al[10], 25 studies were assessed, focusing on the effects of Tai Chi on physiological parameters, balance function, and QOL in T2D patients. It's worth noting that all the included studies were RCTs; however, 17 out of 25 (68%) articles were of Chinese origin and were not listed in major English databases such as PubMed.
The review found that Tai Chi was effective in reducing fasting blood glucose levels [21 studies; standardized MD (SMD) = −0.67; 95%CI, −0.87 to −0.47], HbA1c levels (14 studies; MD = −0.88%; 95%CI, −1.45% to −0.31%), HOMA-IR (5 studies; MD = −0.41; 95%CI, −0.78 to −0.04), total cholesterol levels (10 studies; SMD = −0.59; 95%CI, −0.90 to −0.27), systolic blood pressure (5 studies; MD = −10.03 mmHg, 95%CI, −15.78 to −4.29 mmHg), diastolic blood pressure (5 studies; MD = −4.85 mmHg, 95%CI, −8.23 to −1.47 mmHg), and BMI (7 studies; MD = −0.82 kg/m2, 95%CI, −1.28 to −0.37 kg/m2). Moreover, Tai Chi improved QOL in terms of physical function, pain, and social function. However, Tai Chi exhibited no significant effect on fasting insulin levels and balance function. The quality of the included studies was assessed using the PEDro scale. Most of the studies received scores of 4 or 5, with only 3 studies scoring 6 to 10 (indicating high quality).
Xia et al[11] investigated the differences in the effectiveness of Tai Chi for glycemic control in T2D patients based on different durations and styles of interventions. The analysis included a total of 17 RCTs. Among these, 12 studies (70.6%) were conducted in China, while others were carried out in Taiwan, Australia, and Thailand. Various Tai Chi styles were utilized, including the simplified style (n = 4), Yang-style (n = 3), Lin-style (n = 1), Da Yuan Jiang Tang-style (n = 1), Chen-style (n = 2), Sun-style and Yang-style (n = 2), Tai Chi Ball (n = 2), and an unknown style (n = 2). The number of sessions per week and the duration of Tai Chi exercise also varied.
The findings revealed that Tai Chi significantly reduced fasting blood glucose levels (13 studies; SMD = −0.54; 95%CI, −0.91 to −0.16) and HbA1c levels (9 studies; SMD = −0.68; 95%CI, −1.17 to −0.19) in comparison to control groups. However, Yang-style Tai Chi and 24 movements (simplified style) did not show improvements in glycemic control, and other styles with a duration of ≤ 12 wk also had no significant effects on glycemic control. On the other hand, Tai Chi, excluding the simplified style and Yang-style Tai Chi with a duration of > 12 wk, led to reductions in fasting blood glucose (2 studies; SMD = −0.90; 95%CI, −1.28 to −0.52) and HbA1c levels (2 studies; SMD = −0.90; 95%CI, −1.28 to −0.52).
Furthermore, Tai Chi was effective in reducing total cholesterol (7 studies; SMD = −0.35; 95%CI, −0.54 to −0.16), triglycerides (8 studies; SMD = −0.19; 95%CI, −0.31 to −0.07), and BMI (6 studies; SMD = −0.61; 95%CI, −0.85 to −0.38). However, it is important to note that the methodological quality of the included studies was generally low due to potential biases, including the inability to blind participants to the intervention.
Palermi et al[12] examined the impact of Tai Chi programs on balance function in patients with T2D. This systematic review included only 3 RCTs and one before-after quasi-experimental study written in English. The findings revealed that Tai Chi effectively improved balance function, as measured by the single-leg stance test, tandem walk score, or Berg Balance Scale (SMD = 0.52; 95%CI, 0.20 to 0.84). The overall quality of the included RCTs, assessed using the Cochrane risk-of-bias tool, was categorized as "some concerns."
Qin et al[13] assessed the impact of Tai Chi on BMI, waist-to-hip ratio, and QOL in patients with T2D. The analysis included 15 RCTs and 3 quasi-experimental studies. Among these, 14 studies (77.8%) were conducted in China, while the others were carried out in Australia, South Korea, and Thailand. The results showed that compared with control groups, Tai Chi led to a reduction in BMI (11 studies; MD = −1.53 kg/m2; 95%CI −2.71 kg/m2 to −0.36 kg/m2). However, Tai Chi did not have a significant effect on BMI when compared to other types of exercise, such as aerobic exercise, walking, and dancing. In contrast, Tai Chi did not demonstrate a beneficial effect on the waist-to-hip ratio. Moreover, Tai Chi improved QOL, as measured by Medical Outcomes Study Short Form-36 (e.g., physical function: MD = 7.73; 95%CI, 1.76 to 13.71; body pain: MD = 8.49; 95%CI, 1.18 to 15.8; overall health: MD = 9.80; 95%CI, 5.77 to 13.82; social functioning: MD = 9.1; 95%CI, 4.75 to 13.45; mental health: MD = 5.62; 95%CI, 1.57), compared to control groups. The mean methodological quality score, as measured by the PEDro scale, was 5.3, indicating that the overall quality of the included studies was "fair".
Recently, Guo et al[14] reported that Tai Chi had a favorable impact on metabolic parameters in patients with T2D; however, its superior effects were observed only in relation to HbA1c and high-density lipoprotein cholesterol when compared to aerobic exercise. The analysis encompassed a total of 23 RCTs, with 19 studies (82.6%) conducted in China, 3 studies in Australia, and one study in South Korea.
Tai Chi was found to significantly reduce fasting blood glucose levels (15 studies; SMD = −1.04; 95%CI, −1.42 to −0.66) compared to conventional therapies; however, there was no significant difference in fasting blood glucose levels observed between the Tai Chi group and the aerobic exercise group. Furthermore, Tai Chi exhibited a positive effect on postprandial glucose levels (2 studies; MD = −1.58, units not specified but assumed to be mmol/L; 95%CI, −1.94 to −1.22) when compared to conventional therapies. The reduction in HbA1c levels was also more significant in the Tai Chi group (9 studies; MD = −1.28%; 95%CI, −2.06 to −0.51) compared to conventional therapies, and Tai Chi showed a trend towards statistical significance in decreasing HbA1c levels (5 studies; MD = −0.24%; 95%CI, −0.49 to 0.00, P = 0.05) compared to the aerobic exercise group.
Moreover, Tai Chi significantly reduced total cholesterol levels (11 studies; SMD = −0.50; 95%CI, −0.86 to −0.13), triglycerides (9 studies; SMD = −0.38; 95%CI, −0.65 to −0.10), and low-density lipoprotein cholesterol levels (9 studies; SMD = −0.38; 95%CI, −0.65 to −0.10) compared to conventional therapies. However, when compared to aerobic exercise, Tai Chi did not offer additional benefits in reducing total cholesterol, triglycerides, and low-density cholesterol levels.
On the other hand, Tai Chi significantly increased high-density cholesterol levels compared to both conventional therapies (9 studies, SMD = 0.13; 95%CI, 0.06 to 0.20) and aerobic exercise (5 studies, SMD = 0.07; 95%CI, 0.01 to 0.12). Moreover, Tai Chi was effective in decreasing BMI (5 studies; MD = −1.15 kg/m2; 95%CI, −1.79 kg/m2 to −0.51 kg/m2), fasting insulin levels (7 studies; MD = −2.63, units not specified but assumed to be μIU/mL; 95%CI, −4.51 to −0.76), HOMA-IR (3 studies; MD = −1.02; 95%CI, −1.39 to −0.64), systolic blood pressure (5 studies; MD = −11.86 mmHg; 95%CI, −14.47 to −9.25 mmHg), and diastolic blood pressure (5 studies; MD = −9.58 mmHg; 95%CI, −11.52 to −7.63 mmHg) compared to conventional therapies. These reductions in BMI and blood pressure were observed regardless of whether the study duration was < 12 wk or 12-24 wk. However, the quality of the included studies remained an issue to be addressed, as there were no studies with a low risk of bias.
Table 2 summarizes systematic reviews and meta-analyses reporting the effectiveness of Tai Chi on health outcomes in T2D patients.

INSIGHTS FROM RECENT RESEARCH
Based on the findings of recent systematic reviews and meta-analyses, Tai Chi significantly reduces fasting blood glucose and HbA1c levels. Furthermore, Tai Chi improves blood pressure, serum lipid profiles, insulin resistance, obesity-related indices, and the QOL in patients with T2D. However, recent RCTs have shown inconsistent effects of Tai Chi on glycemic control and insulin resistance. This inconsistency may be attributed to variations in Tai Chi styles[11] and differences in control group interventions (e.g., usual care, sham exercise, aerobic exercise)[13,14].
Most systematic reviews, except Palermi et al[12], have reported significant heterogeneity among the included RCTs. Therefore, the effectiveness of Tai Chi on glycemic control may vary based on demographic characteristics of study subjects, physical fitness, medications, the severity of diabetes, and comorbidities, including diabetic complications and CV diseases. Furthermore, the majority of the studies have been conducted in China, which could introduce regional bias and limit the generalizability of the evidence. In addition, there is a lack of well-designed studies investigating the effects of Tai Chi in patients with type 1 diabetes, a condition characterized by depleted insulin secretion. Since the pathophysiology of type 1 diabetes differs significantly from that of T2D, further studies in patients with type 1 diabetes are warranted to understand the potential benefits of Tai Chi.
Tai Chi, considered a moderate-intensity exercise, reduces oxidative stress in obese patients with T2D[15]. Exercise is known to have an anti-inflammatory effect mediated by various myokines, such as interleukin (IL)-6, tumor necrosis factor-α, and IL-10[16,17], suggesting that Tai Chi may also reduce inflammation[18]. Yeh et al[19] revealed that Tai Chi exercise decreased HbA1c levels along with an increase in IL-12 Levels and the T-cell helper type 1 reaction in patients with T2D, indicating that Tai Chi benefits immune function. Moreover, a 12-wk Tai Chi exercise improves physical function, vascular function, reduces anxiety and mental fatigue when compared to baseline[20], indicating Tai Chi's potential to help prevent frailty in older adults.
The molecular mechanisms underlying the effects of Tai Chi on noncommunicable diseases (NCDs) remain unclear. However, recent research provides valuable insights that helped elucidate the benefits of Tai Chi in patients with diabetes. Tai Chi exercise has reduced epicardial adipose tissue volume and heart rate by inactivating the mitogen-activated protein kinase/extracellular signal-regulated kinase pathway, along with an increase in serum miR-126 Levels in patients with coronary heart disease[21]. Additionally, Tai Chi influences specific gene expression involved in neutrophil activation, T-cell activation, and the Nod-like receptor signaling pathway in patients with Parkinson’s disease. The key candidate genes play a role in modulating peripheral immunity and inflammation[22]. A recent study revealed that Tai Chi intervention reduced the expressions of inflammatory factors, including Never in Mitosis A-related Kinase 7, nucleotide-binding domain, leucine-rich–containing family, pyrin domain–containing-3, reactive oxygen species, nuclear factor-kappa B, and IL-1β in individuals with prediabetes[23]. Further, Tai Chi exercises may induce beneficial epigenetic changes[24]. Furthermore, Tai Chi may modulate the ANS and the hypothalamus–pituitary–adrenal axis, providing potential therapeutic effects on depression, mood disorders, stress, and gut dysbiosis[25-29] (Figure 1).
However, the effect of gene–environment interactions is likely substantial, considering the etiology of complex diseases, such as diabetes, making the combined effects of environmental and lifestyle factor assessment essential along with Tai Chi on metabolic mechanisms[30]. The combination of a healthy diet, nonsmoking habits, and appropriate alcohol intake with Tai Chi practice demonstrated potential for improving health outcomes in patients with diabetes in terms of the exercise aspect of Tai Chi. No studies directly compare the effectiveness of Tai Chi with these lifestyle factors on a one-to-one basis, while holistic lifestyle interventions are crucial for addressing metabolic disturbances and improving the prognosis of patients with diabetes[31-33]. Moreover, abnormal bowel health, such as chronic diarrhea or constipation, is associated with an increased risk of cancer, CV diseases, and diabetes. Chronic constipation contributes to a higher risk of CV mortality (hazard ratio = 1.698; 95%CI, 1.144 to 2.520)[34]. Indeed, high-fiber diets have improved glycemic control and insulin sensitivity, thereby decreasing all-cause mortality (risk ratio = 0.55; 95%CI, 0.35 to 0.86) when comparing the highest with the lowest fiber intakes[35]. In summary, Tai Chi exercise should be integrated with various lifestyle modifications to improve the management of patients with diabetes.
Molecular pathological epidemiology (MPE) research, which investigates the combined effects of Tai Chi in association with molecular pathologies and clinical outcomes, demonstrates the potential for elucidating the biological mechanisms of Tai Chi in the human body. Traditional epidemiological studies may underestimate true associations between diet, physical activity, smoking, drinking habits, and other lifestyle-related factors concerning molecular markers of genetic pathways and NCD risk. In contrast, MPE studies can help determine the association of such factors with the risk of colorectal cancer[36] and the relationship of host and microbial tryptophan metabolites with T2D risk[37]. The MPE research paradigm not only provides future perspectives on the dynamics among the environment, NCDs, and hosts but also introduces new areas for investigation. Emerging advancements, including computational digital pathology, systems biology, big data analytics, and artificial intelligence, will continue to revolutionize the fields of pathology and MPE[38]. This approach offers a promising direction for fully investigating the effects of Tai Chi on patients with diabetes.
However, high-quality evidence related to the physiological, endocrinological, and biochemical mechanisms of Tai Chi intervention is still insufficient due to methodological limitations, such as the blinding of study participants and the number of well-designed studies, including large-scale RCTs with extended study periods, compared to structured exercise. A PubMed search using the term 'Tai Chi' yielded a limited number of articles (approximately 4000 articles), while a search using the term 'aerobic exercise' resulted in significantly more articles (540000 articles). This suggests that research on Tai Chi is still relatively sparse. Additionally, Tai Chi, unlike other structured exercise programs, is a martial art that typically requires several years to master the various skills, including breathing techniques, specific physical manipulations, and form. If study participants are beginners who engage in mere physical exercise, they may not fully realize Tai Chi's health benefits during the short study duration.

CONCLUSION
In conclusion, Tai Chi may be considered as an option for exercise therapy in the management of diabetes by clinicians who possess the requisite skills and knowledge of Tai Chi. However, future studies should further explore the differences between conventional exercise and Tai Chi, as well as the underlying biological mechanisms explaining Tai Chi's positive clinical effects in diabetes patients. More research into these areas is essential for building a stronger evidence base.
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Figure 1 Tai Chi exercise reduces oxidative stress, inflammation, and stress, while improving sympathetic-vagal balance. 1Reduced; 2Increased/improved.


Table 1 Randomized controlled trials investigating the effects of Tai Chi on glycemic control, insulin resistance, and cognitive function in patients with type 2 diabetes
	Ref.
	Country
	Study design
	Study period (follow-up period)
	Subjects (baseline characteristics)
	Study outcomes
	Intervention/Control
	Results

	[bookmark: _Hlk138488688]Chan et al[6], 2018
	China
	Three-arm, randomized, controlled, parallel-group trial
	12 wk (9 mo)
	246 patients with T2D. Tai Chi group (32 men and 50 women): Age: 64.70 ± 7.59 years, BMI: 26, 38 ± 4.26 kg/m2, HbA1c: 6.66% ± 1.17%
	Primary outcome: Blood pressure
Secondary outcomes: BMI, waist circumference, aerobic endurance, fasting blood glucose, HbA1c, TC, TG, HDL-C, LDL-C, perceived stress, quality of life, exercise self-efficacy
	Tai Chi/brisk walking/usual physical activity
	Blood pressure↓1. Fasting blood glucose↓, HbA1c↓, perceived stress↓. Exercise self-efficacy↑2

	
	
	
	
	Walking group (42 men and 40 women): Age: 63.22 ± 11.11 years, BMI: 25.90 ± 4.39 kg/m2, HbA1c: 7.10% ± 1.61%
	
	
	

	
	
	
	
	[bookmark: _Hlk153810299]Control group (38 men and 44 women): Age: 65.13 ± 10.22 years, BMI: 25.72 ± 4.04 kg/m2, HbA1c: 6.87 %± 1.25%
	
	
	

	Li et al[7], 2020
	China
	Three-arm, randomized, controlled, parallel-group trial
	12 wk
	87 patients with T2D. Tai Chi group (12 men and 12 women): Age: 61.71 ± 6.91 years, BMI: 24.04 ± 2.98 kg/m2, HbA1c: 8.20% ± 2.46%
	Primary outcome: Fasting blood glucose, HbA1c, C-peptide
	Tai Chi/Qigong/stretching exercise
	Fasting blood glucose→3, HbA1c↑, C-peptide↓

	
	
	
	
	Qigong group (21 men and 13 women): Age: 59.71 ± 6.67 years, BMI: 25.21 ± 2.71 kg/m2, HbA1c: 7.99% ± 1.66%
	
	
	

	
	
	
	
	Control group (14 men and 15 women): Age: 58.66 ± 10.89 years, BMI: 25.69 ± 2.57 kg/m2, HbA1c: 7.63% ± 1.74%
	
	
	

	Chen et al[9], 2023
	China
	Three-arm, randomized, controlled, parallel-group trial
	24 wk (36 wk)
	328 patients with T2D. Tai Chi group (49 men and 58 women): Age: 67.56 ± 4.99 years, BMI: 24.32 ± 3.03 kg/m2, HbA1c: 7.04% ± 1.20%
	Primary outcome:
MoCA assessment at 36 wk. Secondary outcomes: MoCA assessment at 24 wk, cognitive subdomain tests, fasting blood glucose, HbA1c, AGE, sRAGE, HOMA-IR
	AE + RT/usual care
	[bookmark: _Hlk153810303][bookmark: _Hlk153810337][bookmark: _Hlk153810345]MoCA score at 36 wk↑ vs fitness walking group: (at 24 wk). Fasting blood glucose→, HbA1c→, HOMA-IR→, AGE: sRAGE ratio→. (at 36 wk) Fasting blood glucose↓, HbA1c→, HOMA-IR→, AGE: sRAGE ratio↓ vs control group: (at 24 wk) Fasting blood glucose→, HbA1c→, HOMA-IR→, AGE: sRAGE ratio→. (at 36 wk) Fasting blood glucose↓, HbA1c→, HOMA-IR→, AGE: SRAGE ratio↓

	
	
	
	
	Fitness walking group (61 men and 49 women): Age: 67.46 ± 4.73 years, BMI: 23.86 ± 2.90 kg/m2, HbA1c: 6.84% ± 1.41%
	
	
	

	
	
	
	
	Control group (51 men and 60 women): Age: 67.62 ± 5.35 years, BMI: 23.98 ± 3.40 kg/m2, HbA1c: 7.14% ± 1.48%
	
	
	


1Decreased.
2Increased/improved.
3Unchanged.
[bookmark: _Hlk153810533]BMI: Body mass index; HbA1c: Hemoglobin A1c; TC: Total cholesterol; TG: Triglycerides; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; MoCA: The Montreal Cognitive Assessment; AGE: Advanced glycation end products; sRAGE: Soluble receptor of advanced glycation end products; T2D: Type 2 diabetes; HOMA-IR: Homeostasis model assessment-insulin resistance.

Table 2 Systematic reviews and meta-analyses reporting the effects of Tai Chi on glycemic control, metabolic parameters, physical function, and the quality of life in patients with type 2 diabetes
	Ref.
	Subjects
	Interventions (Tai Chi style)
	Comparators
	Outcomes
	Results

	Zhou et al[10], 2019 
	1235 patients with T2D. Age: 35.6–69.5 years, sex: No description, BMI: No description, HbA1c: 6.9%–11.9%
	Time: 15–120 min/session, Number of sessions: 2–14 sessions/wk, Duration of the intervention: 4–24 wk, (Simplified style, Chen style, Yang style, Sun and Yang style, Lin style, Da-yuan-jiang-tang style)
	Usual care, usual exercise, or sham exercise
	BMI, fasting blood glucose, HbA1c, insulin, HOMA-IR, TC, blood pressure, QoL (SF-36), balance (single-leg stance test)
	BMI↓1, fasting blood glucose↓, HbA1c↓, HOMA-IR↓, insulin→3, TC↓, Systolic blood pressure↓, diastolic blood pressure↓, QOL↑2

	Xia et al[11], 2019 
	774 patients with T2D. Age: No description, sex: No description, BMI: No description, HbA1c: No description
	Time: 30–60 min/session, Number of sessions: 2–14 sessions/wk, Duration of the intervention: 8–24 wk, (Simplified style, Chen style, Yang style, Sun and Yang style, Lin style, Da-yuan-jiang-tang style, Tai Chi Ball, Unknown style)
	Usual care, wait list, dancing, walking or running, conventional exercise, sham exercise, no intervention
	BMI, fasting blood glucose, HbA1c, TC, TG, HDL-C, LDL-C
	BMI↓, fasting blood glucose↓, HbA1c↓, TC↓, TG↓, HDL-C→, LDL-C→

	Palermi et al[12], 2020 
	144 patients with T2D. Age: 62.73–66.05 years (mean), sex: No description, BMI: No description, HbA1c: No description
	Time: 55–120 min/session
Number of sessions: 2–3 sessions/wk, Duration of the intervention: 12–16 wk, (Yang and Sun style)
	Usual care, sham exercise, no intervention
	Balance function measured by single-leg stance test, tandem walk test, Balance Index, and Berg Balance Scale
	Balance function↑

	Qin et al[13], 2020 
	1418 patients with T2D. Age: 47–70 years, sex: No description, BMI: No description, HbA1c: No description
	Time: 30–120 min/session, Number of sessions: 1–7 sessions/wk, Duration of the intervention: 12–24 wk
	Usual care, wait-list, walking, brisk walking, aerobic exercise, dancing, Baduanjin, sham exercise, no intervention
	BMI, waist-to-hip ratio, QOL measured by SF-36 or DSQOL
	BMI↓, QOL↑

	Guo et al[14], 2021 
	1549 patients with T2D, Age: 46.1–70.4 years (mean), sex: No description, BMI: No description, HbA1c: No description
	Time: No description, Number of sessions: No description, Duration of the intervention: No description (Simplified style, Yang and Sun style, Yang style, Chen style)
	Usual care, walking, brisk walking, dancing, aerobic exercise, sham exercise
	BMI, fasting blood glucose, HbA1c, insulin, HOMA-IR, TC, TG, HDL-C, LDL-C, blood pressure
	BMI↓, fasting blood glucose↓ (→ vs aerobic exercise), HbA1c↓, insulin↓, HOMA-IR↓, TC↓ (→ vs aerobic exercise), TG↓ (→ vs aerobic exercise), HDL-C↓, LDL-C↓ (→ vs aerobic exercise), blood pressure↓


1Decreased.
2Increased/improved.
3Unchanged.
[bookmark: _Hlk153809676]BMI: Body mass index; HbA1c: Hemoglobin A1c; TC: Total cholesterol; TG: Triglycerides; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; QOL: Quality of life; SF-36: Medical Outcomes Study Short Form-36; DSQOL: Diabetes-specific quality of life; T2D: Type 2 diabetes; HOMA-IR: Homeostasis model assessment-insulin resistance.
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