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Abstract

The risk of oxidative stress-related metabolic diseases increases with menopause and
physical inactivity. We hypothesized that an 8-week Tai Chi (TC) training program (2
sessions in class; 2 sessions at home; 1-1:15/session) would improve antioxidant
capacity and reduce cardiovascular risks in both pre- (n = 8) and postmenopausal (rn = 7)
sedentary women. Selected measures of physical fitness and blood parameters were
analyzed before and after the program. Besides the well-known effects of TC on balance,
flexibility, and maximum leg extensor strength, TC (1) increased erythrocyte
glutathione peroxidase activity—an aerobic training-responsive antioxidant enzyme—
and plasma total antioxidant status and (2) decreased plasma total homocysteine, a
cardiovascular risk marker. In addition to being a low-velocity, low-impact, and
relatively safe, TC is a suitable physical activity design for pre- and postmenopausal
women to increase antioxidant defenses. Investigating breathing effects during TC
movements would be an interesting area for further research in diseases prevention.
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1. Introduction

The risk of oxidative stress-related metabolic diseases increases with menopause and
physical inactivity [1, 2]. The decline in exercise capability with aging contributes to
physiological limitations, such as declines in muscle strength, flexibility, balance, and
cardiovascular function [3]. Regular strength training can counteract, at least partly, this
aging effect, improving functional ability and reducing the risk of fall [4]. However, it
has little effect on cardiovascular risk [5] and antioxidant defense markers, which are
elicited mostly by metabolic changes, induced by aerobic physical activity [6, 7]. Some
clinical markers, such as oxidative stress markers, are associated with lung capacity that
is inversely related to the increasing risk of metabolic diseases during menopause [8].
With aging exercise tasks are performed at a higher percentage of maximal aerobic

capacity (?—GE X)), shifting substrate use from lipid-derived energy to carbohydrate.
During menopause, the decreasing levels of estrogens reinforce the deterioration of both
lipid metabolism and antioxidant status that is observed when the level of physical
activity is chronically low [9, 10]. Although physical activity has many benefits on
health, some exercises are not suitable and not recommended for older women. The
combination of inappropriate training loads (high intensity, high impact, low recovery



time, etc.) and aging can lead to a failure of endogenous antioxidants to adapt to acute
or chronic oxidative stress exposure [11, 12].

Interestingly, Tai Chi, an ancient Chinese mind-body exercise, is a martial art form
combining breathing with rotational and multisegmental postures that flow smoothly
from one side to the other side, through slow and gentle movements [13]. It is a weight-
bearing exercise that strengthens muscle and which corresponds to an aerobic exercise
of moderate intensity [14]. Tai Chi training has been shown to increase muscular
strength, functional mobility, flexibility and balance, to improve sleep quality and
duration and psychological well-being and to enhance microcirculatory function [13, 15,
16]. However, its possible effects on the adaptive antioxidant system have been largely
ignored. Yogic “pranayama” breathing, an Indian mind-body exercise, has been shown
to improve endogenous antioxidant capacity and to lower oxidative stress markers [17].
Breathing synchronization with cardiovascular rhythms may enhance cardiorespiratory
performances as previously suggested [18]. Recently, we have shown in a cross-
sectional study that pre- and postmenopausal women, who were regularly practicing Tai
Chi, had a higher erythrocyte glutathione peroxidase (GPx) activity compared to their
sedentary counterparts [19]. To confirm a potential antioxidant effect of Tai Chi training
in women, we have conducted an interventional study. Eight weeks of Tai Chi
training—combining classical Tai Chi postures with slow and deep breathing (6 breaths
per minute)—were expected to induce not only functional, but also antioxidant effects.
It was hypothesized that menopausal women would benefit from these adaptations.
Particularly, we hypothesized that Tai Chi training would improve antioxidant capacity
and reduce plasma lipid peroxidation as well as cardiovascular risk markers
concentrations in pre- and postmenopausal women.
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2. Methods

2.1. Subjects and Design

Eight healthy premenopausal (pre-M; 39 + 6 yrs old) and 7 postmenopausal (post-M; 54
+ 3 yrs old) women volunteered to participate in an 8-week Tai Chi (TC) training
program (characteristics in Table 1). All participants were community-dwelling
sedentary women who worked for the same organization in Bangkok. All participants
completed inclusion and lifestyle questionnaires. Excluded subjects from this study
were smokers, regular alcohol consumers, antioxidant supplement users, women treated
with hormone replacement therapy, and women with renal, cardiovascular or hepatic
disease, diabetes, asthma, or cancer. One participant did not attend the TC class
regularly, and her data were excluded from statistical analysis. Given the condition of
inclusion, sample sizes were smaller than expected, but groups were homogeneous
according to their lifestyle. Participants were informed of the nature of the experiment
before giving their formal consent. The protocol was approved by the Ethics Review
Committee for Research Involving Human Subjects, Health Science Group of Faculties,
Colleges and Institutes, Chulalongkorn University, Thailand (Approval no. 087/2008),
constituted in accordance with the International Conference on Harmonization—Good
Clinical Practice (ICH-GCP).
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Table 1
Characteristics of pre- and post-menopausal women before and after the Tai Chi
training period.

2.2. Experimental Design

The 8-week TC training protocol consisted of two training sessions per week with

75 min per session. In addition, all participants were given a video CD demonstrating
Tai Chi postures and were asked to practice twice a week at home, with 60 min per
session. Eligible participants were required to attend classes for at least 80% of the
training program.

The class protocol included 5 min of check-in, 10 min of warm-up exercise (stretching),
and 60 min of Tai Chi (comprising 45 min of 18-posture Tai Chi and 15 min of Tai Chi
Fan style). Classical Tai Chi postures are characterized by slow rotational movements
performed in semisquat postures with varying degrees of arm movement. Not only
lower-body balance by leg and knee extension, but also upper-body flexibility by arm
contractions, was exercised. The TC training program was a modified 18-movement
Yang style with three versions. Each motion was performed slowly coupling breathing
to music, and usually took 1-1.5 min per motion or 18-25 min per completed set. The
TC practitioners imitated the movements of the experienced TC instructor at the same
speed. The major requirement of this modified 18-posture was that the TC practitioners
had to concentrate and carefully control the slow and deep breathing with a frequency of
6 breaths per minute (or 10 seconds per breath). To ensure the breathing rhythm and
control the time course, the movements were performed to traditional Chinese music
that has sound signals for inhalation. Five to ten movements were taught each week, so
a complete 18-postured set was practiced for 2 weeks, and three versions of the 18-
postured set were completed in 6 weeks. After performing conventional TC in each
session, all participants were also taught TC fan style, which combined TC training and
a fan dance with traditional Chinese music. During the class, the instructor monitored
and corrected the posture of each subject. To ensure that the participants were practicing
at home, participants had to complete a training log in which they had to report details
about their home practice.

Anthropometric data, dietary intakes, blood draws, physical activity, and selected
measures of physical fitness blood were assessed at the beginning and after 8 weeks of
TC training. All participants were asked to maintain their usual dietary behavior and
activity habits.

2.3. Anthropometric Data

Body weight was measured with a calibrated electrical balance (Tanita, Inner Scan
BC533 model, Japan). Resting blood pressure and pulse were measured with a portable



blood pressure monitor (Omron Hypertension HEM 780, Japan). The percentage of
body fat was assessed using the standard Lange skinfold method (3 positions: triceps,
suprailiac and thigh). Skinfolds readings were taken from triceps, suprailiac and thigh
sites for each subject. A Lange skinfold caliper was used throughout and a single well-
trained technician made all readings. Lange skinfolds were measured three times and
the average of the three was recorded. Percentages of body fat were calculated by
Jackson's formula [20].

2.4. Diet and Activity Records
2.4.1. Dietary Intakes

Before each venipuncture, each subject completed, at home, a 4-day food diary
(including a weekend day). A standardized information session was organised to give
each subject instructions on how to record their daily food intake and activities. Food
quantities were estimated using standard measures for a cup, tablespoon, and teaspoon
(validated by the Institute of Nutrition, Mahidol University) and specifying the number
of units/code corresponding to the size of the food portion by comparison with photos
from an adapted portion book. Nutrient intakes were calculated using INMUCAL
nutrient software, version 2007, which uses the Thai dietary database of the Institute of
Nutrition, Mahidol University, and the Nutrition Division, Department of Health,
Ministry of Public Health of Thailand (version 2003).

2.4.2. Physical Activity Record

In parallel to dietary records, subjects completed a 4-day activity records diary. The 4-
day physical activities diary was divided according to categories of physical activity [21]
((1) sleep position; (2) sitting position activities; (3) standing position including small
movements; (4) walking, gardening, etc.; (5) Tai Chi training). The compendium of
physical activities [22] was used to estimate the energy cost of physical activity
expressed as metabolic equivalents (METs). The appropriate MET values, based on the
subject's report of the type and intensity of activity, were assigned. Daily energy
expenditure (EE) was calculated by multiplying the amount of time spent in each
activity and the corresponding MET, using a computer program specifically designed
for this task. Activities not found in the database were carefully evaluated to determine
the best-suited corresponding activity. MET values for TC training was set at 3 MET as
previously measured by Chao et al. [23] and confirmed [24].

2.5. Physical Fitness Assessments

For all subjects and conditions, on the morning, a balance test was performed first and a
muscle strength test second. In the afternoon, a maximal aerobic capacity test

(1'?{:}3 1) was performed. The next day, on the morning, subjects came back in the

lab to perform a flexibility test. Except for 15"!{:):- NMAXdetermination, tests were done in
triplicate (every 30 minutes) and began with a warm up of 3—5 minutes. The best score
was recorded.

2.5.1. Balance Test



Balance was tested by a timed up and go test. The participant sat on a chair and waited
for the start signal. At the signal, the participant had to rapidly stand up, to walk quickly
across two cones on the way, and to return to a seated position in the same chair. When
the participant came back to the starting point, the total time was recorded. The
participant was instructed to perform the test as quickly as possible [25].

2.5.2. Flexibility Test

Flexibility was measured with the sit and reach test [26]. Subjects sat on the floor with
legs extended, reached forward with their hands, one placed on top of the other, and
held the terminal position for at least 2 seconds. The score is recorded to the nearest
centimeter as the distance reached by the hand.

2.5.3. Muscle Strength Tests

Muscle strength was measured by dynamic testing [27] on standard weight machines
(Marathon, Thailand). The one-repetition maximum (1-RM) strength was evaluated in
four different exercises: the biceps curl, triceps extension, leg extension (quadriceps),
and leg curl (hamstring).

2.5.4. Maximal Aerobic Capacity

Subjects performed a continuous incremental walking (3 min up to 8 km-h™') and
running test (1 km'h™' increment every 2 min to exhaustion) on a motorized treadmill
(h/p/cosmos mercury, Germany) with a 1% slope. Ventilation and gas exchanges were
measured using a breath-by-breath gas analysis system (Cortex Metamax 3B, Germany).
Heart rate was recorded using a telemetric system (Polar Electro S810, Finland). The

Vﬁzwas increased less than 2 mL-min kg™ after 2 minutes, HR exceeded its age-
predicted maximum, and the respiratory exchange ratio (RER) exceeded 1.15.

was determined from the observation of at least two of the following criteria:

2.6. Blood Samples and Assays

Blood samples were collected from a forearm vein in K3EDTA tubes (3 mL) and Li
heparin tubes (6 mL) (Vacuette, Greiner Bio-One, Germany) between 7.00 and 9.30 AM
after an overnight fast. Heparinized plasma was removed by centrifugation at 3000 x g
at 4°C for 15 min within an hour after blood collection for total antioxidant status, lipid
peroxidation, and total homocysteine concentration (tHcy) analyses. Heparinized whole
blood (0.05 mL) was diluted with 1 mL of diluting agent for glutathione peroxidase
(GPx) (Randox laboratories, UK) and kept at —80°C until GPx analysis. The packed red
blood cells (RBCs) were washed three times with two volumes of isotonic saline
solution at pH 7.0. The washed RBCs were hemolyzed by suspension in double distilled
water, centrifuged at 3000 x g at 4°C for 15 min, and then kept at —80°C for erythrocyte
GPx and superoxide dismutase (SOD) activity analysis. Each assay of antioxidant was
performed on the same day to eliminate variation in assay conditions. The samples were
stored in Eppendorf tubes at —80°C and thawed only once before analysis to eliminate a
freeze-thaw effect. All assays for each marker were performed with the same conditions
(same set of reagent kit, same control, same automate) on the same day, to avoid



interassay variations. The automate system was set to randomly repeat the control
during the batch to avoid run-to-run variations. The within-run coefficient of variation
was less than 2.5% for the biochemical markers measured.

2.7. Biological Assays

Total antioxidant status (TAS) concentration was measured by the radical cation
decolorization assay [28] using spectrophotometer (Shidmadzu UV-1601, Japan) at
734 nm. Lipid peroxidation (TBARS) was assayed by measuring the formation of
malondialdehyde [29] and measured by spectrophotometer at 530 nm (Shidmadzu UV-
1601, Japan). Superoxide dismutase and GPx activities were detected by enzyme
kinetic-colorimetric assay (Randox Laboratories, UK) using biochemical automatic
analyzer (Vitalab Selectra XL, Flexor Company, The Netherlands). Plasma total
homocysteine (tHcy) concentrations were analyzed by Fluorescence Polarization
Immunoassay using the AxSYM automatic system (Abbott Laboratories, USA).

2.8. Statistical Analysis

Comparisons between groups (pre- and post-M) and between pre- and post-TC training
intervention and investigations of the interaction effect between the TC training
intervention and the menopausal status were made by a one-way analysis of variance
(ANOVA) with repeated measures. When appropriate, the protected Fisher's Least
Significant Difference (LSD) test was performed. When parameters did not follow a
normal distribution, we treated them as nonparametric variables using Mann & Whitney
or Wilcoxon signed ranks tests. Statistical analyses were made using SPSS (version 15)
software. Significance was established at P <.05. Values are reported as mean +
standard deviation (SD).
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3. Results

3.1. Baseline Differences between Pre- and Post-M Women

5

At baseline, post-M women had significantly lower balance and S’F{)E X compared
with pre-M women (Table 1). No difference was found between pre-M and post-M
women regarding other selected physical fitness parameters (Table 1). Post-M women
had significantly higher systolic blood pressure (Table 1). Daily energy expenditure and
daily energy intake were not significantly different in pre-M compared to post-M
women (Table 2). Post-M women had lower animal-derived proteins intake compared
to pre-M women but the daily intake of macronutrients and of selected micronutrients
was not significantly different between groups (Table 2). LDL cholesterol tended to be
higher (P = .08) in post-M women compared to pre-M women. No difference between
groups was shown in antioxidant status and in other selected biochemical parameters
(Table 3, Figure 1).
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Table 2
Daily energy expenditure and daily nutrient intake of pre- and post-menopausal women
before and after the Tai Chi training period.
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Table 3
Hematological and biochemical parameters of pre- and post-menopausal women before
and after the Tai Chi training period.

Figure 1
Effect of Tai Chi training on erythrocyte (eGPx, unit-g 'Hb), whole blood (wbGPx,

unit-g 'Hb), and plasma (pGPx, unit-g 'total protein) glutathione peroxidase activities in
pre-menopausal (Pre-M) and post-menopausal ...

3.2. Tai Chi Training Effect

Compared to pretraining data, balance, flexibility, and leg extension strength, were
significantly improved in both pre-M and post-M women after the TC training protocol
(Table 1). No significant change was observed on systolic and diastolic blood pressure,

resting heart rate and "S'Iﬂj aE(Table 1). A slight but significantly higher total daily
energy expenditure (+3% in pre-M and +6% in post-M women) was recorded after the
TC training protocol (Table 2). Daily fat intake was recorded to be higher after the TC
protocol (Table 2) but no significant difference was shown for other macronutrients and
for total daily energy intake (Table 2). Moreover, the intake of antioxidant
micronutrients remained unchanged (Table 2).

Compared to pre-training data, LDL cholesterol was lower (P = .02; F'=7.7) after the
TC training protocol (Table 3). Total cholesterol, HDL cholesterol, triglycerides, uric
acid and other routine blood parameters remained unchanged (Table 3). Concerning the
antioxidant status, plasma TAS concentration (P < .001; F = 25.1) (Table 3),
erythrocyteGPx activity (P =.001; F = 19.0) and whole blood GPx activity (P =.001; F/
= 21.3) were significantly higher after the TC training protocol compared to pre-training
data (Figure 1). However, erythrocyte SOD (Table 3) and plasma GPx activities (Figure



1) remained unchanged. Plasma tHcy concentration was significantly lower (P < .001;
= 44.6) after the TC training intervention compared to pre-training data (Table 3).

3.3. Tai Chi Training and Menopausal Status Interaction Effect

As shown by ANOVA tests, TC training effects were not different among groups (pre-
M women versus post-M women).
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4. Discussion

The loss of the protective effect of estrogen in postmenopausal women is known to
contribute to the increase in oxidative stress markers and to increase the risk of
cardiovascular diseases [1]. This study investigated, whether a TC training protocol (1)
would not only improve selected health-related fitness parameters but also the
antioxidant capacityof pre- and post-M women, and (2) would reduce oxidative
damages and cardiovascular risks of post-M women.

In agreement with previous reports [16], our TC training program improved functional
balance, muscle strength and flexibility of both pre- and post-M women. Plasma tHcy
level, which is used as a risk marker of cardiovascular diseases, has been shown to
increase after menopause [30]. Thus, we expected that TC training would reduce the
level of this marker in post-M women. The TC program produced an 18% and 17%
reduction in plasma tHcy level in pre-M and post-M groups, respectively, but this effect
did not depend on menopausal status. In addition, we have shown that our TC training
program was able to improve erythrocyte and whole blood GPx activities in both pre-M
and post-M women. Cellular GPx plays a major role in the cellular defense against
oxidative stress. The deficiency of cellular GPx in mice induced endothelial dysfunction
and significant structural vascular and cardiac abnormalities [31]. Our previous reports
showed that endurance exercise training improves erythrocyte GPx activity and that the
elderly can also benefit from this adaptation [6, 12, 32]. Tai Chi exercises are performed
at low to moderate intensity but seem to induce similar effects on this marker. We have
paid very close attention to the breathing rate during TC movements (6 breathes/min or
10 sec/breath). In comparison with a normal breathing frequency (15 breathes/min), this
slower breathing frequency is synchronized to endogenous circulatory rhythms and
improves cardiovascular and respiratory functions [17]. Respiration and physical
activity can influence the autonomic control system, which in turn modify the rhythmic
fluctuations in heart and blood pressure. This fluctuation may induce the activation of
redox-sensitive transcription factors such as NF-xB and AP-1, which mediate the
cellular mechanisms that initiate adaptive responses by changes in the GPx gene
expression [33]. Some yogic rhythmic breathing training has been shown to improve
endogenous antioxidant capacity [17] and to increase the expression of the glutathione
S-transferase gene [34].

The relation between the increase in blood GPx activity and tHcy level is unclear but
Hcy has been shown to decrease the ability of cells to detoxify hydrogen peroxide by
impairing intracellular antioxidant enzymes, specifically GPx [35]. Moreover, the
overexpression of cellular GPx can compensate for homocystemia effects [36, 37]. Thus,



it is possible that an increase in GPx activity with TC training directly or indirectly
decreases the level of plasma tHcy.

The peroxyl radical scavenging capacity in plasma—also called plasma total antioxidant
status (TAS)—was determined before and at the end of the training period. Although
the difference between pre- and posttraining was very small (0.184 mM (+12%) in pre-
M women and 0.089 mM TE (+6%) in post-M women), the significance (P <.001; F =
25.1) was strong. Values did not seem to depend on plasma uric acid concentrations and
evaluated dietary intakes, which remained unchanged. We used extremely controlled
conditions (randomisation, standardisation, analysis performed on the same day,
automatic analyzer, etc.) but the lack of control group remained a limit in the
interpretation of our data changes. Thus, statistical power, particularly for TAS, was
high despite the small number of subjects.

Although TAS and erythrocyte GPx activity were increased in our study, we failed to
observe any significant change in the lipid peroxidation marker (TBARS), which
nevertheless showed high interindividual variability. As already observed [6, 11, 12, 32],
this marker may not be sensitive enough to detect variations in lipid peroxidation when
it is measured in basal state (i.e., at rest), in a non-challenging situation.

We failed to evidence significant interaction effect between menopause status and TC
training. However, the increase in erythrocyte GPx showed in response to TC training,
tended (P = .09) to be of lower magnitude in pre-M compared to post-M women. Given
the condition of inclusion, sample sizes were smaller than expected (15 subjects per
groups for a statistical power of 80 percent). This suggests that post-M women would
benefit more from this adaptation than pre-M women.

The clinical relevance of the improvement of erythrocyte GPx activity shown in our
study is unknown. However, especially with aging, erythrocyte GPx activity may be a
sensitive marker of the reinforcement of the endogenous antioxidant potential induced
by regular physical activity training, as previously suggested in men [12]. The present
study showed that it might be also the case for middle age and post-M women with Tai
Chi training that is performed at a lower intensity and confirm our previous data on this
marker obtained from a cross-sectional study [19].
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5. Conclusion

The 8-week design TC training (2 sessions in class; 2 sessions at home, 1-1:15/session)
is beneficial on functional balance, flexibility and muscular strength, not only for
premenopausal women, but also for postmenopausal women. Besides the low-velocity,
low-impact, and safety benefits, the main finding of this pilot study was that rotational
movements of TC postures with slow and deep breathing increased erythrocyte GPx
activity and reduced tHcy concentrations, in both pre- and postmenopausal women. Tai
Chi would be a good physical activity design for aged women in order to increase their
antioxidant protection and to prevent oxidative stress-related metabolic diseases.
Further studies with larger groups are needed to confirm our presented results.
Investigating breathing effects during TC movements would be an interesting area for
further research in diseases prevention.
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