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Abstract

Background: While people’s living standards are improving, the incidence of chronic diseases due to a lack of
exercise is increasing. Complex health conditions (e.g., metabolic syndrome) are becoming common, and
means to lower their incidence are essential.

Methods: This study systematically reviewed the literature and performed a meta-analysis on the effects of
Baduanjin exercise on metabolic syndrome-related factors. Using four English databases and three Chinese
databases, randomized controlled trials on the effects of Baduanjin exercise on metabolic syndrome were iden-
tified. We analyzed whether Baduanjin could alleviate various metabolic syndrome indicators according to our
selection guidelines.

Results: We found that Baduanjin exercise had positive effects on blood pressure (systolic blood pressure:
mean difference (MD)=-6.39; 95% confidence interval (CI): -9.86 to -2.92; 12=12%; diastolic blood pressure:
MD=-2.86; 95% CI: -5.96 to -0.23; 12=35%; P=0.07) and total cholesterol (standardized mean (SMD)=-0.55;
95% CI: -1.11 to 0.02; I12=86%; P=0.06), triglyceride (SMD=-0.29; 95% CI: -1.13 to - 0.56; 12=94%; P<0.51),
and low-density cholesterol (SMD =-0.33; 95% CI: -0.52 to -0.14; 12=0%; P<0.0007) levels.

Conclusion: This evidence shows that Baduanjin exercise provides beneficial effects by improving metabolic
syndrome and cardiovascular disease in adults. This suggests that Baduanjin exercise could be an effective al-
ternative or complementary approach to conventional treatments for adults with metabolic problems. Addi-
tionally, these findings suggest that more rigorous randomized control trials are needed in the future.
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Introduction

Metabolic syndrome is an independent risk factor in adults worldwide and has recently become a
for cardiovascular diseases, type 2 diabetes, can- major public health problem (2). It approximately
cer, and all causes of death (1). Metabolic syn- doubles the risk of developing cardiovascular dis-
drome is estimated to have a prevalence of 25% eases within 5-10 years and increases the risk of
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type 2 diabetes by five times (1). In addition, pa-
tients with metabolic syndrome have a two to
four times higher risk of stroke, a three to four
times higher risk of myocardial infarction, and a
two times higher mortality rate than patients
without metabolic syndrome (3). Therefore, pre-
venting metabolic syndrome's occurrence and
progression is a global public health priority (4).
Metabolic syndrome is an important risk factor
for cardiovascular diseases and obesity, which are
further increased due to lack of physical activity
(2,5,6). In this regard, several previous cohort and
survey studies have consistently reported that
people in modern times are less physically active
than their counterparts in the past (7-9). Exercise
is important to avoid a sedentary lifestyle and
prevent and treat metabolic syndrome. Adequate
exercise and achieving healthy ranges regarding
weight, blood pressure, blood glucose, high-
density lipoprotein (HDL), and triglyceride levels
can help control metabolic syndrome and im-
prove dyslipidemia (10-13).

Low- to moderate-intensity aerobic exercise ofr
exercise combining aerobic and resistance train-
ing is recommended for improving metabolic
syndrome (2,14). However, this type of exercise
may not be feasible in the current coronavirus
disease (COVID-19) pandemic situation as it
must be performed at specific locations or out-
side. In addition, the exercise cost may interfere
with intervention compliance, and as result indi-
rectly deters metabolic syndrome regres-
sion/prevention among people with low socio-
economic status. Therefore, exercise intetrven-
tions that can prevent and treat metabolic syn-
drome even in a pandemic situation are those
which are inexpensive and not limited by loca-
tion.

Baduanjin is home-friendly which is important in
the currently re-emerging COVID-19 pandemic
due to the newer variants. Baduanjin exercise in-
volves slow movements, there are no special lo-
cation requirements, and it can be performed just
within the amount of space necessary for the
limbs to stretch out. Baduanjin is one of China’s
traditional health promotion exercises and con-
sists of eight simple postures and movements
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(15). In addition, Baduanjin is a type of low-
intensity aerobic exercise (16), which is easier to
master in a short time than other exercises and
has less physical burden (17). The practice of
Baduanjin is known to improve not only physical
strength and neuromuscular function (18) but
also psychological factors (17), hypertension
(19,20), diabetes (21), and dyslipidemia (21).
Many studies have attempted to investigate the
effects of Baduanjin exercise on various risk fac-
tors related to metabolic syndrome, although
none have examined the overall impact of meta-
bolic syndrome-related risk factors. Therefore, a
systematic review and meta-analysis were per-
formed to objectively evaluate the literature on
the effects of Baduanjin on risk factors related to
metabolic syndrome. Through this study, re-
searchers, clinicians, and exercise therapists can
design and develop efficient and effective exer-
cise programs for the intervention of metabolic
syndrome.

Methods

Search Strategy

PubMed, Embase, and Cochrane Library data-
bases were used for the literature search. The
searching period was from 2000 to 2022. Consid-
ering that the Baduanjin exercise was started in
China, we searched papers in China National
Knowledge Infrastructure (CNKI), China Science
and Technology Journal Database (VIP), and
WanFang Data databases in China. The publica-
tion date was not limited. The search query was
designed as follow: (“Baduanjin” OR “Baduanjin
exercise”) AND (“metabolic syndrome” OR
“blood lipid” OR “blood cholesterol,” OR “tri-
glyceride” OR “high-density lipoprotein choles-
terol” OR “low-density lipoprotein cholesterol”
OR “high blood pressure” OR “blood glucose”.

Inclusion and Exclusion Criteria
The inclusion criteria for the selected studies
were as follows:
> Study type: a randomized con-
trolled trial study published in a peer-
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reviewed English or Chinese journal.

> Participants: adults, middle-aged,

and older people.

> Intervention group: groups in

which Baduanjin training was performed

individually.

> Exercise intervention period: at

least 4 weeks.

> Control group: groups in which

any other interventions such as health

education or daily life aspects were not

involved.

> Results: assessment of blood

glucose, blood lipid, triglyceride, high-

density lipoprotein-cholesterol (HDL-

C), low-density lipoprotein-cholesterol

(LDL-C), and total cholesterol levels

and blood pressure.
In addition, the following studies were excluded
by two authors (Y] and CB) who read the titles
and abstracts of the studies and removed those
that were (i) redundant or (ii) irrelevant to the
topic. In addition, studies suitable for this analysis
were identified and selected according to the pre-
defined literature selection and exclusion criteria,
and the finally selected literature was continuous-
ly cross-checked. All disagreements were resolved
through discussion with the third reviewer (LD).

Quality Assessment

The methodological quality of the eligible studies
was checked using the Physiotherapy Evidence
Database scale. This scale ranges from 0 (high
risk of bias) to 10 (low risk of bias) for each as-
pect considered to evaluate the effectiveness of
each study, and a score of 26 indicates a low-bias
risk study (22). When there was a disagreement
between the two reviewers, an agreement was
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reached by discussion with the third reviewer

(LD).

Data Extraction

Two reviewers (JY and BC) extracted data from
selected studies. The extracted data included
basic information about the study, demographic
characteristics of participants, health status, exer-
cise intervention plan, control group conditions,
and measurement results. All disagreements were
resolved through discussion with the third re-
viewer (DL).

Statistical Analyses

Meta-analysis of the extracted data was per-
formed using Review Manager 5.3 Software.
Each outcome was calculated using the mean dif-
ference (MD) or standardized mean (SMD) and
95% confidence interval (CI) between the inter-
vention and control groups. 12 values (<25%,
low; 25-75%, medium; >75%, high) and the chi-
squared test were used to evaluate the heteroge-
neity of the data. If there was no heterogeneity
between the studies, a fixed effect model was
used, and if there was heterogeneity, a random
effect model was used. The validity of all results
was evaluated using the combined effect size (Z
value).

Results

Study Selection

A total of 4,473 studies were identified in the ini-
tial database search. Finally, eight studies were
selected according to the defined inclusion and
exclusion criteria, each steps are presented in de-
tail in Fig. 1.
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% Relevant literature obtained through database search
(n=4473) :
5 PubMed (n=168), Cochrane (170), Embase (160), CNKI
g (n=2777), VIP {n=341), Wan Fang Data (n=857)
— L4
Excluding duplicate records (n=774)
Records are initially screened based on fite and
abstract (n=93) > Exclude records (n=681)
g
£
8
5 Exclude (n=66):
- Repeat publication (n=11)
Evaluation (27) p * Summary (n=12)
- Non-clinical (n=7)
» Mate analysis (n=7)
- Does not meet inclusion criteria
(n=29)
A
Read full text (n=8
D (n=6) Exclude (n=19):
- Incomplete data (n=6)
- Can't see full text (n=4)
+ Does not meet inclusion criteria
(n=9)
3 Quantitative  synthetic meta-analysis  literature
§ included (n=8)
=

Fig. 1: Flow chart of the literature selection process

Study Characteristics

The characteristics of the selected studies are
summarized in Table 1. This review included 646
participants (322 in the experimental and 324 in
the control groups) with various health condi-
tions. The age of the study subjects varied from
18 to 70 years. Ten studies used only Baduanjin
as an exercise intervention. The exercise interven-
tion period was 3—18 months. The exercise fre-
quency was 3—7 times a week, and the exercise

Available at:  http://ijph.tums.ac.ir

time was 30-90 min. There were no studies re-
porting side effects during the Baduanjin exer-
cise.

Assessment of Study Quality

Table 2 shows the results of evaluating the quality
of the study. Accordingly, one study with a score
of 10/10, one with a score of 8/10, two with a
score of 7/10, and four with a score of 6/10
were evaluated.
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Table 1: Summary of included studies

Reference  Location  Participant character- Intervention Baduanyjin training Outcome  Adverse
(language) istics program measured event;
Sample  Mean age or Frequency Time Duration follow-
size age range (weekly)  (min) (months) up
(attrition
rate)
27 China 104 40-70 EG: Baduan- 3 20 12 BP|, BMI|, No
(Chinese) jin/CG: Provide WHR|

education on
basic knowledge

of hypertension
30 China 116 53.27+£10.67 EG: Baduan- N N 6 FPG| No
(Chinese) jin/CG: no inter-
vention
26 China 39 60-69 EG: Baduan- 5 40— 3 Lipid pa- No
(Chinese) jin/CG: no intet- 50 rameters:
vention TG|, LDL|,
HDL?
23 China 23 4115.61 EG: Baduan- 5 50— 3 WC|, No
(Chinese) jin/CG: no intet- 60 HDLT,
vention LDL]
24 China 49 63%+6.35 EG: Baduan- 5-7 50 18 Lipid pa- No
(Chinese) jin/CG: no inter- rameters:
vention TG|, TC|,
HDL|,
LDL|
25 China 170 50-57 EG: Baduan- 3 30 6 FGB|, TG/, No
(English) jin/CG: no intet- WHR/,
vention
28 China 35 57.2%5.4 EG: Baduan- 6 90 6 Lipid pa- No
(Chinese) jin/CG: no intet- rametets:
vention FPG|, TG/,
HbAlc|,
HDLT,
WHR]
29 China 110 20-59 EG: Baduan- 3 30— 4 Lipid pa- No
(English) jin/CG: no intet- 60 rameters:
vention TC|, TG]|
, HDLT,
LDL|

EG, experimental group; CG, control group; BP, blood pressure; BMI, body mass index; WHR, waist-to-hip ratio;
FPG, fasting plasma glucose; TG, triglycerides; LDL, low-density lipoprotein; HDL, high-density lipoprotein; WC,
white cells; TC, total cholesterol; HbAlc, hemoglobin Alc

Measurement of the Effects studies (84 in the experimental group and 82 in
Systolic and diastolic blood pressure the control group) showed that the Baduanjin
Figure 2 shows the results of the meta-analysis of exercise had a large effect size on systolic blood
Baduanjin exercise for systolic blood pressure. pressure improvement (MD=- 6.39; 95% CI: -
The combined results of 166 subjects in three 9.86 to -2.92; 12=12%).
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Table 2: Physiotherapy

evidence database scale ratings

Refer- Eligibil- Ran- Con- Simi- Sub- Ther- As- 85%  Inten- Be- Point  To-
ence ity dom cealed  larity ject apist  sessor fol- tion-to-  tween- and tal
specifi- alloca-  alloca- at blind-  blind-  blind- Ilow treat group varia- a-
cation tion tion base- ing ing ing up analy- statisti- bility 10)
line sis cal measur
compar- es
ison
27 1 1 0 0 0 0 0 1 1 1 1 6
30 1 1 0 1 0 0 0 1 1 1 0 6
26 1 1 0 1 0 0 0 1 1 1 1 7
23 1 1 0 1 0 0 0 1 1 1 1 7
24 1 1 0 1 0 0 0 1 0 1 1 6
25 1 1 0 1 0 0 1 1 1 1 1 8
28 1 0 0 1 0 0 0 1 1 1 1 6
29 1 1 1 1 1 1 0 1 1 1 1 10
Baduanjin Control Mean Difference Mean Difference

Study or Subgroup  Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV. Random, 95% Cl

23] Zhang (2008) 14 1204 13 0.3 12877 10 10.8% -1.70[-12.02, 8.62] &

[26] Sunetal. (2008) 2.9 9754 19 099 10723 20 258%  -3.89[-10.32,2.54] =1

[27] Yu (2013) 125 942 52 -43 975 52 635% -8.20[-11.88,4.52) ——

Total (95% CI) 84 82 100.0%  -6.39 [-9.86, -2.92] -

Heterogeneity: Tau? = 1.40; Chi? = 2.27, df = 2 (P = 0.32); I? = 12%
Test for overall effect: Z = 3.61 (P = 0.0003)

-10 -5 0 5 10
Favours [Baduanjin] Favours [control]

Fig. 2: Forest plot depicting differences in the change-from-baseline systolic blood pressure between the
Baduanjin and control groups

Figure 3 shows the results of the meta-analysis of
Baduanjin exercise for diastolic blood pressure.
The combined effects of 166 subjects (84 sub-
jects in the experimental group and 82 in the con-
trol group) from three studies showed that the
Baduanjin exercise had a large effect size on the
reduction of diastolic blood pressure (MD=-2.80;
95% CI: -5.96 to -0.23; 1°’=35%; P=0.07). To
evaluate the sensitivity of the meta-analysis re-

sults of Baduanjin’s effects on diastolic blood
pressure, the meta-analysis was repeatedly per-
formed while excluding each study one by one.
After sensitivity analysis, data from Zhang’s study
(23) were speculated to be the main cause of het-
erogeneity. The statistical significance of the me-
ta-analysis changed to MD=-4.24, 95% CI -6.73
to -1.7 (P=0.0009) when the other two studies
and Zhang’s study (23) were excluded.

Baduanjin Control Mean Difference Mean Difference
udy or Subgroup ean D Tota ean D al Weigh Random. 95% Random. 95% C
[23] Zhang (2008) 01 626 13 -07 6199 10 25.9% 0.80 [-4.33, 5.93] nd—
[26] Sun etal. (2008)  -1.89 856 19 163 9988 20 215%  -3.52[-9.35,231] .
[27] Yu (2013) -84 7.34 52 -4 7.002 52 526% -4.40[-7.16,-1.64] ——
Total (95% CI) 84 82 100.0%  -2.86 [-5.96, 0.23] e
+ t

Heterogeneity: Tau? = 2.77; Chi? = 3.07, df = 2 (P = 0.22); I* = 35%
Test for overall effect: Z = 1.81 (P = 0.07)

+ t
-10 0 5 10
Favours [Baduanjin] Favours [control]

Fig. 3: Forest plot depicting differences in the change-from-baseline diastolic blood pressure between the
Baduanjin and control groups
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Total cholesterol

Figure 4 shows the results of the meta-analysis of
Baduanjin exercise for total cholesterol levels.
The combined results of 426 subjects (214 in the
experimental group and 212 in the control group)
from a total of six studies showed that Baduanjin
exercise had a moderate effect size on the im-
provement of total cholesterol levels (SMD=-

Baduanjin Control

Std. Mean Difference

0.55; 95% CI: —1.11 to —0.02; I’=86%; P=0.06).
After sensitivity analysis, data from Miao et al.
study (24) and Zhang’s (23) studies were specu-
lated to be the main cause of heterogeneity. In
the case of using the remaining four studies ex-
cept for the two studies, the statistical signifi-

cance of the meta-analysis changed to SMD=-
0.19, 95% CI=-0.46~0.09 (P=0.19).

Std. Mean Difference

Study or Subgroup Mean _ SD Total Mean _ SD Total Weight IV, Random, 95% Cl v, 95% Cl
[23] Zhang (2008) 007 0779 13 001 0769 10 142% -0.10[-0.92, 0.73] s
[24] Miaoetal. (2009)  -0.61 0579 25 006 0655 24 165%  -1.07[-1.67,-0.47] —
[25]Zheng etal. (2014)  -0.16 0072 85 -0.04 009 85 188%  -1.47[1.81,-1.13] —
[26] Sun et al. (2008) 013 0629 19 002 0551 20 162% -0.25 [-0.88, 0.38] —
28] Liu et al. (2018) 002 0584 17 -004 0515 18 15.8% 0.04 [-0.63, 0.70] —_—
[29] Ll et al. (2014) 042 0986 55 -0.18 0904 55 18.6% -0.25[-0.63, 0.12] — T
Total (95% CI) 214 212 1000%  -0.55[-1.11,0.02] —~—
Heterogeneity: Tau? = 0.42; Chi? = 35,09, df = 5 (P < 0,00001); I = 86% 5 1 g3 1 2

Test for overall effect: Z = 1.89 (P = 0.06)

Favours [Baduanjin] Favours [control]

Fig. 4: Forest plot depicting differences in the change-from-baseline total cholesterol between the Baduanjin
and control groups

Triglycerides

Figure 5 shows the results of the meta-analysis of
Baduanjin exercise for triglyceride levels. The
combined results of 426 subjects (214 subjects in
the experimental group and 212 in the control
group) from a total of six studies showed that
Baduanjin exercise had a small effect size on im-
proving triglyceride levels (SMD=-0.29; 95% CI:

Baduanjin Control

Std. Mean Difference

-1.13 to -0.56; I°’=94%; P<0.51). After sensitivity
analysis, data from other studies (24-26), were
speculated to be the main cause of heterogeneity.
The statistical significance of the meta-analysis
changed to SMD=-0.29, 95% CI=-1.13-0.50,
I’=0% (P=0.82) when these three studies were
excluded and only the remaining three were in-

cluded.

Std. Mean Difference

—Study or Mean  SD Total Mean SD Total Weight IV, Random.95% Cl 1V, 95% Cl
[23] Zhang (2008) 004 101 13 -0.02 039 10 155% -0.02 [-0.85, 0.80] .
[24) Miao etal. (2009)  -028 019 25 001 0215 24 165%  -1.41(-2.04,-0.78] ——
[25] Zheng et al. (2014)  -0.32 0.1 85 -045 0.3 85 17.8% 1.12[0.79, 1.44] =
[26] Sun et al. (2008) -0.28 0.176 19 -0.03 0.181 20 16.2% -1.37 [-2.08, -0.67] it
[28] Liu et al. (2018) 011 072 17 -0.02 0411 18 16.4% -0.15[-0.82, 0.51] .| T
[29] LI et al. (2014) 015 0556 55 0.15 0902 55 17.6% 0.00 [-0.37, 0.37) .
Total (95% Cl) 214 212 100.0% -0.29 [1.13, 0.56] ’
Heterogeneity: Tau? = 1.01; Chi? = 77.08, df = 5 (P < 0.00001); I = 94% =2 :1 6 1: é

Test for overall effect: Z = 0.66 (P = 0.51)

Favours [Baduanjin] Favours [control]

Fig. 5: Forest plot depicting differences in the change-from-baseline triglycerides between the
Baduanjin and control groups

High-density lipoprotein cholesterol

Figure 6 shows the results of the meta-analysis of
Baduanjin exercise for HDL-C levels. The com-
bined results of 426 subjects (214 subjects in the
experimental group and 212 in the control group)
in a total of six studies showed that Baduanjin
exercise did not significantly affect the HDL-C
improvement (SMD=-0.19; 95% CI: -1.55 to -
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1.16; 1°=97%,; P<0.78). After sensitivity analysis,
data from studies by Zheng et al (25), Miao et al
(24), and Sun et al (26) studies were speculated to
be the main cause of heterogeneity. The statistical
significance changed to SMD=-0.25, 95% CI: —
0.55 to —0.06, I’=0% (P=0.11) when using the
remaining five studies, except for three studies.
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Control Baduanjin Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV. Random. 95% CI IV, Random, 95% CI
[23] Zhang (2008) 0.01 0.171 10 0.08 0.258 13 16.2% -0.30[-1.13, 0.53] N
[24] Miao et al. (2009) -0.01 0.215 24 039 0.239 25 16.6% -1.73 [-2.39, -1.07] ——
[25] Zheng et al. (2014) 021 0.12 85 -0.06 0.095 85 17.0% 2.48[2.08, 2.89] ———
[26] Sun et al. (2008) 0.02 0196 20 0.28 0244 19 16.5% -1.15[-1.84, -0.47] —
[28] Liu et al. (2018) 0.03 0.302 18 0.14 0.365 17 16.6% -0.32[-0.99, 0.35] -
[29] Ll et al. (2014) 012 039 55 -004 035 55 17.1% -0.21[-0.59, 0.16] —.T
Total (95% CI) 212 214 100.0% -0.19 [-1.55, 1.16] ’
Heterogeneity: Tau? = 2.75; Chiz = 179.07, df = 5 (P < 0.00001); I = 97% 7 2 3 2 i

Test for overall effect: Z = 0.28 (P = 0.78)

Favours [control] Favours [Baduanijin]

Fig. 6: Forest plot depicting differences in the change-from-baseline HDL cholesterol between the Baduanjin
and control groups. HDL, high-density lipoprotein

Low-density lipoprotein cholesterol
Figure 7 shows the results of the meta-analysis of
Baduanjin exercise LDL-C levels. The combined

a total of six studies showed that the Baduanjin

exercise had a small effect on LDL-C improve-
ment (SMD=-0.33; 95% CI. -0.52 to -0.14;

results of 426 subjects (214 subjects in the exper-
imental group and 212 in the control group) from

I*=0%; P<0.0007).

Std. Mean Difference
IV. Random. 95% CI

Std. Mean Difference

Baduanjin Control
Study or Subgroup Mean SD Total Mean SD Total Weight
(23] Zhang (2008) -0.16 0.855 13 0.02 0.68 10 5.4%
[24] Miao et al. (2009) -0.38 0.441 25 -0.01 0.485 24 10.8%
[25] Zheng et al. (2014) 0.01 0.03 85 0.02 0.036 85 40.3%
[26] Sun et al. (2008) -0.31 0.6 19 0.03 0.731 20 9.0%
[28] Liu et al. (2018) 0.01 046 17 0.03 0.419 18 8.4%
[29] L et al. (2014) 052 0849 55 -032 073 55 26.1%

Total (95% Cl) 214
Heterogeneity: Tau? = 0.00; Chi? = 3.60, df = 5 (P = 0.61); 1> = 0%
Test for overall effect: Z = 3.39 (P = 0.0007)

212 100.0%

Fig. 7: Forest plot depicting differences in the change-from-baseline LDL cholesterol between the Baduanjin and

-0.22 [-1.05, 0.61]
-0.79 [-1.37,-0.20]
-0.30 [-0.60, 0.00]
-0.50 [-1.14, 0.14]
-0.04 [-0.71, 0.62]
-0.25[-0.63, 0.12]

-0.33 [-0.52, -0.14]

IV. Random. 95% Cl
g
——
—_—
—gt
L 4
2 1 0 ) 2

Favours [Baduanjin] Favours [control]

control groups. LDL, low-density lipoprotein

Discussion

Metabolic syndrome is on the rise in many coun-
tries around the world and is associated with the
risk of cardiovascular diseases and type 2 diabe-
tes. This systematic review of the impact of
Baduanjin exercise on metabolic syndrome-
related biomarkers was critically evaluated and
statistically integrated. To the best of our
knowledge, this study was the first to investigate
the effect of Baduanjin exercise on metabolic
syndrome-related factors in middle-aged and old-
er adults using a systematic review and meta-
analysis. Our review and analysis results showed
that traditional Baduanjin exercise could effec-
tively improve the metabolic syndrome’s hall-
marks: systolic blood pressure, diastolic blood
pressure, total cholesterol, triglycerides, and
LDL-C. The Baduanjin exercise intervention was
an important adjuvant in treating risk factors for

Available at:  http://ijph.tums.ac.ir

metabolic syndrome. Although further research is
needed, Baduanjin may improve cardiovascular
risk factors and the physical benefits of such
form of exercise. Baduanjin can be used as a safe
and useful intervention for preventing and treat-
ing metabolic syndrome in adults. In addition, the
results may provide a reference basis for applying
Baduanjin exercise to middle-aged people, which
is considered significant for public health.

This meta-analysis showed that Baduanjin train-
ing effectively improved systolic and diastolic
blood pressure. Baduanjin was found to have a
great effect on improving systolic and diastolic
blood pressure. Compared with the control
group (non-intervention), systolic blood pressure
significantly improved in the intervention group
in two of the three studies (26,27). The study by
Zhang (23), which was the only study that did
not achieve statistical significance, reported that
systolic blood pressure at 121.2+10.75 mmHg
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before the experiment decreased to 119.8£13.01
mmHg after the experiment and the diastolic
blood pressure also showed a lowering trend to
some extent. The insignificant improvement may
be because the study subjects’ systolic blood
pressure was within the normal range; thus, the
improvement effect was unclear. However, it was
suggested that a 10-week intervention period may
not have been sufficient, and that the duration of
the training program may be important for induc-
ing a beneficial effect on systolic blood pressure.
Compared with the control group (non-
intervention or education on basic knowledge
about hypertension), Baduanjin showed positive
results on diastolic blood pressure for the short-
est period. As mentioned, Zhang (23) found no
difference between groups, where the diastolic
blood pressure of the subjects was within the
normal range and, simultaneously, the frequency
of the 10-week Baduanjin training was 5 days a
week; nevertheless, the diastolic blood pressure
tended to improve. Therefore, this suggested that
50—60 min of Baduanjin exercise, 3—5 days per
week for at least 3 months can significantly re-
duce systolic and diastolic blood pressure.
Searching on the improvement of total choles-
terol levels by Baduanjin training confirmed that
Baduanjin positively affected total cholesterol in
all six included studies (23-26,28,29). Miao et al
(24) had the best intervention effect and longest
intervention time. The duration of the interven-
tion was 18 months, whereas the other studies
ranged 3—6 months. The sample size of the sur-
vey showing statistical significance was 23—170,
mainly targeting middle-aged and older patients.
The training frequency was 5-7 days per week,
and the training time was 50-90 min. The only
study without a statistically significant change was
a study with 35 participants aged 57.2%5.4 years
(29). Nonetheless, total cholesterol levels im-
proved from 4.951£0.65 mmol/L before the ex-
petiment to 4.9310.48 mmol/L after the expeti-
ment and showed a decreasing tendency. These
results suggested that Baduanjin training for at
least 60 min a day and five times a week for at
least 3 months can reduce total cholesterol levels
in the blood.
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The result of the meta-analysis regarding the in-
fluence of Baduanjin on triglyceride level im-
provements showed a certain effect. The ana-
lyzed study included 23-170 subjects, most of
whom were of middle and older age. After ana-
lyzing the data and carefully reading the full text,
we found that the only not statistically significant
study was the one by Zheng et al (25), which in-
cluded a control group that performed moderate-
to-low intensity daily physical activity (brisk walk-
ing and square dancing). In this study (25), the
triglycerides index decreased in both the control
(pre, 5.67£0.14 vs. post, 5.22%0.1) and interven-
tion groups (pre, 5.67£0.14 vs. post, 5.22%0.12).
These results showed that performing Baduanjin
exercise for 60 min a day and 5-7 days a week for
at least 10 weeks can positively affect triglyceride
levels.

A meta-analysis of the effects of Baduanjin exer-
cise on LDL-C levels reported that five of six
studies showed significant improvement in LDIL-
C levels (23,24,26,28,29). The study by Zheng et
al (25) showed a tendency of LDL-C levels to
decrease in the experimental group compared
with the control group. The reasons may be re-
lated to the intervention timing and control
group members’ lifestyle. According to the full
article, some members of the control group per-
formed moderate daily physical activity (brisk
walking and square dancing); as a result, there
was no significant change in LDL-C indices be-
tween the groups. However, it was also shown
that Baduanjin exercise was effective in reducing
LDL-C levels, and when performed 5-7 days a
week, 60—90 min/time, for at least 3 months, it
can promote LDL-C decrease. However, our
analysis also suggests that Baduanjin exercise did
not significantly affect HDL-C improvement.
Nevertheless, the effects of the interventions in
the studies by Miao et al (24) and Sun et al (206)
were clearly shown. The reason may be that the
intervention period was long, and the average age
of the intervention group was high. The study of
Miao et al (24) had the longest intervention peri-
od (18 months) and showed the best effect
among all studies; the average age of the partici-
pants undergoing intervention was 63%06.3 years.
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In the study of Sun et al (26), the average age of
the intervention group was 60—69 years, because
of which the effect was the second best. Because
the study showed that the members of the con-
trol group engaged in moderate daily physical
activity (brisk walking and square dancing), the
HDL-C index did not show statistically signifi-
cant differences between groups. Yet, in the case
of HDL-C levels, many studies reported effective
improvement when regular aerobic exercise ex-
ceeding the threshold was performed (31). Based
on these results, follow-up studies should be
conducted to set the intervention period and in-
tensity such that the HDL-C improvement effect
becomes obvious.

Conclusion

We suggest that Baduanjin exercise can be an ef-
fective and safe exercise intervention to improve
the risk factors of metabolic syndrome. Future
randomized controlled trials with a rigorous
study design is needed to evaluate the therapeutic
and preventive effects of Baduanjin exercise on
metabolic syndrome risk factors and the treat-
ment potential of metabolic syndrome-related
factors. All studies were conducted in China
(mainland China or Hong Kong), and the sub-
jects were mainly Chinese. In the future, studies
can be conducted to confirm the effect of the
Baduanjin exercise targeting non-Chinese indi-
viduals.
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