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Abstract

:

Background: This study aimed to synthesize the evidence of the effect of practicing Tai Chi on oxidative stress markers (OxSM). Methods: This systematic review and meta-analysis was conducting using the MEDLINE, Cochrane Library, ScienceDirect, Scopus, Epistemonikos, Lilacs, and Ovid databases to identify randomized (RCT) and non-randomized (NRCT) clinical trials that evaluated the Tai Chi effect on OxSM compared to sedentary behavior, walking or yoga. Pooled mean differences (MDs) with 95% confidence intervals (95%CI) were estimated using the inverse variance method to determine the effect of Tai Chi on OxSM. PROSPERO register: CRD42019138362. Results: Five RCT and five NRCT were included. Compared to sedentary behavior, regular Tai Chi practice increases the levels of the enzymes superoxide dismutase (MD = 34.97 U/mL, (95%CI, 9.45 to 60.48), 344 participants) and catalase (MD = 15.63 U/mL, (95%CI, 4.05 to 27.22), 110 participants), as well as reducing the levels of lipoperoxides (MD = −0.02 µmol/L, (95%CI, −0.04 to −0.00), 234 participants). For comparisons with walking or yoga, only one study per activity was identified comparing the effect on OxSM. Conclusions: Regular Tai Chi practice increases the levels of superoxide dismutase and catalase, as well as reducing the levels of lipoperoxides. More studies are necessary to determine the effect of Tai Chi on OxSM when compared to other physical activities.
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1. Introduction


Oxidative stress (OxS) is a biochemical alteration in which the imbalance between the production of reactive species (RS) and antioxidants, in favor of the former, promotes the oxidative damage of biomolecules and alterations in cellular physiology, and, although RS plays a very important physiological role, OxS has been linked to the development of many diseases and their complications, as well as with the aging process [1,2,3].



It has been shown that aging per se increases OxS as well as its association with various pathologies, such as neurodegenerative and cerebrovascular diseases, chronic renal diseases, diabetes mellitus 2, hypertension, atherosclerosis, and cancer. [3]. For this reason, different therapeutic alternatives have been proposed to control the OxS associated with the pathophysiology of some diseases, among which the consumption of melatonin, a diet rich in antioxidants, and moderate physical exercise can be highlighted [4,5,6,7].



In this sense, Tai Chi is a form of traditional Chinese exercise based on modifications to martial arts that is characterized by a series of smooth and continuous movements, whose execution requires position control, deep breathing, and coordination of the movements in the legs, arms, torso, and head to move from one position to another, moving the balance point without stopping. All this is done under a state of relaxation and concentration essential to achieving balance in movement. It is classified as moderate physical activity, given the maximum oxygen expenditure and heart rate involved [8,9,10].



Given its nature, it is greatly acceptance in the gerontological sphere, and in this sense, numerous studies report the benefits of Tai Chi in aspects such as balance, stability, and elasticity, which are essential elements to maintaining gait and decreasing falls. Improvements in the cardiovascular, respiratory, immune, and endocrine systems, and psychological responses, have also been reported, since the practice of Tai Chi requires deep concentration in addition to memorization of the movements, their names, and their sequence [8,9,10,11,12].



Several clinical trials have reported that the practice of Tai Chi has an antioxidant effect, which is attributed to a possible hormetic response due to the sustained stimulus, which involves a degree of physical effort, breathing, and transcendental meditation, characteristic of this activity [11,12]; however, this evidence has not been systematically analyzed. Thus, this study aimed to synthesize the evidence of the effect of practicing Tai Chi on OxS markers (OxSM).




2. Materials and Methods


This research was performed according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines, and the protocol was prospectively registered on PROSPERO (CRD42019138362).



2.1. Search Strategy


We performed a comprehensive literature search in the databases of MEDLINE, Cochrane Library, ScienceDirect, Scopus, Epistemonikos, Lilacs, and Ovid, from inception to 21 September 2019. In addition, a search was carried out to identify potential studies in ScienceDirect conferences, Scopus conferences, ProQuest, Tesis IPN and Tesis UNAM. The search strategy was designed to be as broad as possible and was constructed by combining the medical subject headings (MeSH) descriptors “Oxidative Stress” and “Tai Ji”, as well as the keyword “Tai Chi”. The strategy was adapted to each database. Searches were not limited by language or date. In the studies included, references were reviewed manually to identify studies that met the inclusion criteria.




2.2. Study Selection and Data Extraction


The eligible articles included in this study must meet the following criteria: (1) randomized (RCT) and non-randomized (NRCT) clinical trials; (2) the participants were adults with any clinical condition; (3) participants performed Tai Chi regularly and had done for at least two months; participants in the control group maintained a sedentary behavior or performed either walking or yoga; and (4) the result of the study was the quantification of OxSM. Studies wherein participants performed Tai Chi Chuan were excluded. Two reviewers (AJM and ODC) independently reviewed and assessed all titles and abstracts in order to identify studies via the inclusion criteria, and excluded non-relevant studies. The reviewers were blinded to each other’s decisions. Discrepancies were discussed and resolved with other reviewers (JR and MAS).



An Excel database was used to extract the following information from the included studies: first author, publication year, study type, intervention, follow-up, participant’s characteristics, number of participants in each group, means and standard deviations of OxSM for each group. In studies that have more than one measurement point, the data from the last measurement point will be taken to be included in the meta-analysis. The reviewers (AJM, JR and ODC) independently reviewed and extracted data from the included studies and discrepancies were resolved by consensus.




2.3. Risk of Bias Assessment


Potential biases related to individual randomized studies were assessed with the Cochrane risk of bias assessment tool [13]. RevMan 5.3 was employed to generate the risk of bias figure. The risk of bias for the non-randomized studies was assessed using the ROBIS-I tool [14]. Risk of bias was assessed in duplicates by two authors independently (AJM and ODC), with disagreements addressed by re-evaluation, in conjunction with a third reviewer (MAS).




2.4. Statistical Analysis


Statistical analyses were performed using RevMan 5.3 [15]. The means of each OxSM were analyzed using the DerSimonian and Laird method to obtain a pooled mean difference (MD) with 95% confidence intervals (95%CI). If necessary, standard deviations were calculated from the mean, standard error, and number of participants using GraphPad QuickCalcs (GraphPad Software, Inc, San Diego, CA, USA). Studies with insufficient information to be included in the meta-analysis were excluded. For the enzyme superoxide dismutase, a sub-analysis was performed in terms of Tai Chi sessions per week. For the heterogeneity assessment, I2 statistical analysis was performed. I2 values ≤25%, 25–50%, 50–75%, and >75% indicated no, small, moderate, and significant heterogeneity, respectively. Leave-one-out sensitivity analysis was utilized to determine if the pooled effects were robust, and the study with the greatest effect was excluded. A sensitivity analysis was conducted only when three or more studies were included in the comparison. Publication bias was assessed using the Egger regression asymmetry test when the comparison contained at least 10 studies.





3. Results


3.1. Study Selection and Study Characteristics


In the systematic search, a total of 141 citations were identified, and the study selection process is illustrated in Figure 1. After duplicate removal, 81 studies were assessed via their title and abstract for potential eligibility. In total, 65 studies were excluded, and 16 studies were retrieved for full text analysis. Finally, ten studies fulfilled the inclusion criteria of being a systematic review, and the characteristics of the included studies are summarized in Table 1. [16,17,18,19,20,21,22,23,24,25]. Reasons for the exclusion of the six studies [26,27,28,29,30,31] are shown in Supplementary Table S1.



Five RCTs [16,17,18,19,20] and five NRCTs [21,22,23,24,25] were included in this research. Eight studies evaluated the OxSM in blood [16,18,19,20,21,22,23,25], while one study determined the OxSM in saliva [24], and another in urine [17]. Two studies were excluded from the quantitative analysis, the first because it did not report the units in which it measured the OxSM [18], and the second because it did not report the means and standard deviations of the OxSM [21]. Finally, eight studies were included in the meta-analysis.



A total of 612 participants were included in the trials that evaluated the effect of Tai Chi practice on markers of oxidative stress, ranging in age from 18 to 74 years. Among all 612 patients, 286 practiced Tai Chi, 271 displayed sedentary behavior, 43 practiced walking and 12 practiced yoga.




3.2. Tai Chi Effect on Markers of Oxidative Stress


Six studies evaluated the effect of Tai Chi practice on the enzyme superoxide dismutase (SOD) [16,19,20,22,23,25] (Figure 2). The results of the meta-analysis showed an increased activity of the enzyme SOD in the group that practiced Tai Chi compared to the participants who showed sedentary behavior (MD = 34.97 (95%CI 9.45, 60.48), 344 participants, significant heterogeneity). In the sensitivity analysis, the effect of Tai Chi on SOD was maintained after excluding Juan 2009 [16] (MD = 4.15 (95%CI 0.21, 8.10), 284 participants, moderate heterogeneity). In contrast, when SOD was determined in saliva, one study [24] showed no difference between participants who practiced Tai Chi and those who were sedentary (Table 2). Similarly, one study showed that there was no difference in SOD activity between participants who practiced Tai Chi and those who walked [23].



The pooled mean difference from six studies showed that there was no difference in glutathione peroxidase activity (GPx) between participants who performed Tai Chi and those who were sedentary [16,19,20,22,23,25] (Table 2). The result was consistent after performing the sensitivity analysis by excluding Niu 2016 [19] (MD = 1.20 (95%CI −1.46, 3.87), 294 participants, significant heterogeneity). In comparison with walking, the participants who practiced Tai Chi had lower glutathione peroxidase levels (Table 2).



Interestingly, the practice of Tai Chi reduced the levels of lipoperoxides (LPO) [20,22,23,25]. The robustness of this result was achieved in the sensitivity analysis by excluding Mendoza 2018 [25] (MD = −0.04 (95%CI −0.07, −0.01), 149 participants, no heterogeneity). Likewise, Tai Chi reduced LPO compared to walking [23] (Table 2). In the case of malondialdehyde (MDA), the pooled mean of two studies indicated a tendency to be lower in Tai Chi practitioners compared to sedentary participants [16,19].



The results of the meta-analysis show that the participants who practiced Tai Chi exhibited increased catalase activity compared to those who maintained a sedentary lifestyle. However, the effect was not observed when the determination was performed via saliva (Table 2).



Only one study evaluated the marker 8-hydroxy-2′-deoxyguanosine (8-OHdG) in urine [17]. The results suggest an 8-OHdG reduction in the patients who practiced Tai Chi compared to the sedentary participants.



In the studies included in this systematic review and meta-analysis, no differences were observed between Tai Chi and sedentary participants in the following markers: total antioxidant status (TAS), glutathione, saliva TAS and saliva lipoperoxides. Similarly, no difference was observed in TAS between the Tai Chi-practicing and walking participants (Table 2).




3.3. Quality Assessment


All five RCTs mention that the participants were randomized, but only one study mentions how the randomization sequence was generated (Figure 3). Due to the type of intervention, no study concealed allocation, and none blinded participants or staff. Three CRTs did not blind for outcome assessment. Two studies were at high risk of incomplete outcome data and two studies were at high risk of selective reporting bias.



The quality of the NRCTs included in this review was assessed using the ROBINS-I checklist. The pre-intervention, intervention, and post-intervention domains were assessed in each study based on key questions and detailed instructions in the ROBINS-I guidance manual (Table 3). All the studies assessed had at least one domain identified to be at serious risk of bias, resulting in an overall severe risk of bias for all studies.





4. Discussion


OxS is a dynamic process the evaluation of which depends on the determination of several markers; in the present review, we analyzed the effect of the practice of Tai Chi on those parameters reported consistently and comparably in the included studies.



4.1. Effect of Tai Chi on Antioxidant Enzyme SOD


Regarding the components of antioxidant defense, the result of the meta-analysis showed that there was an increase in the activity of the SOD enzyme in those who practiced Tai Chi; this is a finding reported in most of the studies included in this review [16,19,20,23], and even in studies excluded from the quantitative analysis [18,21]. We observed that this effect is maintained even when performing the sensitivity test, which shows the consistency of this result. SOD is a key enzyme in oxygen reduction reactions; it is responsible for dismuting the superoxide ion into hydrogen peroxide [32,33], and various interventions have reported that its activity is modified in the face of oxidative challenges such as exercise; however, the results are contradictory because, depending on the intensity and type of exercise, the response may be exhaustion or increase [34,35,36,37]. In this sense, the results of this meta-analysis are relevant, and they suggest that the practice of Tai Chi induces a sustained stimulus to increase the antioxidant response, since, regardless of the duration of the sessions, the effect of increasing activity is maintained, which is also consistent with the effects observed in the other markers analyzed.




4.2. Effect of Tai Chi on GPx and Gluthatione


Regarding the activity of glutathione peroxidase, even though in most of the studies included in this review the individual result showed an increase in its activity on Tai Chi practitioners [16,19], the global result of the quantitative analysis only shows a trend in favor of Tai Chi vs. sedentary behavior, which is maintained even after the sensitivity analysis. This trend was also observed in the global result of the quantitative analysis of glutathione concentration, a marker reported only in two studies, but whose result is consistent with the observation regarding GPx activity, since both parameters provide information on the functioning of the glutathione system, which is responsible for maintaining the intracellular redox state [33,38,39,40]. For both markers, the results suggest an increasing trend.




4.3. Effect of Tai Chi vs. Walking on GPx Activity


When performing the sub-analysis of comparison between walking and Tai Chi, an effect in favor of walking was observed, which coincides with the findings of other authors who point out an increase in this enzyme after performing interventions with walking or with higher-intensity aerobic activities [41,42,43]. The results suggest that the physical activity carried out promoted the increase in the activity of this enzyme both in those who practiced Tai Chi and in those who walked; however, the difference in the size of the observed effect may be due to the fact that walking, as an imminently aerobic activity, implied the generation of more RS, which demanded a greater antioxidant activity, in this case presumably provided by this enzyme.




4.4. Effect of Tai Chi on Enzyme Catalase


Regarding the activity of the catalase, reported in two of the analyzed studies, we observed that the global result of the meta-analysis shows an increase in its activity in those who practiced Tai Chi compared to sedentary subjects, which is consistent with the previously explained findings.



The data analyzed up to this point allow us to suppose that the practice of Tai Chi has a positive effect on the expression and or activity of the mentioned endogenous enzymatic antioxidant components, whose function is to prevent the propagation of the oxidation of biomolecules [32,43].



Although these enzymes do not prevent the formation of RS, they prevent them from oxidizing cellular components since they catalyze their conversion into water [32,34]. The biochemical mechanism has been widely studied: SOD catalyzes the dismutation of the superoxide anion into hydrogen peroxide, which in turn is converted into water by the action of both GPx and catalase, hence these enzymes are considered part of the primary antioxidant system [44,45], and according to the results of this meta-analysis, they are susceptible to modification by providing an adequate stimulus, as the practice of Tai Chi appears to be [46].




4.5. Effect of Tai Chi on LPO and for 8-OH Guanosine


Regarding LPO, an indicator of oxidative damage to lipids, the global result of the meta-analysis showed that they are reduced in the subjects who practiced Tai Chi; this finding was consistent after the sensitivity analysis, and coincides with the result observed for 8-OH guanosine, a marker of oxidative damage to DNA, the levels of which were lower in those who practiced Tai Chi. These findings are congruent with the results obtained in the antioxidant markers because, when interpreting these data together, it is feasible to assume that the oxidative stimulus represented by Tai Chi had sufficient intensity to stimulate the antioxidant response so that it increased and the markers of oxidation decreased; this effect has been consistently associated with the practice of moderate-intensity exercise [41,47,48].



Two studies reported MDA as a marker of lipid damage, and although a downward trend was observed in those who practiced Tai Chi, this finding supports the results of the other oxidation markers.




4.6. Effect of Tai Chi vs. Walking on LPO


In the study wherein Tai Chi is compared to walking, a reduction in LPO in favor of Tai Chi was observed, which agrees with the previous indication regarding the aerobic nature of walking that possibly implied a greater oxidative challenge, to which it responded with an increase in the activity of GPx (also observed). This was, though, perhaps not enough to reduce the oxidative damage induced by RS caused by walking [41,49].



Regarding the study in which the parameters in saliva were reported, no difference was found; in this case, this may be due to the nature of the sample analyzed.




4.7. Effect of Tai Chi on TAS


Regarding the total serum antioxidant activity marker, the global result of the four studies included in the quantitative analysis did not show a difference between Tai Chi and sedentary behavior. This is possibly because endogenous and exogenous non-enzymatic antioxidants are determined with this marker, whose function is to prevent the propagation of damage by giving electrons to the RS, that is, they are secondary antioxidants. Considering that, according to the observed results, there was an increase in the enzymatic primary antioxidant response, it is also feasible to assume that an increase in the secondary antioxidant response was not necessary, hence no difference was observed; besides this, among these antioxidants, we found vitamins, as well as substances that depend on the diet and are not necessarily inducible [41,50].




4.8. Effect of Tai Chi vs. Yoga


Previous evidence suggests that yoga practice reduces OxS in patients with metabolic syndrome when compared to a dietary intervention [51]. In this review, we identified a study that showed no differences in oxidative stress markers between participants who practiced Tai Chi and yoga; however, the study did not show sufficient data to be included in the quantitative analysis.



Finally, the results of the quantitative analysis show that the practice of Tai Chi had an antioxidant effect, which is evident both in the increase in the activity of antioxidant enzymes and in the decrease in oxidation markers. In this sense, it has been recognized that the heterogeneity of the markers, techniques, and even samples analyzed makes it difficult to have cut-off values that allow the clinical interpretation of OxS parameters [52]; however, we consider that the consistency of these results allows us to point out the Tai Chi practice as a potentially beneficial activity at the clinical level given the various positive health effects it generates, including the antioxidant effect. These results can be explained considering the nature of Tai Chi, an activity of moderate intensity which combines elements such as deep breathing and transcendental meditation [9,10].



This antioxidant effect can be explained by the hormesis process, in which the sustained stimulation of RS generated by moderate exercise promotes the antioxidant response through an adaptive process [53,54,55,56]. Redox-sensitive signaling pathways use SR to transfer signals from the membrane to the nucleus; in this context, the main implicated proteins are MAPK and FNkB, which act synergistically to produce a controlled response. The proposed mechanism suggests that the RS generated during moderate physical activity act as the necessary signal for the activation of MAPK proteins (p38 and ERK1/ERK2), which in turn activate the transcription factor sensitive to the redox state, FNkB. This then migrates towards the nucleus, where it promotes the synthesis of several enzymes, such as MnSOD, iNOS, and glutamylcysteine synthetase (GCS) that have binding sites for this factor in the promoter region of its gene, which in general manifests as an increase in the antioxidant response to the moderate and sustained oxidative stimulus caused by this degree of physical activity [57,58,59].



However, the fact that there are multiple redox-sensitive binding sites in antioxidant genes suggests that the synergistic activation and interaction of several transcription factors is necessary to ensure the precision and safety of gene expression that results in an effective antioxidant response, which appears to be achieved through Tai Chi [58,59]. Likewise, it has been reported that regular exercise affects the activity of the nuclear factor erythroid 2-related factor 2 (Nrf2), as well as the downstream objectives of Nrf2 signaling. Nrf2 is pointed to as the major regulator of antioxidant defenses, since it regulates the expression of more than 200 cytoprotective genes. Recent evidence has indicated that Nrf2 signaling plays a central role in the beneficial effects of exercise mediated by oxidative stress. Regular exercise leads to the upregulation of endogenous antioxidant defenses as well as counteracting the harmful effects of RS [57,58,60].



Given the nature of Tai Chi, the antioxidant effect may be due not only to the hormetic process described, but also to the interaction between several mechanisms linked to meditation and diaphragmatic breathing. It has been shown that the practice of transcendental meditation (characteristic of Tai Chi) is associated with a better antioxidant response [61,62]; meanwhile, on the other hand, psychosocial stress is linked to an oxidative status [63]. Exposure to intrinsic or extrinsic stressors compromises the cellular redox homeostasis of the organism, resulting in a preponderance of oxidants. It has recently been reported that psychological stress leads to autonomic nervous system dysfunction, increased lipid peroxidation and oxidative stress, elevated expressions of inflammatory markers, and endothelial dysfunction. A growing body of evidence suggests a positive correlation between psychological stress and the increased production of free radicals and OxS, as well as the elevated release of stress hormones, blood pressure increase, proinflammatory activity in vascular tissue, and enhanced endothelial dysfunction [63,64,65,66,67]. By contrast, transcendental meditation has been linked to beneficial effects, and clinical research studies have demonstrated the favorable effects of mindfulness-based meditation practices in decreasing cardiovascular risk factors such as hypertension, lipid peroxidation, hyperlipidemia, and atherosclerosis [63,64]. Some mechanisms have been proposed, including the preservation of the autonomic system’s nervous homeostasis and the regulation of cytokines [68]. As regards diaphragmatic breathing, increases in antioxidant defense status and melatonin levels have been reported, with concomitant reductions in cortisol levels [69]. It has been suggested that the varied beneficial effects of Tai Chi are due to a combination of the mentioned mechanisms, which, coupled with the fact that its practice does not involve risks, makes it an ideal activity for older adults [61].



In this regard, the results of this meta-analysis suggest an antioxidant effect associated with the practice of this activity; however, some limitations need to be considered when interpreting the results of this study. First, the meta-analysis results for most of the OxSM exhibit significant heterogeneity, which may be due to differences in the types of study as well as to differences in the duration and the number of times a week the intervention with Tai Chi was performed. Second, all the included studies only reported results based on per protocol analysis, and this fact could bias the results due to the loss of participants, especially in the studies where the comparison was made with sedentary behavior. Third, most of the included studies did not adequately describe the population at baseline, and therefore it is not possible to know whether the groups were balanced in variables such as age and sex before starting the intervention. Finally, the evaluation of publication bias could not be carried out because none of the comparisons identified more than 10 articles.





5. Conclusions


Regular Tai Chi practice increases the levels of the antioxidant enzymes superoxide dismutase and catalase, as well as reducing the levels of lipoperoxides when compared to sedentary behavior. More studies are necessary to determine the effect of Tai Chi on oxidative stress markers when compared to other physical activities such as walking or yoga.
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram for article screening and selection process. 
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Figure 2. Forest plot of mean difference summary of the effect of Tai Chi on superoxide dismutase activity in comparison with sedentary behavior. The sub-analysis was performed according to the Tai Chi sessions per week. 
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Figure 3. Summary diagram of risk of bias for randomized studies. 
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Table 1. Characteristics of the included studies (n = 10).






Table 1. Characteristics of the included studies (n = 10).





	Autor, Year
	Study Design
	Participants
	Tai Chi
	N
	Comparator
	N
	Follow-up, m
	Oxidative Stress Markers
	Included in Quantitative Synthesis





	Juan, 2009 [16]
	RCT
	Women younger than 55 years old.
	Daily, two times a day in 30 min sessions.
	30
	Sedentary behavior.
	30
	3
	SOD, GPx, CAT, MDA, GSH
	Yes



	Goon, 2009 [21]
	NRCT
	Adults over 45 years.
	Twice a week in 1 h sessions.
	15
	Sedentary behavior.
	17
	6, 12
	SOD, GPx, CAT, MDA
	No



	Montalvo-Olvera, 2011 [22]
	NRTC
	Older adults, average age of 65 years.
	Five times a week in 50 min sessions.
	18
	Sedentary behavior.
	18
	12
	SOD, GPx, LPO, TAS
	Yes



	Qian, 2012 [17]
	RCT
	Postmenopausal women with at least two years after menopause with a diagnosis of osteopenia.
	Three times a week in 1 h sessions. In addition, they consumed 250 mg of medicinal starch twice a day daily.
	37
	Sedentary behavior. In addition, they consumed 250 mg of medicinal starch twice a day daily.
	37
	1, 3, 6
	Urinary

8-OHdG
	Yes



	Rosado-Pérez, 2012 [20]
	RCT
	Older adults in an urban community.
	Three times a week in 1 h sessions.
	32
	Sedentary behavior.
	23
	6
	SOD, GPx, LPO, TAS
	Yes



	Rosado-Pérez, 2013 [23]
	NRCT
	Older adults with an age between 60 and 74 years.
	Daily in 1 h sessions.
	32
	Sedentary behavior.

Daily 1 h walking sessions.
	40

43
	6
	SOD, GPx, LPO, TAS
	Yes



	Chang, 2014 [18]
	RCT
	Young female undergraduate volunteers, with an average age of 18 years.
	Three times a week in 40 min sessions
	12
	Sedentary behavior.

Yoga three times a week in 40 min sessions.
	12

12
	2 ½
	SOD, GPx, MDA
	No



	Mendoza-Núñez, 2014 [24]
	NRCT
	Sedentary older adults aged between 60 and 74 years.
	Five times a week in 1 h sessions
	24
	Sedentary behavior.
	25
	6
	Salival: SOD, LPO, TAS
	Yes



	Niu, 2016 [19]
	RCT
	Adults aged 40–45 years.
	Daily in 1 h sessions.
	25
	Sedentary behavior.
	25
	2, 4, 6
	SOD, GPx, CAT, MDA, GSH
	Yes



	Mendoza-Núñez, 2018 [25]
	NRCT
	Mexican mestizo older adults aged 60–74 years.
	Five times a week for 50 min sessions.
	48
	Sedentary behavior.
	37
	6
	SOD, GPx, LPO, TAS
	Yes







CAT, catalase; GSH, glutathione; GPx, glutathione peroxidase; MDA, malondialdehyde; LPO, lipoperoxides; m, months; NRCT, non-randomized clinical trial; RCT, randomized clinical trial; SOD, superoxide dismutase; TAS, total antioxidant status; 8-OHdG, 8-hydroxy-2′-deoxyguanosine.
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Table 2. Pooled mean difference in oxidative stress markers.
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Oxidative Marker

	
No. of Studies

	
MD [95%CI], Participants,

DerSimonian and Laird MODEL

	
Heterogeneity




	

	

	

	
I2 (%)

	
p Value






	
Tai Chi vs. Sedentary behavior




	
Glutathione peroxidase, U/Ml

	
6

	
2.40 [−0.48 to 5.27], 344

	
92

	
<0.00001




	
Total antioxidant status, mmol/L

	
4

	
0.12 [−0.03 to 0.27], 222

	
88

	
<0.0001




	
Catalase, U/Ml

	
2

	
15.63 [4.05 to 27.22], 110

	
79

	
0.03




	
Glutathione, mg/L

	
2

	
77.79 [−11.03 to 166.61],110

	
97

	
<0.00001




	
Lipoperoxides, µmol/L

	
4

	
−0.02 [−0.04 to −0.00], 234

	
0

	
0.53




	
Malondialdehyde, nmol/Ml

	
2

	
−2.71 [−5.45 to 0.04], 110

	
96

	
<0.00001




	
Saliva superoxide dismutase, IU/mL

	
1

	
0.46 [−3.35 to 4.27], 49

	
NA

	
NA




	
Saliva total antioxidant status, mmol/L

	
1

	
0.08 [−0.81 to 0.97], 49

	
NA

	
NA




	
Saliva lipoperoxides, µmol/L

	
1

	
0.06 [−0.19 to 0.31], 49

	
NA

	
NA




	
Urinary 8-OHdG, ng/mg creatinine

	
1

	
−35.70 [−53.09 to −18.31], 74

	
NA

	
NA




	
Tai Chi vs. Walking




	
Superoxide dismutase, U/Ml

	
1

	
1.0 [−3.16 to 5.16], 74

	
NA

	
NA




	
Glutathione peroxidase, U/Ml

	
1

	
−3.19 [−0.10 to −0.04], 74

	
NA

	
NA




	
Lipoperoxides, µmol/L

	
1

	
−0.07 [−0.10 to −0.04], 74

	
NA

	
NA




	
Total antioxidant capacity, mmol/L

	
1

	
0.03 [−0.04 to 0.10], 74

	
NA

	
NA








Abbreviations: 8-OHdG, 8-hydroxy-2′-deoxyguanosine; NA, not applicable; MD, mean difference.
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Table 3. Risk of bias in non-randomized interventions (ROBINS-I tool).
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Pre-Intervention

	
At Intervention

	
Post-Intervention

	




	
Author

	
Bias Due to Confounding

	
Bias in Selection of Participants into the Study

	
Bias in Classification of Interventions

	
Bias Due to Deviations from Intended Intervention

	
Bias Due to Missing Data

	
Bias in Measurement of Outcomes

	
Bias in Selection of the Reported Result

	
Overall Risk of Bias






	
Goon, 2009

	
L

	
M

	
L

	
S

	
S

	
M

	
S

	
S




	
Montalvo-Olvera, 2011

	
M

	
S

	
L

	
L

	
L

	
M

	
S

	
S




	
Rosado-Pérez, 2013

	
M

	
S

	
L

	
S

	
S

	
M

	
S

	
S




	
Mendoza-Núñez, 2014

	
M

	
S

	
L

	
S

	
S

	
M

	
S

	
S




	
Mendoza-Núñez, 2018

	
M

	
S

	
L

	
S

	
L

	
M

	
S

	
S








Abbreviations: L, low risk of bias; M, moderate risk of bias; N, no information; S, serious risk of bias.
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