
© 2018 Mendoza-Núñez et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Interventions in Aging 2018:13 523–531

Clinical Interventions in Aging Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
523

O r I g I n A l  r e s e A r C h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/CIA.S157584

hypoglycemic and antioxidant effect of Tai chi 
exercise training in older adults with metabolic 
syndrome

Víctor Manuel Mendoza-
núñez1

Taide laurita Arista-Ugalde1

Juana rosado-Pérez1

Mirna ruiz-ramos1

edelmiro santiago-Osorio2

1research Unit on gerontology, Fes 
Zaragoza, national Autonomous 
University of Mexico, Mexico City, 
Mexico; 2hematopoiesis and leukemia 
laboratory, research Unit on Cell 
Differentiation and Cancer, Fes 
Zaragoza, national Autonomous 
University of Mexico, Mexico City, 
Mexico

Introduction: The antioxidant and anti-inflammatory effects of Tai chi (TC) exercise training 

in healthy older adults has been demonstrated. However, there are no studies on this effect in 

older adults with metabolic syndrome (MetS).

Purpose: The aim of this study was to determine the effect of TC exercise on oxidative stress 

and inflammatory markers in older adults with MetS.

Methods: A quasi-experimental study was carried out with a sample of 110 older sedentary 

volunteers with clinical diagnoses of MetS: (i) a control group, n = 50, of individuals who 

do not participate in physical exercise, of which 37 fulfilled the entire study protocol, and 

(ii) an experimental group, n = 60, of subjects enrolled in a TC exercise training program 

(eight-form easy), 5 days a week for 6 months, in sessions of 50 min, under the supervision 

of a qualified instructor, of which 48 fulfilled the entire study protocol. We measured in 

both groups (pre- and post-intervention) the following cardiovascular parameters: resting 

heart rate (RHR), diastolic and systolic blood pressure (DBP and SBP), mean arterial pres-

sure (MAP), RHR-SBP product, RHR-MAP product; glycosylated hemoglobin (HbA1c); 

oxidative stress markers (superoxide dismutase, total antioxidant status, thiobarbituric acid 

reacting substances, and oxidative stress score); and inflammation markers (TNF-α, IL-6, 

IL-8, and IL-10).

Results: A statistically significant decrease in HbA1c concentration was observed in the TC 

group compared with the control group (p , 0.05). This group also showed a statistically 

significant increase in TAS and a decrease in the oxidative stress score (p , 0.05). We did not 

observe changes in the cardiovascular parameters (RHR, DBP, SBP, MAP, RHR-SBP product, 

and RHR-MAP product) in the TC experimental group compared to the control group.

Conclusion: Our findings suggest that the practice of TC exercise has an antioxidative and 

hypoglycemic effect in the elderly with MetS.

Keywords: Tai chi, oxidative stress, older subjects, metabolic syndrome, HbA1c

Introduction
Metabolic syndrome (MetS) is a cluster of biochemical and clinical alterations 

characterized by insulin resistance, hyperinsulinemia, hyperglycemia, dyslipidemia, 

arterial hypertension, and obesity, in addition to the fact that MetS manifests in pro-

thrombotic and proinflammatory states. In this sense, it has been shown that MetS 

has an increase in oxidative stress (OxS).1 The prevalence of MetS in young adults 

(20–29 years) is less than 10%; however, in individuals $ 60 years of age, the preva-

lence increases to more than 40%.2,3 MetS in older adults constitutes a risk factor for 

cognitive impairment and fragility linked to OxS and inflammaging.4,5 For this reason, 
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different therapeutic alternatives have been proposed, includ-

ing the indication of metformin, melatonin, healthy diet, 

and physical exercise.6–8 In this sense, physical exercise has 

been shown to have a significant effect on weight loss and 

decreased glucose, cholesterol, and triglyceride levels and 

a decrease in OxS and proinflammatory markers in subjects 

with MetS.9

Therefore, different modalities of moderate physical 

exercise have been proposed as adjuvants for the prevention 

and control of MetS alterations in older adults, considering 

the decrease of OxS and chronic inflammation, among which, 

the practice of Tai chi (TC) is one of the more recommended 

forms of exercise.10–12

TC is a form of traditional Chinese exercise based on 

modified martial arts; it is classified as a moderate physical 

activity because its intensity does not exceed 55% of the 

maximum oxygen uptake and 60% of the maximum indi-

vidual heart rate.13 TC training has been increased due to its 

beneficial effects on health, especially in the elderly. This 

exercise is characterized by a series of smooth and continuous 

movements, with precise execution of position control, deep 

breathing, and coordination of movements in the legs, arms, 

torso, and head. The practice of TC includes moving from 

one position to another at an equilibrium without stopping 

while also in a state of relaxation and concentration to achieve 

balance in movements.14

Our research group has identified antioxidant and anti-

inflammatory effects of the practice of TC exercise in healthy 

older adults.15,16 A beneficial effect of this physical exercise 

on OxS has also been reported in healthy young women and 

diabetic adults.17,18 However, we do not know the effect of 

TC on OxS and proinflammatory markers in older adults with 

MetS. For this reason, the purpose of the present study was to 

evaluate the effect of TC exercise on OxS and inflammatory 

markers in older adults with MetS.

Materials and methods
subjects and design
The subjects were older, community-dwelling, Mexican 

mestizos who had been living in Mexico City for 5 years 

or more, were sedentary in the last 2 years, and with a 

clinical diagnosis of MetS, defined according to the criteria 

established in the Third Report of the National Cholesterol 

Education Program Expert Panel on Detection, Evaluation, 

and Treatment of High Blood Cholesterol in Adults.20

Informative brochures were distributed in the community 

specifying the objectives of the study and the admission 

criteria. A quasi-experimental study was performed with 

a sample of 150 subjects aged 60–74 years. Those who 

were taking nutritional antioxidant supplements or anti-

inflammatory drugs (n = 27) were excluded from the study, 

and 13 subjects refused to participate. All subjects agreed 

to participate in the study after signing a written informed 

consent form. The ethics committee of the Universidad 

Nacional Autonoma de Mexico, Zaragoza Campus, approved 

the research protocol for this study (IN306213-2).

An outline of the study can be seen in Figure 1. The 

sample was divided into two groups: (i) a control group (CG) 

with 50 subjects without physical exercise practice, of whom 

37 fulfilled the entire study protocol and (ii) an experimental 

group (EG) with 60 subjects who performed exercise TC 

(eight-form easy),19 5 days a week for 6 months, in sessions 

of 50 min, under the supervision of a qualified instructor, of 

whom 48 fulfilled the entire study protocol. The CG included 

people who were without physical exercise practice during 

the last 2 years, as well as the 6 months of this study. In this 

sense, the CG was constituted by people who self-reported 

that, at the moment, they did not have enough time to practice 

physical exercise and therefore could not participate in Tai 

Chi training; however, they expressed interest in partici-

pating in the biochemical tests that were carried out at the 

beginning and after 6 months and considered the possibility 

of participating in the program later.

All the participants of both the EG and CGs had the 

following variables measured at the beginning and after 

6 months: dietary intake, anthropometric measurements, 

restoring heart rate and blood pressure, biochemical param-

eters (glucose, urate, albumin and lipid profile), plasma thio-

barbituric acid-reactive substances, total plasma antioxidant 

status, red blood cell superoxide dismutase, red blood cell 

glutathione peroxidase, oxidative stress score (OxS-score) 

and inflammatory cytokines.

Dietary intake
All the subjects had a caloric intake between 3,000 and 

3,500 kcal per day pre- and post-intervention measured by 

24-h dietary total recall; nutrient intake (macronutrient and 

micronutrient) was analyzed using Food Processor® Nutrition 

Analysis Software. No subject took antioxidant supplements 

(vitamins or minerals) for at least 6 months prior to initiation 

of or during the study.

Anthropometric measurements
The anthropometric measurements of weight, height and 

waist circumference were obtained following a standardized 

protocol after recording the clinical history and conducting 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging 2018:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

525

effect hypoglycemic and antioxidant of Tai chi

the physical examination. Weight was measured while the 

subject was wearing underwear and a hospital smock and was 

in a fasting state (after evacuation). A Torino® scale (Tecno 

Lógica Mexicana, Mexico City, Mexico), calibrated before 

each measurement, was used. Height was obtained with an 

aluminum cursor stadiometer graduated in millimeters. The 

subject was barefoot with the back and head in contact with 

the stadiometer in the Frankfurt horizontal plane. The body 

mass index (BMI) was calculated by dividing weight (kg) 

by height squared (m2). Waist circumference (cm) was 

measured to the nearest 0.5 cm with a tape measure at the 

umbilical scar level.

resting heart rate and blood pressure
A 10-second 12-lead electrocardiograph was carried out to 

measure the resting heart rate (RHR) after the individual 

had rested in the supine position for 5 min. Blood pressure 

(BP) was measured following the standardized protocol 

according to the Official Mexican Norm (Norma Official 

Mexicana).21 Using a mercurial manometer at both arms, BP 

was registered before the training of TC (BP Baseline) and 

6 months after (BP 6 months); measurements were taken in 

the morning in a fasted condition or 2 h after breakfast in 

sitting and standing positions. Subjects with pseudohyperten-

sion were identified by applying the Osler technique (feeling 

the radial pulse when the manometer registered values above 

the true systolic pressure). Mean arterial pressure (MAP) was 

calculated as diastolic blood pressure (DBP) plus one third 

of the difference of systolic blood pressure (SBP) minus 

the diastolic blood pressure. RHR-SBP product was calcu-

lated by (RHR × SBP); RHR-MAP product was calculated 

by (RHR × MAP). Blood pressure was taken by medical 

technicians who attended training sessions to standardize 

the procedures. The technicians were supervised to avoid 

possible biases in measurement.

Blood sampling and biochemical analyses
Blood samples were collected 1 week before the training of 

TC and 1 week after 6 months (in both groups, TC and CG) 

by venipuncture after a 10-h fasting period and placed in 

vacutainer/siliconized test tubes without anticoagulant for bio-

chemical determinations (glucose, urate, albumin, lipid profile, 

and inflammatory cytokines) and with heparin for glycosylated 

hemoglobin (HbA1c) determination and OxS tests.

Glucose, urate, albumin, cholesterol, triglycerides, and 

high-density lipoprotein cholesterol (HDL-C) concentra-

tion levels were determined using a Merck Vitalab Eclipse 

autoanalyzer (Merck, Dieren, the Netherlands). In particular, 

glucose levels were measured by the glucose oxidase 

method, and urate levels by the uricase colorimetric method. 

Albumin levels were measured with the bromocresol green 

technique.

Figure 1 Outline of the study.
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The low-density lipoprotein cholesterol (LDL-C) was 

calculated by the Friedewald equation LDL = total choles-

terol - (Triglycerides/5 + HDL).22 The reactive C protein was 

measured in serum by immunoturbidimetric assay.

HbA1c was measured in a whole blood sample with 

an immunoturbidimetric assay with an automated Selectra 

Junior clinical chemistry analyzer.

High and normal control sera were included as qual-

ity controls (Randox Laboratories, Ltd). The intra- and 

interassay variation coefficients were less than 5% for all 

determinations.

Plasma thiobarbituric acid-reactive 
substances
A thiobarbituric acid reacting substances (TBARS) assay 

was used as described in Jentzsch et al.23 In this assay, one 

molecule of malondialdehyde reacts with two molecules of 

thiobarbituric acid to produce a pink pigment with absorp-

tion at 535 nm. Amplification of peroxidation during the 

assay is prevented by the addition of the chain-breaking 

antioxidant butylated hydroxytoluene. Malondialdehyde 

standard (0.2–4 µmol/L) was prepared either by hydrolysis 

of 1,1,3,3-tetramethoxypropane (Sigma-Aldrich Co., 

St Louis, MO, USA), or the samples (heparinized plasma, 

400 µL) were mixed with 400 µL of orthophosphoric acid 

(0.2 mol/L; Sigma) and 50 µL of butylated hydroxytoluene 

(2 mmol/L; Sigma-Aldrich Co.); then, 50 µL of thiobarbi-

turic acid reagent (0.11 mol/L in 0.1 mol/L NaOH) (Fluka 

Chemie GmbH, Buchs, Switzerland) was added and mixed. 

The contents were incubated at 90°C for 45 min in a water 

bath. Previously cooled (on ice to prevent further reaction) 

TBARS were extracted once with 1,000 µL of n-butanol 

(Sigma-Aldrich Co.). The upper butanol phase was read at 

535 nm and 572 nm to correct for baseline absorption using 

a Shimadzu UV-1601 spectrophotometer (Shimadzu Corp., 

Kyoto, Japan). Malondialdehyde equivalents (TBARS) 

quantification was done with the calibration curve.

Plasma total antioxidant status
Plasma total antioxidant status (TAS) levels were quantified 

using 2,2′-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) 

(ABTS) (Randox Laboratories Ltd), which is incubated with 

a peroxidase to produce the radical cation ABTS+. The bluish 

green staining of the ABTS+ cation is relatively stable and 

measured at 600 nm; antioxidants present in the plasma 

cause suppression of this color production to a degree that 

is proportional to the concentration. The kinetics reaction 

was measured with a Shimadzu UV-1601 spectrophotometer 

(Shimadzu Corp., Kyoto, Japan).

red blood cell superoxide dismutase
In this method, superoxide radicals are generated by 

employing xanthine and xanthine oxidase. The formed 

radical reacts with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-

phenyltetrazolium chloride to form a red formazan color, 

which is measured at 505 nm. The superoxide dismutase 

(SOD) in the sample causes the inhibition of this reaction; 

the SOD activity is proportional to the degree of inhibition 

of the reaction (Randox Laboratories Ltd). Kinetics were 

measured with a Shimadzu UV-1601 spectrophotometer 

(Shimadzu Corp).

red blood cell glutathione peroxidase
The glutathione peroxidase (GPx) catalyzes glutathione 

(GSH) oxidation by cumene hydroperoxide. In the presence 

of glutathione reductase (GR) and nicotinamide adenine 

dinucleotide phosphate (NADPH), oxidized GSH is imme-

diately converted into the reduced form with a concomitant 

oxidation of NADPH to NADP+ (Randox Laboratories Ltd). 

The decrease in absorbance is measured at 340 nm; we used a 

Shimadzu UV-1601 spectrophotometer (Shimadzu Corp.).

We calculated the SOD/GPx ratio and the Antioxidant 

gap (AOGAP) using the following equation:

 

AOGAP =  (TAS - [(albumin (mmol) × 0.69)  

+ uric acid (mmol)])24  

Oxidative stress score
OxS was evaluated in relation to lipid peroxidation (LPO), 

SOD and GPx activities; TAS; SOD/GPx ratio; and AOGAP. 

On the basis of the 90th percentile of young healthy subjects, 

alternative cutoff values for each parameter were defined 

as follows: LPO $ 0.340 mmol/L; SOD # 170 IU/mL; 

GPx # 5,500 IU/L; TAS # 0.9 mmol/L; SOD/GPx $ 0.023, 

and AOGAP # 190 mmol/L. An OxS-score was established 

ranging from 1 to 6, representing the severity of biomarker 

modification; a score of 1 was given to each value beyond 

the cutoff. We categorized the subjects according to their 

OxS-score as follows: without OxS if OxS-score was 0 to 2 

and with OxS if OxS-score was 3 to 6.25

Inflammatory cytokines
Aliquots of serum sample were assayed by flow cytometry 

via the Cytometric Bead Array (CBA) Human Inflammatory 
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Cytokine Kit (BD Biosciences, San Jose, CA, USA) to deter-

mine the levels of interleukin (IL)-6, IL-8, IL-10, and tumor 

necrosis factor-alpha (TNF-α).26

TC exercise training program
The training program followed the guidelines established 

by Li et al19 for the practice of “Eight-form easy Tai chi 

for elderly adults,” which is 5 days a week, in sessions of 

50 min each under the supervision of a qualified instructor 

for 6 months.

The participants had a 10-min warm-up, 30 min of 

practicing easy TC movements/postures, and a 5-min cool-

down. Five-minute breaks between practice sessions were 

given to allow learners to rest and interact socially. After the 

warm-up, the participants held each single movement of the 

“Eight-form easy Tai chi for elderly adults” statically (in a 

stationary position) for a period of 5 to 10 s.

The “Eight-form easy Tai chi for elderly adults” to high 

stance is as follows: (i) Commencing form: both hands rise 

to shoulder level; (ii) curving back arms (repulse monkey): 

right, left; 3 times each side; (iii) stepping sideways and 

moving arms (Grasp Peacock’s Tail: ward off, rollback, 

press, push): to the left, then to the right; (iv) moving hands 

(wave hands like “clouds moving in the sky”): left side leads, 

3 times; (v) Diagonal strides (fair lady works at shuttles): left, 

then right; (vi) Standing on one leg (golden cock stands on 

one leg): right, then left; (vii) stepping and pushing (brush 

knees and twist steps): left, then right; (viii) closing form: 

both hands fall to the side, left leg drawn to the right leg.

Each movement was practiced repetitively (8–10 repeti-

tions) at a slow, self-controlled speed. After some successful 

initial practice of these static and moving positions, learners/

performers are ready to move on to linking the eight postures 

of easy TC in a sequential, continuous manner. Each daily 

session consisted of a minimum of five sets of easy TC, along 

with repeated practice of each movement.

statistical analysis
Data analyses proceeded as follows: first, a descriptive 

analysis was performed to calculate the means and standard 

error (SE) of the outcomes over time. Second, a repeated 

measures multivariate analysis of variance was conducted 

to investigate the effects of the TC training program on 

changes of biochemical parameters, OxS and proinflam-

matory markers over time. The between-subject factor 

was each group (ie, the EG versus the CG), and the within-

subject factor was time (baseline versus 6 months).27 To 

compare the frequency of OxS pre- and post-intervention, 

we used a chi-squared test. In the present study, the sig-

nificance level (α) was set at , 0.05 for all statistical 

analyses. We used the statistical analysis program IBM 

SPSS Statistics 20.0.

Results
Over the course of 6 months, no statistically significant dif-

ferences were observed (Table 1) in the TC practice group 

compared with the CG in the following measurements: RHR, 

DBP, SBP, MAP, RHR-SBP product, RHR-MAP product, 

body weight, and BMI.

Regarding the biochemical parameters, a statistically 

significant decrease in HbA1c concentration was observed in 

the TC group compared with the CG (p , 0.05), whereas no 

statistically significant differences were found in the blood 

levels of triglycerides, cholesterol, HDL, LDL, and glucose 

between the TC and CGs (Table 2).

In respect to the OxS markers, the group that practiced 

TC showed a statistically significant increase in total antioxi-

dant status and a decrease in the OxS grade compared with 

Table 1 Clinical and anthropometric parameters by study group

Parameters Control
(n = 37)

Tai chi
(n = 48)

p-value

Age (years) 68.2 ± 6.6 67.4 ± 4.7 0.77
Weight (kg)

Baseline
six months

68.0 ± 1.5
68.9 ± 1.6

69.7 ± 1.7
69.3 ± 1.8 0.49

BMI
Baseline
six months

28.3 ± 0.5
28.7 ± 0.6

30.2 ± 0.7
30.0 ± 0.7 0.83

rhr (beats per minute)
Baseline
six months

64.0 ± 8.3
67.6 ± 10.1

64.3 ± 10.9
67.4 ± 11.9 0.84

sBP (mmhg)
Baseline
six months

131.8 ± 2.6
132.8 ± 2.1

127.6 ± 3.0
129.4 ± 2.4 0.57

DBP (mmhg)
Baseline
six months

76.3 ± 1.0
80.8 ± 1.3

78.6 ± 1.9
79.5 ± 1.4 0.53

MAP (mmhg) 
Baseline
six months

6,026.7 ± 1,019.5
6,525.5 ± 1,001.9

6,147.5 ± 1,377.7
6,538.3 ± 1,452.4 0.79

rhr-sBP product
Baseline
six months

8,389.1 ± 1,540.0
8,841.1 ± 1,487.3

8,301.1 ± 2,029.0
8,814.1 ± 2,024.0 0.88

rhr-MAP product
Baseline
six months

6,026.7 ± 1,019.5
6,525.5 ± 1,001.9

6,147.5 ± 1,377.7
6,538.3 ± 1,452.4 0.79

Notes: Values are means ± se. repeated measures analysis of variance. 
Abbreviations: DBP, diastolic blood pressure; MAP, mean arterial pressure; rhr, 
resting heart rate; rhr-MAP product, resting heart rate × mean arterial pressure; 
rhr-sBP product, resting heart rate × systolic blood pressure; se, standard error; 
sBP, systolic blood pressure.
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In the measurement of markers of chronic inflamma-

tion, a statistically significant decrease in IL-8 was found 

in the group that practiced TC (baseline: 3.6 ± 0.3 vs TC: 

1.6 ± 0.2 pg/mL, p , 0.01) (Table 5).

Discussion
Some chronic diseases of high prevalence in the elderly, such 

as diabetes mellitus type 2, cardiovascular diseases, cancer 

and Alzheimer’s disease have been linked with MetS, in addi-

tion to accelerated aging and fragility. Likewise, OxS and 

chronic inflammation are biochemical alterations related to 

the etiology and complications of MetS and the abovemen-

tioned diseases.28,29

It has been proposed that moderate physical exercise has 

a positive impact on OxS and inflammation during aging.30,31 

In this sense, it has been proven that regular practice of 

moderate physical exercise has a positive effect on the aging 

process, thus contributing to minimized biochemical changes 

related to aging and decreasing the risk of chronic diseases, 

therefore promoting health in aging individuals and increas-

ing longevity.32,33

Currently, the practice of TC is common to prevent and 

control chronic diseases of high prevalence in old age.34 

Table 2 Biochemical parameters by study group

Parameters Control
(n = 37)

Tai chi
(n = 48)

p-value

glucose (mg/dl)
Baseline
six months

113.3 ± 4.2
109.4 ± 4.3

121.8 ± 3.4
120.0 ± 3.5 0.73

Urate (mg/dl)
Baseline
six months

4.4 ± 0.2
4.8 ± 0.4

5.2 ± 0.3
5.4 ± 0.2 0.67

Albumin (mg/dl)
Baseline
six months

4.5 ± 0.1
4.8 ± 0.07

4.4 ± 0.09
4.7 ± 0.04 0.87

Cholesterol (mg/dl)
Baseline
six months

202.2 ± 6.7
192.2 ± 7.3

209.4 ± 4.9
210.1 ± 4.6 0.46

hDl-C (mg/dl)
Baseline
six months

45.5 ± 1.4
53.9 ± 1.7

42.6 ± 0.9
50.8 ± 1.4 0.34

lDl-C (mg/dl)
Baseline
six months

120.0 ± 5.4
100.2 ± 5.7

132.6 ± 3.2
120.1 ± 3.6 0.13

hbA1c (%)
Baseline
six months

7.0 ± 0.3
6.9 ± 0.4

8.2 ± 0.3
7.3 ± 0.3 0.03

Notes: Values are means ± se. repeated measures analysis of variance. 
Abbreviations: hbA1c, glycosylated hemoglobin; hDl-C, high-density lipoprotein 
cholesterol; lDl-C, low-density lipoprotein cholesterol; se, standard error.

Table 3 Oxidative stress markers by study group

Markers Control
(n = 37)

Tai chi
(n = 48)

p-value

lipoperoxides (µmol/l)
Baseline
six months

0.29 ± 0.02
0.34 ± 0.01

0.30 ± 0.01
0.33 ± 0.01 0.82

sOD (UI/ml)
Baseline
six months

179.0 ± 1.4
173.7 ± 2.1

178.7 ± 1.8
173.9 ± 1.2 0.54

gPx (UI/l)
Baseline
six months

7,670 ± 856
9,564 ± 794

7,427 ± 509
9,616 ± 501 0.96

sOD/gPx
Baseline
six months

0.030 ± 0.005
0.025 ± 0.004

0.028 ± 0.002
0.021 ± 0.001 0.61

TAs (mmol/l)
Baseline
six months

0.85 ± 0.02
0.98 ± 0.04

1.03 ± 0.04
1.28 ± 0.02 ,0.01

AOgAP (µmol/l)
Baseline
six months

171.7 ± 23.6
356.1 ± 60.0

228.3 ± 38.0
427.5 ± 32.3 0.56

Oxs-score
Baseline
six months

2.69 ± 0.2
2.23 ± 0.2

2.28 ± 0.2
1.11 ± 0.1 ,0.01

Notes: Values are means ± se. repeated measures analysis of variance. 
Abbreviations: AOgAP, antioxidant gAP; gPx, glutathione peroxidase; Oxs-
score, oxidative stress score; se, standard error; sOD, superoxide dismutase; TAs, 
total antioxidant status.

the CG (p , 0.05) (Table 3). In this sense, the percentage 

of subjects with OxS detected in the TC group showed a 

statistically significant decrease (baseline, 56% vs TC, 23%, 

p , 0.01) in comparison with the CG (Table 4).

Table 4 Frequency of oxidative stress pre- and post-intervention

Control Tai chi

Baseline,
n (%)

Six months,
n (%)

Baseline,
n (%)

Six months,
n (%)

Without Oxs 14 (38) 21 (57) 21 (44) 37 (77)
With Oxs 23 (62) 16 (43) 27 (56) 11 (23)*

Note: Chi-squared test: *p , 0.01.
Abbreviation: Oxs, oxidative stress.

Table 5 Inflammatory markers by study group

Markers Control
(n = 37)

Tai chi
(n = 48)

p-value

Il-6 (pg/ml)
Pre-intervention
Post-intervention

1.24 ± 0.1
1.39 ± 0.2

0.97 ± 0.1
1.28 ± 0.2 0.63

Il-8 (pg/ml)
Pre-intervention
Post-intervention

4.6 ± 0.5
5.9 ± 0.7

3.6 ± 0.3
1.6 ± 0.2 0.01

Il-10 (pg/ml)
Pre-intervention
Post-intervention

1.5 ± 0.05
1.4 ± 0.08

1.6 ± 0.02
1.0 ± 0.10 0.17

TnF-α (pg/ml)
Pre-intervention
Post-intervention

1.9 ± 0.02
1.8 ± 0.05

2.1 ± 0.2
2.0 ± 0.2 0.87

CrP (mg/dl)
Pre-intervention
Post-intervention

0.21 ± 0.05
0.23 ± 0.03

0.36 ± 0.04
0.39 ± 0.04 0.51

Notes: Values are means ± se. repeated measures analysis of variance. 
Abbreviations: CrP, C-reactive protein; Il-10, interleukin 10; Il-6, interleukin 6; 
Il-8, interleukin 8; se, standard error; TnF-α, tumor necrosis factor alpha.
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In this sense, in some studies, a positive effect of TC training 

on RHR, SBP, DBP, MAP, and RHR-SBP product has been 

reported;35–37 however, in our study, no significant changes 

were observed in these parameters. This may be due to train-

ing time. In this regard, there is a study that has reported a 

positive effect on cardiovascular parameters after 2 years of 

TC training.38

On the other hand, in the present study, a statistically sig-

nificant decrease in HbA1c concentration was observed in the 

CT group (p , 0.05). In this respect, this finding is congruent 

with what has been reported in some studies, suggesting that 

the hypoglycemic effect of CT is due to this type of physical 

activity, incorporating breathing techniques and body move-

ment that burn calories.12,39 However, the effectiveness of the 

practice of TC for the control of type 2 diabetes mellitus is 

still controversial, so further large-scale studies are needed 

to investigate the long-term efficacy of TC.40

Regarding control of dyslipidemias after TC training, 

a decrease in blood levels of triglycerides, total cholesterol, 

and LDL-C has been observed, as well as increased concen-

tration of HDL-C.15,17

However, in the present study, no statistically signifi-

cant differences were observed in the biochemical markers 

mentioned above. In this sense, Pan et al41 reported in a 

meta-analysis of randomized controlled trials a statistically 

significant decrease in blood triglyceride concentration but 

found no statistically significant differences in total cho-

lesterol, LDL-C, and HDL-C concentrations. Other studies 

support the proposal that there are no changes in parameters 

related to metabolic syndrome such as dyslipidemias, hyperg-

lycemia, and waist circumference after TC training.35,37 These 

inconsistencies justify carrying out longitudinal long-term 

studies on the effect of TC on the biochemical parameters 

related to metabolic syndrome in older adults.

Some studies have shown that MetS is associated with 

increased OxS.1,28 In this sense, our research group, in a 

previous study, found that the number of MetS components 

is a significant risk factor in the development of OxS.1 Like-

wise, it has been demonstrated that the practice of moderate 

physical exercise has an antioxidant and anti-inflammatory 

effect in adult patients with MetS.9,42 In addition, an anti-

oxidant effect of TC practice has been observed in healthy 

adults and older adults.15–18 However, there are no studies 

on the antioxidant effect of TC in older adults with MetS. 

In the present study, we found a statistically significant 

increase in total antioxidant status activity ( p , 0.01). 

This finding is similar to that reported in a study of healthy 

middle-aged people (40–45 years of age), although in this 

study, they also observed a statistically significant decrease 

in LPO concentration and a statistically significant increase 

in SOD activity,43 in contrast to our results, where we found 

no statistically significant differences in LPO concentration 

and SOD activity between the group that performed TC and 

the control. These differences may be because our study was 

carried out in older persons with alterations of MetS. How-

ever, it is important to note that OxS is a dynamic process 

characterized by a biochemical imbalance caused by exces-

sive production of reactive species, mainly of oxygen, that 

cannot be counteracted by antioxidant systems which causes 

oxidation of biomolecules. Therefore, OxS cannot be mea-

sured by isolated biochemical markers; as a result, an OxS 

score to measure the severity of OxS has been developed.1,25 

In this sense, our findings suggest that the antioxidant effect 

of TC is maintained in the elderly with MetS, with a 50% 

decrease in OxS score.

The mechanism suggests that the antioxidant effect of 

physical exercise changes the body’s redox balance in favor 

of more alkaline conditions in the cell. The reactive species 

that generate during physical exercise act as a signal that 

is necessary for the activation of the MAPK proteins (p38 

and ERK1/ERK2), which in turn activate the transcription 

factor sensitive to the redox state, nuclear factor kappa B 

(NF-κβ), via activation of the kinase that phosphorylates the 

inhibitor of this factor (Iκβ). Once freed from its inhibitor, 

NF-κβ migrates toward the nucleus where it can promote the 

synthesis of various antioxidant enzymes, such as MnSOD, 

iNOS, and glutamylcysteine synthetase.44 In this sense, the 

positive effects of TC may be due to the combination of 

various mechanisms, including the previously mentioned 

signaling. In addition to being a moderate form of exercise, 

it provides a relaxing psychological effect, similar to that 

reported in transcendental meditation. The practice of deep 

meditation (which is an essential characteristic of TC) is asso-

ciated with lower levels of LPO, which has been explained as 

an effect of lower activity in the sympathetic nervous system. 

Another hypothesis suggests that profound meditation 

increases the levels of the hormone dehydroepiandrosterone, 

a marker of successful aging that has been linked with an 

increase in the activity of antioxidant enzymes.45,46

The practice of moderate physical exercise, including TC, 

has a positive effect on markers of chronic inflammation.9,11 

In this regard, our study showed a statistically significant 

decrease in IL-8 levels in the TC group compared with the 

CG. In this sense, the IL-8 is a proinflammatory chemokine 

associated with the promotion of neutrophil chemotaxis and 

degranulation. The induction of IL-8 signaling activates 

multiple upstream signaling pathways that (i) impinge on 

gene expression via regulation of numerous transcription 
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factor activities, (ii) modulate the cellular proteome at the 

level of translation, and/or (iii) affect the organization of 

the cell cytoskeleton through posttranslational regulation of 

regulatory proteins.47 In this regard, it has been demonstrated 

that increased serum concentrations of IL-8 are associated 

with poor memory and speed domain performance as well 

as decreased in motor function in elderly subjects.48 For this 

reason, the practice of TC also has an effect on maintaining 

and improving memory during the aging process.

Although the molecular changes related to the practice 

of TC linked to health are not completely clear, Buric et al 

(2017),49 as a result of a systematic review, conclude that TC 

as well as other mind–body interventions (MBIs) are associ-

ated with the downregulation of NF-κβ pathway. This is the 

opposite of the effects of chronic stress on gene expression 

and suggests that MBI practices may lead to a reduced risk 

of inflammation-related diseases. In this sense, MBIs have 

been shown to have a positive effect on the control of MetS;50 

even the practice of TC for the prevention of MetS has been 

recommended.11

In conclusion, our findings suggest that the practice of 

TC in the elderly with MetS has antioxidative and hypogly-

cemic effects, so it could be recommended as a coadjuvant 

therapy for these patients. Nevertheless, it is important to 

note the limitations of the research, including the lack of 

monitoring of the type of alimentation, daily activities and 

psychosocial conditions faced by the participants during the 

study, all of which could influence the results.
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