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Abstract
This study evaluates the effects of a short-term Cardio Tai Chi program on the cardiore-
spiratory fitness and hemodynamic parameters in sedentary adults. Thirty-one sedentary
participants (age: 58 � 9 years, body mass: 63 � 12 kg) were subjected to an exercise
program during 10 sessions over a 10-day period within 2 weeks. The Cardio Tai Chi pro-
gram consisted in a series of three to five intervals lasting 90 s each at w70% maximal
heart rate separated by 2-min of low-intensity recovery. Primary outcome measures were
cardiorespiratory fitness (peak oxygen uptake, _VO2peak) assessed by the Rockport walking
test and resting hemodynamic parameters (systolic, diastolic, mean, and pulse pres-
sures). We observed a significant difference of means on post-pre _VO2peak [4.5 ml/kg/
min, 95% confidence interval (CI): 3.1 to 5.8, p Z 0.004], systolic blood pressure
(-5.5 mmHg, 95% CI:-7.3 to -3.8, p Z 0.010) and pulse pressure (-3.7 mmHg, 95% CI:
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-5.2 to -2.3, p Z 0.028). No significant differences were observed for diastolic pressure
(�1.8 mmHg, 95% CI: -2.6 to -1.0, p Z 0.226), mean blood pressure (2.5 mmHg, 95%
CI: 1.4 to 3.6, p Z 0.302), or resting heart rate (-0.9 beat/min, 95% CI: -2.0 to 0.1,
p Z 0.631). Our findings suggest that engaging in a short-term Cardio Tai Chi program
can improve cardiorespiratory fitness and hemodynamic parameters in sedentary adults.
1. Introduction

Physical inactivity-an activity level insufficient to meet
current recommendations- is considered the major public
health problem of this century [1], accounting for 3.2% to
7.8% of coronary heart disease worldwide [2]. There is
compelling evidence that both physical activity and exercise
are associated to numerous positive health-related bio-
psychosocial outcomes such as lowering blood pressure and
cardiovascular disease risk factors, improving the cardiore-
spiratory fitness, preserving bone mass, and reducing the risk
of falling, improving anxiety, quality of life, and delaying all-
cause mortality [3]. A report on the pandemic of physical
inactivity strongly urges the academics to provide supporting
evidence for effective programs to advance global health
through physical activity [4]. Because exercise can be pre-
scribed in the treatment of many diseases, including psy-
chiatric, neurological, metabolic, musculoskeletal, cancer,
pulmonary, and cardiovascular [5], there is a need for pro-
grams that can promote the regular practice of physical
activity in the general population and particularly those at a
high risk of cardiovascular diseases.

Tai Chi Chuan-or Tai Chi-is a Chinese mind-body practice
enrolling meditation, static and dynamic body postures
associated with controlled breathing that is most closely
related to exercise [6,7]. The practice of Tai Chi comprises
sequences of stances, i.e., coordinated upper- and lower-
limb movements in predominantly slow and smooth tra-
jectories [8-11]. A large multicenter study from 13 coun-
tries summing up 6410 participants performing either Tai
Chi or Qi Gong reported health benefits related to bone
density, cardiorespiratory effects, physical function, falls
prevention, postural balance, and related risk factors,
quality of life, self-efficacy, patient-reported outcomes,
psychological symptoms, and immune- and inflammation-
related responses [12]. As related to cardiovascular dis-
eases, recent systematic reviews and meta-analyses show
that Tai Chi practice can improve systolic blood pressure
(SBP) and diastolic blood pressure (DBP) and cardiorespi-
ratory fitness [13-15]. Although complementary and alter-
native medicine therapies are promising for patients with
cardiac rehabilitation, it still lacks high-quality evidence in
the study of the relationship between Tai Chi and cardio-
respiratory fitness [14-17].

Improving cardiorespiratory fitness and reducing other
cardiovascular risk factors such as blood pressure are both
strongly associated to a regular engaging in physical activity
with defined frequency, intensity, time, type, volume,
pattern, and progression of cardiorespiratory exercise [3]
All the aforementioned requirements are met by traditional
Tai Chi practice except for the exercise intensity [18,19].
We thus speculate that Tai Chi practice might elicit the
minimal exercise intensity level (i.e., threshold), provided
the traditional stances are performed under more vigorous
movements thus promoting cardiorespiratory fitness [3]. As
a corollary, risk factors related to cardiovascular diseases
might be modified as well. Therefore, this pilot study aims
to evaluate the effects of a short-term Cardio Tai Chi
program on the cardiorespiratory fitness and hemodynamic
parameters in sedentary adults. We hypothesized that the
regular practice of Tai Chi at aerobic target intensity levels
might elicit physiological responses that positively
affect cardiorespiratory fitness and hemodynamic parame-
ters, both associated with reduced cardiovascular risk.
2. Materials and Methods
2.1. Ethical approval

The Institutional Review Board at the University of East-
West Medicine has approved this project before its execu-
tion in accordance with the ethical standards set in the
Helsinki Declaration of 1975. Participants provided written
informed consent before being admitted to this study.

2.2. Study design and sample size estimates

This pilot study is an uncontrolled, before-and-after
study design (quasi-experimental) [20,21] in which a short-
term program of exercises was applied in 10 sessions over a
10-day period within 2 weeks (Fig. 1). Measurements were
obtained from baseline testing and after the 10 sessions
were finished. Three assessors performed the measure-
ments independently, and they were not aware of the
purpose of the measurements. Participants were not
informed about their testing results during their
enrollment.

The sample size was estimated for the main outcome of
this study, i.e., maximal oxygen uptake in metabolic
equivalent (MET) corresponding to 3.5 mL/kg/min in a
healthy 40-year-old 70kg man [22]. A minimal sample size
of 31 participants in this single-arm, before-and-after study
was obtained from b Z 0.20, atwo-tailed Z 0.05, a small
effect size Z 0.2 as in a previous study [23] and S(D) Z 0.4
using an online calculator (http://www.sample-size.net/
sample-size-study-paired-t-test/).

2.3. Participants

Thirty-one participants (age: 58 � 9 years, body mass:
63 � 12 kg) were enrolled in this study, and all participants
completed the study protocol without missing sessions.
Participants were contacted from posters, churches, and
word of mouth. Eligibility criteria comprised ages between
30 and 80 years, no diagnosis of cardiovascular or metabolic
diseases, no use of medication regularly, absence of
musculoskeletal pain or condition that limit exercise prac-
tice, commitment of attending the Tai Chi sessions, and a

http://www.sample-size.net/sample-size-study-paired-t-test/
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Assessed for eligibility
(n = 31)

Included in the study
(n = 31)

Pre-intervention analysis
(n = 31)

Post-intervention analysis
(n = 31)

Age, sex, body mass,
clinical history

Blood pressure, heart rate,
VO2peak

Blood pressure, heart rate,
VO2peak

Lost to follow-up
(n=0)

Study outcomes
(n = 31)

Descriptive analysis: mean ± SD, n (%)
Comparative: standardized mean difference

Figure 1 Study flowchart.
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self-reported sedentary lifestyle (i.e., not engaging in
physical activity for the last 6 months).

2.4. Intervention: the Cardio Tai Chi exercise
program

The Cardio Tai Chi program was designed after the
integration of traditional Tai Chi practice [24] and features
of aerobic exercise. The class of Cardio Tai Chi comprises
selected Tai Chi stances performed at a fast pace for a
higher intensity exercise (Fig. 2). Exercise intensity is
moderated by varying the number of intervals of fast pace
(two Tai Chi movements) that are interleaved by slow pace
movements (one Tai Chi movement), with transitional
motion (two Tai Chi movements). The high-intensity
movement of each stance is progressively moving the
body from moderate speed to higher speed within 90 s in
each section.

The training program consisted in 10 sessions over a 10-
day period within 2 weeks. Participants were familiarized
with the Tai Chi stances before the first session. Sessions
were performed daily from Saturday to Tuesday and
Thursday (with Wednesdays and Fridays as rest days). The
intensity of the sessions was distributed as follows (Table
1): three repeated sections in Level #1 (3 intervals of fast
pace movements lasting 90 s); four sections in Level #2 (4
intervals of fast pace movements lasting 90 s) and five
sections in Level #3 (5 intervals of fast pace movements
lasting 90 s). Within each interval, the exercise intensity
was increased until eliciting the w70% maximal heart rate
(HR) as measured during the assessment (section 2.5). Each
interval of fast pace movements was separated by 2 mi-
nutes of low-intensity recovery. Participants had a 30-s
resting period and 30 s to switch the Tai Chi stance into
slow motion before and after the rest. There is a 30-s
transition time between fast and slow pace. All sessions
started and ended with a 5-minute period of warm-up and
cooldown using the Tai Chi stances. The total time of ex-
ercise in Levels 1-3 is w20, 24, and w27 min, respectively.

2.5. Assessments

The primary outcome consisted of estimated _VO2peak as
determined from a continuous submaximal exercise test on
an electronically treadmill (Pro-Form 505 CST) using the
Rockport walking test [25,26]. The test consisted in walking
as quickly as possible for 1600 m (running or jogging was not
permitted) wearing the Wireless Blood Pressure Monitor BP5
(iHealth Labs Inc., CA, USA). The time spent to complete
the target distance and the HR achieved immediately after
the test were both recorded and then computed in an age-
specific regression equation allowing for the estimation of
_VO2peak. The _VO2peak was expressed in mL/kg/min and by
calculating the MET [3]. Differences between values higher
than 1 MET before and after the program were considered
clinically relevant [27].

Secondary outcomes comprised resting HR and resting
blood pressure. During the supervised training intervention,
HR was recorded using Deluxe Pulse Oximeter (Veridian
Deluxe Pulse Oximeter #11-50D) to ensure that participants
were exercising at the prescribed target intensity. SBP and
DBP were also assessed using the Wireless Blood Pressure
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Figure 2 Slow, fast, and transitional stances used in Cardio Tai Chi Program. Exercise intensity is moderated by varying the
number of intervals of fast pace (two Tai Chi movements) that are interleaved by slow pace movements (one Tai Chi movement),
with transitional motion (two Tai Chi movements). The high-intensity movement of each stance is progressively moving the body
from moderate speed to higher speed within 90 s in each section.
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Monitor BP5 (iHealth Labs Inc., CA, USA). Pulse pressure (PP
Z SBP - DBP) and mean blood pressure (MBPZ DBP þ PP/3)
were also calculated [28].

2.6. Statistical analysis

Data were typed in an electronic worksheet for statis-
tical analysis (Excel, Microsoft Corp., USA). Data are sum-
marized as mean � SD or frequency (%) depending on the
variable type. Difference in Means (MD) and standardized
mean difference (SMD) with 95% confidence intervals (95%
CI) were also calculated as effect size estimates. Before-
and-after comparisons were evaluated using the t test for
dependent samples (two-tailed analysis). Pearson’s coeffi-
cient was used to quantify the correlation between values
of the outcome variables before and after the program.
Statistical significance was set to p < 0.05. Substantive
evidence was assessed by effect sizes (SMD) and is inter-
preted as per the suggested values [23].

3. Results

Table 2 summarizes the descriptive and comparative
analyses of cardiorespiratory fitness and hemodynamic pa-
rameters. A significant MD was observed on postepre
_VO2peak (MD 4.5 ml/kg/min, 95% CI: 3.1 to 5.8,
p Z 0.004), with a MD higher than the 1-MET minimum
clinically important difference (MD: 1.3 MET, 95% CI: -0.1 to
2.6, p Z 0.004).

Significant differences were also observed for SBP (MD:
-5.5 mmHg, 95% CI: -7.3 to -3.8, p Z 0.010) and pulse
pressure (MD: -3.7 mmHg, 95% CI: -5.2 to -2.3, p Z 0.028),
all with large effect sizes (SMD: 0.94 to 1.27). No significant
differences were observed for diastolic pressure (MD:
-1.8 mmHg, 95% CI: -2.6 to -1.0, pZ 0.226) and mean blood
pressure (MD: 2.5 mmHg, 95% CI: 1.4 to 3.6, p Z 0.302),
both showing a medium effect size (SMD: 0.60 to 0.73).
Resting HR was also not statistically different on post-pre
analysis (MD: 0.9 beat/min, 95% CI: -2.0 to 0.1,
p Z 0.631), with a small effect size (SMD: 0.27).

Correlation analysis between values before and after the
program showed moderate to strong correlation co-
efficients for _VO2peak (r Z 0.857), SBP (r Z 0.830), pulse
pressure (r Z 0.839), HR (r Z 0.600), DBP (r Z 0.599), and
mean blood pressure (r Z 0.352).
4. Discussion

This pilot study evaluated the effects of a short-term
Cardio Tai Chi program on the cardiorespiratory fitness and
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hemodynamic parameters in sedentary adults. We found
both statistical and clinical evidence favoring the hypoth-
eses that the short-term practice of Tai Chi at minimum
aerobic target intensity levels elicits physiological re-
sponses that positively affects cardiorespiratory fitness and
hemodynamic parameters. To the best of our knowledge,
this is the first study to propose the Tai Chi practice under
aerobic target intensity levels and to evaluate its effect on
cardiorespiratory fitness and hemodynamic parameters,
both associated to cardiovascular risk. This study fills an
important gap in literature [13,14] regarding whether the
already acknowledged biopsychosocial benefits of prac-
ticing traditional Tai Chi are observed in other circum-
stances of practice.

We observed a substantive increase in estimated _VO2peak

that was also larger than the minimum clinically important
difference of 1 MET (each 1-MET increase in exercise ca-
pacity is related to a 10 to 20% improvement in survival
from cardiovascular diseases) [27]. This finding is slightly
Table 1 Cardio Tai Chi program schedule. All sessions
started and ended with a 5-minute period of warm-up and
cooldown using the Tai Chi stances. The intensity of the
sessions was distributed as follows: three repeated sections
in Level #1 (3 intervals of fast pace movements lasting 90 s),
four sections in Level #2 (4 intervals of fast pace
movements lasting 90 s), and five sections in Level #3 (5
intervals of fast pace movements lasting 90 s).

Task

duration

(mm:ss)

Intensity Tai Chi stances

Level 1

(Classes 1

to 3)

Level 2

(Classes 4

to 6)

Level 3

(Classes 7

to 10)

05:00 Warm-up Stretching
exercises

Stretching
exercises

Stretching
exercises

00:30 Moderate Cross hand Cross hand Cross hand
00:30 High

intensity
Jumping
rooster

Playing
fiddle

Catching
bird

00:30 Moderate Jumping
rooster

Side kicking White crane

00:30 Slow
down

Jumping
rooster/
mapping
mirror

Playing
fiddle/
mapping
mirror

Catching
bird/
mapping
mirror

00:30 Slow
motion

Cloud
hand

Open
window

Embrace
tiger

00:30 Break Rest Rest Rest
00:30 Slow

motion
Cloud
hand

Open
window

Embrace
tiger

Repetitions - 3
repetitions

3
repetitions,
Level 1

3
repetitions,
Level 1 and
2

05:00 Cool
down

Deep
breathing
exercise

Deep
breathing
exercise

Deep
breathing
exercise

Total time - 20:30 24:00 27:30
better than those reported after 16-week high-intensity
interval training program or continuous moderate-
intensity exercise training in adults with hypertension
[29]. This suggests that the Cardio Tai Chi program using
several selected stances from the simplified form of Tai Chi
at aerobic target intensity levels was capable of promoting
cardiorespiratory fitness. In the traditional practice of Tai
Chi, the upper and lower extremities perform movements,
whereas the body moves resembling walking at a speed that
is relatively slower compared with activities of daily living
[8-11]. Because walking speed is strongly correlated to both
aerobic capacity and mitochondrial activity [30], we spec-
ulate that movement speed in the Cardio Tai Chi played a
major role in the observed cardiorespiratory effects.
Interestingly, studies comparing the effects of traditional
Tai Chi practice versus brisk walking on cardiorespiratory
fitness found no difference in elderlies [31,32].

The observed reduction in systolic and pulse pressures
was also substantive and similar to those reported by sys-
tematic reviews and meta-analyses [13-15] on the tradi-
tional Tai Chi practice. Systolic and pulse pressures are well
known, strong, independent predictors of cardiovascular
morbidity [33]. The finding that Cardio Tai Chi contributes
to lowering blood pressure values strongly suggest this
program as an option for controlling cardiac risk factors by
engaging in a regular physical activity. Nonetheless, dia-
stolic and mean blood pressures did not improve after this
2-week Cardio Tai Chi program, as well as resting heart
rate. The traditional practice of Tai Chi for 5 min acute and
temporarily increases the heart rate variability (HRV) in
young and older adults [34], which is in agreement that
larger HRV during exercise is associated with better phys-
ical fitness [35]. We thus speculate whether a longer trial
could elicit stronger substantive effects on those cardiac
risk factors if any.

The findings presented herein should be interpreted in
light of the factors jeopardizing the internal validity of
uncontrolled before-and-after study design [21]. There-
fore, we cannot rule out history, maturation, and instru-
ment decay as rival hypotheses, but owing to the relative
short-term between assessments all were considered
implausible. Similarly, bias due to testing and reactivity
were both also considered unlikely owing to the blinding of
the participants to their own results. However, statistical
regression (toward the mean) is weakly plausible because
of the strong correlation between values of all studied
variables before and after the program, mainly mean blood
pressure. Nonetheless, our results strongly encourage con-
ducting experimental trials with larger samples, direct
methods for _VO2peak measurement, longer follow-up pe-
riods (e.g., 4, 8 or 12 weeks) and control group to further
explore the effects of Cardio Tai Chi on cardiorespiratory
fitness and other cardiovascular risk factors and to observe
whether the observed effects are transient or long lasting.
The integration of the aerobic exercise and the traditional
Tai Chi is a promising contribution to sport and rehabilita-
tion fields.

In summary, the short-term practice of Tai Chi at mini-
mum aerobic target intensity levels elicits physiological
responses that positively affects cardiorespiratory fitness
and hemodynamic parameters, all associated with reduced
cardiovascular risk in sedentary adults.



Table 2 Descriptive and comparative analysis.

Variable Study phase P-value Standardized

mean difference

(SMD)

Effect size estimate

Before After

Cardiorespiratory fitness
_VO2peak, ml/kg/min 37 � 14 41 � 15 0.004* 1.16 Large
_VO2peak, MET 10.4 � 4.1 11.7 � 4.3 0.004* 0.33 Small
Hemodynamic parameters at rest

Systolic blood pressure, mmHg 133 � 19 127 � 19 0.010* �1.27 Large
Diastolic blood pressure, mmHg 77 � 9 75 � 9 0.226 �0.60 Medium
Pulse pressure, mmHg 56 � 16 52 � 15 0.028* �0.94 Large
Mean blood pressure, mmHg 91 � 12 93 � 11 0.302 0.73 Medium
Heart rate, beat/min 77 � 13 76 � 10 0.631 �0.27 Small

Data are presented as mean � SD.
* Statistical significance at p < 0.05.
MET, metabolic equivalent.
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Filho de Apoio à Pesquisa do Estado do Rio de Janeiro (grant
number E-26/202.769/2015). The funding source had no
role in the study design, in the collection, analysis and
interpretation of data, in the writing of the manuscript,
and in the decision to submit the manuscript for
publication.
References

[1] Trost SG, Blair SN, Khan KM. Physical inactivity remains the
greatest public health problem of the 21st century: Evidence,
improved methods and solutions using the “7 investments that
work” as a framework. Br J Sports Med 2014;48:169e70. https:
//doi.org/10.1136/bjsports-2013-093372.

[2] Lee I-M, Shiroma EJ, Lobelo F, Puska P, Blair SN,
Katzmarzyk PT. Impact of Physical Inactivity on the World’s
Major Non-Communicable Diseases. Lancet 2012;380:219e29.
https://doi.org/10.1016/S0140-6736(12)61031-9. Impact.

[3] Garber CE, Blissmer B, Deschenes MR, Franklin BA,
Lamonte MJ, Lee IM, et al. Quantity and quality of exercise for
developing and maintaining cardiorespiratory, musculoskel-
etal, and neuromotor fitness in apparently healthy adults:
Guidance for prescribing exercise. Med Sci Sports Exerc 2011;
43:1334e59. https:
//doi.org/10.1249/MSS.0b013e318213fefb.

[4] Kohl HW, Craig CL, Lambert EV, Inoue S, Alkandari JR,
Leetongin G, et al. The pandemic of physical inactivity: global
action for public health. Lancet 2012;380:294e305. https:
//doi.org/10.1016/S0140-6736(12)60898-8.

[5] Pedersen BK, Saltin B. Exercise as medicine - Evidence
for prescribing exercise as therapy in 26 different chronic
diseases. Scand J Med Sci Sport 2015;25:1e72. https:
//doi.org/10.1111/sms.12581.
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