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Abstract

Hypertension remains the world’s leading cause of premature death. Interventions

such as exercise, diet modification, and pharmacological therapy remain the mainstay

of hypertension treatment. Numerous systematic reviews and meta-analyses demon-

strated the effectiveness of western exercises, such as aerobic exercise and resistance

exercise, in reducing blood pressure in hypertensive patients. There is recently emerg-

ing evidence of blood pressure reduction with Chinese exercises, such as Tai Chi,

Baduanjin, and Qigong. The current overview of systematic reviews aims to evaluate
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the quality and descriptively summarize the evidence for the effectiveness of western

and Chinese exercises for hypertension management. Thirty-nine systematic reviews

were included in this overview, with 15 of those being on Chinese exercise. Evidence

suggests that exercise training, regardless of Western or Chinese exercise, generally

reducedboth systolic anddiastolic bloodpressure.High-intensity intermittent training

did not further reduce blood pressure when compared to moderate-intensity continu-

ous training. Conflicting results on the effectiveness of blood pressure reductionwhen

comparing Chinese and Western exercise training were observed. This suggests the

comparable effectiveness of Chinese exercise training, in particularly Tai Chi, to gen-

eral or aerobic exercise training in terms of blood pressure reduction. The Chinese

exercise modality and intensity may be more suitable for the middle-aged and elderly

population.

KEYWORDS

Antihypertensive Therapy, Exercise/Hypertension, Lifestyle Modification/Hypertension, Non-
Pharmacological Therapy,Western and Chinese exercise

1 INTRODUCTION

Hypertension and pre-hypertension remain the world’s leading causes

of premature death, accounting for 8.5 million deaths annually.1,2

Hypertension is shown to be an important risk factor for various

cardiovascular diseases, chronic kidney disease, and end-stage renal

disease, contributing to a large portion of annual deaths.3,4 The global

prevalenceof hypertension remained stable in 2019 compared to1990

with 32% of women and 34% of men being affected by hypertension,

along with an undiagnosed rate of 40%–50%.5 However, the preva-

lence disparity between countries is increasing, disproportionately

affecting low- and middle-income countries in multiple metrics includ-

ing risk factors, awareness, treatment, and control.6,7 The disparity is

compounded by differences in social determinants of health that affect

risk factors for hypertension such as unhealthy diet, alcohol consump-

tion, and lack of physical activity.7,8 With large annual economic losses

due to cardiovascular diseases, low- andmiddle-income countries need

cost-effective hypertension treatment tools.9,10 Globally, the preva-

lence of hypertension also comes at a cost. The direct costs of treating

hypertension and its consequences account for 10% of the total health

expenditure, while also affecting the productivity and quality of life of

hypertensive patients.11,12

There is a continual need to improve treatment options for hyper-

tension consequent to the high costs of treatment and associated

losses as well as the growing disparity in hypertension prevalence

across countries. Hypertension treatment comprises pharmacological

treatment and lifestyle modifications, with patient education influ-

encing these treatments.13,14 Within lifestyle modifications, exercise

training has shown strong evidence in managing hypertension as a

sole intervention or as a combined intervention.15,16 Exercise training

has become part of clinicians’ prescription and may even be the first-

line treatment for some hypertensive patients.17,18 As personalized

medicine continues to evolve and develop, a greater understanding

of hypertension management options, exercise training, in this case, is

needed.19

Knowledge of exercise training and its impact on hypertensionman-

agement is constantly broadening with more literature. Numerous

systematic reviews andmeta-analyses of western exercise training are

available to guide and recommend in hypertension management,20–22

and more studies were published to assess the evidence from the Chi-

nese exercises, including Tai Chi,23,24 Baduanjin,25 and Qigong.26 This

overview of the systematic reviews aims to evaluate the quality of the

evidence and summarize the effectiveness of Western and Chinese

exercise training in themanagement of hypertensive patients.

2 METHODOLOGY

2.1 Search strategy and selection criteria

A systematic literature search with related keywords of hyperten-

sion, blood pressure (BP), and exercise was conducted in PubMed

and EMBASE from inception until April 2022. The complete syntax

of the keywords used is shown in Supplementary S1. The inclusion

criteria included: (1) studies published in the format of systematic

review or meta-analysis; (2) studies were conducted for the subjects

with hypertension; (3) exercise training as the intervention was used

to compare with control groups; (4) changes of the systolic BP (SBP)

or diastolic BP (DBP) were included as the outcome measures; and

(5) the full text of the articles was available in English. There was no

restriction on the ways of blood pressure measurement, but the mea-

surements were required to be the same before and after exercise

training. The studies were excluded if the study participants were: (1)

youth/adolescent aged below 18; (2) pregnant women; (3) diagnosed
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with pulmonary hypertension; (4) substantial physical disability, such

aswheelchair users or subjectswith spinal cord injury; (5) on cardiopul-

monary exercise test intervention,which is a clinical assessment tool as

an objective determination of aerobic capacity and impairment.27 A list

of exercise training was identified from the literature search, including

aerobic exercises, resistance exercises, exercises mixed with different

components of aerobic, resistance training, breathing techniques, and

meditation, and exercises with Chinese styles of body consciousness,

balance, and breathing control. Chinese exercises included Baduan-

jin, Tai Chi, and Qigong (Table 1). These traditional Chinese exercise

trainings are an important part of traditional Chinese culture and are

believed to benefit both physical andmental health.Qigongmerges the

theory of traditional Chinese medicine, meridians, Taoism, the theory

of yin and yang, and the theory of five elements in terms of wood, fire,

earth, metal, and water.28 Baduanjin stresses mind-body integration

through symmetrical body movement, breathing control, and mental

focus.29 Tai Chi is a low-intensity aerobic exercise in a semi-squat pos-

ture involving continuous body movements, with the intensity being

regulated through speed and postural height.30 If the exercise training

was conducted without specific descriptions in the original systematic

review, the interventions were classified as general exercises.

2.2 Data extraction

Two reviewers (A.L., K.Y.) independently screened for the titles and

abstracts of all articles from the literature databases. The abstracts

were screened according to the above inclusion and exclusion criteria.

The full texts of the selected articleswere downloaded, and the eligibil-

ity of each article was cross-checked by a research team (A.L., K.Y., J.T.,

Z.H.).When therewerediscrepancies regarding the inclusionof studies

ordataextraction, either the research teamwouldachievea consensus,

or a definitive decision was made by the supervisor (KT) if consensus

was not achieved. Data extraction included: (1) searching duration of

each systematic review or meta-analysis; (2) the number of individual

studies included; (3) type of included studies, such as randomized con-

trolled trial, controlled trial without specification on randomization, or

observational study; (4) characteristics of the study population, includ-

ing age, ethnicity, and comorbidities; (5) quality assessment used in

the systematic reviews; (6) definition of hypertension used; (7) type of

exercise used as intervention and/or control groups; (8) length of regu-

lar exercise; and (9) changes of SBP and DBP as the outcome measure.

The changes in BP were measured as mean difference or standardized

mean difference with 95% confidence intervals (CI) if provided.

2.3 Study quality

The quality of included systematic reviews was assessed by A Mea-

surement Tool to Assess Systematic Reviews 2 (AMSTAR-2), which

evaluated various domains, including registered protocol prior to

review, literature search, justification for exclusion, risk of bias of indi-

vidual primary studies, meta-analytical methods, and assessment of

publication bias.31 There are seven items regarded as critical domains.

The ratingonquality assessmentdependson thenumberof inadequate

ratings in critical and non-critical domains, and can be summarized

into four tiers of overall confidence: critically low, low, moderate, and

high. Systematic reviews with high overall confidence are those with

an accurate and comprehensive summary of results, while those with

critically low confidence suggest that there exist critical flaws that pre-

vent an accurate and comprehensive summary.31 Individual studies

were compared across the eligible systematic reviews to measure the

potential risk of reporting bias. Theproportionof included studies from

the gray literature, including studies without complete reference list

for included individual studies, studies without formal publication or

unpublisheddata from the postgraduate thesis, was assessed.Overlap-

ping of individual studies from non-gray literature was assessed using

corrected covered area (CCA).32 Interpretation of CCA is as follows:

≤5%, slight overlap; 6%–10%, moderate overlap; 11%–15%, high over-

lap; >15%, very high overlap.32 This systematic review followed the

guidelines for Preferred Reporting Items for Systematic Reviews and

Meta-analyses (PRISMA).33

3 RESULTS

3.1 Literature search and study selection

A total of 1652 abstracts were identified from the databases and three

potential studies were further extracted from the bibliographies of eli-

gible studies. All titles or abstracts were screened after the removal of

654 duplicated search records. Full-text versions of two potential arti-

cles were not available and 48 full-text articles were further assessed

for final eligibility. Nine studies were excluded for the following rea-

sons: study participants included those without hypertension (n = 3);

a study did not use exercise as the intervention (n = 1); a study did

not have a control group (n = 1); studies did not report the litera-

ture search (n = 2); outcome measure was not related to BP (n = 2)

(Figure 1). Therefore, this overview included 39 systematic reviews

published from the years of 1994 to 2022.

3.2 Study characteristics

This overview of systematic review covered 39 studies,20–26,34–65

including 16 systematic reviews20–22,24,34,42,45,49,53–57,59,60,63 on

aerobic exercises, eight systematic reviews20,41,47,49,51,54,57,62,66

on resistance exercises, seven systematic reviews20,35,36,39,49,64,65

on mixed exercise approaches (such as combining aerobic and

resistance exercises, dance therapy, or the aquatic exercise), 11

studies20,24,26,37,40,48,49,56,57,60,63 on general exercises, and 15 sys-

tematic reviews23–26,37,38,43,46,50,52,53,55,58,61,65 on Chinese exercises,

including breathing exercises, Baduanjin, Tai Chi and Qigong (Table 2).

Twelve systematic reviews20,24,26,37,49,53,55–57,60,63,65 evaluated more

than one type of exercises, including general exercises. Among the sys-

tematic reviews on Chinese exercise training, five of them24,26,37,53,55
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F IGURE 1 PRISMA flow chart for inclusion of studies. BP, blood pressure; MA, meta-analysis; SR, systematic review.

compared Chinese exercises with aerobic or other general exercises.

There were four systematic reviews24,37,38,48 that compared exercise

training with anti-hypertensive drugs. According to the summarized

data from the systematic reviews, the average age ranges of partici-

pants were from 50 to 54 years in aerobic exercise training, from 57 to

59 years in resistance exercise training, from 47 to 63 years in mixed

exercise approaches, and from 51 to 70 years in Chinese exercise

training. Most of the participants joined the exercise for at least 3–

4 weeks, and some participants enrolled in the Chinese exercise for 5

years. All studies used the changes in both SBP andDBP as the primary

outcomes, and only four studies49,54,57,60 reported the BP levels from

24-h ambulatory BP monitoring. Most of the included studies (66.7%)

used Cochrane risk of bias to assess the quality of original studies.

Among all 39 included systematic reviews, only one review40 was

rated as having high overall confidence in the provision of an accu-

rate andcomprehensive summaryof results onaddressing thequestion

of interest (Supplementary S2). Seven reviews24,45,48,50,54,59,61 were

classified as low overall confidence, while the remaining were classi-

fied as critically low confidence. Almost all reviews, except the one by

Williamson et al.,40 did not report the justification for excluding indi-

vidual studies (item 7). Only 1 review24 reported sources of funding

for the included studies (item 10). Fifteen of all included systematic

reviews (38.5%) were regarded as gray literature, while most of them

(11/15, 73.3%) involved Chinese exercise training. Complete reference

lists were available except for two of the included reviews.48,65 Among

the 37 reviews, there were 376 individual studies included, and the
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8 TSOI ET AL.

calculated CCA was 1.40%, which implied a slight overlap of primary

individual studies (Supplementary S3).

3.3 Comparing Western exercise training with no
exercise in hypertensive patients

Aerobic exercise, resistance exercise, mixed exercise approaches

with both aerobic and resistance exercise, and other general

exercises to promote body movement were classified as western

exercises.

In aerobic exercise training, 11 systematic reviews evaluated the

effectiveness of aerobic exercises, including two systematic reviews

for moderate-intensity continuous training (MICT) and high-intensity

intermittent training (HIIT) (Table 3a). Nine systematic reviews evalu-

ated the effectiveness of aerobic exercise training other than dancing,

MICT and HIIT, eight of them (88.9%) showed a significant reduction

in both SBP ranging from −12.3 to −0.79 mmHg and DBP ranging

from −8.2 to −0.63 mmHg. A systematic review that included 37 orig-

inal studies with a total sample size of 1813 participants showed that

aerobic exercise training can significantly reduce both SBP and DBP

levels (SBP = −8.3 mmHg (95% CI = −10.1 to −6.46 mmHg) and

DBP = −5.19 mmHg (95% CI = −6.24 to −4.14 mmHg).45 Two stud-

ies comparedMICT or HIIT with no exercise, and both of them showed

similar findings that SBP and DBPwould be reduced after 4–16 weeks

of training.44,63

In resistance exercise training, seven systematic reviews evaluated

the effectiveness of resistance exercises, including a systematic review

for an isometric resistance exercise and three systematic reviews for

isometric handgrip exercises (Table3b).All fiveof them (71.4%) showed

a significant reduction in both SBP ranging from −9.1 to −4.7 mmHg

and DBP ranging from −4.0 to −2.4 mmHg. A systematic review

that included 24 original studies with a total sample size of 1143

participants showed that the isometric resistance exercise can signif-

icantly reduce both central SBP and DBP levels (SBP = −7.48 mmHg

(95% CI = −14.89 to −0.07 mmHg) and DBP = −3.75 mmHg (95%

CI = −6.38 to −1.12 mmHg)), as well as office SBP and DBP lev-

els (SBP = −6.97 mmHg (95% CI = −8.77 to −5.18 mmHg) and

DBP=−3.86mmHg (95%CI=−5.31 to−2.41mmHg)).54

In the exercise training with a mixed approach from the compo-

nents of aerobic and resistance exercises (Table 3c), two systematic

reviews20,49 failed to show the benefits of BP reduction after

8−24 weeks of training. On the other hand, a systematic review that

included nine original studies on aquatic exercise with a total sample

size of 387 participants showed that the aquatic exercise training can

significantly reduce both SBP and DBP levels (SBP = −7.53 mmHg

(95% CI = −11.4 to −3.65 mmHg) and DBP = −5.35 mmHg (95%

CI = −9.00 to −1.69 mmHg)).65 Another study evaluated the inter-

vention effect within 24 h after aquatic exercise, and no significant

benefit on BP reduction was observed (Supplementary S4).64 Three

systematic reviews evaluated the benefits of yoga exercise training.

All of them showed a significant reduction in both SBP ranging from

−9.65 to −4.17 mmHg and DBP ranging from −7.22 to −3.06 mmHg.

In dancing therapy, a systematic review showed significant reductions

in both SBP andDBP.39

In general exercises, seven systematic reviews evaluated the effec-

tiveness of general exercise training (Table 3d), four of them (57.1%)

showed a significant reduction in both SBP ranging from −12.8 to

−4.4mmHgandDBPranging from−4.7 to−3.0mmHg.However, a sys-

tematic review that included12original studieswith a total sample size

of 1057 participants demonstrated that general exercise training only

showed a significant reduction inDBP=−3.19mmHg (95%CI=−6.12

to−0.45mmHg)), but not in SBP.48

3.4 Comparing Chinese exercise training with no
exercise in hypertensive patients

Exercise training with Chinese styles of body consciousness, balance

and breathing control were classified as Chinese exercises, includ-

ing Baduanjin, Tai Chi, Qigong or a combined version. Two systematic

reviews43,61 showed that the combined Chinese exercise training can

reduce both SBP and DBP levels. However, these studies did not

further elaborate on the effects of BP reduction by specific type of

Chinese exercises (Table 4).

In Baduanjin exercise training, four systematic reviews evaluated

the effectiveness of this training, all of them (100%) showed a signifi-

cant reduction in both SBP ranging from −8.5 to −1.8 mmHg and DBP

ranging from −4.7 to −1.3 mmHg. A systematic review that included

29 original studies on Baduanjin with a total sample size of 2100 par-

ticipants showed that Baduanjin can significantly reduce both SBP and

DBP levels (SBP = −7.0 mmHg (95% CI = −9.8 to −4.3 mmHg) and

DBP=−4.5mmHg (95%CI=−7.4 to−1.7mmHg)).52

In Tai Chi exercise training, six systematic reviews evaluated

the effectiveness of the Tai Chi, five of them (83.3%) showed a sig-

nificant reduction in both SBP ranging from −12.5 to −1.1 mmHg

and DBP ranging from −6.5 to −0.57 mmHg. However, a system-

atic review that included six original studies on Tai Chi with a total

sample size of 890 participants demonstrated that Tai Chi did not

show significant reductions in BP levels (SBP = −8.3 mmHg (95%

CI = −20.4 to 3.8 mmHg) and DBP = −3.1 mmHg (95% CI = −7.0 to

0.9mmHg)).65

In Qigong exercise training, five systematic reviews evaluated the

effectiveness of the Qigong, three of them (60.0%) showed a signif-

icant reduction in both SBP ranging from −17.4 to −8.9 mmHg and

DBP ranging from −10.2 to −5.0 mmHg. However, two systematic

reviews,52,65 which included three and five studies on Qigong, respec-

tively, demonstrated that Qigong did not show significant reductions

in BP levels. On the other hand, a systematic review on breathing

exercise training that included eight original studies with a total sam-

ple size of 270 participants showed that the breathing exercise with

load training can also significantly reduce both SBP and DBP lev-

els (SBP = −15.7 mmHg (95% CI = −18.6 to −12.8 mmHg) and

DBP=−7.1mmHg (95%CI=−9.0 to−5.1mmHg)).58
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TSOI ET AL. 9

TABLE 3 Studies comparing western exercise training with no exercise in hypertensive patients

No. of

Studies Mean difference of BP (inmmHg)c

(a) Aerobic Exercise (n= 11)

Kelley et at. 1994 9 SBP=−7± 5 /DBP=−6± 2 (changes before and after intervention) and no significant change in control

Wen et al. 2017b 13 SBP=−0.79 (95%CI= :−1.29 to−0.28) /DBP=−0.63 (95%CI=−1.14 to−0.12)

Cao et al. 2019 13 SBP=−12.26 (95%CI=−15.17 to−9.34) /DBP=−6.12 (95%CI=−7.76 to−4.48)

Lee et al. 2020a 37 SBP=−8.29 (95%CI=−10.12 to−6.46) /DBP=−5.19 (95%CI=−6.24 to−4.14)

Saco-Ledo et al. 2020 7

9

7

Overall: SBP=−5.5 (95%CI=−8.1 to−2.8) /DBP=−3.8 (95%CI=−4.9 to−2.6)

Daytime: SBP=−5.0 (95%CI=−7.6 to−2.3) /DBP=−3.5 (95%CI=−5.1 to−1.9)

Nighttime: SBP=−3.8 (95%CI=−6.4 to−1.3) /DBP=−2.9 (95%CI=−4.1 to−1.6)

Sardeli et al. 2020 11 SBP=−12.3 (95%CI=−16.4 to−8.2) /DBP=−4.3 (95%CI=−6.0 to−2.7)

Park et al. 2021 3 SBP=−9.43 (95%CI=−13.63 to−5.23) /DBP=−5.90 (95%CI=−7.69 to−4.11)

de Barcelos et al. 2022 12

12

Training with progression: SBP=−10.7 (95%CI=−15.4 to−5.9) /DBP=−5.5 (95%CI=−8.7 to−2.3)

Training without progression: SBP=−10.2 (95%CI=−12.2 to−8.1) /DBP=−6.5 (95%CI=−9.1 to

−3.9)

Dassanayake et al. 2022 4 SBP=−12.1 (95%CI=−21.1 to−3.0) /DBP=−8.2 (95%CI=−14.8 to−1.6)

- MICT

Leal et al. 2020 6 SBP=−3.7 (95%CI=−4.8 to−2.6) /DBP=−2.4 (95%CI=−3.7 to−1.1)

Lu et al. 2022 12 SBP=−7.96 (95%CI=−14.09 to−2.25) /DBP=−5.04 (95%CI=−8.77 to−0.94)

- HIIT

Leal et al. 2020 6 SBP=−5.6 (95%CI=−9.6 to−1.7) /DBP=−4.8 (95%CI=−6.7 to−2.9)

Lu et al. 2022 12 Low-volumeHIIT: SBP=−7.27 (95%CI=−11.53 to−2.51) /DBP=−3.41 (95%CI=−5.99 to−0.40)

High-volumeHIIT: SBP=−7.21 (95%CI=−14.41 to−0.14) / DBP=−3.73 (95%CI=−7.67 to 0.88)

(b) Resistance Exercise (n= 7)

Saco-Ledo et al. 2020 3

4

3

Overall: SBP= 0.5 (95%CI=−1.1 to 2.1) / DBP= 0.5 (95%CI=−0.6 to 1.6)

Daytime: SBP= 1.3 (95%CI=−2.2 to 4.8) / DBP= 0.1 (95%CI=−2.1 to 2.2)

Nighttime: SBP=−3.7 (95%CI=−6.4 to−0.9) / DBP=−1.9 (95%CI=−4.6 to 0.8)

Sardeli et al. 2020 8 SBP=−6.8 (95%CI=−8.4 to−5.2) /DBP=−3.5 (95%CI=−4.22 to−2.85)

Igarashi 2022 17 SBP=−4.7 (95%CI=−6.7 to−2.8) /DBP=−3.5 (95%CI=−4.9 to−2.1)

- Isometric Resistance

Hansford et al. 2021a 24 Office BP: SBP=−6.97 (95%CI=−8.77 to−5.18) /DBP=−3.86 (95%CI=−5.31 to−2.41)

Central BP: SBP=−7.48 (95%CI=−14.89 to−0.07) /DBP=−3.75 (95%CI=−6.38 to−1.12)

24 h ABP: SBP=−2.74 (95%CI=−6.74 to 1.25) / DBP=−2.39 (95%CI=−4.38 to−0.40)

- Isometric Handgrip

Farah et al. 2017 5 Four of the five studies on the chronic effect of exercise showed a reduction in SBP (reduction ranges

from 5-19mmHg); one study showed a reduction in DBP (6mmHg) but unchanged in others

Loaiza-Betancur et al. 2020 11 SBP=−5.43 (95%CI=−8.47 to−2.39) /DBP=−2.41 (95%CI=−4.33 to−0.48), i.e., Low intensity

training

Almeida et al. 2021 6 SBP=−9.10 (95%CI=−11.39 to−6.8) /DBP=−4.01 (95%CI=−7.96 to−0.05)

(c) Mixed Approach (n= 6)

- Aquatic exercise

Zhu et al.2022a 9 SBP=−7.53 (95%CI=−11.40 to−3.65) /DBP=−5.35 (95%CI=−9.00 to−1.69)

- Combined aerobic and resistance exercise

Saco-Ledo et al. 2020 4

3

4

Overall: SBP=−9.6 (95%CI=−20.7 to 1.5) / DBP=−4.3 (95%CI=−10.8 to 2.2)

Daytime: SBP=−10.4 (95%CI=−23.7 to 2.9) / DBP=−6.0 (95%CI=−14.7 to 2.7)

Nighttime: SBP=−7.3 (95%CI=−21.6 to 7.1) / DBP=−4.0 (95%CI=−11.0 to 2.9)

Sardeli et al. 2020 3 SBP=−23.47 (95%CI=−47.42 to 0.48) /DBP=−8.9 (95%CI=−15.02 to−2.78)

- Yoga

Hagins et al. 2013 17 SBP=−4.17 (95%CI=−6.35 to−1.99) /DBP=−3.62 (95%CI=−4.92 to−1.60)

Cramer et al. 2014 6 SBP=−9.65 (95%CI=−17.23 to−2.06) /DBP=−7.22 (95%CI=−12.83 to−1.62)

Zhu et al.2022a 10 SBP=−5.09 (95%CI=−9.28 to−0.89) /DBP=−3.06 (95%CI=−5.16 to−0.96)

(Continues)
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10 TSOI ET AL.

TABLE 3 (Continued)

No. of

Studies Mean difference of BP (inmmHg)c

- Dance Therapy

Conceição et al. 2016 4 SBP=−12.01 (95%CI=−16.08 to−0.794) / DBP=−3.38 (95%CI=−4.81 to−1.94)

(d) General Exercise (n= 7)

Williamson et al. 2016 10

5

At 3-6months: SBP=−4.40 (95%CI=−5.78 to−3.01) /DBP=−4.17 (95%CI=−5.42 to−2.93)

At/beyond 12months: SBP=−1.02 (95%CI=−2.34 to 0.29) / DBP=−0.91 (95%CI=−1.85 to 0.02)

Noone et al. 2020a 12 SBP=−5.51 (95%CI==−10.63 to 0.17) /DBP=−3.19 (95%CI==−6.12 to−0.45)

Saco-Ledo et al. 2020 12

13

11

Overall: SBP=−5.4 (95%CI==−9.2 to−1.6) /DBP=−3.0 (95%CI==−5.4 to−0.6)

Daytime: SBP=−4.5 (95%CI=−6.6 to−2.3) /DBP=−3.2 (95%CI=−4.8 to−1.5)

Nighttime: SBP=−4.7 (95%CI=−8.4 to−1.0) /DBP=−3.1 (95%CI=−5.3 to−0.9)

Sardeli et al. 2020 17 SBP=−12.8 (95%CI=−16.5 to−9.1) /DBP=−4.7 (95%CI=−6.1 to−3.4)

Park et al. 2021 8 SBP=−5.25 (95%CI=−8.39 to−2.12) /DBP=−3.16 (95%CI=−4.91 to−1.30)

Dassanayake et al. 2022 4 SBP=−9.88 (95%CI=−17.62 to−2.14) / DBP=−6.24 (95%CI=−12.56 to 0.17)

Lu et al. 2022 12 SBP=−2.78 (95%CI=−10.06 to 4.49) / DBP=−2.65 (95%CI=−6.86 to 1.93)

Note: Results with statistical significance are inBold.
Abbreviations: BP, blood pressure; CI, confidence interval; DBP, diastolic blood pressure; HIIT, high-intensity intermittent training;MICT,moderate-intensity

continuous training; SBP, systolic blood pressure.
aGray literature.
bStandardizedmean difference is used.
cNegative blood pressure value denotes lower blood pressure with intervention.

3.5 Comparing among different types of exercise
training in hypertensive patients

The above systematic reviews summarized the effectiveness of dif-

ferent types of exercise training against a control group. While we

can appreciate a difference in effectiveness among different exercises,

there were also systematic reviews reporting comparisons among

various types of exercise training on BP reduction (Table 5).

Four systematic reviews compared differentwestern exercise train-

ing, with three of them comparing HIIT to MICT. Despite the higher

exercise intensity with HIIT, there was no additional benefit of HIIT

compared to MICT in terms of BP reduction. The difference ranged

from −1.1 to 0.77 mmHg in SBP and from −1.6 to 1.66 mmHg in

DBP. The remaining systematic review compared isometric resistance

to aerobic exercise training, which also suggested no difference in

reducing BP between these two exercises (SBP = 3.36 mmHg (95%

CI = −7.22 to 13.94 mmHg) and DBP = 2.17 mmHg (95% CI = −0.45

to 4.80mmHg)).54

Five other systematic reviews compared Chinese to Western exer-

cise training, with three focused on Qigong. Effects of Qigong training,

compared to either general or aerobic exercise training, on BP ranged

from −1.02 to 6.51 mmHg in SBP and from −0.44 to 1.5 mmHg

in DBP. Only one systematic review showed statistically higher SBP,

but not DBP, with Qigong training when compared to general exer-

cise training (SBP = 6.51 mmHg (95% CI = 2.81 to 10.21 mmHg)

and DBP = 0.67 mmHg (95% CI = −1.39 to 2.73 mmHg)).37 Two

systematic reviews evaluated effectiveness of Tai Chi compared to

general or aerobic exercise training. While one systematic review24

showed lower BP level with Tai Chi when compared to general exer-

cise training (SBP = −7.9 mmHg (95% CI = −14.2 to −1.7 mmHg)

and DBP = −3.9 mmHg (95% CI = −6.5 to −1.2 mmHg)), the other

one55 failed to show a difference when compared to aerobic exer-

cise training (SBP = −0.4 mmHg (95% CI = −1.62 to 0.81 mmHg) and

DBP=−0.11mmHg (95%CI=−1.06 to 0.83mmHg)).

3.6 Comparing exercise training with
anti-hypertensive drugs in hypertensive patients

Four systematic reviews evaluated effectiveness of exercise train-

ing against anti-hypertensive drugs (Supplementary S5). Noone et al.

reported higher though insignificant SBP and DBP with general exer-

cise training than with any types of anti-hypertensive drugs in a

network meta-analysis with 93 studies on 32 404 participants.48

Another meta-analysis on Baduanjin training also showed no differ-

ence in SBP and DBP when comparing to anti-hypertensive drugs.38

However, one meta-analysis on Qigong training37 showed significant

reduction in DBP but not SBP (SBP = −7.91 mmHg (95% CI = −16.81

to 1.00 mmHg) and DBP = −6.08 mmHg (95% CI = −9.58 to

−2.58 mmHg)), while another focusing on Tai Chi training24 demon-

strated significant reduction in both SBP and DBP (SBP = −9.1 mmHg

(95% CI = −14.0 to −4.1 mmHg) and DBP = −5.6 mmHg (95%

CI=−8.8 to−2.4mmHg)).

4 DISCUSSION

Physical activities, such as aerobic, resistance and Chinese exer-

cise training, have been shown to be effective for blood pressure
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TSOI ET AL. 11

TABLE 4 Studies comparing Chinese exercise training with no exercise in hypertensive patients (n= 15)

Study

No. of

Studies Mean difference of BP (inmmHg)c

- Baduanjin

Xiong et al. 2015 (b)a 4 SBP=−7.49 (95%CI=−11.39 to−3.59) /DBP=−3.55 (95%CI=−5.25 to−1.85)

Guan et al. 2020 (b)a,b 5 SBP=−1.80 (95%CI=−2.86 to−0.73) /DBP=−1.28 (95%CI=−2.00 to−0.57)

Shao et al. 2020a 14 SBP=−8.52 (95%CI=−10.65 to−6.40) /DBP=−4.65 (95%CI=−6.55 to−2.74)

Dai et al. 2021a 29 SBP=−7.03 (95%CI=−9.80 to−4.26) /DBP=−4.51 (95%CI=−7.38 to−1.65)

- Breathing Exercise

da Silva et al. 2021 2

5

Load training: SBP=−15.72 (95%CI=−18.63 to−12.81) /DBP=−7.08 (95%CI=−9.03 to−5.13)

Unload training: SBP=−5.08 (95%CI=−7.49 to−2.66) / DBP=−1.04 (95%CI=−2.55 to 0.46)

- Tai Chi

Guan et al. 2020 (a) 13 SBP=−6.58 (95%CI=−8.14 to−5.02) /DBP+=−0.57 (95%CI=−0.77 to−0.37)

Liang et al. 2020a 15 SBP=−12.47 (95%CI=−16.00 to−8.94) /DBP=−6.46 (95%CI=−8.28 to−4.64)

Zhong et al. 2020a 9 SBP=−14.8 (95%CI=−19.6 to−10.0) /DBP=−7.0 (95%CI=−9.1 to−5.0)

Dai et al. 2021a 16 SBP=−12.42 (95%CI=−15.29 to−9.55) /DBP=−7.58 (95%CI=−10.15 to−4.96)

Pan et al. 2021a,b 24 SBP=−1.05 (95%CI=−1.44 to−0.67) /DBP=−0.91 (95%CI=−1.24 to−0.58)

Zhu et al.2022a 6 SBP=−8.31 (95%CI=−20.39 to 3.77) / DBP=−3.05 (95%CI=−6.96 to 0.87)

- Qigong

Dai et al. 2021a 3 SBP=−4.16 (95%CI=−10.09 to 1.77) / DBP=−3.07 (95%CI=−8.61 to 2.47)

Lee et al. 2007 2 SBP=−12.1 (95%CI=−17.1 to−7.0) /DBP=−8.5 (95%CI=−12.6 to−4.4)

Xiong et al. 2015 (a)a 3

5

Without anti-hypertensive drug: SBP=−17.40 (95%CI=−21.06 to−13.74) /DBP=−10.15 (95%

CI=−13.99 to−6.30)

With anti-hypertensive drug: SBP=−11.99 (95%CI=−15.59 to−8.39) /DBP=−5.28 (95%CI=−8.13

to−2.42)

Dong et al. 2021a 10 SBP=−8.90 (95%CI=−12.13 to−5.67) /DBP=−5.02 (95%CI=−7.88 to−2.17)

Zhu et al.2022a 5 SBP=−4.34 (95%CI=−13.51 to 4.82) / DBP=−3.44 (95%CI=−7.89 to 1.01)

- Combined Chinese Exercise

Jin et al. 2019a 14 SBP=−13.19 (95%CI=−16.30 to−10.08) /DBP=−5.47 (95%CI=−7.76 to−3.18)

Ge et al. 2022a,b 30 SBP=−0.994 (95%CI=−1.239 to−0.748) /DBP=−0.757 (95%CI=−1.009 to−0.505)

Note: Results with statistical significance are inBold.
Abbreviations: BP, blood pressure; CI, confidence interval; DBP, diastolic blood pressure; HIIT, high-intensity intermittent training;MICT,moderate-intensity

continuous training; SBP, systolic blood pressure.
aGray literature.
bStandardizedmean difference is used.
cNegative blood pressure value denotes lower blood pressure with intervention.

reduction. This overview of systematic reviews summarized the

effectiveness across different types of physical activity training,

including Chinese exercises, and demonstrated that exercise training

with Chinese styles of body consciousness, balance and breathing

control are effective in helping our patients in better management of

hypertension.

Reduction in BP by exercise training can be explained by nitric

oxide and prostacyclin production from vascular endothelium as a

results of exercising, which results in vasodilation via relaxation of

vascular smooth muscle cells and therefore lower BP.67 Exercise also

reduces muscle sympathetic nerve activity and improves sympathetic

baroreflex function.68 Chinese exercises, which stress on mind-body

consciousness and breathing control, show to shift the balance of

autonomic nervous system from sympathetic to parasympathetic, thus

leading to lower BP.69–71 Moreover, risk of hypertension increases

with body weight. Weight reduction by lifestyle modification, includ-

ing increased physical activity, was shown to reduce both SBP and

DBP.72 Therefore, weight reduction could have played a mediator role

with exercise intervention in BP reduction. Two38,56 of our included

systematic reviews reported reduced body-mass index with exercise

intervention as secondary outcomes, yet there was no further expla-

nation on the relationship among exercise training, change in body

weight and BP change in both systematic reviews. Another umbrella

review73 demonstrated additional benefit other than BP reduction

with exercise training in hypertensive older population. It was shown

that exercise training improved cardiorespiratory fitness, increased

muscle strength, reduced body weight and fat mass, and also reduced

triglyceride level in older adults aged above 50 years old. This implies
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12 TSOI ET AL.

TABLE 5 Studies comparing among different types of exercise training in hypertensive patients

Study

No. of

studies

Intervention

group

Comparison

group Mean difference of BP (inmmHg)c

Comparison of theWestern exercises

Costa et al. 2018 8 HIIT MICT SBP=−0.22 (95%CI=−5.36 to 4.92) / DBP=−0.38 (95%CI=−3.31 to 2.54)

Leal et al. 2020 15 SBP=−1.1 (95%CI=−2.3 to 0.0) /DBP=−1.6 (95%CI=−2.4 to−0.8)

Lu et al. 2022 12 Low-volumeHIIT: SBP= 0.69 (95%CI=−2.86 to 5.03) / DBP= 1.66 (95%

CI=−1.15 to 4.35)

High-volumeHIIT: SBP= 0.77 (95%CI=−4.63 to 6.19) / DBP= 1.37 (95%

CI=−1.75 to 4.60)

Hansford et al. 2021a 3 Isometric

resis-

tance

Aerobic

exercise

SBP= 3.36 (95%CI=−7.22 to 13.94) / DBP= 2.17 (95%CI=−0.45 to 4.80)

Comparison between Chinese andWestern

exercises

Lee et al. 2007 2 Qigong General

exercise

SBP= 1.4 (95%CI=−2.6 to 5.4) / DBP= 1.5 (95%CI=−1.0 to 4.1)

Xiong et al. 2015 (a)a 2 SBP= 6.51 (95%CI= 2.81 to 10.21) / DBP= 0.67 (95%CI=−1.39 to 2.73)

Dong et al. 2021a 3 Aerobic

exercise

SBP=−1.02 (95%CI=−7.71 to 5.67) / DBP=−0.44 (95%CI=−5.06 to 4.19)

Pan et al. 2021a,b 3 Tai Chi SBP=−0.4 (95%CI=−1.62 to 0.81) / DBP=−0.11 (95%CI=−1.06 to 0.83)

Zhong et al. 2020a 5 General

exercise

SBP=−7.9 (95%CI=−14.2 to−1.7) /DBP=−3.9 (95%CI=−6.5 to−1.2)

Note: Results with statistical significance are inBold.
Abbreviations: BP, blood pressure; CI, confidence interval; DBP, diastolic blood pressure; HIIT, high-intensity intermittent training;MICT,moderate-intensity

continuous training; SBP, systolic blood pressure.
aGray literature.
bStandardizedmean difference is used.
cNegative blood pressure value denotes lower blood pressure with intervention.

that there are more benefits by exercise training other than BP reduc-

tion that worth considering when recommending exercise training in

hypertensive subjects.

The effect of meditation and exercise training on BP management

have been reported in many studies.65,74 Chinese exercise consists of

a series of exercises, such as meditation, breathing, rhythmical move-

ments, and focus of intention. Tai Chi is good for the elders to enhance

bodybalance and awareness.75 Qigong, similar to Tai Chi, further trains

up internal energy, that is, Qi, through the body.76 The concept of

Qi is similar to the breathing training in the western exercise. There-

fore, a systematic review that evaluated breathing exercise was also

included as part of the Chinese exercise.58 A network meta-analysis

of 19 randomized controlled trials showed that Qigong might be the

optimal exercise for lowering SBP and DBP in hypertensive patients.77

Similar findings are observed in this study, but Tai Chi and Baduanjin

demonstrated a stronger benefit of reducing BP levels. However, the

definitions of Qigong were not clearly stated across the studies, so the

literature showed inconsistent conclusions. Regular exercise with Tai

Chi, compared with the use of anti-hypertensive medications, demon-

strated a significant reduction in both SBP andDBP.24 Included studies

covered both stage 1 and stage 2 hypertensive patients. A further sub-

group analysis suggested the BP reduction against anti-hypertensive

drugs was consistent across patients aged under and above 50 years

old.

Aerobic exercise and resistance training had already been demon-

strated to be effective for lowering SBP and DBP in hypertensive

treatment.21,62,65 In this overview, there weremore studies on aerobic

exercise training that demonstrated BP levels reduction than studies

on resistance training. The training details of resistance exercises were

inconsistent, resulting in different conclusions across the systematic

reviews. Therefore, a standardized resistance exercise protocol with

considerations of the muscle resistance level and training duration is

recommended. Yoga is an exercise that incorporates postures, breath

control, andmeditation.78 Aquatic exercise is a low-impact activity that

takes the pressure off your bones, joints andmuscles.Water also offers

natural resistance, which can help strengthen muscles.79 Both exer-

cises were treated as a combined approach with standardized training

formats that showed benefits in reducing BP levels.

Within the aerobic exercise, comparable BP benefit was shown

with MICT and HIIT. By its definition, HIIT comprises bouts of high

intensity exercises which are typically lasting for seconds to minutes.

In a scoping review80 on the impact of HIIT in elderly population,

it was demonstrated that HIIT is tolerable and feasible in the older

population, with greater benefit on cardiorespiratory fitness, such as

peak oxygen uptake, when compared to MICT. Despite the compara-

ble impact on blood pressure between MICT and HIIT, HIIT could also

be considered as choice of exercise training with additional benefit in

cardiorespiratory fitness.80
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This overview of systematic reviews included a relatively large sam-

ple size comparing evidence of 14 types of physical exercises from 39

studies. However, this study still has several limitations. First, the def-

initions of exercises, length of follow-up, and duration of the training

were heterogeneous across the systematic reviews. Frequency, inten-

sity, time and type (FITT) of exercise training has shown to be associ-

atedwith the effect size of BP reduction.81 One review82 evaluated the

methodological quality of meta-analyses relating to exercise training

and BP reduction, and discussed the importance of considering FITT

in exercise training reducing BP. Similarly, within the type of resistance

exercise training, Igarashi62 attempted to explore the relationship of

BP and resistance training-related variables. It was demonstrated from

a meta-regression analysis that increase in percentage 1 repetition

maximum was associated with decrease in SBP, which was suggestive

that moderate to heavy loads may be more beneficial than light loads

in regular resistance training. Although the intensity and volume of the

exercise training are important to demonstrate the exercise efficiency,

they were not available in this secondary analysis of published articles.

We also explored a sensitivity analysis on studies with at least 4 weeks

of follow-up, the overall conclusion remained the same. Second, some

systematic reviews included both randomized and non-randomized

studies. Non-randomized studiesmight induce selection bias, when the

participants had a personal preference in selecting intervention. Third,

some Chinese exercises studies were collected from papers in Chinese

journals, while some were collected from postgraduate thesis. Despite

the comprehensive quality assessment with AMSTAR-2, there is not

an item on assessing the individual quality of included studies in the

systematic review, such as inclusion of gray literature. Assessment on

gray literature should be considered in future review and amendment

of AMSTAR-2. Fourth, original studies might be included several times

in different systematic reviews. Consequently, results from some

individual studies might be included twice. Therefore, the references

of systematic reviews were cross-checked and 104 studies (out of

376 individual primary studies, 28%) were cited more than once. We

also adopted CCA for reporting overlapping of individual studies83

and concluded that there was only a slight overlap of individual

studies in included reviews. Furthermore, not all systematic reviews

controlled for other confounding factors, such as dietary restriction or

standardization of antihypertensive drug use. Finally, althoughmost of

the systematic reviews were published in recent years, some original

articles might still be missed if they are published after the systematic

reviews.

This overview of systematic reviews summarized the effectiveness

of physical exercise training for hypertension management. Besides

aerobic and resistance exercises, exercises with Chinese styles of body

consciousness, balance and breathing control are also shown to be

beneficial for BP reduction. Personalized healthcare management

requires the development of exercise training protocols with the

consideration of exercise frequency and duration. Chinese exercises,

such as Qigong and Tai Chi, can be treated as lower-intensity aerobic

exercises that may be more suitable for the middle-aged and elderly

population. In the current article, Chinese exercises were mainly

enrolled in the Asian population. Future studies are recommended

to investigate the benefits of Chinese exercises in the Western

population.
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