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Abstract

Background: Hypertension, a major risk factor of cardiovascular mortality, is a critical issue for public health. Although
Baduanjin (Eight Brocades, EB), a traditional Chinese exercise, might influence blood pressure, glucose, and lipid status,
the magnitude of true effects and subgroup differences remains unclear. Therefore, we performed a systematic review
of relevant randomized controlled trials (RCTs) to evaluate the effect of EB on patient-important outcomes.

Methods: We systematically searched PubMed, the Cochrane Library, Web of Science, and Chinese databases since inception
until March 30, 2020. Meta-analysis was carried out using “meta” package in R 3.4.3 software. A prespecified subgroup analysis
was done according to the type of comparisons between groups, and the credibility of significant subgroup effects (P< 0.05)
were accessed using a five-criteria list. A GRADE evidence profile was constructed to illustrate the certainty of evidence.

Results: Our meta-analysis, including 14 eligible trials with 1058 patients, showed that compared with routine treatment or
health education as control groups, the mean difference (MD) in systolic blood pressure (SBP) of the EB groups was − 8.52
mmHg (95%CI:[− 10.65, − 6.40], P< 0.01) and diastolic blood pressure (DBP) was − 4.65mmHg (95%CI: [− 6.55, − 2.74], P <
0.01). For blood pressure, the evidence was, however, of low certainty because of risk of bias and inconsistency, and for the
outcomes of most interest to patients (cardiovascular morbidity and mortality directly), of very low certainty (measurement of
surrogate only). Subgroup analysis showed there was no significant interaction effect between different type of comparisons
(SBP P= 0.15; DBP P= 0.37), so it could be easily attributed to chance.

Conclusion: Regularly EB exercising may be helpful to control blood pressure, but the evidence is only low certainty for
blood pressure and very low certainty for cardiovascular morbidity and mortality. Rigorously designed RCTs that carry out
longer follow-up and address patient-important outcomes remain warranted.

Trial registration: PROSPERO Registration number: CRD42018095854.
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Background
Hypertension is one of the most prevalent conditions in
the world and is commonly regarded as one of the main
contributors to cardiovascular morbidity [1]. High blood
pressure (HBP) affects over 1.39 billion people around the
world and could lead to an estimated 9.4 million deaths
per year, which makes hypertension one of the most ser-
ious chronic problems threatening public health [2–4]. As
a leading risk factor for fatal cardiovascular disease, hyper-
tension is associated with increased risk of myocardial in-
farction (MI), stroke, peripheral artery disease (PAD),
end-stage renal disease [5], and premature death [6],
which greatly affects the quality of life and brings signifi-
cant economic burdens to patients and their families [6].
Modern therapies for hypertension include single or mul-

tiple pharmacological treatments as well as lifestyle modifi-
cation [7]. Due to different socioeconomic and medical
environmental factors, some patients, particularly those in
developing countries, often show low adherence to antihy-
pertensive therapy, which greatly reduces treatment efficacy
[6]. Different classes of antihypertensive drugs may lead to
different side effects [8]. In contrast to pharmacological
treatments, United States guidelines indicate that as a non-
pharmacological intervention, physical activity with system-
atic exercise plans is the recommended first line therapy to
control blood pressure. Guidelines for hypertension in
Canada and China also point out the importance of phys-
ical exercise as a health behavior management tactic for the
prevention and treatment of hypertension [9–11]. Never-
theless, despite a general recognition to the positive effects
of physical exercises on treating hypertension, due to varia-
tions in clinical evidence it is difficult to determine a stan-
dardized physical activity regimen [12]. Among the
available options, however, aerobic is one kind of recom-
mended physical activities worldwide.
Baduanjin qigong, a type of low-intensity aerobic exer-

cise that enjoys a long history in traditional Chinese exer-
cise, may have a positive impact on treating hypertension
and metabolic diseases [13]. Baduanjin is a set of inde-
pendent and complete fitness skills, consisting of eight de-
composition actions, with each action having its own
efficacy corresponding to a certain part of body, and to-
gether adjusting the whole body through each part. An-
cient Chinese compared this set of movements to
“Brocade”, representing beauty and luxury, and therefore
Baduanjin is called Eight Brocades (EB).
Results from clinical and epidemiological studies have

suggested that the long-term practice of EB may im-
prove physical fitness and mental health, and have a
positive impact on conditions such as ischemic stroke,
knee osteoarthritis, hyperlipidemia, diabetes, chronic ob-
structive pulmonary disease and hypertension [14–19].
However, systematic summaries of the latest evidence
regarding the impact of EB on blood pressure, including

relevant subgroup differences have not yet been con-
ducted. Therefore, we conducted a more rigorous and
complete systematic review addressing how EB, on top
of health education and routine treatment, may improve
the effectiveness to modify blood pressure. Because dia-
betes and dyslipidemia are also very common and EB
may impact on these conditions, as a secondary goal we
examined the effect of EB on these outcomes.

Methods
Search strategies
We systematically searched the following databases since
inception until March 30, 2020: PubMed, the Cochrane
Library, Web of Science, Scopus, and Chinese databases
including China National Knowledge Infrastructure Da-
tabases (CNKI), Chinese Biomedical Database (CBM),
VIP, and Wan Fang Database. Additional file 1 presents
the search strategies used in each database.

Inclusion criteria

(1) Type of study: We included randomized controlled
trials (RCTs) reported in English or Chinese
assessing EB for hypertension.

(2) Type of participant: Patients with the following
definition of HBP were included [20, 21]: systolic
blood pressure (SBP) ≥140mmHg or diastolic blood
pressure (DBP) ≥90mmHg; or a previous physician
diagnosis of hypertension. We placed no restrictions
on age, sex, race, or duration of hypertension.

(3) Types of intervention: EB alone or EB combined with
either routine treatment (like antihypertensive drugs,
Chinese herbal decoctions etc.) or health education
were considered as interventions. Exercise sessions
were at least 4 weeks in duration. There was no
limitation on the type of EB and the settings.

(4) Types of control group: Health education, routine
treatments like antihypertensive drugs or Chinese
herbal decoctions etc. Interventions other than EB
were the same in intervention and control groups.

(5) Outcomes: The primary outcome measures were the
SBP and DBP at the end of follow-up. The secondary
outcome measures were glucose (GLU), serum total
triglyceride (TG), serum total cholesterol (TC), high
density lipoprotein cholesterol (HDL-C) and low
density lipoprotein cholesterol (LDL- C).

The following studies were excluded: (a) Studies that
lacked data for outcome evaluation even after contacting
authors; (b) Besides antihypertensive drugs, Chinese de-
coctions, or health education, studies in which EB was also
combined with other kind of therapies like acupuncture,
sitting; (c) Studies that examined a special population of
hypertension, such as those with severe hypertension (SBP
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≥180mmHg or DBP ≥110mmHg), pregnancy-related
hypertension or adolescent hypertension.

Data extraction
Teams of two reviewers screened the titles and abstracts
independently and obtained full-text articles of studies
that potentially met eligibility criteria. A third reviewer
(YZ) was responsible for adjudicating discrepancies be-
tween the reviewers. The two independent reviewers ex-
tracted the data from eligible studies and entered it into
EpiData 3.2 (The EpiData Association, Odense, Denmark)
including:(1) title, authors, publication year, study location
and setting; (2) participants’ age, gender, duration of
hypertension, diagnostic criteria, SBP, DBP, GLU, TG,
TC, HDL-C and LDL-C at baseline and after treatment;
(3) interventions, type of EB, controls, treatment duration,
and risk of bias (ROB) assessment. Disagreements were
resolved through discussion with the third reviewer.

Certainty of evidence assessment
Teams of reviewers independently addressed the risk of bias
(ROB) using the modified Cochrane ROB tool that includes
response options of “definitely or probably yes (assigned a
low risk of bias and showed green in the ROB figure)” or
“definitely or probably no (assigned a high risk of bias and
showed red in the ROB figure)” [22–24]. A GRADE evi-
dence profile was constructed to illustrate the certainty of
evidence. For the included RCTs, we rated down the cer-
tainty of evidence due to serious ROB, imprecision, incon-
sistency, indirectness and publication bias [25].

Statistical analysis
Meta-analysis including subgroup’s analysis was carried
out using “meta” package in R 3.4.3 (The R Foundation
for Statistical Computing, Vienna, Austria). For continu-
ous variables, a mean difference (MD) with a correspond-
ing 95% CI was calculated by using random effect models.
Funnel plots, along with Begg’s and Egger’s test were used
to address potential publication bias, were constructed
when the number of included studies was more than 10.

Subgroup analysis
A prespecified subgroup analysis was done according to
the type of comparisons between groups when there
were two or more studies in a given subgroup. We hy-
pothesized that the difference between EB plus routine
treatment and routine treatment alone would be smaller
than that between EB plus health education and health
education alone. Tests of interaction were conducted to
establish whether the subgroups differed significantly
from one another. We assessed the credibility of signifi-
cant subgroup effects (P < 0.05) using a five-criteria list
[26] (Additional file 2).

Results
Study selection
The initial database search identified 191 references. After
excluding duplicated or irrelevant articles, 55 articles
proved potentially eligible, of which 41 studies were ex-
cluded on full text review because they met one or more of
the following criteria: they were not clinical trial studies
(e.g. science articles from newspapers); patients were not
randomized; duplicate reports; participants’ blood pressure
(BP) were lower than the minimum value of our inclusion
criteria; participants lacked BP values as observation index
at baseline; or their treatment was combined with other
therapies such as ear acupuncture, acupuncture or sitting.
Finally, 14 papers proved eligible [27–40] (Fig. 1).

Description of studies
Table 1 summarizes the main characteristics of the in-
cluded studies. In total, 14 studies, published from 2010 to
2019, included 1058 patients in mainland China, with
three studies conducted in the North of China and the rest
in the South. With regard to the definition of hypertension
in these studies, six applied the criteria in 2010 China
Guideline [20], two studies used the criteria in 2005 China
Guideline, three referred to 1999 WHO Guideline [21]; all
met our inclusion criteria mentioned above. In terms of
types of EB, five studies followed the standard exercise is-
sued by the General Administration of Sport of China in
2003. Six studies failed to specify the types of EB; we as-
sumed them as compliant with the 2003 version, as most
types of EB share the same rationale and procedures. One
article conducted the self-made “antihypertension EB” for
intervention [28] and the other two studies evaluated the
effectiveness of sitting EB [29, 38]. The intervention fre-
quency of EB was twice a day in five studies, and four to
five times a week for the remainder. For intervention dur-
ation per week, eight studies specified EB of more than
150min per week while six studies applied less. Most of
the studies were two-armed parallel; two studies included
three groups, in which case we excluded the third group as
it was another intervention group rather than a control
group. No study reported adverse events.

Certainty of evidence
Table 2 presents the details of the risk of bias (ROB)
evaluation. Of the 14 included studies, the randomization
procedure was reported in adequate detail in seven
studies, but all failed to report their methods for sequence
generating. No study clearly reported the allocation
concealment or blinding procedure, but reports made it
evident that there was no blinding of participants or clini-
cians. Three studies reported missing data but did not use
any imputation during analyzing data. As the missing data
did not exceed 10% of the total sample size, we judged the
risk of bias as probably low for that item. All studies had a
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low ROB in selective outcome reporting. Publication bias
was evaluated visually by funnel plot (Figs. 2 and 3). From
the distribution of scatterplots, which indicates a relation-
ship between treatment effect estimates and study preci-
sion, small study effects may not exist. Begg’s (z = − 0.71,
P = 0.48 for SBP; z = − 0.27, P = 0.78 for DBP) and Egger’s
test (t = − 0.47, P = 0.64 for SBP; t =− 0.22, P = 0.83 for
DBP) also did not suggest asymmetry in funnel plot. There-
fore, publication bias was not leading us to rate down the
level of certainty for the SBP and DBP outcomes. Publica-
tion bias remains suspect for other outcomes as only a few
studies are available and all of them are small in size.
Table 3 presents the GRADE evidence profile that shows
that we rated down for ROB, inconsistency, and

indirectness (we were interested in patient-important out-
comes and all studies reported only on surrogates) for all
outcomes.

Quantitative analysis
SBP
Pooled data from 14 trials provided low certainty evidence
that EB might be more effective to lower SBP than control
treatments (MD = -8.52. mmHg, 95%CI: [− 10.65, − 6.40],
I2 = 90%, P < 0.01) (Fig. 4). Ten studies showed that EB
combined with routine treatment (either antihypertensive
drugs or Chinese decoctions or both of them) was more
effective than these alternatives alone (MD= -7.24mmHg,
95%CI: [− 9.60, − 4.89], I2 = 85%, P < 0.01). Similar effects

Fig. 1 Study selection flow diagram
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Table 2 Potential risk of bias of each included studies

*DY = Definitely Yes (Low risk of bias); DN = Definitely No (High risk of bias); PY=Probably Yes; PN=Probably No.
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were achieved when four studies compare combined ef-
fectiveness of EB plus health education versus health edu-
cation alone (MD= -11.64mmHg, 95%CI: [− 17.15, −
6.12], I2 = 96% P < 0.01). When considering effects on
patient-important endpoints of cardiovascular morbidity
and mortality the evidence is very low certainty (Table 3).

DBP
The merged data indicated that EB had a low certainty
evidence of being more effective in lowering DBP than the
control group (MD= -4.65mmHg, 95%CI: [− 6.55, − 2.74],
I2 = 93% P < 0.01) (Fig. 2). Subgroup analysis of ten studies
illustrated the difference between EB combined with rou-
tine treatment and those alternatives alone had statistical
significance (MD= -4.08mmHg, 95%CI: [− 7.13, 1.03],
I2 = 97% P < 0.01). Compared with health education alone,
a combination of EB with health education resulted in a
lower DBP (MD= -5.83mmHg, 95%CI: [− 8.12, − 3.54],
I2 = 93% P < 0.01). Table 3 also illustrated the certainty of
evidence was very low when the effects of DBP was related
to cardiovascular morbidity and mortality.

Subgroup effects
With respect to the subgroup effects, test of interaction
demonstrated that differences between groups could be

easily attributed to chance (SBP P = 0.15; DBP P= 0.37)
(Figs. 4 and 5). Based on the five-item guidance (See Add-
itional file 2), the subgroup difference has very low credibil-
ity. Besides, we also did meta-regression for the period of
intervention and found no statistical significance (P =
0.0995).

Secondary outcomes
Secondary outcomes for these hypertension patients found
that EB had statistical significance (MD= -0.44mmol/L,
95%CI: [− 0.67, − 0.21], I2 = 72% P < 0.01) (Additional file 3,
Figure A3–1) in lowering GLU and of very low certainty
evidence. EB was superior to control group (MD= -0.35
mmol/L, 95%CI: [− 0.64, − 0.07], I2 = 48% P = 0.01) in low-
ering TG according to our meta-analysis of 3 trials, but also
had a very low certainty evidence in the GRADE rating
(Additional file 3, Figure A3–2). Three trials reported the
effectiveness of EB in lowering TC, and the combined ef-
fects indicated that of a very low certainty evidence EB had
a better TC compared with control group (MD= -0.71
mmol/L, 95%CI: [− 1.21, − 0.21], I2 = 78% P < 0.01) (Add-
itional file 3, Figure A3–3). Two trials reported the effect-
iveness of EB on increasing HDL-C. EB was more effective
than control group (MD= 0.29mmol/L, 95%CI: [0.09,
0.48], I2 = 28% P < 0.01) (Additional file 3, Figure A3–4),

Fig. 2 The funnel plot on SBP. SBP: Systolic Blood Pressure
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but it also have a very low certainty evidence according to
Table 3. There was only one trial reported LDL-C, of very
low certainty evidence. LDL-C could be lowered signifi-
cantly (MD= -0.59mmol/L, 95%CI: [− 0.98, − 0.20], P =
0.003) in EB group after 6-month’s exercising.

Discussion
Main findings
Low certainty of evidence suggested that EB lowers the
surrogate outcomes of SBP and DBP; the evidence be-
comes very low when we consider indirectness with re-
gard to patient-important cardiovascular morbidity and
mortality (Table 3). The effect of EB appears similar
whether the comparison is of EB plus routine treatment
versus routine treatment alone, or EB plus health educa-
tion versus health education alone (Figs. 4 and 5, Add-
itional file 2). Significant test of interaction was not
found in subgroup analyses either of SBP or DBP, so we
cannot reject the null hypothesis that claims chance
could be totally explained away the subgroup difference.
Based on the five-item guidance (See Additional file 2),
the subgroup difference could not be proven credible.
As for secondary outcomes, results suggested that EB

might exert a positive impact on decreasing GLU, TG, TC

and increasing HDL-C, though the evidence of the studies
was of very low certainty even without considering the in-
directness with respect to major cardiovascular events.

Strengths and limitations
Strengths of this include a comprehensive search that in-
cludes all relevant randomized trials published up to March
30, 2020. The review considered the possibility that the im-
pact of EB was more remarkable when administered with
education in comparisons to education alone and found,
applying criteria of Sun and his colleagues [26], no sugges-
tion of a subgroup effect. Additionally, we used GRADE as
the tool to evaluate the certainty of evidence, and consid-
ered certainty both with respect to the surrogate outcomes
and, considering indirectness, the certainty with respect to
the cardiovascular endpoints of importance to patients.
The review also has limitations. First, heterogeneity for

the subgroups was high, and a possible explanation is the
clinical heterogeneity due to types of EB (sitting EB, self-
made anti-hypertension EB or traditional EB), duration of
experiments (from four weeks to one year), age groups,
duration of hypertension, and levels of hypertension of pa-
tients that limitations in the studies did not allow us to ex-
plore. In addition, the definition of routine treatment varied

Fig. 3 The funnel plot on DBP. DBP: Diastolic Blood Pressure
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Table 3 GRADE evidence profile

Certainty assessment No. of patients Effect Certainty

No. of
studies

Risk of bias Inconsistency Indirectness Imprecision Publication
bias

Baduanjin Control Absolute(95% CI)

Cardiovascular morbidity and mortality as possibly influenced by systolic blood pressure

14 (RCT) Serious risk
of bias a

Serious
inconsistency b

Serious
indirectness c

No serious
imprecision

Undetected 532 526 MD 8.52 lower (6.40 to
10.65 lower)

⨁◯◯◯ VERY
LOW

Cardiovascular morbidity and mortality as possibly influenced by diastolic blood pressure

14 (RCT) Serious risk
of bias

Serious
inconsistency

Serious
indirectness

No serious
imprecision

Undetected 532 526 MD 4.65 lower(2.74 to
6.55 lower)

⨁◯◯◯VERY
LOW

Cardiovascular morbidity and mortality as possibly influenced by glucose

3 (RCT) Serious risk
of bias

Serious
inconsistency

Serious
indirectness

Serious
imprecision d

Suspected e 124 124 MD 0.44 lower (0.21 to
0.67 lower)

⨁◯◯◯ VERY
LOW

Cardiovascular morbidity and mortality as possibly influenced by serum total triglyceride

3 (RCT) Serious risk
of bias

No serious
inconsistency

Serious
indirectness

Serious
imprecision

Suspected 124 124 MD 0.35 lower (0.07 to
0.64 lower)

⨁◯◯◯ VERY
LOW

Cardiovascular morbidity and mortality as possibly influenced by serum total cholesterol

3 (RCT) Serious risk
of bias

Serious
inconsistency

Serious
indirectness

Serious
imprecision

Suspected 124 124 MD 0.71 lower (0.21 to
1.21 lower)

⨁◯◯◯ VERY
LOW

Cardiovascular morbidity and mortality as possibly influenced by high density lipoprotein cholesterol

2 (RCT) Serious risk
of bias

No serious
inconsistency

Serious
indirectness

Serious
imprecision

Suspected 54 54 MD 0.29 Higher (0.09
to 0.48 higher)

⨁◯◯◯ VERY
LOW

CI Confidence interval, MD Mean difference
Explanations
a. Blinding cannot be achieved in participants and investigators
b. High I square
c. Surrogate outcome for cardiovascular morbidity and mortality
d. Recommendation would differ if the upper versus the lower boundary of the CI represented the truth
e. Only few studies and small in size

Fig. 4 Meta-analysis of SBP including subgroup analysis. SBP: Systolic Blood Pressure
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widely within our eligible trials including different kinds of
antihypertensive drugs, walking, Chinese herbal decoctions,
and some of the studies that failed to point out the detailed
routine treatment methods. These differences may have ex-
plained heterogeneity, but variability was too great to allow
us to explore this possibility with subgroup analysis. Sec-
ond, every study suffered from high risk of bias (Table 2).
For example, no study included blinding as part of the
study design. Besides, only Yu’s study [37] which conducted
a one-year long follow-up, followed patients for more than
6months. Consequently, the long-term effectiveness of EB
is even less certain that the short-term effectiveness. No
trial mentioned adverse events, suggesting a lack of aware-
ness among the investigators regarding collecting safety
data for EB interventions. As for the outcome collected,
quality of life (QoL) is a commonly used measure of effect-
iveness, and patient-important for chronic disease, but this
endpoint was only reported in 2 trials [30, 31], using SF-36
and self-made simple QoL scale respectively. Therefore, the
effect of EB on QoL remains unclear. Although the data
did not allow the further subgroup analysis based on QoL,
but the low credibility of subgroup effect is clear. Finally,
we did not search for trials addressing our secondary out-
comes, but only included results from trials of hypertension
that also reported on these other outcomes. There may be
many other studies of EB focusing on these outcomes that
we did not consider.

Relation to prior work
Previous experiments have shown that many patients with
BP levels > 120/80mmHg are willing to use complementary

and alternative medicine (CAM) [41], among which EB, has
been the most frequently studied type of Qigong exercise
[42]. Compared with previous reviews, we included more
studies and more participants. A review [43] evaluated the
effects of Baduanjin Qigong for various health benefits in
2017 which included blood pressure as one of the out-
comes. The authors reported results similar to ours but
presented effects as standardized mean difference (SMD)
which is less transparent than the MDs we report. More-
over, they did not rate certainty of evidence using GRADE,
nor did they conduct any subgroup analyses.
Another review published in 2015 [13, 44], evaluated

the effectiveness of EB primarily on blood pressure and
conducted a subgroup analysis between the EB and con-
trol groups using three different comparisons. They
regarded health education as no intervention while we
thought the administration of health education could
modify the effect of EB, thus motivating our subgroup
analysis. Their findings were similar to ours, but they
did not provide a GRADE certainty of evidence rating.

Implications and future directions
With low requirements for space and weather condi-
tions, EB is easy to learn with soothing actions, and is
thus suitable for all age populations. Statistical results il-
lustrated that EB may be effective for the treatment of
hypertension, when combined with either routine treat-
ment or health education. However, the evidence for the
surrogate outcomes is low certainty (serious limitations
in risk of bias and inconsistency) and for cardiovascular
morbidity and mortality very low because of indirectness

Fig. 5 Meta-analysis of DBP including subgroup analysis. DBP: Diastolic Blood Pressure
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(no study measured cardiovascular outcomes). More-
over, even if EB is effective, there is no standard regard-
ing the appropriate intensity and duration of EB for the
improvement of hypertension, and thus optimal admin-
istration remains uncertain.
Rigorously designed RCTs that address patient-

important outcomes and with longer follow-up duration
therefore remain warranted. Such studies should docu-
ment patient characteristics (age, duration of disease,
habits and customs); details of interventions and con-
trols; consider blinding at least of those assessing out-
come and data analysts, and possibly through use of an
attention placebo the intervention itself; and follow pa-
tients for at least one year.

Conclusions
In summary, EB, as a complementary treatment, may be
helpful to control BP, lower blood glucose, improve lipid
status, either combined with either routine treatment or
health education, and thus possibly influence cardiovas-
cular morbidity and mortality. However, the certainty of
current evidence is very low due to high risk of bias, in-
consistency, and indirectness.
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