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ABSTRACT

Objective: The purpose of our study was to investigate the effect of 12 weeks Liuzijue exercise, a kind of traditional Chinese
health exercise (TCHE), on middle-aged and elderly patients with hypertension.

Methods: The present program was a randomized, controlled clinical trial with Liuzijue exercise used as an intervention. 41
subjects with essential hypertension who met the inclusion criteria (mean age: 63.00+7.53 years) were randomly assigned to either
the Liuzijue group (n=21) or the control group (n=20). The volunteers in the Liuzijue group were encouraged to take part in 12 weeks
Liuzijue exercise training (60 minutes of Liuzijue exercise training, three times a week for a total of 12 weeks). While the subjects in
the control group did not receive any exercise training and maintained their routine drug therapy regimens during the program period.
24-hour ABP, lipid profile (TC, TG, HDL-C, LDL-C), blood glucose, urea, and serum creatinine were measured within a week before
and after the experiment.

Results: The 12 weeks Liuzijue exercise intervention led to a significant reduction of the nighttime SBP (P=0.008), pulse pressure
(P=0.024), and a numerically, but had no significant effect on nighttime DBP (P=0.095). Conversely, SBP and DBP at other times
did not significantly change. The nocturnal SBP fall rate improvements from pre- to post-treatment were from 1.77+0.10 to 6.75+7.77
(P=0.037) for the Liuzijue group and from 3.57+8.77 to 9.63+9.80 (P=0.031) for the control group. In addition, there was an upward
trend in all of the blood pressure parameters in the control group. Liuzijue exercise did also influence lipid or glucose metabolism. The
12 weeks Liuzijue training had led to a significant increase in the concentration of HDL-C (P=0.035) and a greater reduction in LDL-C
(P=0.001). The level of blood glucose in both groups had a marginally significantly increase within the normal range (P<0.05). No
changes in urea were seen in the Liuzijue or the control group (P>0.05). The increase of serum creatinine was found in the Liuzijue
group (P=0.023) but not in the control group.

Conclusion: This is the first report showing that 12 weeks of Liuzijue exercise training can reduce nighttime SBP, pulse pressure,
and augmented nocturnal BP fall rate in hypertensive patients. Liuzijue exercise training can improve blood lipid metabolism and
reduce risk factors for cardiovascular disease, which was an effective and safe alternative pharmacotherapy.
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Introduction

Hypertension is one of the critical risk factors
for cardiovascular diseases (CVD). Elevated blood
pressure (BP) can result in target organs damage such
as chronic kidney disease, heart failure, coronary
heart disease, ischemic and hemorrhagic stroke,
retinopathy, and so on'”. Hypertension ranks the
first risk factor in the population attributable to CVD
risk in the United States®. The number of patients

with hypertension increased from 594 million in
1975 to 1.13 billion in 2015, an increase of 90%®.
Surprisingly, less than one-fifth of hypertension
patients worldwide can be controlled because of
lacking awareness and failure to treat in time“?.
Thereby, hypertension remains a major global health
problem. Antihypertensive drugs, as the primary
mean of treating hypertension, have many adverse
reactions in the course of treatment, and also increase
the economic burden for hypertension patients and
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their families®. There is growing evidence indicating
that exercise produces significant physiological and
health benefits®. Various researches showed that
regular exercise can decrease blood pressure levels,
improve glucose and lipid metabolism disorders?.
The guidelines for the prevention and treatment of
hypertension unequivocally advocate that exercise
should be used as adjuvant therapy for lowering
blood pressure!'V. Traditional Chinese Health
Exercise (TCHE) has a history of 2,000 years. TCHE
focuses on breathing and meditation, meditating on
the nerve, which is soft and gentle. This strategy has
played an important role in treating and preventing
disease!*'®, Like Taichi and Baduanjin!*'®,
Liuzijue exercise is also a kind of TCHE created by
Tao Hongjing, who was an outstanding physician
in Northern and Southern Dynasties. The Liuzijue
exercise consists of six moves, which are Xu, He,
Hu, Si, Chui and Xi. Because of its solid and flexible
quality characteristics, Liuzijue exercise plays a
vital role in promoting the relaxation of muscles
and activating blood circulation and improving the
quality of life 17,

Previous studies have focused on the influence
of Tai chi, Dongeui and Baduanjin exercise on
hypertension'®'. Studies have shown that Liuzijue
exercise can affect office or resting BP in patients
with hypertension®”. However, by searching
relevant research results that don't find the effect
of Liuzijue exercise on ambulatory blood pressure
(ABP), and blood pressure circadian rhythm (BPCR)
in patients with hypertension. In the study, we
analyzed and explored the effect of Liuzijue exercise
on ABP, BPCR, and lipid metabolism of middle-
aged and elderly essential hypertensive patients.
This study could provide a new strategy for non-
pharmacological treatment of clinical hypertension.

Materials and methods

Study design and ethics approval

This study was a randomized, controlled
clinical trial that was designed to explore the effect
of Liuzijue exercise on middle-aged and elderly
patients with hypertension. In order to ensure the
reliability of the results and avoid the interference
of human factors on the test results, the researchers
responsible for data collection were not informed the
group allocations. SPSS software (version 23.0) was
used to generate a random number table to determine
the group of the included subjects, and relevant
records were made in the Case Report Form (CRF).

Two groups of the Liuzijue group and the control
group were performed in this study. The program
had been approved by the Medical Ethics Committee
of the Affiliated Hospital of Chengdu University of
Traditional Chinese Medicine. All procedures of the
experiment were carried out in accordance with the
institutional guidelines.

Inclusion and exclusion criteria

Inclusion criteria:

* Patients with the age between 45 and 80 were
included in this study. Their gender was not limited;

¢ According to the “Guidelines for Prevention
and Treatment of Hypertension in China (2018
version)’and “the New Guidelines on Hypertension
of the European Society of Cardiology (ESC)
2018V, the hypertension of patients was 140mmHg
= systolic blood pressure (SBP)<180 mmHg, and/
or 90 mmHg = diastolic blood pressure (DBP) <110
mmHg without intaking antihypertensive drugs,
or a previous diagnosis of hypertension, although
the BP is less than 140/90 mmHg in the case of
antihypertensive drugs, should still be diagnosed as
hypertension;

* Candidates did not have the habit of overeating
or regular exercise (exercise less than 2 times a week
and <20 minutes each time) in the last four weeks
prior to inclusion in the study.

Exclusion criteria:

* Volunteers who had secondary hypertension
such as drug-induced hypertension or elevated
blood pressure caused by primary aldosteronism,
acromegaly, Cushing's syndrome, and other diseases
were excluded;

 Patients with grade 3 hypertension (SBP =
180mmHg and (or) DBP =110mmHg) were excluded;

* Participants complicated with other serious
medical conditions, such as diabetes, heart failure,
and so on; had long-term heavy smoking or drinking
habits were excluded;

* Patients with a history of severe trauma or
surgery within the last six months were excluded;

* People who had participated in clinical trials
of exercise therapy such as Tai chi or Baduanjin
exercise in the previous six months were excluded.

Research Methods

The subjects from two communities were
recruited on a voluntary basis from March 2020
to August 2020. Recruitment was through on-
site screening, propaganda posters, and patient
databases. All volunteers were required to complete
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a structured questionnaire of the basic information
about name, age, gender, height, body mass, personal
diet and exercise habits. Meanwhile, other measures
including the history of hypertension, family history
of hypertension, medication use, tobacco use, and
alcohol consumption were also obtained at baseline.
Body mass index (BMI) was calculated as body
mass (kg) divided by height (m) squared. Then,
all participants underwent the hospital physical
examination. Finally, 52 hypertensive patients who
met the criteria were randomly assigned to the
Liuzijue exercise group (n = 26) and the control
group (n = 26). All subjects were informed of the
purpose of the trial and signed an informed consent
voluntarily form prior to participating in the study.

The control group

The hypertensive patients in the control group
did not take part in any exercise program and
maintained their routine drug therapy regimens
throughout the program period. Meanwhile, patients
were given general health daily lifestyle intervention,
including dietary guidance, life and daily living,
psychological guidance, smoking cessation and
alcohol restriction.

The Liuzijue group

On the basis of the general health daily lifestyle
intervention, the participants in the Liuzijue group
attended a 12 weeks Liuzijue exercise program. This
program consisted of a warm-up period involving
stretching (10 minutes), a main Liuzijue treatment
(50 minutes: included six distinct movement
routines, with each movement routine repeated six
times, the bull's eye rate was used to determine
individual exercise intensity), and a cool-down (10
minutes) portion, for three times a week session
lasted 60 minutes. During the 12-week study period,
neither group was allowed to change their original
antihypertensive drugs therapy regimens except in
exceptional circumstances.

Outcome measurements

Office BP measurement

The office BP was measured at sitting
position after at least 5 minutes' rest without taking
antihypertensive drugs using Omronan electronic
sphygmomanometer. The patient was seated with
the upper arm at heart level and kept quiet when
the measurement was performed. BP was measured
three times with intervals longer than 1 minute.

Then, the average values of BP measured in the three
times taken as the final value.

ABP Monitoring

ABP was measured repeatedly every 30
minutes during daytime (8:00-20:00) and every 60
minutes during nighttime (20:00-8:00) using a non-
invasive portable BioX dynamic ECG blood pressure
recorder device and appropriate cuff, respectively.
The patients were instructed by a professional to tie
the cuff to the left upper arm. Patients were instructed
to keep the left arm at the heart level, keep quiet and
avoid strenuous exercise during the monitoring.

SBP and DBP Load was calculated as the
percentage of blood pressure higher than normal
readings, with normal readings for the 24-h period,
daytime period and nighttime period defined as
130/80, 135/85 and 120/70 mmHg, respectively.

The nocturnal SBP/DBP fall rate was calculated
as the percentage of nighttime BP lower daytime BP:
(daytime BP-nighttime BP)/daytime BPx100%.

A decrease of 10-20% in nocturnal systolic BP
over daytime blood pressure was defined as “Dipper”.
It occurred as a normal physiological change. When
the nocturnal BP fall rate was more than 20% or less
than 10% was called “Non-dipper”??.

Detection of biochemical indexes

Lipid profile include: triglyceride (TC),
triglyceride  (TG), high density lipoprotein
cholesterol (HDL-C), low density lipoprotein

cholesterin (LDL-C), blood glucose, urea and serum
creatinine were measured for patients in two groups
prior to intervention and after the 12-week trial.
All subjects were required to fasting for 12 hours.
5 mL of peripheral venous blood was extracted
for the detection of lipid and other indicators. All
biochemical analyses were performed in the clinical
laboratory of Daying County Hospital of Traditional
Chinese Medicine.

Statistical Analysis

To our knowledge, there were few studies
related to the effect of Liuzijue exercise on
hypertension. The sample size was estimated based
on our previous experience. It was calculated based
on a reduction of 4 mmHg in office DBP after 12-
week TCHE training®. The dropout rate was 10%.
In order to achieve a power of 90% at a significant
level of 5%, 32 participants each group with a total
of 64 participants were needed in our study. The
experimental data were analyzed using statistical
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software (IBM SPSS version 23.0). Kolmogorov-
Smirnov method was used to verify the normality
of measurement data. The measurement data
conforming to normal distribution were expressed
in the form of means =+ standard deviation (M+SD),
while the measurement data conforming to non-
normal distribution were expressed in the form of
medians (interquartile ranges) and conducted with
statistical disposal after normal transformation.

Independent-sample Test and Paired t-test
were used to compare the differences between and
within groups of the measurement data conforming
to the normal distribution, respectively. When the
assumption of normality was violated, the Wilcoxon
rank-sum test and Wilcoxon signed-rank test
were used. Dichotomous data were expressed by
frequency or composition ratio, and the chi-square
test was used. The control methods were intra-group
before and after control and inter-group parallel
comparison. The experimental data were tested by
bilateral test, and the value of P<0.05, indicating a
statistically significant difference.

Results

Basic information of subjects

A total of 52 hypertensive patients who met
the criteria agreed to attend the study and were
randomly divided into the Liuzijue group (n=26) and
the control group (n=26). After 12-week Liuzijue
exercise intervention, a total of 41 patients completed
the program. Five subjects were dropout in the
Liuzijue group because of failing to undergo hospital
laboratory examination. Six subjects were dropout
in the control group during the trial (one participant
dropped out as a result of suffering from diabetes
during the trial period and others did not undergo
the final laboratory detection). In the final, there were
21 subjects in the Liuzijue group and 20 subjects in
the control group. Data from all these subjects were
used for the final statistical analysis.

Table 1 showed the basic characteristics of all
subjects. There was no significant difference between
two groups in baseline regarding demographic
features including age, gender, height, body mass,
body mass index (BMI), heart rate (HR), current
smoking, current alcohol intake, and the conditions
of hypertension including office SBP and DBP, the
hypertension stage, hypertensive family history, and
medication history (P>0.05) and the materials had
good comparability.

Variables Lluﬁglu:ez%goup Corz;c;lz%r)oup P-value
Sex (male/female) 6/15 713 0.658
Age (years) 65.19+6.47 60.70+8.03 0.055
Height (cm) 153.86+7.94 156.80+8.51 0.259
Body mass (kg) 56.60+7.52 61.10+8.47 0.079
BMI (kg/m?) 23.88+2.44 24.84+2.53 0.223
HR (beats/minute) 76.00x12.43 70.05+10.49 0.106
Hypertension duration 8(7) 75(7) 0570
(years) h )
Current smoking
Yes 1 3
0.563
No 20 17
Current alcohol
intake
Yes 2 6
0.208
No 19 14
Hypertensive
family history
Yes 8 6
0.585
No 13 14
Office SBP (mmHg) 153.81+16.57 144.85+18.20 0.107
Office DBP (mmHg) 85.19x12.15 88.90+10.33 0.300
Medication history
(months) 1(2) 1(2) 0.084
Hypertension stage
Grade 1 10 12
0427
Grade 2 11 8

Table 1: Baseline Characteristics of participants.
Note: BMI: body mass index; HR: heart rate; Office SBP: Office
systolic blood pressure; Office DBP: diastolic blood pressure.

Treatment APP

The 12-week Liuzijue exercise intervention
led to a significant reduction of the nighttime
SBP from 140.67+18.47 to 132.62+12.02 mmHg
(P=0.008) and pulse pressure from 62.71+12.46 to
57.38+10.10 mmHg (P=0.024) while had no changes
in the control group. And there was a numerically,
but no significant change in the nighttime SBP load
compared to baseline (81.83+25.01 to 74.46+23.77%,
P=0.095) in the Liuzijue group.

However, Liuzijue exercise did not significantly
affect the SBP and DBP at daytime and over 24-
hour (P>0.05). The results showed that there was an
upward trend in all of the blood pressure parameters
in the control group but was not statistically
significant, except for SBP (P=0.024), pulse pressure
over 24-hour, and SBP (P=0.008), daytime pulse
pressure (P=0.006), SBP load (P=0.043), pulse rate
(P=0.027) during daytime. Changes of ABP meant
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the differences (A) in ABP between the baseline and
final values (final values minus the baseline).

Figure 1 showed the changes of ABP (A) in
24-hour, daytime, nighttime between the baseline
and final values in two groups. As shown in Figure
1 that over the 24-hour period, SBP decreased
in the Liuzijue group by 3.4 mmHg, while in the
control group increased by 6.6 mmHg. There was
a significant difference (P=0.01) in the magnitude
of SBP changes between two groups. The changes
of DBP in the two groups were similar. Daytime
SBP and DBP increased in the control group while
in the Liuzijue group did not change significantly.
Nighttime SBP and DBP decreased in the Liuzijue
group while SBP and DBP in the control group did
not change significantly. The change of SBP and DBP
in nighttime between the Liuzijue and the control
group had no statistical significance. Examination
of blood pressure dipping status revealed that two
groups did not change significantly from baseline to
post-intervention. While the nocturnal SBP fall rate in
two groups improvements from pre- to post-treatment
were from 1.77+0.10 to 6.75+£7.77 (P=0.037) for the
Liuzijue group and from 3.57+8.77 to 9.63+9.80
(P=0.031) for the control group (Table 2).
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Figure 1: Change of ABP in 24-hour, Daytime, Nighttime

periods in two groups.
Note: ASBP/DBP=12 weeks final values - the baseline; Data
were means + SD; "p<0.05; "p<0.01.

Table 2: Ambulatory blood pressure (ABP) in two groups.
Note: "p<0.05; “p<0.01.

Lipids and
indexes

As shown in Table 3, Figure 2 and Figure 3,
the concentration of the TG and TC did not change
significantly in the Liuzijue or the control group after
the 12 weeks intervention.

The 12 weeks Liuzijue exercise training had
led to a significant increase of the HDL-C from
1.47+0.29 to 1.57+0.40 mmol /L (P=0.035) with no
significant change was found in the control group. The
Liuzijue group shown greater reduction in LDL-C
from 2.95+0.67 to 2.47+0.38 mmol/L (P=0.001)
during 12weeks Liuzijue exercise. The level of blood

biochemical
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glucose in both groups had a marginally significantly
increased within normal range from 5.40 (1.02) to
5.76 (0.51) mmol/L in the Liuzijue group (P=0.076)
after the training period and from 5.10 (0.76) to 5.40
(2.19) mmol /L (P=0.042) in the control group. No
significant change in urea was seen between the
Liuzijue and the control group (Table 3).

The increase of serum creatinine from
67.07+35.10 to 71.59+43.25 umol/L (P=0.023) was
found in the Liuzijue group but not in the control
group, which remained at baseline levels (Table 3).

Variables Pre Post P Pre Post P
el R B R R e
(mr;lrgl/L) S | sger | 00 | X0 | 2% | o
(mrz:oGl/L) 71 | ey | 09N | LGy | sGes | 0516
(33151_/%) b9 | a0 | 0035 | e | fho | 02
A e A A
e | % | 2% [ ovm | S | 508 | oo
(erJnTSDL) (41113?) (?ﬁg) 0.664 (Allﬁgg) (31?3) 0940
Table 3: Biochemical indexes under different
interventions.

Note: TC: total cholesterol; TG: triglyceride; HDL-C: high
density lipoprotein cholesterol; LDL-C: low density lipoprotein
cholesterol; Values are expressed as mean + SD or medians
(interquartile ranges); "p<0.05; “p<0.01.
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Figure 2: Change of TC, TG, HDL-C, LDL-C in two
groups.

Note: between the baseline and 12 weeks final values (12 weeks
final values minus the baseline).
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Figure 3: Change of Serum creatinine, Urea between the
baseline and 12 weeks final values (12 weeks final values
minus the baseline) in the Liuzijue and control group.

Discussion

Liuzijue exercise is a traditional Chinese
health exercise that combines meditation and gentle
movements. It is more compatible with middle-aged
and old people to maintain function. However, the
evidence on whether Liuzijue exercise is effective
on patients with hypertension has not been evaluated
to date. Our study aimed to investigate the effect
of 12 weeks Liuzijue exercise intervention on ABP
and related risk factors in middle-aged and elderly
patients with hypertension.

As the results of our experiment shown,
Liuzijue exercise was effective in reducing nighttime
SBP level in patients with hypertension, however
did not appear to be effective for lowering 24-hour
ABP and daytime ABP. 12 weeks Liuzijue exercise
intervention decreased the level of the nighttime
SBP (from 140.67+18.47 to 132.62+12.02 mmHg)
and nighttime pulse pressure (from 62.71+12.46 to
57.38+10.10 mmHg), augmented nocturnal SBP fall
rate (from 1.77+0.10 to 6.75+7.77 %). While the
subjects in the control group who did not take part in
Liuzijue exercise training, the blood pressure showed
an upward trend after 12 weeks. We suspected that
the climate may have a great influence on the results
of the experiment. Our clinical study was conducted
between September and December at that time,
temperature dropped and average temperatures of at
most 10 degrees Celsius. Studies have reported that
there is a significant negative correlation between
indoor temperature and BP®. Cooling increased
left ventricular preload, index of myocardial
oxygen demand, and arterial blood pressure in older
adults®. In a cross-sectional study involved 1897
patients indicated that daytime SBP was negatively
related to personal-level environmental temperature
(PET), daytime systolic BP fell by 0.14 mmHg for
each °C increase in daytime PET, while average
nighttime systolic BP was found to be significantly
affected by seasonality rather than by temperature®®.
Interestingly, there was no increase in blood pressure
of patients in the Liuzijue group, which may be
because the exercise compensated for the increase
in blood pressure caused by the low temperature.
Current Liuzijue exercise program was proven to be
effective and resulted in blood pressure reductions.

Nocturnal hypertension (the average of
nighttime values higher than 125/75 mmHg) and
non-dipping blood pressure patterns are stronger
risk predictors of future cardiovascular mortality and
morbidity than either daytime or 24-hour BP#"2.
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In recent years, chronomedicine gradually
becomes an improved strategy in hypertension
management®”. Taking antihypertensive drugs at
night may be more effective than taking them in
the morning in improving the dipping pattern of
hypertensive patients®). Whether the time of day
of exercise training also affects blood pressure is
unknown. The results of the meta-analysis showed
that aerobic endurance exercise significantly
reduced daytime ABP, while evening exercise was
not affected®?. While, the other study indicated that
morning exercise increased ambulatory heart rate
and morning exercise did not change ambulatory
BP, while evening exercise decreased nighttime
BP and cardiac work®®, which was consistent with
our study. Our study was carried out at 15:00 to
16:00 afternoon. Liuzijue exercise may be a novel
complementary or alternative approach to lowering
nocturnal BP. The explanation for the failure of the
Liuzijue exercise to change the ABP at other times
maybe the trial period was short. This exercise
training may need to be long enough to cause
significant changes in blood pressure.

Hypertension and dyslipidemia are often
reviewed as the independent risk factors for
atherosclerosis®”.  Arterial  hypertension  and
hypercholesterolemia are frequently seen in clinical
practice®™. The National Health and Nutrition
Examination Survey from 2001 to 2002 showed that
the overall prevalence of combined hypertension
and hypercholesterolemia was 18%°.

Hypertensive patients are often associated with
abdominal obesity,decreased high density lipoprotein
cholesterol (HDL-C), increased low density
lipoprotein cholesterol (LDL-C), hyperglycemia,and
hyperlipidemia®”. High density lipoprotein (HDL)
is considered as good cholesterol because it can
transport cholesterol from extrahepatic tissue to the
liver for metabolism and excretion®®. Low density
lipoprotein (LDL) is considered harmful because
it can cause cholesterol to accumulate in arteries
and form plaques. Therefore, higher Low-density
lipoprotein (LDL), low-density lipoprotein (LDL),
or both, which are beyond the normal systemic level,
will increase the risk of cardiovascular disease®.
There is evidence suggesting that dyslipidemia
is an important inductive factor for hypertension.
The study founded that many newly diagnosed
high blood pressure patients had at least one lipid
abnormality®”. Global Cohort studies based on
Chinese community indicated that increased TG
and lower HDL-C will increase the risk of new-

onset hypertension“?. FElevated serum levels of
TC, LDLC, and non-HDLC increased the risk of
hypertension in working-age Japanese men. The risk
of hypertension increased regardless of low or high
levels of HDL cholesterol“?. The risk of hypertension
increased as the lever of LDL-C increased.
One possible explanation is that dyslipidemia
have some metabolites including fatty acids,
glycerophospholipid metabolism, alanine, aspartate
and glutamate metabolism and alanine implicated in
insulin resistance, oxidized low-density lipoprotein
formation, endothelial dysfunction and vascular
remodeling and so on, which in turn leading patients
with dyslipidemia develop to hypertension?.
Therefore, it is crucial to reduce hypertension
risk factors while lowering blood pressure. Six
months of Liuzijue exercise lowered triglycerides
and LDL-C and raised HDL-C in healthy middle-
aged women“?. In our study, apart from its blood
pressure-lowering effect, the Liuzijue exercise can
also adjust the status of blood lipid metabolism that
can decreases LDL-cholesterol while increasing
HDL-cholesterol and to a certain extent, reduced the
cardiovascular risk of patients with hypertension.

Conclusions

The novel results of our trial are important in
several aspects. First, our study investigated the
effect of Liuzijue exercise on ambulatory blood
pressure and related risk factors on middle-aged and
elderly patients with hypertension. The 12 weeks
Liuzijue exercise intervention for stress obtained
significant nighttime systolic blood pressure benefits
for patients with hypertension. Second, Liuzijue
exercise training can improve blood lipid metabolism
and reduce risk factors for cardiovascular disease.
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