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Abstract

Introduction: This study investigated the effects of 3 months of Yang’'s Tai Chi Chuan (TCC) training on the
hemodynamics, fasting blood sugar (FBS), blood lipids, serum insulin, serum aldosterone, and serum endothelin-1
(ET-1) in the adults.

Methods: Twenty normal controls and 22 TCC trainees were recruited to participate in this study. The
hemodynamics, FBS, blood lipid, serum insulin, aldosterone, ET-1, HOMA-IR, log(HOMA), QUICKI, and TG/HDL-C
before and after 3 months of TCC were compared between the 2 groups of subjects.

Results: After 3 months of TCC training, the HDL-C, QUICKI, ET-1, and aldosterone were significantly increased,
whereas the serum insulin, HOMA, and log(HOMA) were significantly decreased in the TCC group, as compared
with the control group. Intra-group comparison shows that the HDL-C, QUICKI and aldosterone were significantly
increased, while the serum insulin, HOMA-IR, log(HOMA), and ET-1 were significantly decreased after 3 months of
TCC in the TCC group. The %FBS correlated significantly and negatively with the % TG/HDL-C, %QUICKI, and %ET-
1. The %Insulin correlated significantly and positively with %HOMA, and significantly and negatively with %QUICKI.

Conclusion: TCC training for 3 months can increase the serum levels of ET-1 and aldosterone, and decrease
serum insulin level and insulin resistance in the TCC trainees. TCC might improve the cardiovascular function and
insulin sensitivity of its practitioners through regulation of lipid and glucose metabolism, and the interplay among

insulin, aldosterone, and ET-1.
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Introduction

Low-velocity and low-impact exercises are preferred to reduce the
cardiovascular and orthopedic complications in the elderly [1]. Goble
et al. [2] reported that lower-intensity exercise might have similar
training effects as higher-intensity exercise for cardiac patients. As an
integral part of most cardiac rehabilitation programs, regular exercise
can remodel the cardiovascular system and modify the autonomic
nervous control of the subject [3]. For patients after acute myocardial
infarction referred for cardiac rehabilitation, low- and high-intensity
exercise training have been shown to improve the functional capacity
and produce relatively similar changes in cardiorespiratory variables
during the initial 3 months of exercise training [4]. It has been
suggested that supervised exercise in the elderly should emphasize on
aerobic, strengthening and flexibility training [5].

Endothelin-1 (ET-1) is a potent vasoconstrictor peptide that can
be produced from the biologically inactive 38-amino acid intermediate
via cleavage by the ET-converting enzyme [6]. It was firstisolated from
the culture supernatant of porcine aortic endothelial cell in 1988 [7].
Some evidences have demonstrated that ET-1 may be involved in the
pathogenesis of hypertension [8] and atherosclerosis [9]. The circulating
ET-1 may act as a paracrine factor in the metabolism of blood glucose
through the modulation of serum insulin level [10-13]. Elevated plasma
level of ET-1 has been observed in patients with atherosclerosis [9],
diabetes mellitus [10], chronic heart failure [14], essential hypertension
[15], chronic renal failure [16], and myocardial infarction [17]. Both
the increase in plasma ET-1 and the decrease in plasma NOx may
affect myocardial blood flow in patients with coronary slow flow [18].

Circulating aldosterone may directly affect vascular tone and may be
part of the vasoconstriction response [19]. Tostes et al. [20] suggested
that renal damage in aldosterone-dependent hypertension is associated
with inflammatory processes that are mediated in part via ET-1.

Tai Chi Chuan (TCC) is a traditional oriental conditioning exercise
or calisthenics that can delay the decline of aerobic power [21], is
beneficial to the cardiopulmonary function [22,23], strength [23], and
balance [24] of the subjects, and can reduce tension, anxiety, and mood
disturbance [25]. Sun et al. [26] pointed that regular and more than
6 months’ Tai Chi exercises had a beneficial effect to health-related
quality of life, reducing psychological distress, promoting resilience,
and reducing the BMI and blood pressure level in heart-failure
patients. Xiong et al. [27] showed that the skill level of TCC may have
considerable impact on metabolic and cardiorespiratory responses to
TCC performance. It has been estimated that more than one hundred
million people were practicing TCC regularly in the world [28].Thus,
the aim of this study was to investigate the effect of 3 months of TCC
training on the serum ET-1, serum aldosterone, serum insulin, fasting
blood sugar, blood lipids in healthy adults.
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Material and Methods

Subject selection and study design

Both normal subjects without TCC experience and TCC exercisers
were recruited to participate in this study. The normal subjects were
recruited from the community, and the TCC exercisers were recruited
from a TCC training center in Taiwan. All subjects included in this
study were over 50 years of age, had no previous experience with TCC,
had normal lifestyles, and were capable of daily activities without
limitations. Subjects who had major cardiopulmonary disease or were
on regular medicine for diabetes mellitus, hypertension, renal or liver
disease were not included in the study. The Institute Review Board of
the hospital approved this study, and the procedure was fully explained
to the subjects, and signed informed consent was obtained from them
prior to the study.

Before measurements were taken, the subject took a rest in supine
position for 5 minutes before the measurement of blood pressures
(OMRON, HEM -770A). The hemodynamic data such as systolic blood
pressure (SBP), diastolic blood pressure (DBP), mean arterial blood
pressure (MABP), and pulse pressure (PP) were obtained from every
subject in the control and TCC groups before TCC training and after
3 months of TCC training. The TCC trainee exercised TCC once per
day for 3 months.

The participants of this study were requested to not take any
caffeinated or alcoholic beverages for at least 24 hours prior to the
study. They were also requested to not exercise on the day of study. The
hemodynamic data were taken after the subject had rested quietly for 5
minutes, and then a blood sample was withdrawn for later assay. After
hemodynamic measurements, the TCC trainee was advised to exercise
the classical Yang’s TCC for 40 minutes. Each session of Yang’s TCC
included a 10 minutes warm-up exercise (lower back and hamstring
stretching, gentle calisthenics, and balance training), a 20-minutes
TCC exercise, and a 10-minutes cool-down exercise. Each set of Yang’s
TCC consists of 64 successive postures. While practicing TCC, the TCC
trainee kept the same pace in exercising the different postures of TCC
in a sequence according to a pre-recorded tape to ensure that the same
pace and sequence of postures were followed. After 3 months of TCC
training, which consisted of 40 minutes’ exercise each time, 7 times per
week, a second hemodynamic measurements and blood sampling were
performed using the same procedure. All procedures were performed
in a bright and quiet room with a standardized temperature of 24 to
25°C and a standardized humidity of 54 to 55%.

Biochemistry and hormone analysis

The biochemistry assays for the quantitative measurements of
total cholesterol (TC) (Ektachem Clinical Chemistry Slides, Johnson &
Johnson), high-density lipoprotein-cholesterol (HDL-C) (INTEGRA
700, Roche), low-density lipoprotein-cholesterol (LDL-C) (INTEGRA
700, Roche), triglyceride (TG) and fasting blood sugar (FBS) (Ektachem
Clinical Chemistry Slides, Johnson & Johnson) were performed on the
blood sample obtained from each subject. The immunoradiometric
assays for the quantitative measurement of insulin (DIAsource INS-
IRMA Kit, DIAsource ImmunoAssays S.A.), the radioimmunoassay
for the quantitative measurement of aldosterone (DSL-8600 ACTIVE
Aldosterone Coated-Tube Radioimmunoassay Kit, Diagnostic
Systems Laboratories, Inc. USA) and the enzyme immunoassay for the
quantitative determination of ET-1 (Kit Lot 998C Abl./Exp. 100908.
CAT. NO. BI-20052. 12x8 TESTS, Biomedica Medizinprodukte
GmbH & Co KG, A-1210 Wien, Divischgasse 4) in serum were also

performed on the blood sample from each subject. After 3 months of
TCC training, hemodynamic data, FBS and serum hormone levels of
the TCC trainees were measured using the same methodology.

The homeostatic model assessment of insulin resistance (HOMA -
IR) was calculated by using the following formula: insulin level (uU/ml)
x glycemia (mmol/1)/22.5 [29,30]. The QUICKI index was calculated
as follows: 1/[log(insulin in uU/ml) + log(glucose in mg/dl)] [31]. The
triglyceride-to-HDL cholesterol ratio (TG/HDL-C) has been reported
to be closely related to insulin resistance in adults [32,33]. These indices
associated with insulin resistance were also examined in this study.

Data analysis

The t-test (SigmaPlot 12.5, SPSS Inc., Chicago, Illinois, USA) was
employed to compare the general characteristics, hemodynamics, Lipid
profile, FBS and circulating hormone levels between TCC trainees and
the controls. The paired t-test was performed to compare the general
characteristics, hemodynamics, Lipid profile, FBS and circulating
hormone levels between before TCC training and after 3 months of
TCC training in the TCC group. All data are presented as mean + SD.
A p<0.05 is considered statistically significant.

To correct for the baseline differences in the comparisons of lipid
profile, FBS and circulating hormone levels, the percentage changes
in these parameters in each subject before and after 3 months of TCC
trainees were calculated by using the following formula:

%X = [(Xaﬁer 3 monthTCC ~ Xbefore)/(xbefore)] X 100’

where X is the parameter to be compared. Correlation analysis was
performed to analyze the relationship among the percentage changes
in the parameters between before and after 3 months of TCC trainees.

Results

Twenty normal controls and 22 TCC trainees were included in this
study. Table 1 displays the baseline characteristics of normal controls
and TCC trainees before and after 3 months of TCC training. There
was no significant difference in the baseline characteristics between
these 2 groups of subjects except the age of TCC training.

Table 2 shows the hemodynamics, lipid profile, FBS and hormone
levels before and after 3 months of TCC training. Between groups
comparison indicated that there were no significant differences in
the baseline data between the control group and the TCC group.
However, after 3 months of TCC training, the pulse pressure (PP),
HDL-C, QUICKI, ET-1, and aldosterone were significantly increased,
whereas the serum insulin, HOMA, and log(HOMA) were significantly
decreased in the TCC group, as compared with their counterparts in
the control group.

Intra-group comparison showed that the PP, HOMA-IR and
log(HOMA) were significantly decreased, while the TC, HDL-C,
QUICKI, and aldosterone level were significantly increased 3 months
after in the control group. Similarly, the PP, serum insulin, HOMA-IR,
log(HOMA), and ET-1 were significantly decreased, while the HDL-C,
QUICKI and aldosterone were significantly increased after 3 months of
TCC training in the TCC group.

Table 3 shows that the %FBS correlated significantly and negatively
with the %TG/HDL-C, %QUICKI, and %ET-1. In addition, the
%Insulin correlated significantly and positively with %HOMA, and
significantly and negatively with the %QUICKI. Furthermore, the
%HOMA correlated significantly and negatively with the %QUICKI.
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Controls Controls TCC trainees TCC trainees
General characteristics Before TCC After TCC Before TCC After TCC
(N =20) (N =20) (N=22) (N=22)
Age (yrs) 51.5+7.3 55+7.3 54.6 +9.1 54.6 +9.1
Gender (M/F) 9/11 9/11 12/10 12/10
Body weight (kg) 65.2+8.8 65.2+8.0 63.4 +£10.5 62.9+10.3
Body height (cm) 163.8+5.3 163.8+5.3 164.7 + 8.1 164.7 + 8.1
BMI (kg/m?) 242+29 243 +27 23.2+27 23.0+25
Waist (cm) 83.8+9.3 84.7+95 82.1+99 81.5+97
Age of TCC (yrs) 0 0 0 0.25 + 0.00#

Data are presented as Mean + SD. BMI: body mass index; Values presented are Meant SD. *P < 0.05 vs. Controls (After TCC), TP<0.05 vs. TCC trainees (Before TCC)

Table 1: Characteristics of Normal Controls and TCC Trainees Before and After 3 Months of TCC Training.

Hemodynamics and blood Controls Controls TCC trainees TCC trainees
Before TCC After TCC Before TCC After TCC
parameters (N = 20) (N = 20) (N =22) (N=22)
Hemodynamics
SBP (mmHg) 117.3+15.5 117.2+15.6 123.7+21.0 125.8+23.4
DBP (mmHg) 67.2 +11.1 72.4+10.8 721+13.5 76.6+11.4
MABP (mmHg) 83.9+11.4 87.3+11.9 89.3+15.1 93.0 + 141
PP (mmHg) 50.1+12.2 44.8 + 8.6* 51.6+13.6 492 +17.71
Lipid profile
TG (mg/dl) 166.7 £ 71.3 1674 +72.6 144.9 + 86.8 137.7 £ 90.2
TC (mg/dl) 176.5+31.6 179.0 + 32.6* 222.9+217.0 184.6 +23.4
LDL-C (mg/dl) 105.0 + 30.1 105.8 + 29.6 106.4 +25.4 111.1+24.0
HDL-C (mg/dl) 474 +£8.0 48.6 + 8.6* 53.5+11.8 54.6 £10.7t
HDL-C/TC 0.28 + 0.06 0.28 + 0.06 0.29 +0.09 0.30 £ 0.07
TG/HDL-C 3.65+1.73 3.59+1.75 3.02+222 2.73+2.06
FBS, Hormone and ET-1
FBS (mmol/l) 51+1.5 47+08 6.5+3.4 49+15
Insulin (U/ml) 53+46 37+35 45+56 2.7+6.8t
HOMA-IR 14+18 0.8 +£0.9* 17126 0.5+ 1.1%
log(MOMA-IR) -0.08 £ 0.43 -0.29 + 0.45* -0.24 £0.70 -0.61 £ 0.48%
QUICKI 0.41 +£0.07 0.45 + 0.09* 0.46+0.14 0.53 £ 0.12%
Aldosterone (pg/ml) 78.4+£37.7 64.7 £ 31.4* 62.0 + 23.8 65.1 £ 23.5t
ET-1 (fmol/ml) 0.63 £ 0.45 1.75+£4.35 214 +4.51 2.11 £ 4.30%

Data are presented as Mean + SD. SBP: systolic blood pressure; DBP: diastolic blood pressure; MABP: mean arterial blood pressure; PP: pulse pressure; TG: triglycerides;
TC: total cholesterol; LDL-C: low-density lipoprotein-cholesterol; HDL-C:high-density lipoprotein-cholesterol; HDL-C/TC: ratio of HDL-C over TC; FBS: fasting blood sugar;
ET-1: endothelin-1; HOMA-IR: fasting insulin (uUl/ml) x fasting glucose (mmol/l)/22.5; QUICKI =1/[log(insulin in pU/ml) + log(glucose in mg/dl)].*P < 0.05 vs. Controls
(Before TCC); #¥P<0.01 vs. Controls (After TCC); TP<0.05 vs. TCC trainees (Before TCC).

Table 2: Hemodynamics, Lipid profile, BS and Hormone Levels of Normal Controls and TCC Trainees Before and After 3 Months of TCC Training.

%FBS %Insulin %HOMA %log(HOMA) %TG/HDL-C %QUICKI %Aldosterone %ET-1
%HDL-C 0.198 0.181 0.209 0.074 -0.349 -0.061 -0.278 -0.132
%FBS 0.135 0.205 0.067 -0.489* -0.563* 0.206 -0.535*
%Insulin 0.992* 0.017 -0.225 -0.575* -0.203 -0.037
%HOMA 0.021 -0.221 -0.618* -0.199 -0.048
%log(HOMA) 0.156 -0.341 0.207 0.071
%TG/HDL-C 0.089 -0.177 0.313
%QUICKI 0.002 0.309
%Aldosterone -0.030

Values are correlation coefficients. *P < 0.05.

Table 3: Results of Correlation Analysis for The Percentage Changes in FBS, Indices of Insulin Resistance, and Related Hormone Levels After 3 Months of TCC Training

in TCC Trainees.

Discussion

In the present study, we found that 3 months of TCC training can
significantly increase the HDL-C, QUICKI, and aldosterone level,
and significantly decrease serum insulin, HOMA, and log(HOMA),
ET-1 in the TCC group, as compared with their counterparts before

the beginning of TCC training. Moreover, there were some significant
correlations among %FBS, %Insulin, %Aldosterone, %HOMA,
%QUICKI, and %TG/HDL-C in the TCC group. These findings
suggested that TCC might have an effect on the lipid and glucose
metabolism, and the interplay among glucose-related hormones in its
practitioners.
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Effect of TCC on lipid profile

The impact of physical exercise on HDL metabolism has been
recognized as a major mechanism involved in the reduction of the
risk of coronary artery disease. Some evidences have pointed that
endurance exercise training can increase plasma HDL levels if the
exercise training is sufficient [34-36]. Jafari et al. [37] demonstrated
that exercise significantly increases plasma pre-b HDL and decrease
plasma HDL-triglycerides. Couillard et al. [38] further showed that
regular endurance exercise training may be particularly helpful in men
with low HDL-cholesterol, since HDL-C concentration have been
shown to increase with regular endurance exercise and, therefore, can
contribute to a lower risk of coronary heart disease. Thus, not only
endurance exercise, but also low-velocity and low-impact exercise
such as TCC can increase the serum HDL-C in its practitioners. The
mechanism underlying the increase in HDL-C after endurance exercise
or 3 months of TCC is not clear yet.

FBS, serum insulin, ET-1 and insulin resistance

In this study we found that the serum aldosterone was significantly
increased, while the serum insulin and ET-1 were significantly
decreased by 3 months of TCC, as compared with their counterparts
before TCC practice. The %FBS had significant and negative correlation
with either %TG/HDL-C, %QUICKI, or %ET-1 in the TCC group, and
the %Insulin had significant and positive correlation with %HOMA,
but significant and negative correlation with %QUICKI in the TCC
trainees. However, the %Aldosterone had no correlations with the
percentages of changes in HDL-C, FBS, insulin, HOMA, etc., in this
study. It seems that the ET-1 might have a role in the regulation of blood
glucose, but the role of aldosterone is ambiguous. This is interesting
and bewildering. In the literature, a direct relationship between plasma
aldosterone levels, insulin resistance, and hyperinsulinemia has been
reported in hypertensive patients [39]. In addition, aldosterone may
be involved in the pathogenesis of vascular insulin resistance via
oxidative stress because aldosterone can decreases insulin receptor
substrate-1 expression via Src and reactive oxygen species stimulation
by proteasome-dependent degradation in vascular smooth muscle
cells [40]. Since aldosterone is regulated by sodium, potassium levels
and plasma renin activity, it may not be meaningful to discuss the
meaning of the change in the serum level of single aldosterone without
simultaneous knowledge of sodium, potassium levels and plasma renin
activity. Further studies are needed to elucidate the role of aldosterone
in the regulation of serum insulin and insulin resistance.

It has been reported that insulin can modulates ET-1 levels in
vivo [41], and ET-1 might impair insulin sensitivity [42] and inhibits
plasma insulin responsiveness [13]. In this study, we found that both
serum insulin and ET-1 level were decreased after 3 months of TCC in
TCC trainees. Furthermore, we found that the %FBS had significant
and negative correlation with %ET-1 in the TCC trainees, and that
there was no correlation between %ET-1 and %Insulin, %HOMA,
%QUICKI or %TG/HDL-C in this study. Thus, ET-1 might be
involved in the regulation of blood sugar, but the exact role of ET-1 in
the regulations of serum insulin and insulin resistance needs further
studies to elucidate.

Aging is associated with the development of cardiovascular
structural and functional alterations, which can explain the age-related
increase in cardiovascular risk. Because endothelial dysfunction has
been associated with advancing age [43], and circulating plasma ET-1
being a potent vasoconstrictor that might be mainly originate from
vascular endothelial cells [44], it may be good to know that the increased

production of ET-1 in vascular endothelial cells due to aging can be
decreased by regular exercise. Maeda and associates [45] showed that
regular aerobic-endurance exercise reduces plasma ET-1 concentration
in older humans. Lewczuk et al. [46] demonstrated that plasma ET-1
concentration is decreased after cycling in healthy men. Therefore,
it is comprehensible that the ET-1 level is decreased by 3 months of
TCC training in this study. Since plasma level of ET-1 correlates with
disease severity [47-49], the decrease in serum ET-1 level by 3 months
of TCC may have beneficial effects on the cardiovascular systemand the
metabolic function of the subjects.

Some people who went to the TCC center to learn TCC might have
some cardiovascular or metabolic problems such as elevated blood
pressures, elevated blood sugar, etc., and wanted to improve their
health conditions through TCC practicing. That is the reason why the
FBS of some TCC trainees was slightly elevated, though the FBS of the
TCC trainees was not statistically different from that of the controls.
That the basal health status of the TCC group might not be similar
to that of the control group is one limitation of this study. Another
limitation of this study is that the sample size of this study was not big
enough. This might be the main reason why some of the results of this
study are not easy to interpret.

Conclusion

TCC training for 3 months can increase the levels of ET-1 and
aldosterone, and decrease serum insulin level and insulin resistance in
the TCC trainees. The beneficial effects of TCC on the cardiovascular
function and insulin sensitivity might become true through regulation
of lipid and glucose metabolism, and the interplay among insulin,
aldosterone, ET-1, and possibly others. The effects of 3 months of
TCC on the lipid profile, FBS and related hormones deserve further
investigations and validation.
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