Short-term Tai Chi Training May Benefit Arterial Compliance But
Not Heart Rate Variability Among Stroke Survivors: A Randomized

Controlled Trial

Wing-nga Chan and William Wai-nam Tsang

Abstract

Background

Arterial stiffening and cardiac autonomic dysregulation
are common among stroke survivors. These changes
increase the risk of cardiovascular problems and tend to
accelerate mortality. Tai Chi has been reported to
improve arterial compliance and cardiac autonomic
regulation among healthy older adults. Such effects have
not been examined among stroke survivors.

Objectives

This study aimed at investigating the effect of Tai Chi
training on arterial stiffness and the functioning of the
cardiac autonomic nervous system among stroke
survivors.

Methods

This was an assessor-blinded randomized controlled
trial. Fifty-six community-dwelling stroke survivors
were randomized into three groups; a group which
received Tai Chi training (n = 19), another which
received conventional exercise training (n = 18), or
control groups (n = 19). The subjects in the former two
groups were trained for an hour twice a week for 12
weeks. No training was provided to the control group.
Outcome measures were large and small arterial
compliance, blood pressure, and heart rate variability
(normalized low and high frequency power and the low
frequency to high frequency ratio). Assessments were
conducted before and after the intervention period.
Two-way mixed analysis of variance was employed to
compare the three intervention groups and the two
assessment time points.

Results

On average, small arterial compliance increased about
13.5% after Tai Chi training and about 9.5% after the
conventional exercise training. It decreased among the
controls (-10.6%). A significant improvement in average
systolic blood pressure was also observed after the Tai

Chi training, while no significant change was found in
the other two groups. No significant change was
observed in the heart rate variability parameters.

Conclusions

Tai Chi training may benefit stroke survivors by
decreasing small artery stiffness and reducing systolic
blood pressure. However, the short term Tai Chi training
did not improve cardiac autonomic regulation in this
population.
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Background

Prior studies have shown that increased arterial stiffness
" 2 and dysfunction of the cardiac autonomic nervous
system® are relatively common among stroke survivors.
Such changes raise the risk of cardiovascular problems
and tend to accelerate mortality.*® Aerobic exercise has
been suggested to reduce arterial stiffness "’ and
improve the cardiac autonomic modulation'’ of healthy
subjects.

Tai Chi is a Chinese traditional martial art which has
been employed as a rehabilitation exercise in recent
decades. Previous studies have reported its effect on
arterial compliance'' and cardiac autonomic regulation '*
1> among older adults. Tai Chi is considered a mind-body
exercise of moderate intensity with aerobic features.'
When practicing Tai Chi, practitioners maintain a
relaxed status of mind and breathe slowly but deeply.
These features have been found to benefit the regulation
of sympathetic and parasympathetic activities '*'’, and
may also reduce arterial stiffness'® among healthy older
adults.

Tai Chi benefits arterial stiffness and cardiac
autonomic regulation among healthy older adults,
suggesting that the exercise may also benefit stroke
survivors. This randomized and controlled trial was
therefore designed to explore the effect of Tai Chi
training on arterial stiffness and functioning of the
cardiac autonomic nervous system among stroke
survivors. The hypothesis was that subjects being trained
in Tai Chi would show reduced arterial stiffness and
improved autonomic modulation of the heart. Owing to
the unique features of this mind-body exercise, Tai Chi
was expected to be more beneficial than conventional
exercises.

Methods

Participants

The study was retrospectively registered in
ClinicalTrials.gov on 16 August 2017 (Registration
number: NCT03252236). The study was conducted from
October 2014 to December 2016. Community-dwelling
stroke survivors were recruited through patient self-help
groups and hospitals in Hong Kong. The subjects were
included if they were aged at least 50, had suffered a
stroke at least six months previously, were able to walk
unaided for 5 meters indoors, and were able to follow
verbal instructions. Those suffered from any

neurological disease other than stroke, had received any
cardiac surgery, had received any major surgery during
the previous six months or who scored less than 18 on
the Cantonese version of the Mini-Mental State
Examination'® were excluded. This study was approved
by the Ethics Committee of the Hong Kong Polytechnic
University (Reference number: HSEARS20131023003).
A written informed consent form was obtained from
every subject after the aims and procedures of the study
had been fully explained. The intervention was
conducted at the Hong Kong Polytechnic University and
in community centers. The assessment was carried out at
the university.

There were three intervention groups: Tai Chi group,
conventional exercise group, and control group. Eligible
subjects were first stratified according to their gender
and age (aged 50-59, 60—69, 70-79, or >80 years old)
and then randomized into one of the three intervention
groups by drawing lots.

Interventions

The subjects in the Tai Chi and conventional exercise
groups were trained in hour-long sessions twice a week
for 12 weeks. They were also asked to practice outside
of the class for at least 30 minutes once a week. Exercise
log-books were given to the subjects in which they were
instructed to record the amount of self-training. The
class began with a 10-minute warm-up, followed by 45
minutes of the corresponding exercises and a 5-minute
cooling down period.

According to the ability and needs of the stroke
survivors in the Tai Chi group, traditional Yang-style Tai
Chi was modified into 12 forms by a senior
physiotherapist and a Tai Chi master with more than 30
years of experience in teaching Tai Chi. The training
was instructed by a physiotherapist who is also a Tai Chi
practitioner. The class size was limited to 10 participants
in order to provide adequate supervision and safety for
each subject. Physical support and standby assistance by
the instructor were provided if necessary. The support
was gradually withdrawn once the subjects were able to
maintain balance on their own. Resting periods were
allowed whenever needed. During the training, the
subjects were encouraged to breathe slowly and
concentrate and be relaxed.

The subjects in the conventional exercise group
performed conventional exercises included mobilization,
stretching, muscle strengthening and walking. The class
was instructed by the same physiotherapist who



conducted the Tai Chi classes. No specific instructions
were given on the breathing pattern, concentration, and
relaxation.

The subjects in the control group were not
encouraged to do any special exercises during the study
period, but they were allowed to continue any physical
activities they had been practicing before enrolling in the
study. After the completion of all the assessments, the
subjects in the conventional exercise group and the
control group were given the Tai Chi training.

Assessments

Demographic data and information related to each
subject’s stroke were collected as baseline data. The
presence of any comorbidity which might affect arterial
compliance and cardiac autonomic regulation including
hypertension, cardiovascular diseases, diabetes mellitus,
and dyslipidemia were recorded.” Any changes in these
conditions and the medication the subjects were taking
were tracked during the study period along with the
regular exercise habits of all the subjects.

Assessments were conducted before the experiment
and after the entire intervention period. The
measurements were carried out between 9 am and 1 pm
in a controlled environment kept at 22 + 1 °C. The
subjects were instructed to refrain from consuming
beverages containing alcohol or caffeine and to avoid
aerobic exercise during the day before the
measurements. The Subjects rested in a supine posture
for at least 10 minutes before being assessed.***?'

Arterial stiffness was measured with a non-invasive
CR-2000 cardiovascular profiling system (Hypertension
Diagnostics, Inc., Eagan, Minnesota). Brachial blood
pressure was measured with a conventional blood
pressure cuff positioned around the subject’s upper arm
on the affected side while lying supine. An arterial
tonometer sensor was placed over the wrist of the
less-affected arm where the radial pulsation was the
maximum to record the waveforms in the artery for 30
seconds. The wrist was stabilized to minimize any
movement during the measurements. The diastolic decay
of the waveforms was analyzed to calculate the
compliance of the large and small arteries by applying a
modified Windkessel model.**** The measurements
were conducted three times, and the averages of the
large and small arterial compliance and the brachial
systolic and diastolic blood pressure were treated as
outcome measures. This method of measuring arterial

compliance has been validated and shown to have good
repeatability.*> >

Autonomic regulation of every subject’s heart was
evaluated in terms of heart rate variability. The RR
interval was recorded for five minutes with the subject
supine using a Model RS800 heart rate monitoring
instrument (Polar Electro Ltd., Kempele, Finland). That
device has been shown to be validated and reliable.”” The
variability in the RR interval was transformed into the
frequency domain of heart rate variability using a fast
Fourier transform spectral analysis algorithm (Ver
13.2.2, Nevrokard, Slovenia). Low frequency (0.04-0.15
Hz) and high frequency (0.15-0.40 Hz) power spectral
densities were generated. The low and high frequency
power were normalized using the total power, and
together with the low frequency to high frequency ratio
were employed as the outcome measures. The high
frequency power of heart rate variability has been
suggested to represent parasympathetic activity, while
the low frequency power reflects both sympathetic and
parasympathetic activities. The low frequency to high
frequency ratio has been regarded as an indicator of the
balance between the sympathetic and parasympathetic
activities.”®

Statistical analysis

Baseline comparisons among the three groups were
conducted using one-way analysis of variance
(ANOVA) for the continuous data and chi-squared
values for the categorical data. Two-way mixed
ANOVA (group x time) was employed to compare the
three intervention groups and the two assessment time
points. Post-hoc analysis was adjusted for the least
significant difference. The significance level was set at
0.05. Missing data were handled by carrying forward the
last observation according to the intention-to-treat
method. Subjects who changed their medications for
treating hypertension, diabetes mellitus, dyslipidemia,
cardiac disease or any blood-related problems were
treated as having dropped out from the study. Any
parameter found significantly different among the three
groups in the baseline measurement was treated as a
covariate in the two-way mixed ANOVA.

Results

Figure 1 shows the CONSORT diagram describing the
study. 88 subjects were enrolled initially. After screening
for their eligibility, 56 subjects were randomized into
three groups: the Tai Chi group (n=19), the conventional
exercise group (n=18), or the control group (n=19).



No adverse effects related to the assessment or the
interventions were reported.

There was a significant difference in the number of
subjects who suffered from diabetes mellitus among the
three groups so that the factor is treated as a covariate.
Table 1 presents demographic data describing the
subjects.

Table 1. Demographic and clinical characteristics of the subjects.

Tai Chi Exercise Controls
(n=19) (n=18) (n=19) p-value
Gender (Male : Female) 10:9 10:8 8:11 0.688
Age (years) 64.2+8.2 622+74 61.8+7.3 0.584
Height (cm) 161.4+7.0 163.3+9.5 160.3+7.0 0.516
Weight (kg) 60.9 £ 8.1 64.1 +£10.1 6574112 0.132
Comorbidities (number)
Hypertension 14 11 11 0.500
Diabetes mellitus 7 7 1 0.024*
Dyslipidemia 9 9 10 0.981
Cardiac disease 3 7 1 0.138
Chronicity (years) 56+£64 9.5+£11.9 53+4.1 0.226
Affected side Right 9 7 8 0.870
Left 10 11 11
Type of stroke Ischemic 14 10 12 0.377
Haemorrhage 3 6 7
Both 2 2 0
Number of 1 14 14 16 0.631
strokes 2 4 2 2
3 0 1 1
>3 1 1 0
Attendance (out of 24 sessions) 21.3+£3.6 193+38 / 0.124

Note: values are means + standard deviation
* denotes a significant difference between the Tai Chi group and the control group or between the conventional exercise
group and the control group



Figure 1. CONSORT diagram summarizing the randomized and controlled trial.
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Arterial compliance and blood pressure

Table 2 presents the blood pressure and arterial
compliance results. The average small arterial
compliance was significantly lower in the Tai Chi group
than in either of the other groups at baseline. Those data
were therefore treated as a covariate in the statistical
analysis.

A significant interaction effect was found in the small
arterial compliance data [F (2,49) = 4.26, p = 0.02]. A
follow-up analysis revealed that the control group
differed from the Tai Chi group (p = 0.01) and the
conventional exercise group (p = 0.02) in the
post-assessment when the baseline values and the
number of diabetic subjects in each group were treated
as covariates. Both the Tai Chi group and the
conventional exercise group showed increases in the
average small arterial compliance (of 13.5% and 9.5%,

Table 2. Changes in arterial compliance and blood pressure

respectively), while a reduction was observed in the
controls (-10.6%). Moreover, the change in small arterial
compliance was significant in the Tai Chi group (p =
0.05). No significant between-subject or within-subject
differences in large arterial compliance were observed.

Significant within-subject changes in systolic blood
pressure [F (1,49) = 3.14, p = 0.05] were observed. A
follow-up analysis showed a reduction in average
systolic blood pressure in the Tai Chi group after the
intervention (p = 0.004). No significant change was
detected in the conventional exercise or control group
averages. In the post-assessment, however, there was no
significant difference among the three groups. There was
a significant group difference in diastolic blood pressure
[F (2,49) = 4.149, p = 0.02]. Further analysis revealed a
significantly lower value in the conventional exercise
group than the control group (p = 0.003).

F-value (p-value)
Between- Within-s

subject ubject Interaction
Group Pre Post effect effect effect
Large arterial TC 10.8 4.3 109+43 1.05 1.15 1.30
compliance EX 125+3.6 134+44 (0.35) (0.29) (0.28)
(ml/mmHg*10) CON 12.0+£2.8 11.5+3.0
Small arterial TC 3.7£2.0* 4.2+£220 0.61 1.34 4.26
compliance EX . b (0.44) (0.25) (0.02)*
(ml/mmHg*100) 42+2.0 46+24
CON 4.7+2.0° 42+2.1°
SBP (mmHg) TC 129.2 £ 17.3° 125.0 + 18.6° 0.94 0.62 3.14
EX 120.5+10.5 118.5+8.1 (0.40) (0.44) (0.05)*
CON 120.1 £13.5 120.1 +15.8
DBP(mmHg) TC 70.8+7.6 703 +7.6 4.15 2.34 1.30
EX 66.9=+59 65.8 +5.8¢ (0.02)* (0.13) (0.08)
CON 70.8 +7.3 71.7 £8.1¢

Note: values are means + standard deviation
Pre = pre-assessment; Post = post-assessment; SBP = systolic blood pressure; DBP = diastolic blood pressure; TC = Tai
Chi group; EX = conventional exercise group; CON = control group
* denotes a significant effect in two-way mixed ANOVA (p<0.05)

* denotes a significant difference between the Tai Chi group and the control group or between the conventional exercise

group and the control group in the pre-assessment (p<0.05)

" denotes a significant difference between the Tai Chi group and the control group or between the conventional exercise
group and the control group in the post-assessment (p<0.05)
¢ denotes a significant difference between the pre- and post-assessment values (p<0.05)

4 denotes a significant difference between the conventional exercise group and the control group in the post-assessment

(p<0.05)



Heart rate variability

Table 3 presents the heart rate variability data. No
significant changes were observed either within a group
or among the three groups.

Table 3. Changes in heart rate variability

F-value (p-value)

Between-su  Within-subj  Interaction
Group Pre Post bject effect ect effect effect

nLF (nu) TC 47.9 +24.8 457+184 0.25 0.13 0.11
EX 42.6 +£16.8 447+ 18.6 (0.78) (0.72) (0.90)
CON 423+194 454 +£17.6

nHF (nu) TC 40.5+22.4 43.0+16.5 0.34 0.28 0.14
EX 458 +17.4 452+19.3 (0.72) (0.60) (0.87)
CON 48.5+17.6 459 +16.8

LF/HF TC 22423 1.6+1.5 0.42 0.16 1.12
EX 1.3+£1.2 1.6+22 (0.66) (0.70) (0.34)
CON 1.3+14 14+1.6

Note: values are means + standard deviation

Pre = pre-assessment; Post = post-assessment; nLF = normalized low frequency; nHF = normalized high frequency;
LF/HF = the ratio of low frequency to high frequency; TC = Tai Chi group; EX= conventional exercise group; CON =

control group

Discussion

After adjusting for the baseline differences, the subjects
in the Tai Chi and conventional exercise groups showed
significantly greater small arterial compliance than the
controls after the interventions. Indeed, the data
demonstrated enhanced small arterial compliance in the
Tai Chi and conventional exercise groups, but a decline
in the control group. The subjects in the Tai Chi group
also showed a significant reduction in average systolic
blood pressure after the training. However, no significant
changes were observed in their average large arterial
compliance, diastolic blood pressure or heart rate
variability after the 12 weeks of training.

The difference in average arterial stiffness among the
three groups observed in the post-assessment may imply
a beneficial effect of Tai Chi and conventional exercise
in terms of delaying the deterioration of small arterial
compliance among stroke survivors. These results agree
with those of prior studies focusing on elderly women''
and women with rheumatoid arthritis.”” Small arterial

compliance has been suggested as an independent
predictor of cardiovascular events.”® Improving it may
also protect organs such as brain, which have low
vascular resistance to stress, from large pressure force.’'
Slowing the process of small artery stiffening through
Tai Chi or other training may therefore reduce the risk of
cardiovascular disease and the recurrence of stroke
among stroke survivors. The lack of any significant
difference between the Tai Chi group and the
conventional exercise group implies that the two types of
training have similar effects on small arterial
compliance.

The aerobic nature of the exercises may explain the
observed changes in small arterial compliance. Moderate
intensity exercises like Tai Chi'* have been shown to
decrease arterial stiffness.”® The exact mechanism of
that effect is still not completely understood, but it is
generally accepted that improved endothelial function
and increased bioavailability of nitric oxide in the
arterial system may be involved.*** Indeed, prior studies
have documented better endothelial function in older,



experienced Tai Chi practitioners® and in women with
rheumatoid arthritis after three months of Tai Chi
training.”> Another study has shown that 12 weeks of Tai
Chi training can upregulate nitric oxide in the blood
among patients with untreated hypertension.”* These
studies may provide some insight into how Tai Chi
training  would enhance arterial compliance.
Nevertheless, further studies have to be conducted to
elucidate the exact mechanisms involved.

In contrast to small arterial compliance, no significant
difference in large arterial compliance was observed in
comparing the three groups. Previous studies have
suggested that the effect of aging in terms of structural
changes in the arterial system is more prominent in the
large than in the small arteries. The large arteries may
therefore take longer to show any significant change in
response to exercise training.”" »* Whether a longer
period of Tai Chi training would benefit large arterial
compliance is needed to be further investigated.

A recent meta-analysis has suggested that Tai Chi
training can lower blood pressure among healthy older
adults.”> The results of this study probably extend that
finding to stroke survivors. However, it should be
pointed out that no significant difference was found
among the three groups in the post-assessment. So, the
hypothesis that Tai Chi is better than the conventional
exercise in terms of blood pressure control was not
supported in this study.

The hypothesized improved cardiac autonomic
regulation also was not supported by the data. Previous
clinical trials have demonstrated a significant decrease in
the low frequency power and a significant increase in the
high frequency power of heart rate variability after Tai
Chi training.'”> " That would imply a reduction in
sympathetic activity and enhanced parasympathetic
activity. The mechanisms proposed for such effects refer
to the slow and deep breathing '> '® and concentration
and relaxation'’ involved during Tai Chi practice. All of
the subjects in this study displayed some degree of
physical disability. It is possible that they needed more
attention to maintain balance and longer practice to
acquire good Tai Chi technique. Thus, they may not
have been able to focus sufficiently on concentration,
relaxation and slow, deep breathing during the practice.
Indeed, prior studies of older people with no physical
impairment have found that it took a total of 36 hours of
Tai Chi training to generate a significant improvement in
heart rate variability.'> '* The length of previous studies

is 12 hours more than that of this study. Future
investigation employing a longer training period and
better emphasizing concentration, relaxation, and slow,
deep breathing is needed if autonomic regulation is the
main concern. Moreover, longer post-intervention
measurement time may have uncovered a difference and
could be considered for future studies.

In interpreting these results, it is important to recall
that the subjects were self-recruited. They probably
represent a more active group within the population. In
addition, the requirements that they be able to walk five
meters unaided indoor may have eliminated many more
feeble yet otherwise typical stroke survivors. These
selection biases tend to limit the generalizability of the
study’s results only to relatively able stroke survivors.
Another limitation is the small sample size. Further
studies with a larger sample are needed because with this
small sample, sub-group analysis of the differences in
small arterial compliance based on the side and location
of the stroke were not possible.”® A limitation related to
the assessment is that the breathing rate was not
controlled. It is known to affect heart rate variability.'®
However, slow and deep breathing is an intrinsic
characteristic of Tai Chi, so controlling the breathing
rate during the assessment may have biased the heart rate
variability results.

Conclusions

The data suggest a beneficial effect of Tai Chi training in
terms of delaying the decline in small arterial
compliance and reducing systolic blood pressure among
stroke survivors. These effects were not, however,
significantly better than those achievable through
conventional exercise. The data were insufficient to
support the expectation that short-term Tai Chi training
would improve cardiac autonomic regulation in this
population. Studies with a larger sample and employing
a longer term of Tai Chi training are warranted. The
mechanisms of the effects of Tai Chi on arterial
compliance and cardiac autonomic regulation are also
suggested for  further exploration.
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