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SYSTEMATIC REVIEW AND META-ANALYSIS

Nonpharmacologic Interventions for 
Reducing Blood Pressure in Adults 
With Prehypertension to Established 
Hypertension
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Lin Zhu, PhD; Fulan Hu , PhD; Xia Li, PhD; Shuhan Meng, PhD; Ran Yan, MSc; Suhua Zhao, MSc;  
Justina Ucheojor Onwuka, MPH; Baofeng Yang, PhD; Dianjun Sun, PhD; Yashuang Zhao , PhD

BACKGROUND: Nonpharmacologic interventions that modify lifestyle can lower blood pressure (BP) and have been assessed 
in numerous randomized controlled trials and pairwise meta-analyses. It is still unclear which intervention would be most 
efficacious.

METHODS AND RESULTS: Bayesian network meta-analyses were performed to estimate the comparative effectiveness of differ-
ent interventions for lowering BP. From 60 166 potentially relevant articles, 120 eligible articles (14 923 participants) with a me-
dian follow-up of 12 weeks, assessing 22 nonpharmacologic interventions, were included. According to the surface under the 
cumulative ranking probabilities and Grading of Recommendations Assessment, Development and Evaluation (GRADE) qual-
ity of evidence, for adults with prehypertension to established hypertension, high-quality evidence indicated that the Dietary 
Approach to Stop Hypertension (DASH) was superior to usual care and all other nonpharmacologic interventions in lowering 
systolic BP (weighted mean difference, 6.97 mm Hg; 95% credible interval, 4.50–9.47) and diastolic BP (weighted mean 
difference, 3.54 mm Hg; 95% credible interval, 1.80–5.28). Compared with usual care, moderate- to high-quality evidence 
indicated that aerobic exercise, isometric training, low-sodium and high-potassium salt, comprehensive lifestyle modification, 
breathing-control, and meditation could lower systolic BP and diastolic BP. For patients with hypertension, moderate- to high-
quality evidence suggested that the interventions listed (except comprehensive lifestyle modification) were associated with 
greater systolic BP and diastolic BP reduction than usual care; salt restriction was also effective in lowering both systolic BP 
and diastolic BP. Among overweight and obese participants, low-calorie diet and low-calorie diet plus exercise could lower 
more BP than exercise.

CONCLUSIONS: DASH might be the most effective intervention in lowering BP for adults with prehypertension to established 
hypertension. Aerobic exercise, isometric training, low-sodium and high-potassium salt, comprehensive lifestyle modification, 
salt restriction, breathing-control, meditation and low-calorie diet also have obvious effects on BP reduction.
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Hypertension is an important worldwide public 
health problem. As populations age, adopt un-
healthy lifestyles, and increase their body weight, 

the number of people with hypertension will continue 
to increase, reaching close to 1.5  billion by 2025.1 
Studies have proven that hypertension is a strong 
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risk factor for severe cardiovascular events, including 
myocardial infarction and stroke, if uncontrolled.2–4 
Compared with people who are normotensive, pa-
tients with prehypertension have a higher risk of de-
veloping sustained hypertension and cardiovascular 
disease.5,6 Pharmacotherapy with first-line antihyper-
tensive agents has significant effects in lowering blood 

pressure (BP)7 but also has side effects, treatment re-
sistance, and financial burden.8 Effective, widely avail-
able, low-cost, and sustainable strategies are needed 
to prevent and manage hypertension.

Numerous randomized controlled trials (RCT), sys-
tematic reviews, and meta-analyses have assessed 
the BP-lowering effects of nonpharmacologic interven-
tions.9–11 US, Canadian, and European guidelines for 
hypertension recommend different nonpharmacologic 
interventions to prevent and manage hypertension.12–14 
However, their suggestions were based on traditional 
meta-analysis, which can only compare the relative 
efficacy of pairs of interventions. A study that can 
compare the BP-lowering effects of different nonphar-
macologic interventions comprehensively is urgently 
needed to provide concrete evidence of the practice of 
nonpharmacologic interventions. Network meta-anal-
yses can synthesize direct and indirect evidence in a 
network of studies that compare multiple interventions. 
This approach has the potential to rank the competing 
treatments according to the studied outcome and de-
termine the best available option for intervention.15–17

The aim of our study was to assess the comparative 
effectiveness of different nonpharmacologic interven-
tions for reducing BP in adults with prehypertension to 
established hypertension and to determine the most 
efficacious intervention.

METHODS
This network meta-analysis is reported according to 
the Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) extension statement 
for reporting of systematic reviews incorporating net-
work meta-analyses of healthcare interventions.18 All 
supporting data are available within the article and its 
online supplementary files. The study protocol can be 
found online (https://www.crd.york.ac.uk/PROSP ERO/
displ ay_record.php?Recor dID=67522). An extended 
description of the methods is reported in Data S1.

Search Strategies, Eligibility Criteria, and 
Information Sources
We searched PubMed, Embase, Cochrane Central 
Register of Controlled Trials, Clini calTr ials.gov, and 
the EU Clinical Trials Register up to July 1, 2019, 
to identify eligible studies. We limited searches to 
English-language publications and supplemented 
them by perusing reference lists of reviews and re-
trieved literature. The search strategies are presented 
in Data S1.

We included RCTs of at least 4  weeks’ duration 
that compared the BP-lowering effects of nonphar-
macologic interventions for adult patients (aged ≥18 
years) with primary hypertension or prehypertension. 

CLINICAL PERSPECTIVE

What Is New?
• Single interventions including Dietary Approach 

to Stop Hypertension (DASH; ranked first), aero-
bic exercise, isometric training, low-sodium and 
high-potassium salt, salt restriction, breathing-
control, and meditation are associated with ef-
fective reduction of systolic blood pressure and 
diastolic blood pressure.

• Comprehensive lifestyle modification, as a com-
bined intervention, can lower both systolic and 
diastolic blood pressure effectively.

• For patients who are overweight and obese, 
low-calorie diet or low-calorie diet plus exercise 
could lower blood pressure levels more than ex-
ercise alone.

What Are the Clinical Implications?
• High-quality evidence suggests that DASH 

might be the most effective intervention to lower 
blood pressure for adults with prehypertension 
to established hypertension.

• Aerobic exercise, isometric training, low-
sodium and high-potassium salt, compre-
hensive lifestyle modification, salt restriction, 
breathing-control, and meditation should also 
be recommended to lower blood pressure for 
patients with hypertension who are receiving 
pharmacotherapy.

• Weight loss from low-calorie diet or low-calorie 
diet plus exercise could lower blood pressure 
level more than exercise alone among people 
who are overweight and obese.

Nonstandard Abbreviations and Acronyms

CrI credible interval
DASH Dietary Approach to Stop Hypertension
DBP diastolic blood pressure
GRADE  Grading of Recommendations 

Assessment, Development and 
Evaluation

SBP systolic blood pressure
SUCRA surface under the cumulative ranking
WMD weighted mean difference

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=67522
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=67522
http://ClinicalTrials.gov
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Patients with hypertension were defined as those 
with office systolic BP (SBP) ≥140  mm  Hg and/or 
diastolic BP (DBP) ≥90  mm  Hg without taking an-
tihypertensive medication or those with established 
hypertension using antihypertensive medication, 
even if BP was <140/90 mm Hg.14 Prehypertension 
was defined as an office SBP of 120 to 139 mm Hg 
and/or DBP of 80 to 89  mm  Hg, according to the 
Joint National Committee in the Seventh Report.19 
Eligible interventions were different nonpharmaco-
logic therapies. Comparators were other nonphar-
macologic therapies or usual care as a control. We 
excluded studies that enrolled participants who had 
a history of heart failure, renal disease, stroke, seri-
ous mental or physical illness, malignancy, diabetes 
mellitus, or metabolic syndrome. We also excluded 
studies that focused on postmenopausal or pregnant 
women or single-sex populations. However, studies 
that focused on participants who used alcohol habit-
ually or who were overweight or obese were included 
because those features could be modified.

Study Selection and Data Collection 
Process
Two reviewers (Y.L. and D.L.) independently screened 
the titles and abstracts of all potentially eligible studies. 
Three reviewers (J.F., L. Zhang, and L. Zhou) performed 
full-text review to identify studies that met all criteria for 
inclusion in the quantitative synthesis. Disagreements 
were resolved by discussion.

Pairs of independent reviewers extracted relevant 
data from each eligible study in duplicate, and dis-
crepancies were resolved by discussion among re-
viewers. We extracted data on characteristics and 
demographics of study participants, mean baseline 
and follow-up SBP and DBP, dropout, and other 
information.

End Points and Handling of Missing Data
Reductions of SBP and DBP after intervention were 
separately evaluated as co–primary end points, and 
the summary estimates were calculated by using the 
mean difference and SE. If the SEs of the mean differ-
ences were not available from included articles, we ei-
ther estimated SEs based on the sample size, median, 
and range20 or based on the mean difference, sample 
size, and P value.21 We also imputed these data by es-
timsting correlation coefficient values between base-
line and follow-up.21

Statistical Analysis
Traditional meta-analyses were conducted using a 
random-effects model for every direct comparison.22 
Next, Bayesian random-effects network meta-analyses 

were performed using the GeMTC package (R 3.4.3) 
based on the Markov-chain Monte Carlo method.23,24 
Comparative effect estimates are presented as the 
weighted mean difference (WMD) and 95% credible 
interval (CrI) because all end points were continuous 
variables. Trace plots and the Brooks–Gelman–Rubin 
statistic were assessed to ensure convergence.25 
Network consistency between direct and indirect evi-
dence was analyzed by the node-splitting method, and 
its bayesian P value was reported.26 Statistical hetero-
geneity of studies and the global heterogeneity of net-
work meta-analysis were also examined using the I2 
statistic.27

The relative rankings of different nonpharmaco-
logic interventions were calculated using surface 
under the cumulative ranking (SUCRA) probabilities 
and were presented graphically (WinBUGS 1.4.3 
[BUGS Project] and Stata 14.0 [StataCorp]).28 
Sensitivity analyses were conducted by omitting data 
from specific studies, including studies with high risk 
of bias, studies started before 1999 (international 
diagnostic criteria for hypertension were issued by 
the World Health Organization in 1999),29 studies 
with end points of home BP or 24-hour ambulatory 
BP, or studies targeted to special population (par-
ticipants who used alcohol habitually or who were 
overweight or obese). Metaregression analyses were 
also performed by adding covariates (mean or me-
dian age, mean body mass index [BMI], proportion 
of participants taking antihypertensive medicine, and 
proportion of female patients). In addition, subgroup 
network meta-analyses were conducted in different 
subgroups defined by study duration or region of or-
igin of study participants. Because all analyses were 
based on bayesian framework, no multiplicity was 
adjusted. Publication bias was assessed using the 
comparison-adjusted funnel plot and the netfunnel 
command (Stata 14.0).30

Risk-of-Bias Assessment and Certainty of 
Evidence
Two reviewers (J.F. and L. Zhang) assessed the risk 
of bias separately for each included study using the 
Cochrane risk-of-bias tool (RevMan 5.3).31 They also 
assessed the quality of evidence contributing to each 
direct, indirect, and network estimate independently 
using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) method of net-
work meta-analysis.32,33 Discrepancies were resolved 
by discussion with another reviewer (Y.L.).

RESULTS
A total of 60 166 articles were identified in the initial 
systematic search, and 888 potentially eligible articles 



J Am Heart Assoc. 2020;9:e016804. DOI: 10.1161/JAHA.120.016804 4

Fu et al Nonpharmacologic Interventions for Hypertension

were retrieved as full text. Overall, 120 articles (corre-
sponding to 126 RCTs) with 14 923 participants met 
the inclusion criteria and were included in the network 
meta-analysis (Figure 1).

Study Characteristics
This network meta-analysis covered 22 nonpharma-
cologic interventions including dietary approaches, 
physical exercise, approaches to reduce stress or 
lose weight, restriction of alcohol intake, combined 
interventions, and comprehensive lifestyle modifi-
cation. All 22 interventions have been practiced in 

clinical or community trials, and brief descriptions 
and median intensity of all interventions and usual 
care are presented in Table  1.34–63 Baseline and 
basic characteristics of included studies are pre-
sented in Table S1. Overall, 8530 participants were 
randomly assigned to intervention groups and 6393 
to usual care; the mean age of all participants was 
51.2 years; the median proportion of female patients 
was 0.49 (range, 0.05–0.88); median study duration 
was 12 weeks (range, 4–144); studies recruited par-
ticipants from Europe (49.20%), the United States 
(24.60%), Asia (13.49%), and Africa (3.18%), and in-
cluded Black Americans (9.53%); of 126 included 

Figure 1. PRISMA flow chart of the study selection for the network meta-analysis.
*In case of multiple publications from the same population, only the study with the largest sample size was included. For studies published 
more than once, only the study with the most informative and complete data was included. Any additional publications were excluded to 
avoid double counting data from the same trial. PRISMA indicates Preferred Reporting Items for Systematic Reviews and Meta-analyses.
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Table 1. Coding Guide for Components of Nonpharmacologic Interventions

Intervention/Abbreviation Brief Descriptions Median Intensity

Dietary approach

DASH34,35 Participants’ diet strictly follows the DASH eating pattern, which recommends a diet 
rich in fruits, vegetables, whole grains, and low-fat dairy with reduced sodium and 
saturated and total fat content

Eating on the DASH pattern 
every day

Low-sodium and high-
potassium salt36,37

Participants receive either a salt substitute (25%−30% potassium chloride, 50%−65% 
sodium chloride, and 5%–10% calcium and magnesium sulfate) to cover all cooking, or 
test food cooked using salt substitution

5 g of low-sodium and high-
potassium salt every day

Salt restriction38,39 The goal is to restrict daily sodium intake <100 mmol (5.85 g salt). Professional 
instructors give participants detailed advice about how to reduce their salt intake and 
to avoid foods that contain large amount of salt and also offer metric salt-spoon or 
placebo to participants

Restrict sodium intake 
<100 mmol (5.85 g salt) every 
day

Physical exercise

Aerobic exercise40,41 Participants are supervised by project staff to perform exercise (eg, treadmill or brisk 
walking, jogging, bicycle training, swimming, ball games), at least 30 min/time; almost 
all were moderate or high intensity (60%–90% of the maximum heart rate or maximum 
oxygen consumption)

3 d/wk, 50 min/time

Isometric training42,43 Participants perform isometric training, which involves sustained contraction against 
an immovable load or resistance with no or minimal change in length of the involved 
muscle group. Training consisted of four 2-min isometric contractions at 30% MVC 
using alternate hands with a programmed handgrip dynamometer, with a 1-min rest 
period between each contraction for 3 d per week

3 d/wk, bilateral contractions 
at 30% of MVC

Resistance training44,45 Participants perform active movement progress through muscle to overcome external 
resistance, such as leg press, leg curl, knee extension, chest press, seated row, 
overhead press, triceps dip, and biceps curl, 50–60 min/d, 2–3 d/wk

3 d/wk

Tai chi46 Tai chi js a set of Chinese systematic calisthenic exercises with slow circular 
movements and requires the muscles to remain relaxed while making sustained 
movement. Participants are taught by instructors with expertise to finish each session, 
which includes warm-up exercises, tai chi practice, and cool-down exercise

3 d/wk, 50 min with 50% to 
60% Vo2max

Qigong47 Qigong, a traditional Chinese health and fitness exercise, includes qi gong ba duan 
jin, shu xin ping xue gong and dao yin shu qigong. Qigong experts help participants 
to reconstruct this instrument using a warming-up exercise, qigong, and cool-down 
exercise

Qigong classes 2 d/wk, home 
practice 2 d/wk

Interventions to reduce stress

Breathing control48,49 Use of a device guides participants toward slow and regular breathing in the evening 
(the goal is <10 breaths/min with accumulating ≥40 min of therapeutic breathing per 
week)

Every day, 15 min/time

Meditation50 Transcendental meditation is considered the principal approach for stress reduction. 
Participants are instructed by a professional meditation instructor and then practice 
20 min twice a day while sitting comfortably with eyes closed

Practice meditation 20 min 
twice a day

MBSR51,52 MBSR is a multicomponent group intervention that provides systematic training in 
mindfulness meditation as a self-regulation approach to stress reduction and emotion 
management. It can be explored through activities including but not limited to gentle 
stretching and mindful yoga, a meditative body scan, mindful breathing, and mindful 
walking

Practice MBSR techniques 
45 min every day

PMR53,54 PMR involves directing the participants’ attention to tense and relax various muscle 
groups throughout the body systematically to achieve deep relaxation

Practice PMR techniques 
15–20 min twice a day

Yoga55 Participants are instructed by a professional yoga instructor through yoga home 
training or a yoga class and practice yoga at least 30 min/d, 3 d/wk

Practice yoga 3 d/wk, 45 min

Interventions to lose weight

Low-calorie diet56* Participants who are overweight or obese using the low-calorie diet induce weight loss 
are provided with detailed guidelines on the daily number of servings from each food 
group and on fat intake to achieve weight loss of ≤10% of each participant’s baseline 
body weight. To enhance compliance with the low-calorie diet, participants are 
provided with food diaries that assisted them in recording intake

Low-caloric diet every day for 
weight loss

Exercise56* Participants who are overweight or obese in the exercise training group are provided 
with an individualized exercise prescription consisting of 30–40 min exercise (eg, 
aerobic exercise or others), at least 3 d/wk, keeping 60%–80% of the maximum 
heart rate. To enhance compliance, details of each exercise session are recorded in a 
training diary and reviewed by the study’s counselor

Exercise 3 d/wk, reach 
60%–80% peak heart rate

(Continues)
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studies, 91 (72.22%) recruited only patients with 
hypertension, 27 (21.43%) recruited patients with 
hypertension and prehypertension, and 8 (6.35%) re-
cruited only patients with prehypertension (Table 2). 
The mean SBP and DBP levels of adults with prehy-
pertension to established hypertension were 136.74 
and 86.27 mm Hg, respectively. The mean SBP and 
DBP levels of patients with hypertension were 143.80 
and 87.51 mm Hg, respectively.

Risk of Bias Within Studies
Of 126 included RCTs, 41 (32.54%) were judged to 
have low risk of bias, and only 9 (7.14%) were judged to 
have high risk of bias; all other studies (60.32%) were 
judged to have moderate risk of bias (Table  S2 and 
Figure S1). All comparison-adjusted funnel plots of net-
work meta-analysis for outcomes did not show distinct 
asymmetry, which suggested no evidence of publica-
tion bias in this study (Figure S2).

Network Meta-Analysis in Adults 
With Prehypertension to Established 
Hypertension (BP ≥120/80 mm Hg)
The results of traditional meta-analyses showed 
that, compared with usual care, 10 interventions 

were more effective for lowering both SBP and DBP 
(Table S3).

Network meta-analysis included 126 RCTs (14 923 
participants) with 22 interventions and usual care. All 
22 nonpharmacologic interventions had direct com-
parison with usual care, and 14 interventions compared 
directly with at least one other intervention (Figure 2A). 
Comparative effect estimates of 22 nonpharmacologic 
interventions in lowering BP are presented in Figure S3. 
Because indirect comparisons provided observational 
evidence in network meta-analysis, we focused on the 
effective BP-lowering estimates of interventions that 
were supported by the combination evidence of direct 
and indirect comparisons (Figure S3).

In terms of lowering SBP, 15 interventions 
were shown to be more effective than usual care 
(Figure  3A). Based on SUCRA, the following inter-
ventions ranked ahead: tai chi (WMD, 13.47 mm Hg 
[95% CrI, 9.30–17.64]), Dietary Approaches to Stop 
Hypertension (DASH; WMD, 6.97 mm Hg [95% CrI, 
4.50–9.47]), aerobic exercise plus DASH (WMD, 
11.20 mm Hg [95% CrI, 2.81–19.61]), low-calorie diet 
(WMD, 6.50 mm Hg [95% CrI, 2.78–10.17]), aerobic 
exercise (WMD, 6.60 mm Hg [95% CrI, 4.98–8.23]), 
isometric training (WMD, 5.77 mm Hg [95% CrI, 1.41–
10.16]), low-sodium and high-potassium salt (WMD, 

Intervention/Abbreviation Brief Descriptions Median Intensity

Low-calorie diet plus 
exercise56*

Participants who are overweight or obese using the exercise training plus low-calorie 
diet for weight loss are provided with detailed guidelines on a low-calorie diet to 
achieve weight loss and decrease BMI. In addition, they perform systematic exercise 
training, 30–45 min/d, at least 3 d/wk, keeping 60%–80% of the maximum heart rate

Low-caloric diet for losing 
weight, with exercise 3 d/
wk, reaching 60%–80% peak 
heart rate

Restrict alcohol

Alcohol restriction57,58† Participants reduce their alcohol consumption to <14 drinks weekly or 50% cut or total 
abstinence, with education for alcohol restriction provided by investigators

Reduce alcohol intake by half 
or abstain

Combined intervention

Aerobic exercise+ 
DASH59

Participants follow the DASH eating pattern and perform aerobic exercise At least 5 d/wk, 30–60 min 
aerobic exercise plus DASH

Aerobic exercise+ 
resistance training60

Participants attend an aerobic exercise session and a resistance training session at the 
center at least twice a week

At least 2 d/wk, endurance 
training and resistance training

Salt restriction+DASH35 Participants follow the DASH eating pattern with salt restriction (sodium intake 
<100 mmol/d)

Follow diet every day

Salt restriction+low-
calorie diet plus 
exercise61*

Participants who are overweight or obese follow a low-sodium (80 mmol/d) diet with 
low-calorie intake to achieve weight loss of 4.5 kg

Low-sodium and low-calorie 
diet every day; 3 d/wk, reach 
60%–80% peak heart rate

Comprehensive lifestyle modification

Comprehensive lifestyle 
modification62,63

Participants are recommended to comprehensively modify their lifestyle, such as lose 
weight, restrict sodium intake, reduce alcohol consumption, increase physical exercise 
to a moderate degree, give up cigarette smoking, and learn to manage stress

Use lifestyle modification 
every day

Control group

Usual care Participants keep usual lifestyle and do not change during the period of intervention

Brief descriptions of 22 interventions plus usual care (as control) are summarized, with 17 nonpharmacologic interventions targeted to the general population 
with hypertension or prehypertension. BMI indicates body mass index; DASH, Dietary Approaches to Stop Hypertension; MBSR, mindfulness-based stress 
reduction; MVC, maximum voluntary contraction; and PMR, progressive muscle relaxation.

*Nonpharmacologic intervention targeted only people who were overweight and obese who had hypertension or prehypertension.
†Nonpharmacologic intervention targeted only people who used alcohol habitually who had hypertension or prehypertension.

Table 1. Continued
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8.21 mm Hg [95% CrI, 4.99–11.43]), comprehensive 
lifestyle modification (WMD, 4.63 mm Hg [95% CrI, 
1.32–7.94]), and the others include salt restriction, 
salt restriction plus low-calorie diet and exercise, 
breathing-control, low-calorie diet plus exercise, 
meditation, yoga, and alcohol restriction (Figure 3A 
and Figure S4A). In addition, low-calorie diet lowered 
SBP level more than exercise (WMD, 5.36  mm  Hg 
[95% CrI, 0.45–10.25]) for participants who were 
overweight and obese (Figure S3).

In terms of lowering DBP, based on SUCRA, 
low-calorie diet (WMD, 4.56  mm  Hg [2.22–6.89]), 
tai chi (WMD, 7.76  mm  Hg [95% CrI, 4.72–10.81]), 
DASH (WMD, 3.54  mm  Hg [95% CrI, 1.80–5.28]), 
qigong (WMD, 6.74  mm  Hg [95% CrI, 0.74–12.72]), 
aerobic exercise (WMD, 4.44 mm Hg [95% CrI, 3.31–
5.57]), comprehensive lifestyle modification (WMD, 
3.38 mm Hg [95% CrI, 1.01–5.76]), isometric training 
(WMD, 4.01 mm Hg [95% CrI, 1.07–6.93]), and low-cal-
orie diet plus exercise (WMD, 3.35 mm Hg [95% CrI, 
1.41–5.32]), followed by low-sodium and high-potas-
sium salt, salt restriction plus low-calorie diet and ex-
ercise, breathing-control, yoga, and salt restriction, 
were more effective than usual care (Figure 3B and 

Figure S4B). In addition, aerobic exercise was slightly 
better than salt restriction in lowering DBP (WMD, 
1.82 mm Hg [95% CrI, 0.33–3.31]) (Figure S3).

The quality of evidence for interventions in compar-
isons with usual care are summarized in Table S4. We 
focused on high- or moderate-quality evidence given 
the large number of results from the GRADE frame-
work. In terms of lowering SBP and DBP, the quality of 
evidence for DASH and meditation were rated as high, 
and as moderate for low-calorie diet, isometric training, 
aerobic exercise, comprehensive lifestyle modification, 
resistance training, alcohol restriction, breathing-con-
trol and progressive muscle relaxation. There was also 
moderate confidence supporting the use of low-sodium 
and high-potassium salt and yoga in lowering SBP and 
the use of salt restriction in lowering DBP (Figure 3 and 
Table S4).

Network Meta-Analysis in Patients With 
Hypertension (BP ≥140/90 mm Hg)
In traditional meta-analyses of patients with hyperten-
sion, 10 interventions were more effective in lowering 
BP compared with usual care (Table S3).

Network meta-analysis in patients with hyperten-
sion included 91 studies (7291 participants) with 19 
interventions and usual care (Figure 2B). Comparative 
effect estimates were presented in Figure S5, and we 
focused on the effective BP-lowering estimates of in-
terventions that were supported by the combination 
evidence of direct and indirect comparisons. Ten inter-
ventions were shown to be more effective than usual 
care in lowering SBP and DBP (Figure 4). Tai chi (WMD, 
12.75  mm  Hg [95% CrI, 6.54–18.98]), DASH (WMD, 
8.69  mm  Hg [95% CrI, 5.23–12.19]), and low-calorie 
diet (WMD, 7.78 mm Hg [95% CrI, 3.53–11.91]) were 
ranked first in lowering SBP; low-calorie diet (WMD, 
4.98 mm Hg [95% CrI, 2.03–7.89]) was ranked higher 
in lowering DBP than DASH (WMD, 4.54 mm Hg [95% 
CrI, 1.91–7.18]); regardless of lowering either SBP or 
DBP, aerobic exercise, isometric training, low-sodium 
and high-potassium salt, yoga, meditation, salt restric-
tion, and breathing-control followed low-calorie diet 
and DASH (Figure 4 and Figure S6).

The quality of evidence for interventions in com-
parisons with usual care in patients with hypertension 
was similar to that for adults with prehypertension to 
established hypertension (Table  S5). In addition, the 
quality of evidence for salt restriction was rated as high 
regardless of lowering either SBP or DBP (Figure 4 and 
Table S5).

Assessment of Heterogeneity and 
Inconsistency
The global I2 values were 74.26% and 76.70% for mean 
SBP change and mean DBP change, respectively, in 

Table 2. Details of Included Studies (N=126)

Study Details n (%)

Region of origin of study participants

Europe 62 (49.20)

America (all) 31 (24.60)

Asia 17 (13.49)

America (Black Americans)* 12 (9.53)

Africa 4 (3.18)

Year thestudy started

1973–1998 54 (42.86)

1999–2019 72 (57.14)

Study design

Parallel 108 (85.71)

Crossover 18 (14.29)

Study duration, wk

<12 55 (43.65)

12–24 54 (42.86)

>24 17 (13.49)

Usage of antihypertensive medications

Yes 43 (34.13)

No 65 (51.58)

Not reported 18 (14.29)

Health status of recruited participants

Hypertension and prehypertension (mixed) 27 (21.43)

Hypertension only 91 (72.22)

Prehypertension only 8 (6.35)

*America (Black Americans) studies are those from America that were done 
in Black participants.
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Figure 2. Network geometry used to assess the comparative effects of 22 nonpharmacologic interventions.
A, Adult with prehypertension to established hypertension. B, Patients with hypertension. The nodes represent 22 nonpharmacologic 
interventions and usual care. The size of every node is proportional to the number of randomly assigned participants (sample size). 
Each line represents a direct comparison, and the width of the lines is proportional to the number of studies comparing every pair 
of interventions. The coding guide, which provides a description of each intervention component, can be found in Table 1. DASH 
indicates Dietary Approaches to Stop Hypertension; MBSR, mindfulness-based stress reduction; and PMR, progressive muscle 
relaxation.
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network meta-analysis of adults with prehypertension 
to established hypertension, and the global I2 values 
were 63.25% and 74.60% in the analysis of patients 

with hypertension. The test of inconsistency showed 
significant differences in only 2 comparisons (tai chi 
versus usual care, tai chi versus aerobic exercise) 

Figure 3. Forest plots for mean changes of blood pressure in adults with prehypertension to established hypertension.
A, Systolic blood pressure. B, Diastolic blood pressure. Mean changes of blood pressure are reported in WMD and 95% CrI for 
intervention vs usual care. Rectangle represents the point estimate for the effect of each intervention. Horizontal lines indicate 95% 
CrI. Tables on the left of the forest plot show, for each intervention, the number of direct comparison studies, number of participants, 
rankings of SUCRA probabilities and quality of evidence. Interventions are ranked according to the rankings of SUCRA. The quality 
of evidence was classified as high, moderate, low, or very low. CrI indicates credible interval; DASH, Dietary Approaches to Stop 
Hypertension; MBSR, mindfulness-based stress reduction; NA, not available; PMR, progressive muscle relaxation; SUCRA, surface 
under the cumulative ranking; and WMD, weighted mean difference.
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between direct and indirect results. Details of hetero-
geneity and consistency are given in Table S6.

Network Sensitivity, Metaregression, and 
Subgroup Analyses
We conducted sensitivity, metaregression, and sub-
group analyses based on all existing data. Sensitivity 

analyses omitting studies with high risk of bias, stud-
ies started before 1999, or studies with end points 
of home BP or 24-hour ambulatory BP did not sig-
nificantly alter the results of overall network meta-
analysis (Table  S7). Sensitivity analysis was carried 
out by omitting special populations along with speci-
fied interventions, and the SUCRA rankings of the 
other interventions did not change except that the 

Figure 4. Forest plots for mean changes of blood pressure in patients with hypertension.
A, Systolic blood pressure. B, Diastolic blood pressure. Mean changes of blood pressure are reported in WMD and 95% CrI for 
intervention vs usual care. Rectangle represent the point estimate for the effect of each intervention. Horizontal lines indicate 95% 
CrI. For each intervention, tables on the left of the forest plot show the number of direct comparison studies, number of participants, 
rankings of SUCRA probabilities, and quality of evidence. Interventions are ranked according to the rankings of SUCRA. The quality 
of evidence was classified as high, moderate, low, and very low. CrI indicates credible interval; DASH, Dietary Approaches to Stop 
Hypertension; MBSR, mindfulness-based stress reduction; NA, not available; PMR, progressive muscle relaxation; SUCRA, surface 
under the cumulative ranking; and WMD, weighted mean difference.
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rankings of the deleted interventions were missing 
(Table  S7). The results of metaregression analyses 
showed that covariates (mean age, mean body mass 
index, proportion of participants taking antihyperten-
sive medicine, and proportion of female patients) did 
not affect the results of this study (Table  S8). The 
BP-lowering effects of interventions among different 
subgroups defined by study duration and region of 
origin of study participants were not statistically dif-
ferent (Table S9).

DISCUSSION
To the best of our knowledge, this study is the first to 
estimate the aggregate BP effects of 22 nonpharma-
cologic interventions through network meta-analysis 
including patients with hypertension and prehyperten-
sion. In the results, which combined the SUCRA rank-
ings and GRADE quality of evidence and overcame 
the lack of head-to-head trials, DASH ranked as the 
most effective intervention for lowering BP, followed 
by aerobic exercise, isometric training, low-sodium 
and high-potassium salt, and comprehensive lifestyle 
modification. Meditation and breathing-control were 
considered to be relatively better among stress-re-
duction interventions but were less effective than the 
above-mentioned interventions. Salt restriction was 
also supported for lowering BP, especially in patients 
with hypertension.

Nonpharmacologic interventions, including di-
etary approaches, are a cornerstone for the preven-
tion and treatment of hypertension.2 The DASH diet 
promotes consumption of whole grains, vegetables 
and fruits, lean meat, and fat-free dairy products and 
the inclusion of micronutrients in the diet.64 These 
foods are also naturally low in sodium and contain 
nutrients, which may help lower BP.64 This diet can 
also decrease concentrations of total cholesterol 
and LDL (low-density lipoprotein), which may pre-
dict a reduction of ≈13% in the 10-year Framingham 
risk score for cardiovascular disease.65 Our report 
demonstrates that eating a DASH diet every day has 
a significant effect on lowering BP compared to usual 
care, which is in keeping with previous meta-analy-
sis.9 In addition, our network meta-analysis suggests 
DASH to be the most effective intervention, based 
on its top SUCRA ranking and high-quality evidence 
supporting.

The World Health Organization has proposed that 
a 30% reduction in salt or sodium intake may reduce 
the risk of hypertension.66 In our study, salt restriction 
(sodium intake <100 mmol, equivalent to 5.85 g salt) 
can significantly lower SBP, which is consistent with 
the result of a previously published meta-analysis.10 
Because the quality of evidence was rated down by 

risk of bias, inconsistency, and publication bias, there 
is low confidence supporting the use of salt restric-
tion for lowering SBP in adults with prehypertension 
to established hypertension. However, the risk of 
bias was due to a study that was published in 1973 
with insufficient information,67 and high heterogene-
ity (I2=77.1%) was mainly produced by combining the 
results of participants with hypertension and prehy-
pertension. In the analysis for only patients with hy-
pertension, the quality of evidence for salt restriction 
was considered high.

For people with a long-established habit of high 
salt intake, it is difficult to attain and maintain long-
term voluntary salt control, and alternative approaches 
with equivalent effects are needed.68 A salt substitute 
with low-sodium and high-potassium content and 
an acceptable salty flavor would be an ideal popula-
tion-wide preventative strategy. In our network me-
ta-analysis, moderate-quality evidence supports the 
BP-lowering effect of low-sodium and high-potassium 
salt (≈5–8 g) in adults with prehypertension to estab-
lished hypertension.

An extensive body of research suggested that phys-
ical activity may have beneficial effects on BP in people 
with hypertension. Published meta-analyses have also 
confirmed the efficacy of physical activity in lowering 
BP.11,69,70 In our study, moderate- to high-intensity aer-
obic exercise (at least 3 days weekly, 30 minutes per 
time, achieving 60% to 90% of the maximum heart rate) 
and isometric training (3 days weekly, bilateral contrac-
tions at 30% of maximum voluntary contraction), fol-
lowed behind DASH in lowering BP significantly.

Tai chi fared relatively better based on SUCRA 
rankings. However, highly ranked interventions would 
result in misleading inferences when most evidence 
is of low or very low quality.18 Based on the very low 
quality of evidence (severe inconsistency, imprecision, 
and publication bias), tai chi disappeared from our rec-
ommendations. However, tai chi was still among the 
interventions with a potentially better effectiveness 
profile, although the BP-lowering effect was potentially 
spurious according to the analysis of existing data, and 
more RCTs should be conducted to evaluate this result 
further.

In addition to single nonpharmacologic interven-
tions, comprehensive lifestyle modification is also ef-
fective in lowering BP and has been evaluated in several 
RCTs.62,63,71,72 In our network meta-analysis, it is not 
surprising that moderate-quality evidence supported 
comprehensive lifestyle modification for lowering both 
SBP and DBP. However, based on SUCRA rankings, 
this intervention did not seem to be the most effective, 
possibly because different studies have different ap-
proaches to modify multiple unhealthy lifestyles, which 
may bring heterogeneity and affect the results. Benefits 
of other combined interventions (aerobic exercise plus 
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DASH, salt restriction plus low-calorie diet and exer-
cise, salt restriction plus DASH, aerobic exercise plus 
resistance training) could not be judged because of in-
sufficient studies and low quality of evidence until now.

This study also extends findings from previous tra-
ditional meta-analyses that aerobic exercise seems 
more effective than salt restriction with respect to 
lowering BP, whereas the differences in comparative 
effect among other effective nonpharmacologic inter-
ventions mentioned above were modest (Figures  S3 
and S5), signaling potential equivalence of these inter-
ventions for lowering BP. Low-calorie diet and low-cal-
orie diet plus exercise could lower BP level more than 
exercise among participants who were overweight and 
obese because of participants’ weight loss with these 
2 interventions.

Considering that the BP-lowering effects of non-
pharmacologic interventions may be affected by study 
duration, we performed subgroup analysis. The results 
showed that the BP-lowering effects of interventions 
among different subgroups were not statistically dif-
ferent. Despite the differences that were not statisti-
cally significant, we observed that low-sodium and 
high-potassium salt and aerobic exercise lowered BP 
more over 12 to 24  weeks, and the BP-lowering ef-
fects of salt restriction, low-calorie diet, and compre-
hensive lifestyle modification were decreased with the 
extension of duration. These results may be caused 
by different persistence over time. For breathing-con-
trol, DASH, and isometric training, the duration of most 
studies was <12  weeks. Consequently, more RCTs 
should be conducted to assess the long-term effects 
of nonpharmacologic interventions.

Our network meta-analysis strictly excluded 
studies involving adults with resistant hypertension, 
who are particularly salt-sensitive73 and reacted dif-
ferently from patients with primary hypertension in 
terms of salt-related interventions. Studies involving 
patients with diabetes mellitus or metabolic syn-
drome were also excluded because these conditions 
might influence the effects of nonpharmacologic in-
terventions.74,75 The participants who used alcohol 
habitually or who were overweight or obese in our 
study were also free of diabetes mellitus and meta-
bolic syndrome; therefore, these special participants 
were treated equally as patients with hypertension 
and prehypertension. After omitting these specified 
interventions along with their corresponding partici-
pants, the SUCRA rankings of the other interventions 
did not change except that the rankings of the deleted 
interventions were missing.

This analysis has several limitations. First, for the 
22 interventions included in the network meta-anal-
ysis, 8 were only directly compared with usual care. 
The effects of these interventions were estimated 
with direct evidence; however, this did not affect the 

evaluation and rankings of these 8 interventions be-
cause direct evidence has a higher rating than indi-
rect evidence. In addition, many indirect comparisons 
were assessed as being of low or very low quality 
in the GRADE framework, which largely restricts the 
interpretation of these results. Inconsistency existed 
in the comparison of tai chi versus aerobic exercise; 
however, this did not affect the estimates of other 
interventions seriously. Second, our study reported 
only the effectiveness of nonpharmacologic interven-
tions in lowering BP, lacking secondary end points 
such as rate of BP control, incidence of hyperten-
sion, and mortality due to complications of hyperten-
sion, as most RCTs included in this study provided 
data of mean BP or changes in BP. Third, smoking 
cessation as a nonpharmacologic intervention was 
not included in our study because existing RCTs on 
smoking cessation in patients with hypertension or 
prehypertension were not truly intervened. Music 
therapy was also not included because of a wide va-
riety of music was used, and there was no compara-
ble control group. Fourth, most RCTs included in this 
study had short- or moderate-term follow-up. Fifth, 
we only reviewed publications in English.

CONCLUSIONS
This network meta-analysis showed that, among 22 
nonpharmacologic interventions, DASH was the most 
effective intervention in lowering BP for adults with 
prehypertension to established hypertension. Aerobic 
exercise, isometric training, low-sodium and high-
potassium salt, comprehensive lifestyle modification, 
breathing control, meditation, and low-calorie diet also 
have obvious effects in lowering BP. Moreover, our 
findings suggest that salt restriction be used for lower-
ing BP, especially in patients with hypertension.
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SUPPLEMENTAL MATERIAL 

Data S1. 

Supplemental Methods 

Search Strategies, Eligibility Criteria, and Information Sources 

We searched PubMed, Embase and Cochrane Central Register of Controlled Trials up to July 

1, 2019, to identify eligible studies. We queried ClinicalTrials.gov and the EU Clinical Trials 

Register up to July 1, 2019, to identify ongoing or completed yet unpublished trials. We limited 

searches to English-language publications and supplemented them by perusing reference lists 

of reviews and retrieved literature. The search strategies were based on the search terms 

including combinations of Medical Subject Headings (MeSH) terms and corresponding free-

text words (see Search strategy in Data S1). 

We included RCTs of at least 4 weeks’ duration that compared the blood pressure (BP)-

lowering effects of nonpharmacologic interventions for adult patients (aged ≥18 years) with 

primary hypertension or prehypertension. Patients with hypertension were defined as those 

with office systolic BP (SBP) ≥140 mm Hg and/or diastolic BP (DBP) ≥90 mm Hg without 

taking antihypertensive medication or those with established hypertension using 

antihypertensive medication, even if BP was <140/90 mm Hgmedicinemedicine.14 Studies 

were also eligible when the usage of antihypertensive medicines were balanced among different 

groups. Prehypertension was defined as an office SBP of 120 to 139 mmHg and/or DBP of 80 

to 89 mmHg, according to the Joint National Committee in the Seventh Report.19 Eligible 

interventions were different nonpharmacologic therapies; for diet related interventions, we only 

included widely accepted dietary patterns and excluded single nutritional supplements or foods. 



Comparators were other nonpharmacologic therapies or usual-care as a control. We excluded 

studies that enrolled participants who had a history of heart failure, renal disease, stroke, serious 

mental or physical illness, malignancy, diabetes mellitus, or metabolic syndrome. We also 

excluded studies that focused on postmenopausal or pregnant women or single-sex populations. 

However, studies that focused on participants who used alcohol habitually or who were 

overweight or obese were included because those features could be modified. 

Study Selection and Data Collection Process 

Two reviewers (Y.L. and D.L.) independently screened the titles and abstracts of all potentially 

eligible studies. Three reviewers (J.F., L. Zhang, and L. Zhou) performed full-texts review to 

identify studies that met all criteria for inclusion in the quantitative synthesis. Disagreements 

were resolved by discussion. 

Pairs of independent reviewers (J.F., L. Zhang, L. Zhou, L. Zhu, F.H. and X. Li) extracted 

relevant data from each eligible study in duplicate, and discrepancies were resolved by 

discussion among reviewers. We extracted data on publication (first author, journal, year of 

publication, country of origin), study design (parallel or crossover), study characteristics (study 

duration, sample size, number of arms, diagnostic criteria for hypertension, inclusion criteria, 

exclusion criteria, type of intervention, consumption or frequency of intervention), 

demographics of participants (number of subjects in different arms, mean age, proportion of 

males and females, mean body mass index [BMI], history of antihypertensive treatment), mean 

baseline/follow-up SBP and DBP, method of BP measurement, dropout and other information. 

End Points and Handling of Missing Data 

Reductions of SBP and DBP after intervention were separately evaluated as co-primary end 

http://www.so.com/link?url=http://dict.youdao.com/search?q=comparator&keyfrom=hao360&q=comparator%E6%98%AF%E4%BB%80%E4%B9%88%E6%84%8F%E6%80%9D&ts=1523253010&t=d88ba7a7f36c975e08bb41b9b7bdf7d


points, and the summary estimates were calculated by using the mean difference and SE. If the 

SEs of the mean difference were not available from included articles, we either estimated the 

SEs based on the sample size, median and range, with the method suggested by Hozo and 

colleagues20, or based on the mean difference, sample size and P value.21 We also imputed 

these data by assuming correlation coefficient values between baseline and follow-up, as 

described in detail in the Cochrane Handbook.21 

Data Analysis 

Traditional meta-analyses were conducted using a random-effects model for every direct 

comparison.22 Next, Bayesian random-effects network meta-analyses were performed using 

the GeMTC package (R 3.4.3) based on the Markov-chain Monte Carlo method.23,24 

Comparative effect estimates are presented as the weighted mean difference (WMD) and 95% 

credible interval (CrI) because all end points were continuous variables. Trace plots and the 

Brooks-Gelman-Rubin statistic were assessed to ensure convergence.25 Network consistency 

between direct and indirect evidence were analyzed by the node-splitting method, and its 

Bayesian P value was reported.26 Statistical heterogeneity of studies and the global 

heterogeneity of network meta-analysis were also examined using the I2 statistic.27 

The relative rankings of different nonpharmacologic interventions were calculated using the 

surface under the cumulative ranking (SUCRA) probabilities and were presented graphically 

(WinBUGS 1.4.3 [BUGS Project] and Stata 14.0 [StataCorp]).28 Large SUCRA scores might 

indicate a more effective intervention (ranging from 1, indicating that the treatment has a high 

likelihood to be best, to 0, indicating the treatment has a high likelihood to be worst). Sensitivity 

analyses were conducted by omitting data from specific studies, including studies with high 



risk of bias, studies started before 1999 (international diagnostic criteria for hypertension was 

issued by World Health Organization in 1999)29, studies with end points of home BP or 24‐

hour ambulatory BP, or studies targeted to special population (participants who used alcohol 

habitually or who were overweight or obese).  

Meta regression analyses were also performed by adding covariates (mean or median age, mean 

body mass index [BMI], proportion of participants taking antihypertensive medicine and 

proportion of female patients). In addition, subgroup network meta-analyses were conducted 

in different subgroups defined by study duration or region of origin of study participants. 

Because all analyses were based on bayesian framework, no multiplicity was adjusted. 

Publication bias was assessed using the comparison-adjusted funnel plot and the netfunnel 

command (Stata 14.0).30 

Risk of Bias Assessment and Certainty of Evidence 

Two reviewers (J.F. and L. Zhang) assessed the risk of bias separately for each included study 

using the Cochrane risk-of-bias tool (RevMan 5.3)31, which included the following: (1) 

sequence generation of the allocation, (2) allocation concealment, (3) blinding of participants, 

personnel, and outcome assessors, (4) incomplete outcome data, (5) selective outcome 

reporting, and (6) other sources of bias. Discrepancies were resolved by discussion with another 

author. Overall risk of bias was low when all domains were deemed to have low risk. Overall 

risk of bias was considered probably to be low when all domains, except blinding of 

participants and personnel, were deemed to have low risk. For studies of nonpharmacologic 

interventions, it was difficult to blind participants and/or personnel, which did not seriously 

affect the outcome measurement. Overall risk of bias was high when at least 1 domain, except 



blinding of participants, personnel were deemed to have high risk. In other cases, studies were 

judged to have some concerns (unclear risk) about bias. 

They also assessed the quality of evidence contributing to each direct, indirect, and network 

estimate independently using the Grading of Recommendations Assessment, Development and 

Evaluation (GRADE) method for network meta-analysis.32 The quality of the evidence for 

direct estimates started as high and was decreased to moderate, low, or very low based on 

limitations (based on risk-of-bias assessment), imprecision, inconsistency, indirectness and 

publication bias.32,33 The quality of indirect evidence starts at the lower rating of the two direct 

comparisons that contribute as first order loops to the indirect estimate, but can be rated down 

further for intransitivity (differences between studies in terms of clinical or methodological 

characteristics). When only direct or indirect evidence was available for a given comparison, 

the network quality rating was based on that estimate. If both direct and indirect evidence were 

available for a comparison (without inconsistency), the higher of the two quality ratings can be 

assigned to the network meta-analysis estimates. Discrepancies were resolved by discussion 

with another reviewer (Y.L.).  



Search strategy for the network meta-analysis 

I. Pubmed 

#1 hypertension [MeSH Terms] 

#2 blood pressure [MeSH Terms] 

#3 hypertension [Title/Abstract] 

#4 blood pressure [Title/Abstract] 

#5 (#1 OR #2 OR #3 OR #4) 

#6 breathing exercises [MeSH Terms] 

#7 Meditation [MeSH Terms] 

#8 Qigong [MeSH Terms] 

#9 yoga [MeSH Terms] 

#10 physical fitness [MeSH Terms] 

#11 exercise [MeSH Terms] 

#12 resistance training [MeSH Terms] 

#13 Tai Ji [MeSH Terms] 

#14 overweight [MeSH Terms] 

#15 weight loss [MeSH Terms] 

#16 obesity [MeSH Terms] 

#17 smoking cessation [MeSH Terms] 

#18 life style [MeSH Terms] 

#19 non-pharmacological interventions OR salt substitute OR salt substitution OR low sodium 

salt OR mineral salt OR smart salt OR potassium-enriched salt OR sodium reduced salt OR 



sodium replacement OR breath-control OR Transcendental Meditation OR progressive muscle 

relaxation OR PMR OR Mindfulness-based stress reduction OR MBSR OR physical activity 

OR aerobic exercise OR Isometric exercise OR resistance exercise OR Tai chi OR weight 

reduction OR weight OR alcohol reduction OR alcohol restriction OR home heating OR room 

heating OR sleep OR  community-based lifestyle intervention OR lifestyle 

#20 (#6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR 

#17 OR #18 OR #19) 

#21 diet [MeSH Terms] 

#22 sodium intake OR sodium restriction OR sodium reduction OR salt intake OR salt 

restriction OR salt reduction OR sodium chloride intake OR sodium chloride restriction OR 

sodium chloride reduction OR DASH OR dietary approach to stop hypertension OR 

Mediterranean OR low carbohydrate OR high protein OR low fat OR Vegetarian OR vegans 

OR Palaeolithic OR low glycaemic index OR low glycaemic load  

#23 (#21 AND #22) 

#24 (#20 OR #23) 

#25 randomized controlled trial [Publication Type] 

#26 controlled clinical trial [Publication Type] 

#27 Controlled Clinical Trials as Topic [MeSH Major Topic] 

#28 Randomized Controlled Trials as Topic [MeSH Major Topic] 

#29 randomized [Title/Abstract] OR randomly [Title/Abstract] OR placebo [Title/Abstract] OR 

trial [Title/Abstract] 

#30 (#25 OR #26 OR #27 OR #28 OR #29)  



#31 (#5 AND #24 AND #30) 

 

II. Embase 

[1] 'Hypertension'/exp OR 'blood pressure'/exp OR 'Hypertension':ab,ti OR 'blood 

pressure':ab,ti 

[2] 'breathing exercise'/exp OR 'meditation'/exp OR 'qigong'/exp OR 'yoga'/exp OR 'aerobic 

exercise'/exp OR 'exercise'/exp OR 'resistance training'/exp OR 'tai chi'/exp OR 'body weight 

loss'/exp OR 'obesity'/exp OR 'smoking cessation'/exp OR 'lifestyle'/exp OR 'transcendental 

meditation'/exp OR 'physical activity'/exp OR 'sodium intake'/exp OR 'sodium restriction'/exp 

OR 'salt intake'/exp OR 'dash diet'/exp OR 'mediterranean diet'/exp OR 'low carbohydrate 

diet'/exp OR 'vegetarian diet'/exp OR 'high glycemic index diet'/exp OR 'low calorie diet'/exp 

OR 'non-pharmacological interventions' OR 'salt substitute' OR 'salt substitution' OR 'low 

sodium salt' OR 'mineral salt' OR 'smart salt' OR 'potassium-enriched salt' OR 'sodium reduced 

salt' OR 'sodium replacement' OR 'breath-control' OR 'progressive muscle relaxation' OR 'pmr' 

OR 'mindfulness-based stress reduction' OR 'mbsr' OR 'physical fitness' OR 'isometric exercise' 

OR 'resistance exercise' OR 'weight reduction' OR weight OR overweight OR 'alcohol 

reduction' OR 'alcohol restriction' OR 'home heating' OR 'room heating' OR 'sleep' OR 

'community-based lifestyle intervention' OR 'sodium reduction' OR 'salt restriction' OR 'salt 

reduction' OR 'sodium chloride intake' OR 'sodium chloride restriction' OR 'sodium chloride 

reduction' OR 'dash' OR 'dietary approach to stop hypertension' OR 'high protein diet' OR 

'vegans diet' OR 'palaeolithic diet' OR 'low glycaemic load diet'  

[3] 'randomized-controlled trial':it OR 'controlled clinical trial':it OR 'randomized controlled 



trial (topic)'/mj OR 'controlled clinical trial (topic)'/mj OR 'randomized':ab,ti OR 

'randomly':ab,ti OR 'placebo':ab,ti OR 'trial':ab,ti 

[4] [1] AND [2] AND [3] 

 

III. Cochrane Library 

#1 MeSH descriptor: [Hypertension] explode all trees 

#2 MeSH descriptor: [Blood Pressure] explode all trees  

#3 (hypertension):ti,ab,kw 

#4 (blood pressure):ti,ab,kw 

#5 #1 OR #2 OR #3 OR #4 

#6 MeSH descriptor: [Breathing Exercises] explode all trees 

#7 MeSH descriptor: [Meditation] explode all trees 

#8 MeSH descriptor: [Qigong] explode all trees 

#9 MeSH descriptor: [Yoga] explode all trees 

#10 MeSH descriptor: [Physical Fitness] explode all trees 

#11 MeSH descriptor: [Exercise] explode all trees 

#12 MeSH descriptor: [Resistance Training] explode all trees 

#13 MeSH descriptor: [Tai Ji] explode all trees 

#14 MeSH descriptor: [Overweight] explode all trees 

#15 MeSH descriptor: [Weight Loss] explode all trees 

#16 MeSH descriptor: [Obesity] explode all trees 

#17 MeSH descriptor: [Smoking Cessation] explode all trees 



#18 MeSH descriptor: [Life Style] explode all trees  

#19 non-pharmacological interventions OR salt substitute OR salt substitution OR low sodium 

salt OR mineral salt OR smart salt OR potassium-enriched salt OR sodium reduced salt OR 

sodium replacement OR breath-control OR Transcendental Meditation OR progressive muscle 

relaxation OR PMR OR Mindfulness-based stress reduction OR MBSR OR physical activity 

OR aerobic exercise OR Isometric exercise OR resistance exercise OR Tai chi OR weight 

reduction OR weight OR alcohol reduction OR alcohol restriction OR home heating OR room 

heating OR sleep OR community-based lifestyle intervention OR lifestyle 

#20 MeSH descriptor: [Diet] explode all trees 

#21 sodium intake OR sodium restriction OR sodium reduction OR salt intake OR salt 

restriction OR salt reduction OR sodium chloride intake OR sodium chloride restriction OR 

sodium chloride reduction OR DASH OR dietary approach to stop hypertension OR 

Mediterranean OR low carbohydrate OR high protein OR low fat OR Vegetarian OR vegans 

OR Palaeolithic OR low glycaemic index OR low glycaemic load OR low-calorie  

#22 #20 AND #21 

#23 #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR  

#16 OR #17 OR #18 OR #19 OR #22 

#24 ("randomized-controlled trial"):pt 

#25 (controlled clinical trial):pt 

#26 MeSH descriptor: [Controlled Clinical Trials as Topic] explode all trees 

#27 MeSH descriptor: [Randomized Controlled Trials as Topic] explode all trees 

#28 (randomized):ti,ab,kw 



#29 (randomly):ti,ab,kw 

#30 (placebo):ti,ab,kw 

#31 (trial):ti,ab,kw 

#32 #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 

#33 #5 AND #23 AND #32 



Table S1. Characteristics of Studies Included in the Network Meta-analysis. 

 

Author, 

publication year* 

 

Interventions 

 

Frequency, target 

 

Study design 

Follow-up 

period 

(weeks) 

 

Country 

No. of participants 

(intervention/control) 

[males, females] 

Age 

(range 

or mean) 

Drug 

therapy 

(%) 

Baseline BP 

of subjects 

(mmHg)† 

Altena, 2009 76 Breathing-control 

Usual care 

Every day, 

< 10 breaths/min 

RCT, 

single-blind 

9 Netherlands 30 (15/15)  

[15,15] 

59.5 16.7 SBP: 140-160 

Anderson, 2010 77 Breathing-control 

Meditation 

15 min/day, < 10 breaths/min, 

practice meditation 

RCT 4 America 

 

40 (20/20) 

[21,19] 

53.2 NR SBP: 130-160 

DBP < 100 

Anderssen, 1995 78 Diet 

Exercise 

Diet plus exercise 

Usual care 

Low-caloric diet, body weight 

reduction 0.5-1 kg monthly; 

Exercise 3 days weekly, reach 

60-80% peak heart rate 

RCT 52 Norway 72 

(16/20/24/12) 

[Not reported] 

45.0 NR DBP: 86-99 

ANHMRC, 1989a 

79 

Salt restriction 

Usual care 

Every day, 

< 80 mmol sodium intake 

RCT, 

double-blind 

8 Australia 103 (50/53) 

[Not reported] 

58.0 0 DBP: 90-100  

ANHMRC, 1989b 

80 

Salt restriction 

Usual care 

Every day, 

< 80 mmol sodium intake 

RCT, 

double-blind, 

crossover 

16 Australia 88 

[Not reported] 

59.0 0 DBP: 90-100  

Appel, 2001 81 Salt restriction 

Usual care 

Every day, 

< 80 mmol sodium intake 

RCT, 

double-blind 

14 America 613 (317/296) 

[325,288] 

60-80 NR SBP: 140-159 

DBP: 90-99 

Badrov, 2013 42 Isometric training 

Usual care 

3 days weekly, bilateral 

contractions at 30% of MVC 

RCT 10 Canada 24 (12/12) 

[13,11] 

64.0 83.3 SBP ≥ 140 

DBP ≥ 90 

Baros, 2008 82 Alcohol restriction 

Usual care 

Totally drinking abstinence RCT 12 America 120 (46/74) 

[93,27] 

44.0 NR SBP ≥ 140 

DBP ≥ 90 

Barros, 2015 83 Low-sodium salt 

Common salt (Usual care) 

Every day, 3g of low-sodium 

and high-potassium salt 

RCT, 

single-blind 

4 Brazil 35 (19/16) 

[12,23] 

55.5 100 SBP ≥ 140 

DBP ≥ 90 



 

Author, 

publication year* 

 

Interventions 

 

Frequency, target 

 

Study design 

Follow-up 

period 

(weeks) 

 

Country 

No. of participants 

(intervention/control) 

[males, females] 

Age 

(range 

or mean) 

Drug 

therapy 

(%) 

Baseline BP 

of subjects 

(mmHg)† 

Beard, 1982 84 Salt restriction 

Usual care 

Every day, 

< 80 mmol sodium intake 

RCT 12 Australia 90 (45/45) 

[51,39] 

25-69 100 SBP < 200 

DBP: 95-109 

Benetos, 1992 85 Salt restriction 

Usual care 

Every day, 

60-90 mmol sodium intake 

RCT, 

double-blind, 

crossover 

9 France 20 

[9,11] 

42.0 0 DBP: 90-115 

Blom, 2014 51 MBSR 

Usual care 

45 min/day, 

practice MBSR techniques 

RCT 

 

12 Canada 87 (46/41) 

[37,50] 

56.1 0 SBP: 140-159 

DBP: 90-99 

Blumenthal, 1991 44 Aerobic exercise 

Resistance training 

Usual care 

3 days weekly, 35 min with at 

least 70% Vo2max; 

50 min strength training 

RCT 16 America 92 

(39/31/22) 

[57,35] 

45.2 43.8 SBP: 140-179 

DBP: 90-105 

Blumenthal, 2000 86 Exercise 

Diet plus exercise 

Usual care 

Exercise 3 to 4 days weekly, 

reach 70% peak heart rate; 

Low-caloric take with 

exercise, body weight 

reduction 0.5-1 kg weekly;  

RCT 26 America 112 

(44/46/22) 

[58,54] 

47.0 26.0 SBP: 130-179 

DBP: 85-109 

Burke, 2005 63 Lifestyle 

Usual care 

Comprehensively education 

and behavior modification 

RCT 16 Australia 204 (106/98) 

[91,113] 

56.2 100 SBP: 140-159 

DBP: 90-99 

Cappuccio, 1997 38 Salt restriction 

Usual care 

Every day, 

80 mmol sodium intake 

RCT, 

double-blind, 

crossover 

8 UK 47 

[24,23] 

66.8 0 SBP: 123-205  

DBP: 64-112 

Castillo-Richmond, 

2000 50 

Meditation 

Usual care 

20 minutes twice a day, 

practice meditation 

RCT 36 America 60 (31/29) 

[19,41] 

53.9 70.0 SBP: 130-179 

DBP: 80-109 



 

Author, 

publication year* 

 

Interventions 

 

Frequency, target 

 

Study design 

Follow-up 

period 

(weeks) 

 

Country 

No. of participants 

(intervention/control) 

[males, females] 

Age 

(range 

or mean) 

Drug 

therapy 

(%) 

Baseline BP 

of subjects 

(mmHg)† 

Chen, 2010 87 DASH 

Usual care 

Every day, 

DASH diet feeding 

RCT 8 America 290 (146/144) 

[149,141] 

44.5 0 SBP: 120-159 

DBP:80-95 

Cohen, 2011 88 Yoga 

Usual care 

70 min yoga classes 1 or 2 

days weekly 

RCT 12 America 57 (26/31) 

[Not reported] 

48.2 0 SBP: 130-159 

DBP < 100 

Collier, 2008 89 Aerobic exercise 

Resistance training 

3 days weekly, 30 min with 

65% Vo2max; Resistance 

RCT 4 America 30 (15/15) 

[20,10] 

48.4 0 SBP: 120-159 

DBP: 80-99 

Conlin, 2003 90 DASH 

Usual care 

Every day, 

DASH diet feeding 

RCT, 

double-blind 

4 America 55 (27/28) 

[25,30] 

52.0 0 SBP < 180 

DBP: 90-109 

Cononie, 1991 45 Aerobic exercise 

Resistance training 

Usual care 

3 days weekly, 35 to 40 min 

with 75-85% VO2max;  

3 days weekly, resistance 

RCT 24 America 17 

(6/6/5) 

[Not reported] 

72.0 NR SBP: 140-179 

DBP:90-99 

Cooper, 2000 91 Aerobic exercise 

Usual care 

At least 5 days weekly, 30 min 

with 60% VO2max  

RCT 6 UK 86 (47/39) 

[Not reported] 

47.7 0 SBP: 150-179 

DBP: 91-109  

Cottier, 1984 92 PMR 

Usual care 

Once a week, 

practice PMR techniques 

RCT 6 Switzerland 26 (17/9) 

[19,7] 

34.7 52.9 SBP: 140-170 

DBP: 90-115 

Croft, 1986 93 Diet  

Usual care 

Every day,  

low-caloric diet to lose weight 

RCT 24 UK 97 (47/50) 

[Not reported] 

35-60 0 SBP < 200 

DBP < 114 

Cushman, 1998 57 Alcohol restriction 

Usual care 

Reduce alcohol intake; <14 

drinks weekly or 50% cut 

RCT 96 America 535 (251/284) 

[Not reported] 

57.2 21.4 SBP < 179 

DBP: 80-99 

Edwards, 2011 59 Aerobic exercise 

Aerobic exercise + DASH 

Usual care 

At least 5 days weekly, 30-60 

min with 60-75% Vo2max; 

Aerobic exercise plus DASH 

RCT 12 America 52 

(25/12/15) 

[25,27] 

46.4 0 SBP: 120-170 

DBP: 80-105 

  



 

Author, 

publication year* 

 

Interventions 

 

Frequency, target 

 

Study design 

Follow-up 

period 

(weeks) 

 

Country 

No. of participants 

(intervention/control) 

[males, females] 

Age 

(range 

or mean) 

Drug 

therapy 

(%) 

Baseline BP 

of subjects 

(mmHg)† 

Elliot, 2004 48 Breathing-control 

Usual care 

15 min/day, 

< 10 breaths/min 

RCT, 

double-blind 

8 America 136 (79/57) 

[98,38] 

59.2 76.5 SBP: 140-179 

DBP < 110 

Elmer, 2006 62 Lifestyle 

Usual care 

Comprehensively education 

and behavior modification 

RCT 72 America 515 (258/257) 

[Not reported] 

50.0 0 SBP: 120-159 

DBP: 80-95 

Erlinger, 2002 94 DASH 

Usual care 

Every day, 

DASH diet feeding 

RCT 8 America 55 (27/28) 

[24,31] 

52.7 0 SBP < 180 

DBP: 90-109 

Erwteman, 1984 95 Salt restriction 

Usual care 

Every day, 

< 70 mmol sodium intake 

RCT 24 Netherlands 94 (44/50) 

[58,36] 

45.8 0 DBP: 95-110 

Farah, 2018 96 Isometric training (home) 

Usual care 

3 days weekly, bilateral 

contractions at 30% of MVC 

RCT 12 Brazil 30 

[9,21] 

58.47 100 SBP ≥ 140 

DBP ≥ 90 

Farah, 2018 96 Isometric training (supervised) 

Usual care 

3 days weekly, bilateral 

contractions at 30% of MVC 

RCT 12 Brazil 34 

[9,25] 

59.59 100 SBP ≥ 140 

DBP ≥ 90 

Farahani, 2010 97 Aerobic exercise 

Usual care 

3 days weekly, 55 min water-

aerobic training 

RCT 10 Iran 40 (12/28) 

[Not reported] 

NR NR SBP: 140-179 

DBP: 90-109 

Farinatti, 2016 98 Aerobic exercise 

Usual care 

3 days weekly, 30 min reach 

60 to 85 % of maximum heart 

rate 

RCT 64 Australia 43 

(29/14) 

[12,31] 

51.4 0 SBP ≥ 140 

DBP ≥ 90 

Ferreira, 2013 99 Breathing-control 

Usual care 

Every day,  

15 to 20 deep breaths/min  

RCT, 

double-blind 

8 Brazil 13 (6/7) 

[5,8] 

56.6 100 SBP ≥ 140 

DBP ≥ 90 

Fotherby, 1993 100 Salt restriction 

Usual care 

Every day, 

80-100 mmol sodium intake 

RCT, 

double-blind, 

crossover 

10 UK 17 

[3,14] 

73.0 0 SBP > 160 

DBP > 95 

  



 

Author, 

publication year* 

 

Interventions 

 

Frequency, target 

 

Study design 

Follow-up 

period 

(weeks) 

 

Country 

No. of participants 

(intervention/control) 

[males, females] 

Age 

(range 

or mean) 

Drug 

therapy 

(%) 

Baseline BP 

of subjects 

(mmHg)† 

Gates, 2004 101 Salt restriction 

Usual care 

Every day, 

80 mmol sodium intake 

RCT, 

double-blind, 

crossover 

8 America 12 

[6,6] 

64.0 0 SBP: 140-159 

DBP: 90-99 

Geleijnse, 1994 102 Low-sodium salt 

Common salt (Usual care) 

Every day, 5.2g of low-sodium 

and high-potassium salt 

RCT, 

double-blind  

24 Netherlands 100 (49/51) 

[51,49] 

66.4 0 SBP: 140-200 

DBP: 85-110 

Gordon, 1997 56 Diet 

Exercise 

Diet plus exercise 

10% of body weight loss; 3 

to 5 days weekly, 30-45 min 

with 60-85% Vo2max 

RCT 12 America 48 

(15/14/19) 

[Not reported] 

48.4 0 SBP: 130-179 

DBP: 85-109 

Grobbee, 1987 103 Salt restriction 

Usual care 

Every day, 

80 mmol sodium intake 

RCT, 

double-blind, 

crossover 

12 Netherlands 40 

[34,6] 

24.0 0 SBP: 140-159 

DBP: 90-99 

Grossman, 2001 49 Breathing-control 

Usual care 

10 min/day,  

< 10 breaths/min 

RCT, 

double-blind 

8 Israel 33 (18/15) 

[23,10] 

51.2 54.6 SBP ≥ 140 

DBP ≥ 90 

Guimaraes, 2010 104 Aerobic exercise 

Usual care 

3 days weekly, 60 min at 60 to 

80% of maximum heart rate 

RCT 16 Japan 27 (16/11) 

[9,18] 

48.8 100 SBP ≥ 140 

DBP ≥ 90 

Hagins, 2014 105 Yoga 

Resistance training 

20 minutes each week for 

three sessions; Resistance 

RCT 12 America 68 (36/32) 

[10,58] 

54.5 NR SBP: 120-159  

DBP: 80-99 

Haynes, 1984 106 Diet  

Usual care 

Every day, low-caloric diet, 

weight loss 1 lb weekly 

RCT 24 Canada 54 (28/26) 

[Not reported] 

46.5 0 DBP: 85-104 

He, 2009 107 Salt restriction 

Usual care 

Every day, 

90 mmol sodium intake 

RCT, 

double-blind, 

crossover 

12 UK 169 

[113,56] 

50.0 0 SBP: 140-170 

DBP: 90-105 



 

Author, 

publication year* 

 

Interventions 

 

Frequency, target 

 

Study design 

Follow-up 

period 

(weeks) 

 

Country 

No. of participants 

(intervention/control) 

[males, females] 

Age 

(range 

or mean) 

Drug 

therapy 

(%) 

Baseline BP 

of subjects 

(mmHg)† 

Higashi, 1999a 108 Aerobic exercise 

Usual care 

5 to 7 days weekly, 30 min at 

60% of maximum heart rate 

RCT 12 Japan 27 (20/7) 

[20,7] 

24.1 NR SBP: 140-170 

DBP: 90-110 

Higashi, 1999b 109 Aerobic exercise 

Usual care 

5 to 7 days weekly, 30 min at 

60% of maximum heart rate 

RCT 12 Japan 17 (10/7) 

[13,4] 

47.0 NR SBP ≥ 140 

DBP ≥ 90 

Hikmat, 2014 110 DASH 

Usual care 

Every day, 

DASH diet feeding 

RCT 8 America 204 (103/101) 

[100,104] 

44.2 0 SBP < 160 

DBP: 80-95 

Hughes, 2013 52 MBSR 

PMR 

45 min/day, 6 days weekly, 

practice PMR/MBSR 

RCT, 

single-blind 

8 Canada 56 (28/28) 

[24,32] 

50.3 0 SBP: 120-139 

DBP: 80-89 

Izadi, 2018 111 Aerobic exercise 

Usual care 

3 days weekly, 45 min at 85 to 

90% of maximum heart rate 

RCT 6 Iran 30 (15/15) 

[17,13] 

61.7 100 SBP ≥ 140 

DBP ≥ 90 

Jablonski, 2013 112 Salt restriction 

Usual care 

Every day, 

65 mmol sodium intake 

RCT, 

double-blind, 

crossover 

10 America 11 

[8,3] 

60.0 0 SBP: 130-159 

DBP < 99 

Jalkanen, 1991 113 Diet plus exercise 

Usual care 

Every day, low-caloric diet of 

1500 kcal with exercise 

RCT 52 Finland 49 (24/25) 

[Not reported] 

49.0 36.7 SBP > 95 

Jones, 2010 114 Breathing-control 

Usual care 

30 min/day, 

slow deep breathing 

RCT, 

single-blind 

8 Thailand 20 (10/10) 

[7,13] 

51.5 100 SBP: 140-179 

DBP: 90-109 

Lang, 1995 58 Alcohol restriction 

Usual care 

Reduce alcohol intake; <14 

drinks weekly or 50% cut 

RCT 48 France 

 

106 (50/56) 

[101,5] 

42.9 19.4 SBP: 140-159 

DBP: 90-95 

MacGregor, 

1982 115 

Salt restriction 

Usual care 

Every day, 

60-80 mmol sodium intake 

RCT, 

double-blind, 

crossover 

4 UK 19 

[14,5] 

49.0 0 DBP: 90-110 



 

Author, 

publication year* 

 

Interventions 

 

Frequency, target 

 

Study design 

Follow-up 

period 
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Country 

No. of participants 

(intervention/control) 
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or mean) 

Drug 

therapy 

(%) 

Baseline BP 

of subjects 

(mmHg)† 

MacGregor, 1989 

116 

Salt restriction 

Usual care 

Every day, 

100 mmol sodium intake 

RCT, 

double-blind, 

crossover 

8 UK 20 

[11,9] 

56.0 0 DBP: 90-110 

MacMahon, 1985 

117 

Diet  

Usual care 

Every day, low-caloric diet by 

1000 calories 

RCT 25 Australia 38 (20/18) 

[9,29] 

41.1 0 DBP: 90-109 

Mäkelä, 2008 118 Salt restriction 

Usual care 

Every day, 

≤ 70 mmol sodium intake 

RCT 24 Finland 80 (40/40) 

[53,27] 

44.1 

 

0 SBP: 160-200 

DBP: 90-110 

Malloy-McFall, 

2010 119 

DASH 

Usual care 

Every day, 

DASH diet feeding 

RCT 4 America 20 (10/10) 

[12,8] 

38.3 0 SBP: 120-159 

DBP: 80-99 

Marquez-

Celedonio, 2009 71 

Lifestyle 

Usual care 

Comprehensively education 

and behavior modification 

RCT, 

Open-label 

24 Mexico 81 (38/43) 

[Not reported] 

43.2 0 SBP: 120-139 

DBP: 80-89 

Maruf, 2016 120 Aerobic exercise 

Usual care 

3 sessions weekly, 45 min 50 

to 70% of maximum heart rate 

RCT, 

double-blind 

12 Nigeria 120 (60/60) 

[35,85] 

52.8 75.0 SBP: 140-179 

DBP:90-109 

Mattila, 2003 72 Lifestyle 

Usual care 

Comprehensively education 

and behavior modification 

RCT 48 Finland 640 (331/309) 

[Not reported] 

49.9 63.6 SBP: 140-179 

DBP:90-109 

McCarron, 1997 121 Salt restriction 

Usual care 

Every day, 

100 mmol sodium intake 

RCT, 

double-blind, 

crossover 

8 America 99 

[57,42] 

51.6 100 DBP: 95-115 

Meland, 1997 122 Salt restriction 

Usual care 

Every day, additional 50 mmol 

sodium intake reduction 

RCT, 

double-blind, 

crossover 

8 Norway 16 

[13,3] 

50.0 0 DBP < 115 
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of subjects 

(mmHg)† 

Meles, 2004 123 Breathing-control 

Usual care 

15 min/day, 

< 10 breaths/min 

RCT 8 Italy 73 (47/26) 

[42,31] 

54.2 86.3 SBP: 140-159 

DBP: 90-99 

Miller, 2002 124 Salt restriction + diet plus 

exercise 

Usual care 

Every day, low-sodium and 

caloric diet; 3 days weekly, 

reach 60-80% peak heart rate 

RCT 9 America 45 

(22/23) 

[17,28] 

54.0 100 SBP: 130-170 

DBP: 80-100 

Modesti, 2010 125 Breathing-control 

Usual care 

30 min/day, 

< 10 breaths/min 

RCT, 

double-blind 

24 Italy 53 (29/24) 

[30,23] 

58.0 NR SBP: 140-179 

DBP: 90-109 

Molmen-Hansen, 

2012 40 

Aerobic exercise 

Usual care 

3 days weekly, 47 min reach 

70% of maximum heart rate 

RCT 12 Norway 50 (25/25) 

[Not reported] 

51.9 0 SBP: 140-179 

DBP: 90-109 

Moore, 1999 126 DASH 

Usual care 

Every day, 

DASH diet feeding 

RCT 8 America 68 (31/37) 

[Not reported] 

45.2 NR SBP < 160 

DBP: 80-95 

Nakamura, 2003 127 Salt restriction 

Usual care 

Low-sodium soy sauce and 

miso 

RCT, 

double-blind 

6 Japan 26 (10/16) 

[Not reported] 

46.9 23.4 SBP ≥ 140 

DBP ≥ 90 

Nelson L, 1986a 128 Aerobic exercise (low) 

Usual care 

3 days weekly, 45 min with 

60-70% Vo2max 

RCT, 

crossover 

12 Australia 13 

[7,6] 

44.0 0 SBP: 140-179 

DBP: 90-109 

Nelson L, 1986b 128 Aerobic exercise (moderate) 

Usual care 

7 days weekly, 45 min with 

60-70% Vo2max 

RCT, 

crossover 

12 Australia 13 

[7,6] 

44.0 0 SBP: 140-179 

DBP: 90-109 

Nualnim, 2012 129 Aerobic exercise 

Usual care 

3 to 4 days weekly, 45 min at 

75% of maximal heart rate 

RCT 12 America 43 (24/19) 

[32,11] 

59.3 0 SBP: 120-159 

DBP < 99 

Ohkubo, 2001 130 Aerobic exercise + resistance 

training 

Usual care 

At least 2 days weekly, 

endurance training and 

resistance training session 

RCT 25 China 

(Taiwan) 

65 

(32/33) 

[32,33] 

67.1 0 SBP < 160 

DBP < 90 
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(mmHg)† 

Ohta, 2015 131 Aerobic exercise 

Usual care 

Every day, 30–60 min to 

achieve 10000 steps 

RCT, 

crossover 

8 Japan 65 

[26,39] 

60.0 0 SBP ≥ 140 

DBP ≥ 90 

Okumiya, 1996 132 Aerobic exercise 

Usual care 

2 days weekly, 60 min with 

60% Vo2max 

RCT 24 Japan 42 (21/21) 

[18,24] 

78.8 NR SBP: 120-159 

DBP: 80-99 

Parijs, 1973 67 Salt restriction 

Usual care 

Every day, additional 50 mmol 

sodium intake reduction 

RCT, 

double-blind 

4 Belgium 30 (15/15) 

[Not reported] 

41.0 0 SBP ≥ 140 

DBP ≥ 90 

Park, 2014 47 Qigong 

Usual care 

Qigong classes 2 days weekly, 

home practice 2 days weekly 

RCT, 

single-blind 

8 Korea 40 (19/21) 

[26,14] 

53.1 NR SBP: 120-159 

DBP: 80-99 

Patel, 1988 133 Meditation 

Usual care 

20 minutes twice a day, 

practice meditation 

RCT 8 UK 103 (49/54) 

[52,51] 

35-64 30.1 DBP: 90-109 

 

Pinjuh Markota,  

2015 134 

Salt restriction 

Usual care 

Every day, additional 35 mmol 

sodium intake reduction 

RCT 8 Bosnia and 

Herzegovina 

150 (76/74) 

[73,77] 

59.4 100 SBP ≥ 140 

DBP ≥ 90 

Punita, 2016 135 Yoga 

Usual care 

45 min, 3 days weekly, 

practice yoga at home 

RCT 12 India 55 (25/30) 

[44,11] 

43.4 100 SBP ≥ 140 

DBP ≥ 90 

Puska, 1983 136 Salt restriction 

Usual care 

Every day, 

77 mmol sodium intake 

RCT 6 Finland 34 (15/19) 

[Not reported] 

30-50 0 DBP ≥ 90 

Ramos, 2018 137 Aerobic exercise 

Usual care 

3 days weekly, 50 min reach 

60% of maximal heart rate 

RCT 12 Brazil 24 (12/12) 

[4,20] 

60.6 100 SBP ≥ 140 

DBP ≥ 90 

Richards, 1984 138 Salt restriction 

Usual care 

Every day, 

80 mmol sodium intake 

RCT, 

double-blind, 

crossover 

6 New 

Zealand 

12 

[8,4] 

19-52 0 SBP: 140-179 

DBP: 90-105 
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(mmHg)† 

Rogers, 1996a 41 Aerobic exercise (low) 

Usual care 

3 days weekly, 45 min at 40 to 

50% maximal oxygen uptake 

RCT 12 America 11 (6/5) 

[Not reported] 

42.7 0 SBP: 140-159 

DBP:90-95 

Rogers, 1996b 41 Aerobic exercise (moderate) 

Usual care 

3 days weekly, 45 min at 70 to 

80% maximal oxygen uptake 

RCT 12 America 12 (7/5) 

[Not reported] 

39.5 0 SBP: 140-159 

DBP:90-95 

Sacks, 2001 139 Salt restriction 

Usual care 

Every day, 

100 mmol sodium intake 

RCT, 

Multi-center 

4 America 76 

[Not reported] 

52.0 0 SBP: 140-159 

DBP: 90-95 

Sarkkinen, 2011 36 Low-sodium salt 

Common salt (Usual care) 

Every day, 5.3g of low-sodium 

and high-potassium salt 

RCT, 

double-blind 

8 Finland 45 (22/23) 

[23,22] 

55.5 0 SBP: 130-159 

DBP: 85-99 

Schein, 2001 140 Breathing-control 

Usual care 

10 min/day, 

< 10 breaths/min 

RCT, 

double-blind 

8 Israel 61 (32/29) 

[31,30] 

57.2 83.1 SBP ≥ 140 

DBP ≥ 90 

Schneider, 1995 53 Meditation 

PMR 

Usual care 

Twice a day for 20 min, 

meditation; twice a day for 15 

to 20 min, PMR 

RCT, 

single-blind 

12 America 111 

(36/37/38) 

[47,64] 

66.8 50.5 SBP: 140-179 

DBP: 90-109 

Schneider, 2005 54 Meditation 

PMR 

Usual care 

Twice a day for 20 min, 

meditation; twice a day for 15 

to 20 min, PMR 

RCT 48 America 150 

(54/52/44) 

[71,79] 

48.5 100 SBP: 140-179 

DBP: 90-109 

Seals, 1991 141 Aerobic exercise 

Usual care 

3 days weekly, 30 min reach 

40-50% of maximal heart rate 

RCT 24 Japan 26 (14/12) 

[19,7] 

51.0 0 DBP: 90-105 

Shou, 2018 142 Tai Chi 

Usual care 

Every day, 40 to 90 min with 

50-60% Vo2max 

RCT 12 China 198 (98/100) 

[103,95] 

51.6 0 SBP: 140-160 

DBP: 90-100        

Silman, 1983 143 Salt restriction 

Usual care 

Every day, 

100 mmol sodium intake 

RCT 48 UK 25 (10/15) 

[Not reported] 

50-64 0 DBP: 95-104 
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Sohn, 2007 144 Aerobic exercise 

Usual care 

5 to 7 days weekly, 30 min 

walking 

RCT 24 America 18 (8/10) 

[6,12] 

44.2 0 SBP ≥ 140 

DBP ≥ 90 

Steffen, 2001 145 Exercise 

Diet plus exercise 

Usual care 

3 to 4 days weekly, 35 min 

with 70-85% Vo2max; weight 

loss 1 to 2 lb weekly 

RCT 24 America 92 

(35/42/15) 

[38,54] 

48.0 NR SBP: 130-179 

DBP:85-105 

Stevens, 1993 146 Diet plus exercise 

Usual care 

Low-caloric diet with 

exercise, weight loss 4.5 kg 

RCT 72 America 564 (308/256) 

[385,179] 

42.8 0 DBP: 80-89 

Stewart, 2005 60 Aerobic exercise + resistance 

training 

Usual care 

At least 2 days weekly, 

endurance training and 

resistance training session 

RCT 24 America 104 

(53/51) 

[51,53] 

63.6 0 SBP: 130-159 

DBP: 85-99 

Stiller-Moldovan, 

2012 147 

Isometric training 

Usual care 

3 days weekly, bilateral 

contractions at 30% of MVC 

RCT 8 Canada 20 (11/9) 

[10,10] 

61.2 100 SBP ≥ 140 

DBP ≥ 90 

Subramanian, 2011 

148 

Salt restriction  

Aerobic exercise 

Yoga 

Usual care 

Reduced daily salt intake by 

half; 50 to 60 min, 3 to 4 

weekly; 30 to 45 min per day, 

at least 5 days weekly 

RCT 8 India 94 

(21/23/25/25) 

[61,33] 

23.5 NR SBP: 120-159 

DBP: 80-99 

Sujatha, 2014 149 Yoga 

Usual care 

5 days weekly, 30 to 45 min 

yoga practise at home 

RCT 12 India 238 (118/120) 

[110,128] 

30-60 0 SBP: 140-169 

DBP: 90-109 

Suppa, 1988 150 Low-sodium salt 

Common salt (Usual care) 

Every day, 4 g of low-sodium 

and high-potassium salt 

RCT, 

double-blind  

4 Italy 322 (163/159) 

[202,120] 

47.4 100 DBP ≥ 95 

Svetkey, 1999a 34 DASH 

Usual care 

Every day, 

DASH diet feeding 

RCT, 

single-blind 

8 America 84 (37/47) 

[Not reported] 

48.9 NR SBP: 140-160 

DBP: 90-95 
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Svetkey, 1999b 34 DASH 

Usual care 

Every day, 

DASH diet feeding 

RCT, 

single-blind 

8 America 221 (114/107) 

[Not reported] 

48.9 NR SBP < 140 

DBP: 80-89 

Swift, 2005 39 Salt restriction 

Usual care 

Every day, 

5 g salt with 12 matched 

placebo tablets 

RCT, 

double-blind, 

crossover 

8 UK 40 

[17,23] 

50.0 0 SBP ≥ 140 

DBP ≥ 90 

Tanaka, 1997 151 Aerobic exercise 

Usual care 

3 days weekly, 60 min 

swimming 

RCT 10 America 18 (12/6) 

[10,8] 

47.7 5.6 SBP: 140-179 

DBP: 90-109 

Taylor, 2003 43 Isometric training 

Usual care 

3 days weekly, bilateral 

contractions at 30% of MVC 

RCT 10 Canada 17 (9/8) 

[10,7] 

66.9 100 SBP ≥ 140 

DBP ≥ 85 

The TOHP 

Research Group, 

1992a 152 

Salt restriction  

Usual care 

Every day, 

80 mmol sodium intake 

RCT, 

single-blind 

72 America 744 

(327/417) 

[531,213] 

43.0 0 DBP: 80-89 

The TOHP 

Research Group, 

1992b 152 

MBSR 

Usual care 

45 min/day, 

practice MBSR techniques 

RCT, 

single-blind 

72 America 562 

(242/320) 

[398,164] 

43.2 0 DBP: 80-89 

The TOHP 

Research Group, 

1997 61 

Diet plus exercise 

Salt restriction 

Salt restriction +  

diet plus exercise 

Usual care 

Weight-reduction program; 

Low-sodium diet; 

Weight-reduction program 

with low-sodium diet 

RCT 144 America 2382 

(595/594/597/596) 

[1578,804] 

43.6 0 DBP: 80-89 

Thiyagarajan, 2015 

153 

Yoga 

Usual care 

3 days weekly, 45 min yoga 

practise 

RCT 12 India 100 (51/49) 

[62,38] 

43.3 0 SBP: 120-139 

DBP: 80-89 
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Tsai, 2002 154 Aerobic exercise 

Usual care 

3 days weekly, 50 min reach 

60 to 70% maximal heart rate 

RCT 12 China 

(Taiwan) 

23 (12/11) 

[12,11] 

48.0 0 SBP: 140-160 

DBP: 90-95 

Tsai, 2003 46 Tai Chi 

Usual care 

3 days weekly, 50 min tai chi 

practise 

RCT 12 China  

(Taiwan)  

76 (37/39) 

[38,38] 

51.0 0 SBP: 130-159 

DBP: 85-99 

Tsai, 2004 155 Aerobic exercise 

Usual care 

3 days weekly, 50 min reach 

60 to 70% maximal heart rate 

RCT 10 China 

(Taiwan) 

102 (52/50) 

[47,55] 

49.0 0 SBP: 140-179 

DBP: 90-109 

Vollmer, 2001 156 Salt restriction 

Usual care 

Every day, 

< 50 mmol sodium intake 

RCT 4 America 83 

[Not reported] 

50.3 0 SBP: 140-159 

DBP: 90-95 

Watt, 1983 157 Salt restriction 

Usual care 

Every day, 

< 80 mmol sodium intake 

RCT, 

double-blind, 

crossover 

8 UK 18 

[6,12] 

52.0 0 SBP ≥ 140 

DBP ≥ 90 

Whelton, 1998 158 Diet plus exercise 

Salt restriction +  

diet plus exercise 

Every day, low-sodium and 

caloric diet;   

RCT 12 America 289 

(144/145) 

[122,167] 

66.0 100 SBP ≥ 140 

DBP ≥ 90 

Whitt-Glover, 2013 

159 

DASH 

Usual care 

Every day, 

DASH diet feeding 

RCT 12 America 25 (14/11) 

[3,22] 

50.7 76.0 SBP: 120-159 

DBP: 80-99 

Wilson, 2014 160 Alcohol restriction 

Usual care 

Reduce alcohol intake using 

leaflet education 

RCT, 

parallel-cluster 

24 UK 67 (28/39) 

[Not reported] 

64.3 NR SBP ≥ 140 

DBP ≥ 90 

Wolff, 2013a 55 Yoga (classes) 

Usual care 

60 minutes yoga class once a 

week, 30 min at home 

RCT 12 Sweden 54 (28/26) 

[20,34] 

63.6 92.0 SBP ≥ 140 

DBP ≥ 90 

Wolff, 2013b 55 Yoga (at home) 

Usual care 

Every day, 

15 min yoga practise 

RCT 12 Sweden 52 (26/26) 

[18,34] 

62.4 92.0 SBP ≥ 140 

DBP ≥ 90 
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Young, 1999 161 Aerobic exercise 

Tai Chi 

4 to 5 days weekly, 30 to 45 

min with 60% Vo2max; 

RCT 12 America 62 (31/31) 

[13,49] 

66.7 0 SBP: 130-159 

DBP < 95 

Zhao, 2014 37 Low-sodium salt 

Common salt (Usual care) 

Every day, low-sodium and 

high-potassium salt intake 

RCT, 

single-blind 

12 China 282 (141/141) 

[116,166] 

63.1 56.8 SBP ≥ 140 

DBP ≥ 90 

Zhou, 2009 162 Low-sodium salt 

Common salt (Usual care) 

Every day, 8.5g of low-sodium 

and high-potassium salt 

RCT, 

single-blind 

24 China 126 (62/64) 

[54,72] 

66.6 54.0 SBP ≥ 140 

DBP ≥ 90 

Zou, 2016 35 Salt restriction + DASH 

Usual care 

Every day, 

Low-sodium DASH feeding 

RCT 8 China 60 (30/30) 

[30,30] 

>45 0 SBP: 140-159 

DBP: 90-99 

* Citations correspond to the references list in the main text. 

† Baseline BP of subjects was defined as the office blood pressure of subjects measured without previous antihypertensive treatment 

ANHMRC indicates Australian National Health and Medical Research Council; DASH indicates Dietary Approach to Stop Hypertension. DBP indicates diastolic blood pressure; 

Diet indicates low-calorie diet; Lifestyle indicates comprehensive lifestyle Modification; Low-sodium salt indicates low-sodium and high-potassium salt; MBSR indicates 

mindfulness-based stress reduction; MVC indicates maximal voluntary contraction; NR indicates not reported; PMR indicates progressive muscle relaxation; RCT indicates 

randomized controlled trial; SBP indicates systolic blood pressure; The TOHP Research Group indicates The Trials of Hypertension Prevention Collaborative Research Group; 

Vo2max indicates maximum oxygen consumption. 

  



Table S2. Risk of Bias Results. 

 

Author,  

year 

1. 

Sequence 

generation of  

the allocation 

2. 

Allocation 

concealment 

3. 

Blinding of 

participants, 

personnel 

4. 

Blinding of 

outcome 

assessors 

5. 

Incomplete 

outcome 

data 

6. 

Selective 

outcome 

reporting 

7. 

Other sources  

of bias 

 

Risk of bias  

for study 

Altena, 2009 Low risk Low risk Unclear risk  Low risk Low risk Low risk Low risk Low 

Anderson, 2010 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Anderssen, 1995 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Unclear risk  Moderate 

ANHMRC, 1989a Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

ANHMRC, 1989b Low risk Low risk Low risk Low risk Low risk Low risk Unclear risk  Moderate 

Appel, 2001 Low risk Low risk Low risk Low risk Low risk Low risk Unclear risk  Moderate 

Badrov, 2013 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Baros, 2008 Unclear risk  Unclear risk  Unclear risk  Low risk Low risk Low risk Unclear risk  Moderate 

Barros, 2015 High risk Unclear risk  Unclear risk  Low risk Low risk Low risk Low risk High 

Beard, 1982 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Benetos, 1992 Low risk Low risk Low risk Low risk Low risk Low risk Unclear risk  Moderate 

Blom, 2014 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Blumenthal, 1991 Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Unclear risk  Moderate 

Blumenthal, 2000 Unclear risk  Unclear risk  High risk Low risk High risk Low risk Low risk High 

Burke, 2005 Low risk Unclear risk  High risk Low risk Low risk Low risk Unclear risk  Moderate 

Cappuccio, 1997 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

Castillo-Richmond, 2000 Unclear risk  Unclear risk  Unclear risk  Low risk Low risk Low risk Low risk Moderate 

Chen, 2010 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Cohen, 2011 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Collier, 2008 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 
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1. 
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2. 
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concealment 

3. 
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7. 
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Risk of bias  

for study 

Conlin, 2003 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Cononie, 1991 Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Unclear risk  Moderate 

Cooper, 2000 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Cottier, 1984 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Croft, 1986 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Unclear risk  Moderate 

Cushman, 1998 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Edwards, 2011 Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Unclear risk  Moderate 

Elliot, 2004 Unclear risk  Unclear risk  Low risk Low risk Low risk Low risk Low risk Moderate 

Elmer, 2006 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Erlinger, 2002 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Erwteman, 1984 Unclear risk  Unclear risk  Unclear risk  Low risk Low risk Low risk Low risk Moderate 

Farah, 2018a Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Farah, 2018b Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Farahani, 2010 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Farinatti, 2016 Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Low risk Moderate 

Ferreira, 2013 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

Fotherby, 1993 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

Gates, 2004 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

Geleijnse, 1994 Low risk Unclear risk  Low risk Low risk Low risk Low risk Unclear risk  Moderate 

Gordon, 1997 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Grobbee, 1987 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 
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Risk of bias  
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Grossman, 2001 Unclear risk  Unclear risk  Low risk Low risk Low risk Low risk Low risk Moderate 

Guimaraes, 2010 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Hagins, 2014 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Haynes, 1984 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

He, 2009 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

Higashi, 1999a Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Low risk Moderate 

Higashi, 1999b Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Low risk Moderate 

Hikmat, 2014 Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Low risk Moderate 

Hughes, 2013 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Izadi, 2018 Low risk Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Jablonski, 2013 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

Jalkanen, 1991 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Unclear risk  Moderate 

Jones, 2010 Low risk Low risk Unclear risk  Low risk Low risk Low risk Unclear risk  Moderate 

Lang, 1995 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

MacGregor, 1982 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

MacGregor, 1989 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

MacMahon, 1985 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Unclear risk  Moderate 

Mäkelä, 2008 Low risk Low risk Unclear risk  Low risk Low risk Low risk Unclear risk  Moderate 

Malloy-McFall, 2010 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Unclear risk  Moderate 

Marquez-Celedonio, 2009 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Maruf, 2016 Low risk Low risk High risk Low risk Low risk Low risk High risk High 
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Mattila, 2003 Low risk Low risk High risk Unclear risk  Low risk Low risk Low risk Moderate 

McCarron, 1997 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

Meland, 1997 Low risk Low risk Low risk Low risk Unclear risk  Low risk Low risk Moderate 

Meles, 2004 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk High risk High 

Miller, 2002 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Modesti, 2010 Unclear risk  Unclear risk  Low risk Low risk Low risk Low risk Low risk Moderate 

Molmen-Hansen, 2012 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Moore, 1999 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Nakamura, 2003 Low risk Unclear risk  Unclear risk  Low risk Low risk Low risk Low risk Moderate 

Nelson L, 1986a Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Low risk Moderate 

Nelson L, 1986b Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Low risk Moderate 

Nualnim, 2012 High risk High risk High risk Low risk Low risk Low risk Low risk High 

Ohkubo, 2001 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Ohta, 2015 Low risk Low risk High risk Unclear risk  Low risk Low risk Low risk Moderate 

Okumiya, 1996 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Parijs, 1973 Low risk Unclear risk  High risk High risk Low risk Low risk Low risk High 

Park, 2014 Low risk Low risk Unclear risk  Low risk Low risk Low risk Low risk Low 

Patel, 1988 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Pinjuh Markota, 2015 Low risk Low risk High risk Unclear risk  Low risk Low risk Low risk Moderate 

Punita, 2016 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Puska, 1983 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Unclear risk  Moderate 
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Ramos, 2018 unclear unclear high unclear low low low Moderate 

Richards, 1984 Unclear risk  Unclear risk  High risk Low risk Unclear risk  Low risk Unclear risk  Moderate 

Rogers, 1996a Unclear risk  Unclear risk  High risk Low risk Unclear risk  Low risk Low risk Moderate 

Rogers, 1996b Unclear risk  Unclear risk  High risk Low risk Unclear risk  Low risk Low risk Moderate 

Sacks, 2001 Low risk Low risk Unclear risk  Low risk Low risk Low risk Unclear risk  Moderate 

Sarkkinen, 2011 Unclear risk  Unclear risk  Low risk Low risk Low risk Low risk Unclear risk  Moderate 

Schein, 2001 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

Schneider, 1995 Low risk Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Schneider, 2005 Low risk Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Seals, 1991 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Unclear risk  Moderate 

Shou, 2018 unclear unclear high low low low unclear Moderate 

Silman, 1983 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Unclear risk  Moderate 

Sohn, 2007 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Steffen, 2001 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Stevens, 1993 Low risk Low risk High risk Low risk Low risk Low risk Unclear risk  Moderate 

Stewart, 2005 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 

Stiller-Moldovan, 2012 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Subramanian, 2011 Low risk Low risk High risk Unclear risk  Low risk Low risk Low risk Moderate 

Sujatha, 2014 Unclear risk  Unclear risk  Unclear risk  Unclear risk  Low risk Low risk Low risk Moderate 

Suppa, 1988 Unclear risk  Unclear risk  Low risk Unclear risk  Low risk Low risk Low risk Moderate 

Svetkey, 1999a Low risk Low risk Unclear risk  Low risk Low risk Low risk Low risk Low 
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Svetkey, 1999b Low risk Low risk Unclear risk  Low risk Low risk Low risk Low risk Low 

Swift, 2005 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

Tanaka, 1997 High risk High risk High risk Low risk Low risk Low risk Unclear risk  High 

Taylor, 2003 Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Unclear risk  Moderate 

The TOHP Research Group, 

1992a 

Low risk Low risk Unclear risk  Low risk Low risk Low risk Low risk Low 

The TOHP Research Group, 

1992b 

Low risk Low risk Unclear risk  Low risk Low risk Low risk Low risk Low 

The TOHP Research Group, 1997 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Thiyagarajan, 2015 Low risk Low risk High risk Low risk Low risk Low risk Unclear risk  Moderate 

Tsai, 2002 Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Low risk Moderate 

Tsai, 2003 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Unclear risk  Moderate 

Tsai, 2004 Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Low risk Moderate 

Vollmer, 2001 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Unclear risk  Moderate 

Watt, 1983 Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low 

Whelton, 1998 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Whitt-Glover, 2013 Unclear risk  Unclear risk  High risk Unclear risk  Low risk Low risk Unclear risk  Moderate 

Wilson, 2014 Low risk Unclear risk  High risk Unclear risk  Low risk Low risk Low risk Moderate 

Wolff, 2013a High risk Unclear risk  High risk Low risk Low risk Low risk Low risk High 

Wolff, 2013b High risk Unclear risk  High risk Low risk Low risk Low risk Low risk High 

Young, 1999 Unclear risk  Unclear risk  High risk Low risk Low risk Low risk Low risk Moderate 
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Zhao, 2014 Low risk Low risk Unclear risk  Low risk Low risk Low risk Low risk Low 

Zhou, 2009 Low risk Low risk Unclear risk  Unclear risk  Low risk Low risk Low risk Moderate 

Zou, 2016 Low risk Low risk High risk Low risk Low risk Low risk Low risk Low 

Studies were judged to be at high, moderate or low risk of bias based on the assessment of sequence generation of the allocation, allocation concealment, blinding of participants, 

personnel, and outcome assessors, incomplete outcome data, selective outcome reporting and other sources of bias. 

ANHMRC indicates Australian National Health and Medical Research Council; The TOHP Research Group indicates The Trials of Hypertension Prevention Collaborative 

Research Group.  



Table S3. Traditional Meta-analysis Results. (A) Adults with Prehypertension to 

Established Hypertension 

 

Comparison 

No. of 

studies 

No. of 

patients 

Weighted mean 

difference (95% CrI) 

 

I2 

Systolic blood pressure 

Low-sodium salt vs Usual care 6 910 8.21 (5.10 to 11.33) 65.5% 

Alcohol restriction vs Usual care 4 828 4.20 (0.22 to 8.21) 73.0% 

Breathing-control vs Usual care 8 419 5.24 (2.05 to 8.46) 10.4% 

Meditation vs Usual care 4 335 5.14 (0.91 to 9.36) 49.7% 

Qigong vs Usual care 1 40 3.31 (-4.21 to 10.91) 0.0% 

Yoga vs Usual care 7 606 4.53 (1.51 to 7.45) 91.5% 

PMR vs Usual care 3 197 2.37 (-2.26 to 6.99) 0.0% 

MBSR vs Usual care 2 649 0.27 (-4.27 to 4.87) 0.0% 

DASH vs Usual care 9 1022 6.95 (4.56 to 9.36) 77.4% 

Salt restriction vs Usual care 30 4012 5.30 (3.87 to 6.76) 76.4% 

Diet vs Usual care 4 217 7.84 (3.60 to 12.04) 73.5% 

Exercise vs Usual care 3 148 1.98 (-5.01 to 9.01) 0.0% 

Diet plus exercise vs Usual care 6 1965 2.18 (-1.29 to 5.65) 52.9% 

Aerobic exercise vs Usual care 26 1007 6.14 (4.51 to 7.83) 65.8% 

Tai chi vs Usual care 2 274 16.83 (12.05 to 21.68) 95.1% 

Resistance training vs Usual care 2 64 -0.22 (-7.26 to 6.78) 0.0% 

Isometric training vs Usual care 5 109 5.71 (1.49 to 9.92) 38.6% 

Lifestyle vs Usual care 4 1440 4.59 (1.49 to 7.81) 91.4% 

Aerobic exercise+DASH vs Usual care 1 27 10.02 (-2.24 to 22.19) 0.0% 

Salt restriction+DASH vs Usual care 1 60 3.78 (-3.81 to 11.33) 0.0% 

Salt restriction+diet plus exercise vs Usual care 2 1238 4.25 (-0.54 to 9.12) 96.0% 

Aerobic exercise+resistance training vs Usual care 2 169 2.70 (-2.62 to 7.98) 49.6% 

Meditation vs Breathing-control 1 40 -0.97 (-9.00 to 7.00) 0.0% 

PMR vs Meditation 2 179 -3.99 (-9.99 to 2.14) 0.0% 

Salt restriction vs Yoga 1 46 2.20 (-7.03 to 11.54) 0.0% 

Aerobic exercise vs Yoga 1 48 5.06 (-3.33 to 13.48) 0.0% 

Resistance training vs Yoga 1 68 -4.41 (-13.75 to 4.97) 0.0% 

MBSR vs PMR 1 56 4.12 (-6.66 to 14.78) 0.0% 

Diet plus exercise vs Salt restriction 1 1189 0.10 (-6.12 to 6.29) 0.0% 

Aerobic exercise vs Salt restriction 1 44 2.85 (-6.21 to 11.88) 0.0% 

Salt restriction+diet plus exercise vs Salt restriction 1 1193 -0.12 (-6.35 to 6.07) 0.0% 

Exercise vs Diet 2 65 -2.85 (-11.04 to 5.32) 0.0% 

Diet plus exercise vs Diet 2 74 0.67 (-7.37 to 8.72) 0.0% 

Diet plus exercise vs Exercise  4 244 4.16 (-0.19 to 8.52) 0.0% 

Salt restriction+diet plus exercise vs Diet plus exercise 2 1480 0.48 (-4.18 to 5.12) 2.1% 

Tai chi vs Aerobic exercise 1 62 -1.40 (-8.91 to 6.06) 0.0% 



 

Comparison 

No. of 

studies 

No. of 

patients 

Weighted mean 

difference (95% CrI) 

 

I2 

Systolic blood pressure 

Aerobic exercise+DASH vs Aerobic exercise 1 37 5.37 (-4.56 to 15.28) 0.0% 

Resistance training vs Aerobic exercise 3 112 -1.81 (-7.38 to 3.72) 0.0% 

Diastolic blood pressure 

Low-sodium salt vs Usual care 6 910 3.96 (1.86 to 6.06) 40.2% 

Alcohol restriction vs Usual care 4 828 1.80 (-0.86 to 4.50) 63.7% 

Breathing-control vs Usual care 8 419 3.22 (0.98 to 5.46) 20.5% 

Meditation vs Usual care 4 335 2.17 (-0.71 to 5.07) 61.3% 

Qigong vs Usual care 1 40 6.72 (0.81 to 12.62) 0.0% 

Yoga vs Usual care 7 606 3.31 (1.22 to 5.36) 87.8% 

PMR vs Usual care 3 197 2.56 (-0.83 to 5.97) 31.7% 

MBSR vs Usual care 2 649 0.24 (-3.06 to 3.54) 39.6% 

DASH vs Usual care 9 1022 3.54 (1.82 to 5.24) 49.7% 

Salt restriction vs Usual care 30 4012 2.57 (1.57 to 3.57) 63.0% 

Diet vs Usual care 4 217 5.06 (2.33 to 7.75) 96.9% 

Exercise vs Usual care 3 148 4.60 (0.10 to 9.21) 0.0% 

Diet plus exercise vs Usual care 6 1965 2.59 (0.25 to 4.98) 65.9% 

Aerobic exercise vs Usual care 26 1007 4.26 (3.08 to 5.42) 79.5% 

Tai chi vs Usual care 2 274 9.76 (6.14 to 13.43) 0.0% 

Resistance training vs Usual care 2 64 -0.01 (-5.04 to 5.02) 0.0% 

Isometric training vs Usual care 5 109 4.03 (1.09 to 6.90) 21.1% 

Lifestyle vs Usual care 4 1440 3.37 (1.05 to 5.68) 95.8% 

Aerobic exercise+DASH vs Usual care 1 27 3.49 (-6.28 to 13.46) 0.0% 

Salt restriction+DASH vs Usual care 1 60 2.40 (-3.38 to 8.17) 0.0% 

Salt restriction+diet plus exercise vs Usual care 2 1238 2.49 (-0.94 to 5.99) 92.9% 

Aerobic exercise+resistance training vs Usual care 2 169 3.14 (-0.35 to 6.68) 38.7% 

Meditation vs Breathing-control 1 40 -2.20 (-8.00 to 3.55) 0.0% 

PMR vs Meditation 2 179 -2.91 (-6.74 to 0.92) 0.0% 

Salt restriction vs Yoga 1 46 -0.41 (-7.74 to 6.98) 0.0% 

Aerobic exercise vs Yoga 1 48 3.65 (-1.92 to 9.23) 0.0% 

Resistance training vs Yoga 1 68 -3.53 (-9.38 to 2.27) 0.0% 

MBSR vs PMR 1 56 0.72 (-7.17 to 8.54) 0.0% 

Diet plus exercise vs Salt restriction 1 1189 0.38 (-4.09 to 4.88) 0.0% 

Aerobic exercise vs Salt restriction 1 44 4.11 (-2.18 to 10.34) 0.0% 

Salt restriction+diet plus exercise vs Salt restriction 1 1193 0.11 (-4.39 to 4.67) 0.0% 

Exercise vs Diet 2 65 -1.59 (-6.48 to 3.19) 0.0% 

Diet plus exercise vs Diet 2 74 0.22 (-4.06 to 4.58) 0.0% 

Diet plus exercise vs Exercise  4 244 1.59 (-1.35 to 4.57) 0.0% 

Salt restriction+diet plus exercise vs Diet plus exercise 2 1480 0.89 (-2.40 to 4.21) 84.7% 



 

Comparison 

No. of 

studies 

No. of 

patients 

Weighted mean 

difference (95% CrI) 

 

I2 

Diastolic blood pressure 

Tai chi vs Aerobic exercise 1 62 -0.82 (-5.97 to 4.39) 0.0% 

Resistance training vs Aerobic exercise 3 112 -0.89 (-4.55 to 2.72) 27.6% 

Aerobic exercise+DASH vs Aerobic exercise 1 37 2.90 (-6.14 to 11.95) 0.0% 

  



Table S3. Traditional Meta-analysis Results. (B) Patients with Hypertension 

 

Comparison 

No. of 

studies 

No. of 

patients 

Weighted mean 

difference (95% CrI) 

 

I2 

Systolic blood pressure 

Low-sodium salt vs Usual care 5 865 7.56 (4.23 to 10.89) 67.8% 

Alcohol restriction vs Usual care 4 517 4.95 (0.93 to 8.94) 44.9% 

Breathing-control vs Usual care 8 419 5.22 (2.10 to 8.42) 10.0% 

Meditation vs Usual care 3 275 6.46 (1.75 to 11.20) 46.6% 

Yoga vs Usual care 4 399 7.32 (3.24 to 11.17) 91.6% 

PMR vs Usual care 3 197 2.36 (-2.10 to 6.90) 0.0% 

MBSR vs Usual care 1 87 0.05 (-6.55 to 6.51) 0.0% 

DASH vs Usual care 4 262 8.67 (5.24 to 12.18) 82.5% 

Salt restriction vs Usual care 26 2003 5.75 (4.19 to 7.29) 45.5% 

Diet vs Usual care 3 189 7.78 (3.58 to 11.90) 82.6% 

Diet plus exercise vs Usual care 1 49 -7.03 (-17.34 to 3.36) 0.0% 

Aerobic exercise vs Usual care 23 874 6.12 (4.47 to 7.87) 68.5% 

Resistance training vs Usual care 2 64 -0.21 (-7.20 to 6.81) 0.0% 

Isometric training vs Usual care 5 109 5.64 (1.54 to 9.86) 66.0% 

Lifestyle vs Usual care 2 844 3.07 (-1.21 to 7.36) 50.6% 

Aerobic exercise+DASH vs Usual care 1 27 10.13 (-2.14 to 22.23) 0.0% 

Salt restriction+DASH vs Usual care 1 60 3.78 (-3.54 to 11.04) 0.0% 

Tai Chi vs Usual care 1 198 12.75 (6.52 to 18.88) 0.0% 

PMR vs Meditation 2 179 -3.91 (-9.82 to 1.99) 0.0% 

Salt restriction+diet plus exercise vs Diet plus exercise 1 289 1.31 (-8.00 to 5.47) 0.0% 

Resistance training vs Aerobic exercise 2 100 -2.41 (-8.89 to 4.05) 9.8% 

Aerobic exercise+DASH vs Aerobic exercise 1 37 5.42 (-4.38 to 15.08) 0.0% 

Diastolic blood pressure 

Low-sodium salt vs Usual care 5 865 3.80 (1.45 to 6.21) 47.5% 

Alcohol restriction vs Usual care 4 517 1.86 (-1.02 to 4.76) 56.7% 

Breathing-control vs Usual care 8 419 3.23 (0.97 to 5.51) 20.1% 

Meditation vs Usual care 3 275 3.56 (0.16 to 6.97) 10.6% 

Yoga vs Usual care 4 399 4.48 (1.59 to 7.37) 87.2% 

PMR vs Usual care 3 197 2.58 (-0.95 to 6.09) 32.5% 

MBSR vs Usual care 1 87 -0.43 (-5.52 to 4.60) 0.0% 

DASH vs Usual care 4 262 4.55 (1.94 to 7.16) 0.0% 

Salt restriction vs Usual care 26 2003 2.73 (1.58 to 3.86) 45.6% 

Diet vs Usual care 3 189 4.98 (2.03 to 7.89) 98.0% 

Diet plus exercise vs Usual care 1 49 -0.04 (-6.15 to 6.26) 0.0% 

Aerobic exercise vs Usual care 23 874 4.04 (2.76 to 5.32) 81.3% 

Resistance training vs Usual care 2 64 -0.01 (-5.22 to 5.19) 0.0% 

Isometric training vs Usual care 5 109 4.02 (1.01 to 7.01) 20.3% 



 

Comparison 

No. of 

studies 

No. of 

patients 

Weighted mean 

difference (95% CrI) 

 

I2 

Diastolic blood pressure 

Lifestyle vs Usual care 2 844 1.74 (-1.72 to 5.16) 0.0% 

Aerobic exercise+DASH vs Usual care 1 27 3.65 (-6.21 to 13.59) 0.0% 

Salt restriction+DASH vs Usual care 1 60 2.41 (-3.57 to 8.46) 0.0% 

Tai Chi vs Usual care 1 198 7.80 (2.69 to 12.90)  

PMR vs Meditation 2 179 -2.91 (-6.87 to 1.04) 0.0% 

Salt restriction+diet plus exercise vs Diet plus exercise 1 289 2.29 (-7.49 to 2.75) 0.0% 

Resistance training vs Aerobic exercise 2 100 -2.18 (-7.13 to 2.70) 48.5% 

Aerobic exercise+DASH vs Aerobic exercise 1 37 2.92 (-6.37 to 12.17) 0.0% 

DASH indicates Dietary Approach to Stop Hypertension; Diet indicates low-calorie diet; Lifestyle 

indicates comprehensive lifestyle Modification; Low-sodium salt indicates low-sodium and high-

potassium salt; MBSR indicates mindfulness-based stress reduction; PMR indicates progressive muscle 

relaxation. 



Table S4. GRADE Summary of Findings Table with Quality of Evidence and Absolute Anticipated Benefits for All Nonpharmacologic 

Interventions over Usual Care in Adult with Prehypertension to Established Hypertension. 

Using GRADE to rate quality of evidence from a network meta-analysis involved several steps: First, we rated quality of evidence for direct 

comparisons; second, we rated quality of evidence for indirect estimates (starting at the lowest rating of the two pairwise direct estimates that 

contribute as first-order loops to the indirect estimate, which can be rated down further for imprecision or intransitivity), and then third, rating the 

quality of evidence for the network combining direct and indirect estimates. In this step, if direct and indirect estimates from second-order 

comparisons are similar, the higher of the ratings was assigned to the network meta-analysis estimates. 

Nonpharmacologic interventions on blood pressure in adult with prehypertension to established hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Mean difference with usual care                 Mean difference with intervention 

groups (95% CrI) 

Low-sodium and high-potassium salt compared to usual care 

Systolic blood pressure 

reduction 

910 

(6 studies) 

4-24 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to risk of bias 

8.21 (4.99 to 11.43) The mean systolic blood pressure reduction 

in the control groups was 

0.47   

The mean systolic blood pressure reduction in 

the intervention groups was 

8.70 higher 

(5.79 to 11.61 higher) 

Diastolic blood pressure 

reduction 

910 

(6 studies) 

4-24 weeks 

⊕⊕⊝⊝ 

LOW 

due to risk of bias, publication 

bias 

3.97 (1.81 to 6.13) The mean diastolic blood pressure reduction 

in the control groups was 

0.18  

The mean diastolic blood pressure reduction in 

the intervention groups was 

4.20 higher 

(3.11 to 5.11 higher) 



Nonpharmacologic interventions on blood pressure in adult with prehypertension to established hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Mean difference with usual care    

 

Mean difference with intervention groups 

(95% CrI) 

Breathing-control compared to usual care 

Systolic blood pressure 

reduction 

419 

(8 studies) 

4-24 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to risk of bias 

5.39 (2.30 to 8.49) The mean systolic blood pressure reduction 

in the control groups was 

4.16 

The mean systolic blood pressure reduction in 

the intervention groups was 

9.25 higher 

(7.39 to 11.10 higher) 

Diastolic blood pressure 

reduction 

419 

(8 studies) 

4-24 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to risk of bias 

3.41 (1.28 to 5.55) The mean diastolic blood pressure reduction 

in the control groups was 

1.41 

The mean diastolic blood pressure reduction in 

the intervention groups was 

4.60 higher 

(2.64 to 6.56 higher) 

Meditation compared to usual care 

Systolic blood pressure 

reduction 

335 

(4 studies) 

6-48 weeks 

⊕⊕⊕⊕ 

HIGH 

5.02 (1.42 to 8.65) The mean systolic blood pressure reduction 

in the control groups was 

2.35 

The mean systolic blood pressure reduction in 

the intervention groups was 

7.48 higher 

(4.55 to 10.41 higher) 

Diastolic blood pressure 

reduction 

335 

(4 studies) 

6-48 weeks 

⊕⊕⊕⊕ 

HIGH 

2.46 (-0.02 to 4.94) The mean diastolic blood pressure reduction 

in the control groups was 

2.31 

The mean diastolic blood pressure reduction in 

the intervention groups was 

4.49 higher 

(2.86 to 6.12 higher) 



Nonpharmacologic interventions on blood pressure in adult with prehypertension to established hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Mean difference with usual care    

 

Mean difference with intervention groups 

(95% CrI) 

DASH compared to usual care 

Systolic blood pressure 

reduction 

1022 

(9 studies) 

4-12 weeks 

⊕⊕⊕⊕ 

HIGH 

6.97 (4.50 to 9.47) The mean systolic blood pressure reduction 

in the control groups was 

0.77 

The mean systolic blood pressure reduction in 

the intervention groups was 

7.48 higher 

(5.62 to 9.34 higher) 

Diastolic blood pressure 

reduction 

1022 

(9 studies) 

4-12 weeks 

⊕⊕⊕⊕ 

HIGH 

3.54 (1.80 to 5.28) The mean diastolic blood pressure reduction 

in the control groups was 

0.57 

The mean diastolic blood pressure reduction in 

the intervention groups was 

3.89 higher 

(2.90 to 4.88 higher) 

Salt restriction compared to usual care 

Systolic blood pressure 

reduction 

4012 

(30 studies) 

4-144 weeks 

⊕⊕⊝⊝ 

LOW 

due to risk of bias 

inconsistency, publication 

bias, greater precision 

5.42 (3.96 to 6.87) The mean systolic blood pressure reduction 

ranged across control groups from  

0.56 

The mean systolic blood pressure reduction in 

the intervention groups was 

5.92 higher 

(4.42 to 7.41 higher) 

Diastolic blood pressure 

reduction 

4012 

(30 studies) 

4-144 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to risk of bias, publication 

bias, greater precision 

2.63 (1.64 to 3.61) The mean diastolic blood pressure reduction 

ranged across control groups from  

1.19 

The mean diastolic blood pressure reduction in 

the intervention groups was 

3.65 higher 

(2.77 to 4.52 higher) 



Nonpharmacologic interventions on blood pressure in adult with prehypertension to established hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Mean difference with usual care    

 

Mean difference with intervention groups 

(95% CrI) 

Low-calorie diet compared to usual care 

Systolic blood pressure 

reduction 

217 

(4 studies) 

24-52 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to inconsistency 

6.50 (2.78 to 10.17) The mean systolic blood pressure reduction 

in the control groups was 

3.05 

The mean systolic blood pressure reduction in 

the intervention groups was 

10.76 higher 

(7.46 to 14.07 higher) 

Diastolic blood pressure 

reduction 

217 

(4 studies) 

24-52 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to inconsistency 

4.56 (2.22 to 6.89) The mean diastolic blood pressure reduction 

in the control groups was 

1.74 

The mean diastolic blood pressure reduction in 

the intervention groups was 

6.81 higher 

(2.52 to 11.10 higher) 

Exercise compared to usual care 

Systolic blood pressure 

reduction 

148 

(3 studies) 

24-52 weeks 

⊕⊕⊝⊝ 

LOW 

due to risk of bias, imprecision 

1.14 (-3.04 to 5.35) The mean systolic blood pressure reduction 

in the control groups was 

-1.72 

The mean systolic blood pressure reduction in 

the intervention groups was 

1.34 higher 

(4.92 to 7.60 higher) 

Diastolic blood pressure 

reduction 

148 

(3 studies) 

24-52 weeks 

⊕⊕⊝⊝ 

LOW 

due to risk of bias, imprecision 

2.75 (-0.01 to 5.54) The mean systolic blood pressure reduction 

in the control groups was 

0.48 

The mean systolic blood pressure reduction in 

the intervention groups was 

4.78 higher 

(3.45 to 6.11 higher) 



Nonpharmacologic interventions on blood pressure in adult with prehypertension to established hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Mean difference with usual care    

 

Mean difference with intervention groups 

(95% CrI) 

Low-calorie diet plus exercise compared to usual care 

Systolic blood pressure 

reduction 

1965 

(6 studies) 

24-144 weeks 

⊕⊕⊝⊝ 

LOW 

due to risk of bias, 

inconsistency 

4.12 (1.22 to 7.03) The mean systolic blood pressure reduction 

in the control groups was 

2.25 

The mean systolic blood pressure reduction in 

the intervention groups was 

4.87 higher 

(1.91 to 7.82 higher) 

Diastolic blood pressure 

reduction 

1965 

(6 studies) 

24-144 weeks 

⊕⊕⊝⊝ 

LOW 

due to risk of bias, 

inconsistency 

3.35 (1.41 to 5.32) The mean systolic blood pressure reduction 

in the control groups was 

3.71 

The mean systolic blood pressure reduction in 

the intervention groups was 

6.30 higher 

(4.53 to 8.23 higher) 

Aerobic exercise compared to usual care 

Systolic blood pressure 

reduction 

1007 

(26 studies) 

6-64 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to risk of bias, publication 

bias, greater precision 

6.60 (4.98 to 8.23) The mean systolic blood pressure reduction 

in the control groups was 

0.84 

The mean systolic blood pressure reduction in 

the intervention groups was 

6.92 higher 

(6.13 to 11.71 higher) 

Diastolic blood pressure 

reduction 

1007 

(26 studies) 

6-64 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to risk of bias, 

inconsistency, greater 

precision 

4.44 (3.31 to 5.57) The mean systolic blood pressure reduction 

in the control groups was 

1.48 

The mean systolic blood pressure reduction in 

the intervention groups was 

5.39 higher 

(4.00 to 6.78 higher) 



Nonpharmacologic interventions on blood pressure in adult with prehypertension to established hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Mean difference with usual care    

 

Mean difference with intervention groups 

(95% CrI) 

Qigong compared to usual care 

Systolic blood pressure 

reduction 

40 

(1 studies) 

8 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, publication 

bias  

3.29 (-4.35 to 10.97) The mean systolic blood pressure reduction 

in the control groups was 

4.61 

The mean systolic blood pressure reduction in 

the intervention groups was 

7.90 higher 

(4.16 to 11.64 higher) 

Diastolic blood pressure 

reduction 

40 

(1 studies) 

8 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, publication 

bias 

6.74 (0.74 to 12.72) The mean systolic blood pressure reduction 

in the control groups was 

0.00 

The mean systolic blood pressure reduction in 

the intervention groups was 

6.72 higher 

(3.55 to 9.90 higher) 

Tai Chi compared to usual care 

Systolic blood pressure 

reduction 

274 

(2 studies) 

12 weeks 

⊕⊝⊝⊝ 

VERY LOW 

due to severe inconsistency, 

imprecision, publication bias 

13.47 (9.30 to 17.64) The mean systolic blood pressure reduction 

in the control groups was 

-6.40 

The mean systolic blood pressure reduction in 

the intervention groups was 

15.60 higher 

(13.27 to 17.93 higher) 

Diastolic blood pressure 

reduction 

274 

(2 studies) 

12 weeks 

⊕⊝⊝⊝ 

VERY LOW 

due to severe inconsistency, 

imprecision, publication bias 

7.76 (4.72 to 10.81) The mean systolic blood pressure reduction 

in the control groups was 

-3.40 

The mean systolic blood pressure reduction in 

the intervention groups was 

8.80 higher 

(6.55 to 11.05 higher) 



Nonpharmacologic interventions on blood pressure in adult with prehypertension to established hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Mean difference with usual care    

 

Mean difference with intervention groups 

(95% CrI) 

Isometric training compared to usual care 

Systolic blood pressure 

reduction 

109 

(5 studies) 

8-12 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision 

5.77 (1.41 to 10.16) The mean systolic blood pressure reduction 

in the control groups was 

0.00 

The mean systolic blood pressure reduction in 

the intervention groups was 

6.89 higher 

(2.01 to 11.78 higher) 

Diastolic blood pressure 

reduction 

109 

(5 studies) 

8-12 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision 

4.01 (1.07 to 6.93) The mean systolic blood pressure reduction 

in the control groups was 

0.00 

The mean systolic blood pressure reduction in 

the intervention groups was 

4.07 higher 

(1.31 to 6.82 higher) 

Aerobic exercise plus DASH compared to usual care 

Systolic blood pressure 

reduction 

27 

(1 studies) 

12 weeks 

⊕⊝⊝⊝ 

VERY LOW 

due to imprecision, publication 

bias 

11.20 (2.81 to 19.61) The mean systolic blood pressure reduction 

in the control groups was 

2.00 

The mean systolic blood pressure reduction in 

the intervention groups was 

12.10 higher 

(6.48 to 17.73 higher) 

Diastolic blood pressure 

reduction 

27 

(1 studies) 

12 weeks 

⊕⊝⊝⊝ 

VERY LOW 

due to imprecision, publication 

bias 

5.57 (-1.55 to 12.70) The mean systolic blood pressure reduction 

in the control groups was 

3.50 

The mean systolic blood pressure reduction in 

the intervention groups was 

7.10 higher 

(1.85 to 12.35 higher) 



Nonpharmacologic interventions on blood pressure in adult with prehypertension to established hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Mean difference with usual care    

 

Mean difference with intervention groups 

(95% CrI) 

Aerobic exercise plus resistance training compared to usual care 

Systolic blood pressure 

reduction 

169 

(2 studies) 

24-25 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, publication 

bias 

2.72 (-2.75 to 8.21) The mean systolic blood pressure reduction 

in the control groups was 

3.03 

The mean systolic blood pressure reduction in 

the intervention groups was 

5.57 higher 

(3.30 to 7.85 higher) 

Diastolic blood pressure 

reduction 

169 

(2 studies) 

24-25 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, publication 

bias 

3.15 (-0.44 to 6.75) The mean systolic blood pressure reduction 

in the control groups was 

0.12 

The mean systolic blood pressure reduction in 

the intervention groups was 

3.41 higher 

(2.33 to 4.50 higher) 

Comprehensive lifestyle modification compared to usual care 

Systolic blood pressure 

reduction 

1440 

(4 studies) 

8-72 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to inconsistency 

4.63 (1.32 to 7.94) The mean systolic blood pressure reduction 

in the control groups was 

2.75 

The mean systolic blood pressure reduction in 

the intervention groups was 

7.37 higher 

(4.52 to 10.23 higher) 

Diastolic blood pressure 

reduction 

1440 

(4 studies) 

8-72 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to inconsistency 

3.38 (1.01 to 5.76) The mean systolic blood pressure reduction 

in the control groups was 

1.32 

The mean systolic blood pressure reduction in 

the intervention groups was 

4.69 higher 

(2.32 to 7.07 higher) 



Nonpharmacologic interventions on blood pressure in adult with prehypertension to established hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Mean difference with usual care  

 

Mean difference with intervention groups 

(95% CrI) 

Alcohol restriction compared to usual care 

Systolic blood pressure 

reduction 

828 

(4 studies) 

12-96 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision 

4.23 (0.15 to 8.32) The mean systolic blood pressure reduction 

in the control groups was 

3.29  

The mean systolic blood pressure reduction in 

the intervention groups was 

7.44 higher 

(3.51 to 11.37 higher) 

Diastolic blood 

pressure reduction 

828 

(4 studies) 

12-96 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision 

1.81 (-0.96 to 4.59) The mean systolic blood pressure reduction 

in the control groups was 

1.95 

The mean systolic blood pressure reduction in 

the intervention groups was 

3.86 higher 

(1.25 to 6.46 higher) 

Yoga compared to usual care 

Systolic blood pressure 

reduction 

 

606 

(7 studies) 

12 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to risk of bias. 

4.58 (1.76 to 7.37) The mean systolic blood pressure reduction 

in the control groups was 

1.93  

The mean systolic blood pressure reduction in 

the intervention groups was 

5.78 higher 

(1.57 to 9.98 higher) 

Diastolic blood 

pressure reduction 

606 

(7 studies) 

12 weeks 

⊕⊕⊝⊝ 

LOW 

due to risk of bias, publication 

bias 

3.37 (1.43 to 5.30) The mean systolic blood pressure reduction 

in the control groups was 

1.05 

The mean systolic blood pressure reduction in 

the intervention groups was 

4.06 higher 

(1.86 to 6.26 higher) 



Nonpharmacologic interventions on blood pressure in adult with prehypertension to established hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Mean difference with usual care    

 

Mean difference with intervention groups 

(95% CrI) 

PMR compared to usual care  

Systolic blood pressure 

reduction 

197 

(3 studies) 

6-48 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision. 

1.31 (-2.72 to 5.33) The mean systolic blood pressure reduction 

in the control groups was 

-0.08  

The mean systolic blood pressure reduction in 

the intervention groups was 

2.11 higher 

(0.03 to 4.18 higher) 

Diastolic blood 

pressure reduction 

197 

(3 studies) 

6-48 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision. 

1.24 (-1.61 to 4.12) The mean systolic blood pressure reduction 

in the control groups was 

0.14 

The mean systolic blood pressure reduction in 

the intervention groups was 

2.66 higher 

(1.55 to 3.78 higher) 

Resistance training compared to usual care 

Systolic blood pressure 

reduction 

64 

(2 studies) 

12-24 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision 

2.32 (-2.09 to 6.71) The mean systolic blood pressure reduction 

in the control groups was 

2.67 

The mean systolic blood pressure reduction in 

the intervention groups was 

5.17 higher 

(-4.37 to 14.71 higher) 

Diastolic blood 

pressure reduction 

64 

(2 studies) 

12-24 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision 

1.84 (-1.16 to 4.83) The mean systolic blood pressure reduction 

in the control groups was 

2.71 

The mean systolic blood pressure reduction in 

the intervention groups was 

2.72 higher 

(-4.42 to 9.86 higher) 



Nonpharmacologic interventions on blood pressure in adult with prehypertension to established hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Mean difference with usual care    

 

Mean difference with intervention groups 

(95% CrI) 

MBSR compared to usual care  

Systolic blood pressure 

reduction 

649 

(2 studies) 

8-72 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, publication 

bias. 

1.10 (-3.26 to 5.47) The mean systolic blood pressure reduction in 

the control groups was 

2.25  

The mean systolic blood pressure reduction in 

the intervention groups was 

2.38 higher 

(-1.34 to 6.10 higher) 

Diastolic blood 

pressure reduction 

649 

(2 studies) 

8-72 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, publication 

bias. 

0.49 (-2.63 to 3.63) The mean diastolic blood pressure reduction 

in the control groups was 

0.44  

The mean diastolic blood pressure reduction 

in the intervention groups was 

1.07 higher 

(-1.34 to 3.49 higher) 

Salt restriction plus DASH compared to usual care 

Systolic blood pressure 

reduction 

60 

(1 studies) 

8 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, publication 

bias. 

3.80 (-3.94 to 11.55) The mean systolic blood pressure reduction in 

the control groups was 

6.90 

The mean systolic blood pressure reduction in 

the intervention groups was 

10.70 higher 

(7.31 to 14.09 higher) 

Diastolic blood 

pressure reduction 

60 

(1 studies) 

8 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, publication 

bias. 

2.39 (-3.51 to 8.31) The mean systolic blood pressure reduction in 

the control groups was 

3.10 

The mean systolic blood pressure reduction in 

the intervention groups was 

5.50 higher 

(2.68 to 8.32 higher) 



Nonpharmacologic interventions on blood pressure in adult with prehypertension to established hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Mean difference with usual care    

 

Mean difference with intervention groups 

(95% CrI) 

Salt restriction combined with low-calorie diet plus exercise compared to usual care 

Systolic blood pressure 

reduction 

1238 

(2 studies) 

9 -144weeks 

⊕⊝⊝⊝ 

VERY LOW 

due to imprecision, 

inconsistency, publication 

bias. 

5.25 (1.32 to 9.21) The mean systolic blood pressure reduction in 

the control groups was 

-0.23  

The mean systolic blood pressure reduction in 

the intervention groups was 

5.40 higher 

(-4.30 to 15.10 higher) 

Diastolic blood 

pressure reduction 

1238 

(2 studies) 

9 -144weeks 

⊕⊝⊝⊝ 

VERY LOW 

due to imprecision, 

inconsistency, publication 

bias. 

3.81 (1.05 to 6.60) The mean diastolic blood pressure reduction 

in the control groups was 

1.78  

The mean diastolic blood pressure reduction in 

the intervention groups was 

4.19 higher 

(1.39 to 6.98 higher) 

The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% credible interval) is based on the assumed risk in 

the comparison group and the relative effect of the intervention (and its 95% CrI). 

CrI: Credible interval;  

GRADE Working Group grades of evidence 

High quality: Further research is very unlikely to change our confidence in the estimate of effect.  

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. 

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. 

Very low quality: We are very uncertain about the estimate. 

DASH indicates Dietary Approach to Stop Hypertension; Diet indicates low-calorie diet; Lifestyle indicates comprehensive lifestyle Modification; Low-sodium salt indicates 



low-sodium and high-potassium salt; MBSR indicates mindfulness-based stress reduction; PMR indicates progressive muscle relaxation. 

  



Table S5. GRADE Summary of Findings Table with Quality of Evidence and Absolute Anticipated Benefits for All Nonpharmacologic 

Interventions over Usual Care in Patients with Hypertension. 

Using GRADE to rate quality of evidence from a network meta-analysis involved several steps: First, we rated quality of evidence for direct 

comparisons; second, we rated quality of evidence for indirect estimates (starting at the lowest rating of the two pairwise direct estimates that 

contribute as first-order loops to the indirect estimate, which can be rated down further for imprecision or Intransitivity), and then third, rating the 

quality of evidence for the network combining direct and indirect estimates. In this step, if direct and indirect estimates from second-order 

comparisons are similar, the higher of the ratings was assigned to the network meta-analysis estimates.  

Nonpharmacologic interventions on blood pressure in patients with hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

 

Risk difference with usual care Risk difference with intervention groups (95% CrI) 

Low-sodium and high-potassium salt compared to usual care  

Systolic blood pressure 

reduction 

865 

(5 studies) 

4-24 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to risk of bias 

7.55 (4.24 to 10.87) The mean systolic blood pressure reduction 

in the control groups was 

1.38  

The mean systolic blood pressure reduction in the 

intervention groups was 

8.83 higher 

(5.46 to 12.21 higher) 

Diastolic blood pressure 

reduction 

865 

(5 studies) 

4-24 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to risk of bias 

3.81 (1.42 to 6.21) The mean diastolic blood pressure reduction 

in the control groups was 

0.53  

The mean diastolic blood pressure reduction in the 

intervention groups was 

4.25 higher 

(3.14 to 5.36 higher) 



Nonpharmacologic interventions on blood pressure in patients with hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Risk difference with usual care 

 

Risk difference with intervention groups (95% CrI) 

Aerobic exercise compared to usual care 

Systolic blood pressure 

reduction 

874 

(23 studies) 

6-64 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to risk of bias, 

publication bias, greater 

precision.  

6.11 (4.45 to 7.82) The mean systolic blood pressure reduction 

in the control groups was 

3.61 

The mean systolic blood pressure reduction in the 

intervention groups was 

9.56 higher 

(6.53 to 12.58 higher) 

Diastolic blood pressure 

reduction 

 

874 

(23 studies) 

6-64 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to risk of bias, 

inconsistency, greater 

precision, 

4.01 (2.74 to 5.30) The mean diastolic blood pressure reduction 

in the control groups was 

1.71 

The mean diastolic blood pressure reduction in the 

intervention groups was 

5.33 higher 

(3.78 to 6.88 higher) 

Breathing-control compared to usual care 

Systolic blood pressure 

reduction 

419 

(8 studies) 

8-24 weeks 

⊕⊝⊝⊝ 

LOW 

due to risk of bias, 

publication bias 

5.23 (2.07 to 8.43) The mean systolic blood pressure reduction 

in the control groups was 

4.20  

The mean systolic blood pressure reduction in the 

intervention groups was 

9.45 higher 

(7.39 to 11.52 higher) 

Diastolic blood pressure 

reduction 

419 

(8 studies) 

8-24 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to risk of bias. 

3.24 (0.94 to 5.57) The mean diastolic blood pressure reduction 

in the control groups was 

1.67  

The mean diastolic blood pressure reduction in the 

intervention groups was 

4.99 higher 

(2.96 to 7.02 higher) 



Nonpharmacologic interventions on blood pressure in patients with hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the 

evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

 

Risk difference with usual care Risk difference with intervention groups (95% CrI) 

DASH compared to usual care 

Systolic blood pressure 

reduction 

 

262 

(4 studies) 

8 weeks 

⊕⊕⊕⊕ 

HIGH 

8.69 (5.23 to 12.19) The mean systolic blood pressure reduction in 

the control groups was 

1.30 

The mean systolic blood pressure reduction in the 

intervention groups was 

9.19 higher 

(7.33 to 11.05 higher) 

Diastolic blood pressure 

reduction 

 

262 

(4 studies) 

8 weeks 

⊕⊕⊕⊕ 

HIGH 

4.54 (1.91 to 7.18) The mean diastolic blood pressure reduction in 

the control groups was 

0.67 

The mean diastolic blood pressure reduction in the 

intervention groups was 

4.98 higher 

(4.58 to 5.39 higher) 

Isometric training compared to usual care  

Systolic blood pressure 

reduction 

109 

(5 studies) 

8-10 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision 

5.65 (1.47 to 9.87) The mean systolic blood pressure reduction in 

the control groups was 

0.00  

The mean systolic blood pressure reduction in the 

intervention groups was 

6.89 higher 

(2.01 to 11.78 higher) 

Diastolic blood pressure 

reduction 

109 

(5 studies) 

8-10 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision 

4.00 (0.99 to 7.00) The mean diastolic blood pressure reduction in 

the control groups was 

0.00 

The mean diastolic blood pressure reduction in the 

intervention groups was 

4.07 higher 

(1.31 to 6.82 higher) 



Nonpharmacologic interventions on blood pressure in patients with hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the 

evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

 

Risk difference with usual care Risk difference with intervention groups (95% CrI) 

Comprehensive lifestyle modification compared to usual care  

Systolic blood pressure 

reduction 

 

844 

(2 studies) 

16-48 weeks 

⊕⊕⊕⊕ 

HIGH 

3.06 (-1.26 to 7.39) The mean systolic blood pressure reduction 

in the control groups was 

1.88 

The mean systolic blood pressure reduction in the 

intervention groups was 

4.98 higher 

(1.86 to 8.10 higher) 

Diastolic blood pressure 

reduction 

 

844 

(2 studies) 

16-48 weeks 

⊕⊕⊕⊕ 

HIGH 

1.73 (-1.72 to 5.19) The mean diastolic blood pressure reduction 

in the control groups was 

0.43 

The mean diastolic blood pressure reduction in the 

intervention groups was 

2.17 higher 

(1.13 to 3.21 higher) 

Meditation compared to usual care  

Systolic blood pressure 

reduction 

275 

(3 studies) 

8-48 weeks 

⊕⊕⊕⊕ 

HIGH 

6.55 (2.27 to 10.86) The mean systolic blood pressure reduction 

in the control groups was 

0.94  

The mean systolic blood pressure reduction in the 

intervention groups was 

7.51 higher 

(3.68 to 11.33 higher) 

Diastolic blood pressure 

reduction 

275 

(3 studies) 

8-48 weeks 

⊕⊕⊕⊕ 

HIGH 

4.09 (0.96 to 7.24) The mean diastolic blood pressure reduction 

in the control groups was 

0.99  

The mean diastolic blood pressure reduction in the 

intervention groups was 

4.74 higher 

(2.74 to 6.75 higher) 



Nonpharmacologic interventions on blood pressure in patients with hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the 

evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

 

Risk difference with usual care Risk difference with intervention groups (95% CrI) 

Salt restriction compared to usual care  

Systolic blood pressure 

reduction 

 

2003 

(26 studies) 

4-48 weeks 

⊕⊕⊕⊕ 

HIGH 

due to risk of bias, 

greater precision 

5.74 (4.18 to 7.30) The mean systolic blood pressure reduction 

in the control groups was 

0.55 

The mean systolic blood pressure reduction in the 

intervention groups was 

6.16 higher 

(4.45 to 7.87 higher) 

Diastolic blood pressure 

reduction 

 

2003 

(26 studies) 

4-48 weeks 

⊕⊕⊕⊕ 

HIGH 

due to risk of bias, 

greater precision 

2.73 (1.58 to 3.87) The mean diastolic blood pressure reduction 

in the control groups was 

1.06 

The mean diastolic blood pressure reduction in the 

intervention groups was 

3.66 higher 

(2.51 to 4.82 higher) 

Alcohol restriction compared to usual care 

Systolic blood pressure 

reduction 

517 

(4 studies) 

12-96 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision 

4.96 (0.98 to 8.95) The mean systolic blood pressure reduction 

in the control groups was 

2.78  

The mean systolic blood pressure reduction in the 

intervention groups was 

7.86 higher 

(4.32 to 11.39 higher) 

Diastolic blood pressure 

reduction 

 

517 

(4 studies) 

12-96 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision 

1.85 (-1.04 to 4.75) The mean diastolic blood pressure reduction 

in the control groups was 

1.94 

The mean diastolic blood pressure reduction in the 

intervention groups was 

3.88 higher 

(1.08 to 6.69 higher)  



 

Nonpharmacologic interventions on blood pressure in patients with hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the 

evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Risk difference with usual care 

 

Risk difference with intervention groups (95% CrI) 

Low-calorie diet compared to usual care  

Systolic blood pressure 

reduction 

 

189 

(3 studies) 

24-25 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to inconsistency 

7.78 (3.53 to 

11.91) 

The mean systolic blood pressure reduction 

in the control groups was 

3.78 

The mean systolic blood pressure reduction in the 

intervention groups was 

11.16 higher 

(7.47 to 14.86 higher) 

Diastolic blood pressure 

reduction 

 

189 

(3 studies) 

24-25 weeks 

⊕⊕⊕⊝ 

MODERATE 

due to inconsistency 

4.98 (2.03 to 7.89) The mean diastolic blood pressure in the 

control groups was 

1.91 

The mean diastolic blood pressure in the intervention 

groups was 

6.72 higher 

(1.60 to 11.85 higher) 

Aerobic exercise plus DASH compared to usual care  

Systolic blood pressure 

reduction 

27 

(1 study) 

8 weeks 

⊕⊝⊝⊝ 

VERY LOW  

due to imprecision,  

publication bias 

10.92 (2.79 to 

19.10) 

The mean systolic blood pressure reduction 

in the control groups was 

2.00  

The mean systolic blood pressure reduction in the 

intervention groups was 

12.10 higher 

(6.48 to 17.73 higher) 

Diastolic blood pressure 

reduction 

27 

(1 study) 

8 weeks 

⊕⊝⊝⊝ 

VERY LOW 

due to imprecision, 

publication bias 

5.39 (-1.84 to 

12.57) 

The mean diastolic blood pressure reduction 

in the control groups was 

3.50  

The mean diastolic blood pressure reduction in the 

intervention groups was 

7.10 higher 

(1.85 to 1.35 higher) 



Nonpharmacologic interventions on blood pressure in patients with hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the 

evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Risk difference with usual care 

 

Risk difference with intervention groups (95% CrI) 

Salt restriction plus DASH compared to usual care  

Systolic blood pressure 

reduction 

60 

(1 studies) 

8 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, 

publication bias 

3.79 (-3.57 to 

11.15) 

The mean systolic blood pressure reduction 

in the control groups was 

6.90  

The mean systolic blood pressure reduction in the 

intervention groups was 

10.70 higher 

(7.31 to 14.09 higher) 

Diastolic blood pressure 

reduction 

60 

(1 studies) 

8 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, 

publication bias 

2.41 (-3.69 to 8.47) The mean diastolic blood pressure reduction 

in the control groups was 

3.10  

The mean diastolic blood pressure reduction in the 

intervention groups was 

5.50 higher 

(2.68 to 8.32 higher) 

MBSR compared to usual care 

Systolic blood pressure 

reduction 

87 

(1 studies) 

12 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, 

publication bias 

-0.01 (-6.62 to 

6.60) 

The mean diastolic blood pressure reduction 

in the control groups was 

0.41 

The mean systolic blood pressure reduction in the 

intervention groups was 

0.40 higher  

(-1.54 to 2.34 higher) 

Diastolic blood pressure 

reduction 

87 

(1 studies) 

12 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, 

publication bias 

-0.44 (-5.56 to 

4.67) 

The mean diastolic blood pressure reduction 

in the control groups was 

0.40 

The mean systolic blood pressure reduction in the 

intervention groups was 

-0.04 higher  

(-1.45 to 1.37 higher) 



Nonpharmacologic interventions on blood pressure in patients with hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the 

evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Risk difference with usual care 

 

Risk difference with intervention groups (95% CrI) 

PMR compared to usual care  

Systolic blood pressure 

reduction 

197 

(3 studies) 

6 - 48weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision. 

2.48 (-1.67 to 6.63) The mean systolic blood pressure reduction 

in the control groups was 

-0.08  

The mean systolic blood pressure reduction in the 

intervention groups was 

2.11 higher  

(0.03 to 4.18 higher) 

Diastolic blood pressure 

reduction 

197 

(3 studies) 

6 - 48weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision. 

2.11 (-1.08 to 5.33) The mean diastolic blood pressure reduction 

in the control groups was 

0.14  

The mean diastolic blood pressure reduction in the 

intervention groups was 

2.66 higher 

(1.55 to 3.78 higher)  

Resistance training compared to usual care 

Systolic blood pressure 

reduction 

64 

(2 studies) 

12 - 24weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision. 

1.74 (-3.56 to 6.98) The mean systolic blood pressure reduction 

in the control groups was 

2.67 

The mean systolic blood pressure reduction in the 

intervention groups was 

2.41 higher  

(-5.35 to 10.17 higher) 

Diastolic blood pressure 

reduction 

64 

(2 studies) 

12 - 24weeks 

⊕⊕⊕⊝ 

MODERATE 

due to imprecision. 

0.83 (-3.35 to 4.95) The mean systolic blood pressure reduction 

in the control groups was 

2.71 

The mean systolic blood pressure reduction in the 

intervention groups was 

2.72 higher 

(-4.26 to 9.70 higher)  



Nonpharmacologic interventions on blood pressure in patients with hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the 

evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Risk difference with usual care Risk difference with intervention groups (95% CrI) 

Yoga compared to usual care 

Systolic blood pressure 

reduction 

399 

(4 studies) 

12 weeks 

⊕⊝⊝⊝ 

VERY LOW 

due to risk of bias, 

imprecision, 

inconsistency 

7.28 (3.17 to 11.20) The mean systolic blood pressure reduction 

in the control groups was 

0.75  

The mean systolic blood pressure reduction in the 

intervention groups was 

6.99 higher  

(0.46 to 13.53 higher) 

Diastolic blood pressure 

reduction 

399 

(4 studies) 

12 weeks 

⊕⊕⊝⊝ 

LOW 

due to risk of bias, 

inconsistency 

4.47 (1.54 to 7.33) The mean diastolic blood pressure reduction 

in the control groups was 

0.43  

The mean diastolic blood pressure reduction in the 

intervention groups was 

4.19 higher 

(0.30 to 8.07 higher)  

Low-calorie diet plus exercise compared to usual care 

Systolic blood pressure 

reduction 

49 

(1 studies) 

52 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, 

publication bias 

-7.01 (-17.34 to

3.33) 

The mean diastolic blood pressure reduction 

in the control groups was 

15.00 

The mean diastolic blood pressure reduction in the 

intervention groups was 

8.00 higher 

(1.30 to 14.70 higher)  

Diastolic blood pressure 

reduction 

49 

(1 studies) 

52 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, 

publication bias 

0.01 (-6.21 to 6.19) The mean diastolic blood pressure reduction 

in the control groups was 

11.01 

The mean diastolic blood pressure reduction in the 

intervention groups was 

11.00 higher 

(7.71 to 14.29 higher)  



Nonpharmacologic interventions on blood pressure in patients with hypertension 

Outcomes No of 

Participants 

(studies) 

Follow up 

Quality of the 

evidence 

(GRADE) 

Relative effect 

(95% CrI) 

Anticipated absolute effects 

Risk difference with usual care Risk difference with intervention groups (95% CrI) 

Tai Chi compared to usual care 

Systolic blood pressure 

reduction 

198 

(1 studies) 

12 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, 

publication bias 

12.75 (6.54 to 

18.98) 

The mean systolic blood pressure reduction 

in the control groups was 

-0.01

The mean systolic blood pressure reduction in the 

intervention groups was 

12.74 higher  

(0.46 to 13.53 higher) 

Diastolic blood pressure 

reduction 

198 

(1 studies) 

12 weeks 

⊕⊕⊝⊝ 

LOW 

due to imprecision, 

publication bias 

7.81 (2.67 to 12.93) The mean diastolic blood pressure reduction 

in the control groups was 

-0.89

The mean diastolic blood pressure reduction in the 

intervention groups was 

6.92 higher 

(0.30 to 8.07 higher)  

The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% credible interval) is based on the assumed risk in 

the comparison group and the relative effect of the intervention (and its 95% CrI). 

CI: Credible interval; 

GRADE Working Group grades of evidence 

High quality: Further research is very unlikely to change our confidence in the estimate of effect.  

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. 

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. 

Very low quality: We are very uncertain about the estimate. 

DASH indicates Dietary Approach to Stop Hypertension; Diet indicates low-calorie diet; Lifestyle indicates comprehensive lifestyle Modification; Low-sodium salt indicates 

low-sodium and high-potassium salt; MBSR indicates mindfulness-based stress reduction; PMR indicates progressive muscle relaxation.



Table S6. Statistical Heterogeneity (I2) and Consistency (P) for All Pairwise Comparisons. (A) Adults with Prehypertension to 

Established Hypertension. 

        

Pairwise comparison 

Systolic blood pressure  Diastolic blood pressure 

No. of studies Heterogeneity (I2)  Consistency (P)  No. of studies Heterogeneity (I2)  Consistency (P) 

Compared with Usual care 

Low-sodium salt 6 65.6% NA  6 40.1% NA 

Alcohol restriction 4 73.0% NA  4 64.1% NA 

Breathing-control 8 10.4% 0.86  8 16.9% 0.63 

Meditation 4 49.7% 0.85  4 49.8% 0.68 

Qigong 1 0.0% NA  1 0.0% NA 

Yoga 7 90.0% 0.62  7 85.7% 0.43 

PMR 3 0.0% 0.32  3 44.1% 0.52 

MBSR 2 22.2% 0.38  2 0.0% 0.66 

DASH 9 77.6% NA  9 49.5% NA 

Salt restriction 30 77.1% NA  30 63.2% NA 

Diet 4 85.5% 0.21  4 96.6% 0.54 

Exercise 3 0.0% 0.94  3 0.0% 0.33 

Diet plus exercise 6 80.9% 0.24  6 79.8% 0.59 

Aerobic exercise 26 68.7% 0.09  26 82.3% 0.43 

Tai chi 2 92.0% 0.01  2 80.2% 0.06 

Resistance training 2 4.1% 0.47  2 0.0% 0.36 

Isometric training 5 40.0% NA  5 0.0% NA 

Lifestyle 4 91.4% NA  4 95.8% NA 

Aerobic exercise+DASH 1 0.0% NA  1 0.0% NA 

  



        

Pairwise comparison 

Systolic blood pressure  Diastolic blood pressure 

No. of studies Heterogeneity (I2)  Consistency (P)  No. of studies Heterogeneity (I2)  Consistency (P) 

Compared with Usual care 

Salt restriction+DASH 1 0.0% NA  1 0.0% NA 

Salt restriction+diet plus exercise 2 94.8% 0.73  2 94.2% 0.29 

Aerobic exercise+resistance training 2 49.5% NA  2 39.3% NA 

Compared with Meditation 

Breathing-control 1 0.0% 0.86  1 0.0% 0.60 

PMR 2 0.0% 0.88  2 46.0% 0.14 

Compared with Yoga 

Salt restriction 1 0.0% 0.60  1 0.0% 0.86 

Aerobic exercise 1 8.6% 0.38  1 56.1% 0.28 

Resistance training 1 0.0% 0.55  1 16.1% 0.40 

Compared with PMR 

MBSR 1 12.6% 0.38  1 0.0% 0.69 

Compared with Salt restriction 

Diet plus exercise 1 71.2% 0.68  1 0.0% 0.83 

Aerobic exercise 1 0.0% 0.62  1 3.3% 0.36 

Salt restriction+diet plus exercise 1 0.0% 0.73  1 75.7% 0.40 

Compared with Diet 

Exercise 2 0.0% 0.29  2 0.0% 0.92 

Diet plus exercise 2 0.0% 0.29  2 0.0% 0.40 

Compared with Diet plus exercise 

Exercise 4 0.0% 0.40  4 0.0% 0.21 



        

Pairwise comparison 

Systolic blood pressure  Diastolic blood pressure 

No. of studies Heterogeneity (I2)  Consistency (P)  No. of studies Heterogeneity (I2)  Consistency (P) 

Compared with Diet plus exercise 

Salt restriction+diet plus exercise 2 41.1% 0.33  2 59.6% 0.93 

Compared with Aerobic exercise 

Tai chi 1 93.6% 0.02  1 89.9% 0.06 

Resistance training 3 37.4% 0.39  3 61.8% 0.33 

Aerobic exercise+DASH 1 0.0% NA  1 0.0% NA 

  



Table S6. Statistical Heterogeneity (I2) and Consistency (P) for All Pairwise Comparisons. (B) Patients with Hypertension. 

        

Pairwise comparison 

Systolic blood pressure  Diastolic blood pressure 

No. of studies Heterogeneity (I2)  Consistency (P)  No. of studies Heterogeneity (I2)  Consistency (P) 

Compared with Usual care 

Low-sodium salt 5 67.9% NA  5 48.0% NA 

Alcohol restriction 4 45.0% NA  4 56.7% NA 

Breathing-control  8 11.1% NA  8 20.4% NA 

Meditation 3 46.5% NA  3 31.3% NA 

Yoga 4 91.6% NA  4 87.6% NA 

PMR 3 0.0% NA  3 33.1% NA 

MBSR 1 0.0% NA  1 0.0% NA 

DASH 4 82.3% NA  4 0.0% NA 

Salt restriction 26 45.3% NA  26 45.5% NA 

Diet 3 82.8% NA  3 98.0% NA 

Diet plus exercise 1 0.0% NA  1 0.0% NA 

Aerobic exercise 23 69.4% NA  23 84.2% NA 

Tai Chi 1 0.0% NA  1 0.0% NA 

Resistance training 2 24.0% NA  2 0.0% NA 

Isometric training 5 36.2% NA  5 0.0% NA 

Lifestyle 2 51.1% NA  2 0.0% NA 

Aerobic exercise+DASH 1 0.0% NA  1 0.0% NA 

Salt restriction+DASH 1 0.0% NA  1 0.0% NA 

Compared with Meditation 

PMR 2 0.0% 0.93  2 0.0% 0.26 



        

Pairwise comparison 

Systolic blood pressure  Diastolic blood pressure 

No. of studies Heterogeneity (I2)  Consistency (P)  No. of studies Heterogeneity (I2)  Consistency (P) 

Compared with Diet plus exercise 

Salt restriction+diet plus exercise 1 0.0% NA  1 0.0% NA 

Compared with Aerobic exercise 

Resistance training 2 61.9% NA  2 72.1% NA 

Aerobic exercise+DASH 1 0.0% NA  1 0.0% NA 

DASH indicates Dietary Approach to Stop Hypertension; Diet indicates low-calorie diet; Lifestyle indicates comprehensive lifestyle Modification; Low-sodium salt indicates 

low-sodium and high-potassium salt; MBSR indicates mindfulness-based stress reduction; PMR indicates progressive muscle relaxation. 

  



Table S7. Results of Sensitivity Analyses. (A) Based on Omitting Studies with High Risk of Bias. 

 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Low-sodium salt vs Usual care 

Overall analysis 6 8.21 (4.99 to 11.43) 0.90  6 3.96 (1.82 to 6.12) 0.79 

Omit low quality studies 5 8.41 (4.95 to 11.84)  5 3.75 (1.42 to 6.11) 

Alcohol restriction vs Usual care 

Overall analysis 4 4.23 (0.15 to 8.32) 1.00  4 1.82 (-0.94 to 4.56) 1.00 

Omit low quality studies 4 4.24 (0.06 to 8.41)  4 1.83 (-0.96 to 4.60) 

Breathing-control vs Usual care 

Overall analysis 8 5.39 (2.30 to 8.49) 0.98  8 3.42 (1.26 to 5.57) 093 

Omit low quality studies 7 5.39 (2.11 to 8.68)  7 3.28 (1.02 to 5.54) 

Meditation vs Usual care 

Overall analysis 4 5.02 (1.42 to 8.65) 1.00  4 2.46 (-0.03 to 4.93) 1.00 

Omit low quality studies 4 5.03 (1.38 to 8.68)  4 2.43 (-0.06 to 4.92) 

Qigong vs Usual care 

Overall analysis 1 3.30 (-4.35 to 10.97) 0.99  1 6.72 (0.73 to 12.75) 0.99 

Omit low quality studies 1 3.31 (-4.48 to 11.12)  1 6.70 (0.64 to 12.71) 

Yoga vs Usual care 

Overall analysis 7 4.59 (1.76 to 7.37) 0.76  7 3.37 (1.44 to 5.29) 0.93 

Omit low quality studies 5 5.33 (2.17 to 8.45)  5 3.51 (1.36 to 5.64) 



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

PMR vs Usual care 

Overall analysis 3 1.31 (-2.72 to 5.33) 1.00  3 1.25 (-1.61 to 4.12) 1.00 

Omit low quality studies 3 1.32 (-2.76 to 5.40)  3 1.23 (-1.62 to 4.12) 

MBSR vs Usual care 

Overall analysis 2 1.09 (-3.26 to 5.47) 1.00  2 0.50 (-2.64 to 3.64) 1.00 

Omit low quality studies 2 1.09 (-3.47 to 5.62)  2 0.48 (-2.66 to 3.63) 

DASH vs Usual care 

Overall analysis 9 6.96 (4.50 to 9.46) 1.00  9 3.54 (1.80 to 5.30) 1.00 

Omit low quality studies 9 6.98 (4.44 to 9.53)  9 3.53 (1.77 to 5.29) 

Salt restriction vs Usual care 

Overall analysis 30 5.41 (3.96 to 6.87) 0.88  30 2.62 (1.65 to 3.61) 0.94 

Omit low quality studies 29 5.40 (3.87 to 6.91)  29 2.69 (1.70 to 3.69) 

Diet vs Usual care 

Overall analysis 4 6.51 (2.78 to 10.17) 1.00  4 4.56 (2.23 to 6.88) 1.00 

Omit low quality studies 4 6.33 (2.49 to 10.08)  4 4.36 (1.99 to 6.73) 

Exercise vs Usual care 

Overall analysis 3 1.14 (-3.04 to 5.35) 0.56  3 2.75 (-0.03 to 5.54) 0.68 

Omit low quality studies 2 0.52 (-4.18 to 5.32)  2 2.15 (-1.02 to 5.29) 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Diet plus exercise vs Usual care 

Overall analysis 6 4.11 (1.22 to 7.03) 0.82  6 3.37 (1.41 to 5.35) 0.72 

Omit low quality studies 5 3.75 (0.68 to 6.81)  5 2.93 (0.85 to 5.01) 

Aerobic exercise vs Usual care 

Overall analysis 26 6.60 (4.98 to 8.23) 0.76  25 4.44 (3.30 to 5.59) 0.76 

Omit low quality studies 23 6.78 (5.04 to 8.52)  22 4.67 (3.47 to 5.86) 

Tai Chi vs Usual care 

Overall analysis 2 13.47 (9.30 to 17.64) 1.00  1 7.76 (4.73 to 10.81) 0.89 

Omit low quality studies 2 13.54 (9.27 to 17.79)  1 7.84 (4.79 to 10.92) 

Resistance training vs Usual care 

Overall analysis 2 2.32 (-2.09 to 6.71) 0.99  2 1.82 (-1.22 to 4.82) 0.92 

Omit low quality studies 2 2.54 (-1.87 to 7.05)  2 1.99 (-1.00 to 4.96) 

Isometric training vs Usual care 

Overall analysis 5 5.76 (1.41 to 10.16) 1.00  3 4.00 (1.06 to 6.94) 1.00 

Omit low quality studies 5 5.75 (1.37 to 10.23)  3 4.02 (1.06 to 6.93) 

Lifestyle vs Usual care 

Overall analysis 4 4.62 (1.32 to 7.94) 1.00  4 3.37 (1.03 to 5.77) 1.00 

Omit low quality studies 4 4.63 (1.25 to 8.05)  4 3.38 (1.00 to 5.76) 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Aerobic exercise+DASH vs Usual care 

Overall analysis 1 11.20 (2.81 to 19.61) 0.99  1 5.57 (-1.52 to 12.74) 0.98 

Omit low quality studies 1 11.22 (2.79 to 19.80)  1 5.67 (-1.36 to 12.75) 

Salt restriction+DASH vs Usual care 

Overall analysis 1 3.79 (-3.94 to 11.55) 0.99  1 2.42 (-3.47 to 8.37) 0.99 

Omit low quality studies 1 3.83 (-4.05 to 11.64)  1 2.37 (-3.58 to 8.28) 

Salt restriction+diet plus exercise vs Usual care 

Overall analysis 2 5.25 (1.32 to 9.21) 0.95  2 3.80 (1.09 to 6.60) 0.95 

Omit low quality studies 2 5.12 (1.09 to 9.26)  2 3.64 (0.86 to 6.41) 

Aerobic exercise+resistance training vs Usual care 

Overall analysis 2 2.72 (-2.75 to 8.21) 1.00  2 3.16 (-0.41 to 6.74) 0.99 

Omit low quality studies 2 2.74 (-2.78 to 8.32)  2 3.15 (-0.43 to 6.74) 

Meditation vs Breathing-control 

Overall analysis 1 -0.36 (-4.73 to 4.02) 1.00  1 -0.96 (-3.98 to 2.07) 1.00 

Omit low quality studies 1 -0.36 (-4.88 to 4.10)  1 -0.85 (-3.91 to 2.26) 

PMR vs Meditation 

Overall analysis 2 -3.70 (-8.27 to 0.85) 1.00  2 -1.23 (-4.36 to 1.90) 1.00 

Omit low quality studies 2 -3.70 (-8.37 to 0.92)  2 -1.20 (-4.33 to 1.96) 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Salt restriction vs Yoga 

Overall analysis 1 0.83 (-2.27 to 3.99) 0.45  1 -0.74 (-2.88 to 1.38) 1.00 

Omit low quality studies 1 0.06 (-3.30 to 3.50)  1 -0.82(-3.15 to 1.54) 

Aerobic exercise vs Yoga 

Overall analysis 1 2.02 (-1.09 to 5.19) 0.66  1 1.07 (-1.08 to 3.25) 0.97 

Omit low quality studies 1 1.44 (-1.98 to 4.95)  1 1.16 (-1.19 to 3.54) 

Resistance training vs Yoga 

Overall analysis 1 -2.27 (-7.17 to 2.64) 0.44  1 -1.55 (-4.83 to 1.73) 0.99 

Omit low quality studies 1 -2.77 (-7.75 to 2.32)  1 -1.54 (-4.91 to 1.82) 

MBSR vs PMR 

Overall analysis 1 -0.23 (-5.66 to 5.29) 0.99  1 -0.74 (-4.67 to 3.21) 1.00 

Omit low quality studies 1 -0.20 (-5.86 to 5.34)  1 -0.76 (-4.70 to 3.18) 

Diet plus exercise vs Salt restriction 

Overall analysis 1 -1.31 (-4.46 to 1.85) 0.85  1 0.74 (-1.38 to 2.89) 1.00 

Omit low quality studies 1 -1.64 (-4.96 to 1.67)  1 0.23 (-2.00 to 2.48) 

Aerobic exercise vs Salt restriction 

Overall analysis 1 1.18 (-0.97 to 3.34) 0.92  1 1.82 (033 to 3.30) 0.96 

Omit low quality studies 1 1.38 (-0.89 to 3.69)  1 1.97 (0.43 to 3.53) 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Salt restriction+diet plus exercise vs Salt restriction 

Overall analysis 1 -0.16 (-4.19 to 3.92) 0.92  1 1.19 (-1.65 to 4.07) 1.00 

Omit low quality studies 1 -0.28 (-4.43 to 3.99)  1 0.94 (-1.92 to 3.81) 

Exercise vs Diet 

Overall analysis 2 -5.37 (-10.23 to -0.52) 0.84  2 -1.81 (-4.93 to 1.34) 1.00 

Omit low quality studies 2 -5.80 (-10.94 to -0.50)  2 -2.21 (-5.55 to 1.10) 

Diet plus exercise vs Diet 

Overall analysis 2 -2.41 (-6.57 to 1.86) 0.94  2 -1.19 (-3.80 to 1.45) 1.00 

Omit low quality studies 2 -2.58 (-6.88 to 1.79)  2 -1.44 (-4.11 to 1.27) 

Diet plus exercise vs Exercise        

Overall analysis 4 2.97 (-0.92 to 6.91) 0.78  4 0.62 (-2.00 to 3.24) 1.00 

Omit low quality studies 3 3.19 (-1.24 to 7.60)  3 0.77 (-2.16 to 3.74) 

Salt restriction+diet plus exercise vs Diet plus exercise 

Overall analysis 2 1.14 (-2.86 to 5.21) 0.95  2 0.45 (-2.38 to 3.30) 1.00 

Omit low quality studies 2 1.36 (-2.76 to 5.59)  2 0.71 (-2.19 to 3.55) 

Tai Chi vs Aerobic exercise 

Overall analysis 1 6.89 (2.58 to 11.19) 0.99  1 3.32 (0.21 to 6.42) 0.99 

Omit low quality studies 1 6.77 (2.34 to 11.17)  1 3.17 (0.06 to 6.34) 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Resistance training vs Aerobic exercise 

Overall analysis 3 -4.28 (-8.75 to 0.17) 1.00  3 -2.62 (-5.65 to 0.34) 0.95 

Omit low quality studies 3 -4.22 (-8.71 to 0.31)  3 -2.69 (-5.68 to 0.27) 

Aerobic exercise+DASH vs Aerobic exercise 

Overall analysis 1 4.58 (-3.90 to 12.98) 1.00  1 1.14 (-5.94 to 8.27) 0.99 

Omit low quality studies 1 4.47 (-3.94 to 12.95)  1 1.01 (-6.02 to 8.08) 

  



Table S7. Results of Sensitivity Analyses. (B) Based on Omitting Studies Started before 1999. 

 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Low-sodium salt vs Usual care 

Overall analysis 6 8.21 (4.99 to 11.43) 0.61  6 3.96 (1.82 to 6.12) 0.75 

Started after 1998 4 9.85 (5.47 to 14.26)  4 4.72 (1.66 to 7.80) 

Alcohol restriction vs Usual care 

Overall analysis 4 4.23 (0.15 to 8.32) 0.73  4 1.82 (-0.94 to 4.56) 0.53 

Started after 1998 2 4.82 (-2.23 to 11.81)  2 3.16 (-1.69 to 7.99) 

Breathing-control vs Usual care 

Overall analysis 8 5.39 (2.30 to 8.49) 0.80  8 3.42 (1.26 to 5.57) 0.80 

Started after 1998 8 5.04 (1.75 to 8.38)  8 3.24 (0.90 to 5.63) 

Meditation vs Usual care 

Overall analysis 4 5.02 (1.42 to 8.65) 0.48  4 2.46 (-0.03 to 4.93) 0.53 

Started after 1998 2 2.26 (-2.83 to 7.39)  2 0.78 (-2.88 to 4.46) 

Qigong vs Usual care 

Overall analysis 1 3.30 (-4.35 to 10.97) 0.97  1 6.72 (0.73 to 12.75) 0.98 

Started after 1998 1 3.27 (-4.95 to 11.45)  1 6.74 (0.15 to 13.36) 

Yoga vs Usual care 

Overall analysis 7 4.59 (1.76 to 7.37) 0.93  7 3.37 (1.44 to 5.29) 0.89 

Started after 1998 7 4.76 (1.65 to 7.81)  7 3.56 (1.37 to 5.77) 



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

PMR vs Usual care 

Overall analysis 3 1.31 (-2.72 to 5.33) 0.55  3 1.25 (-1.61 to 4.12) 0.44 

Started after 1998 1 -1.13 (-7.77 to 5.46)  1 -0. 93 (-5.69 to 3.87) 

MBSR vs Usual care 

Overall analysis 2 1.09 (-3.26 to 5.47) 0.94  2 0.50 (-2.64 to 3.64) 0.81 

Started after 1998 1 0.94 (-5.71 to 7.55)  1 -0.38 (-5.28 to 4.55) 

DASH vs Usual care 

Overall analysis 9 6.96 (4.50 to 9.46) 0.56  9 3.54 (1.80 to 5.30) 0.58 

Started after 1998 6 6.43 (3.01 to 9.80)  6 3.15 (0.65 to 5.65) 

Salt restriction vs Usual care 

Overall analysis 30 5.41 (3.96 to 6.87) 0.45  30 2.62 (1.65 to 3.61) 0.75 

Started after 1998 9 7.16 (4.33 to 10.02)  9 3.29 (1.26 to 5.31) 

Aerobic exercise vs Usual care 

Overall analysis 26 6.60 (4.98 to 8.23) 0.71  25 4.44 (3.30 to 5.59) 0.87 

Started after 1998 15 7.07 (5.06 to 9.11)  14 5.11 (3.59 to 6.61) 

Tai Chi vs Usual care 

Overall analysis 2 13.47 (9.30 to 17.64) 0.78  1 7.76 (4.73 to 10.81) 0.84 

Started after 1998 2 13.58 (9.00 to 18.13)  1 7.99 (4.49 to 11.48) 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Isometric training vs Usual care 

Overall analysis 5 5.76 (1.41 to 10.16) 0.88  3 4.00 (1.06 to 6.94) 0.93 

Started after 1998 4 5.23 (0.41 to 10.18)  2 3.98 (0.46 to 7.46) 

Lifestyle vs Usual care        

Overall analysis 4 4.62 (1.32 to 7.94) 0.77  4 3.37 (1.03 to 5.77) 0.72 

Started after 1998 4 4.64 (1.04 to 8.33)  4 3.39 (0.61 to 6.19) 

Aerobic exercise+DASH vs Usual care 

Overall analysis 1 11.20 (2.81 to 19.61) 0.96  1 5.57 (-1.52 to 12.74) 1.00 

Started after 1998 1 11.48 (2.65 to 20.39)  1 5.93 (-1.61 to 13.41) 

Salt restriction+diet plus exercise vs Usual care 

Overall analysis 2 5.25 (1.32 to 9.21) 0.23  2 3.80 (1.09 to 6.60) 0.74 

Started after 1998 1 9.38 (1.03 to17.80)  1 5.31 (−0.90 to 11.40) 

Salt restriction+DASH vs Usual care 

Overall analysis 1 3.79 (-3.94 to 11.55) 0.96  1 2.42 (-3.47 to 8.37) 0.96 

Started after 1998 1 3.81 (-4.54 to 12.12)  1 2.40 (-4.18 to 8.88) 

Aerobic exercise+resistance training vs Usual care 

Overall analysis 2 2.72 (-2.75 to 8.21) 0.90  2 3.16 (-0.41 to 6.74) 0.90 

Started after 1998 2 2.70 (-3.10 to 8.70)  2 3.17 (-0.91 to 7.27) 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Meditation vs Breathing-control 

Overall analysis 1 -0.36 (-4.73 to 4.02) 0.57  1 -0.96 (-3.98 to 2.07) 0.69 

Started after 1998 1 -2.79 (-8.22 to 2.70)  1 -2.46 (-6.45 to 1.51) 

PMR vs Meditation 

Overall analysis 2 -3.70 (-8.27 to 0.85) 0.90  2 -1.23 (-4.36 to 1.90) 0.88 

Started after 1998 1 -3.39 (-10.44 to 3.56)  1 -1.70 (-6.71 to 3.28) 

Salt restriction vs Yoga 

Overall analysis 1 0.83 (-2.27 to 3.99) 0.68  1 -0.74 (-2.88 to 1.38) 0.73 

Started after 1998 1 2.41 (-1.60 to 6.49)  1 -0.28 (-3.20 to 2.61) 

Aerobic exercise vs Yoga 

Overall analysis 1 2.02 (-1.09 to 5.19) 0.99  1 1.07 (-1.08 to 3.25) 0.90 

Started after 1998 1 2.31 (-1.21 to 5.90)  1 1.55 (-1.04 to 4.10) 

Resistance training vs Yoga 

Overall analysis 1 -2.27 (-7.17 to 2.64) 0.65  1 -1.55 (-4.83 to 1.73) 0.57 

Started after 1998 1 -1.55 (-9.11 to 5.99)  1 -0.46 (-5.27 to 4.30) 

MBSR vs PMR 

Overall analysis 1 -0.23 (-5.66 to 5.29) 0.69  1 -0.74 (-4.67 to 3.21) 0.70 

Started after 1998 1 2.08 (-5.63 to 9.82)  1 0.55 (-5.18 to 6.29) 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Aerobic exercise vs Salt restriction        

Overall analysis 1 1.18 (-0.97 to 3.34) 0.42  1 1.82 (033 to 3.30) 0.53 

Started after 1998 1 -0.10 (-3.52 to 3.35)  1 1.81 (-0.65 to 4.29) 

Tai Chi vs Aerobic exercise 

Overall analysis 1 6.89 (2.58 to 11.19) 0.81  1 3.32 (0.21 to 6.42) 0.82 

Started after 1998 1 6.53 (1.77 to 11.24)  1 2.88 (-0.70 to 6.51) 

Resistance training vs Aerobic exercise 

Overall analysis 3 -4.28 (-8.75 to 0.17) 0.47  3 -2.62 (-5.65 to 0.34) 0.51 

Started after 1998 2 -3.87 (-11.46 to 3.76)  2 -2.02 (-6.82 to 2.73) 

Aerobic exercise+DASH vs Aerobic exercise 

Overall analysis 1 4.58 (-3.90 to 12.98) 0.93  1 1.14 (-5.94 to 8.27) 0.94 

Started after 1998 1 4.40 (-4.42 to 13.21)  1 0.84 (-6.68 to 8.26) 

  



Table S7. Results of Sensitivity Analyses. (C) Based on Omitting Studies with Outcomes of Home BP/24h Ambulatory BP. 

 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Low-sodium salt vs Usual care 

Overall analysis 6 8.21 (4.99 to 11.43) 0.94  6 3.96 (1.82 to 6.12) 0.90 

Omit studies whose outcomes were HBP/24hABP 5 8.43 (4.93 to 11.86)  5 3.77 (1.35 to 6.17) 

Alcohol restriction vs Usual care 

Overall analysis 4 4.23 (0.15 to 8.32) 0.99  4 1.82 (-0.94 to 4.56) 0.99 

Omit studies whose outcomes were HBP/24hABP 4 4.24 (0.08 to 8.43)  4 1.83 (-1.03 to 4.66) 

Breathing-control vs Usual care 

Overall analysis 8 5.39 (2.30 to 8.49) 0.83  8 3.42 (1.26 to 5.57) 0.82 

Omit studies whose outcomes were HBP/24hABP 7 5.06 (1.57 to 8.57)  7 3.15 (0.80 to 5.51) 

Meditation vs Usual care 

Overall analysis 4 5.02 (1.42 to 8.65) 0.90  4 2.46 (-0.03 to 4.93) 0.82 

Omit studies whose outcomes were HBP/24hABP 4 5.22 (1.15 to 9.26)  4 2.74 (-0.03 to 5.52) 

Qigong vs Usual care 

Overall analysis 1 3.30 (-4.35 to 10.97) 0.94  1 6.72 (0.73 to 12.75) 0.95 

Omit studies whose outcomes were HBP/24hABP 1 3.36 (-4.65 to 11.11)  1 6.71 (0.53 to 12.90) 

Yoga vs Usual care 

Overall analysis 7 4.59 (1.76 to 7.37) 0.99  7 3.37 (1.44 to 5.29) 0.86 

Omit studies whose outcomes were HBP/24hABP 6 4.63 (1.49 to 7.73)  6 3.16 (0.98 to 5.32) 



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

PMR vs Usual care 

Overall analysis 3 1.31 (-2.72 to 5.33) 0.96  3 1.25 (-1.61 to 4.12) 0.91 

Omit studies whose outcomes were HBP/24hABP 3 1.47 (-2.70 to 5.62)  3 1.42 (-1.54 to 4.41) 

MBSR vs Usual care 

Overall analysis 2 1.09 (-3.26 to 5.47) 0.84  2 0.50 (-2.64 to 3.64) 0.80 

Omit studies whose outcomes were HBP/24hABP 1 1.82 (-3.90 to 7.62)  1 1.14 (-3.06 to 5.37) 

DASH vs Usual care 

Overall analysis 9 6.96 (4.50 to 9.46) 0.84  9 3.54 (1.80 to 5.30) 0.86 

Omit studies whose outcomes were HBP/24hABP 8 6.58 (3.88 to 9.29)  8 3.30 (1.37 to 5.19) 

Salt restriction vs Usual care 

Overall analysis 30 5.41 (3.96 to 6.87) 0.99  30 2.62 (1.65 to 3.61) 0.99 

Omit studies whose outcomes were HBP/24hABP 30 5.39 (3.91 to 6.89)  30 2.62 (1.59 to 3.64) 

Diet vs Usual care 

Overall analysis 4 6.51 (2.78 to 10.17) 0.97  4 4.56 (2.23 to 6.88) 0.64 

Omit studies whose outcomes were HBP/24hABP 3 6.61 (2.51 to 10.69)  3 5.39 (2.65 to 8.11) 

Exercise vs Usual care 

Overall analysis 3 1.14 (-3.04 to 5.35) 0.97  3 2.75 (-0.03 to 5.54) 0.91 

Omit studies whose outcomes were HBP/24hABP 3 1.01 (-3.27 to 5.33)  3 2.97 (0.14 to 5.88) 



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Diet plus exercise vs Usual care 

Overall analysis 6 4.11 (1.22 to 7.03) 0.90  6 3.37 (1.41 to 5.35) 0.94 

Omit studies whose outcomes were HBP/24hABP 6 3.84 (0.80 to 6.88)  6 3.44 (1.39 to 5.52) 

Aerobic exercise vs Usual care 

Overall analysis 26 6.60 (4.98 to 8.23) 0.64  25 4.44 (3.30 to 5.59) 0.77 

Omit studies whose outcomes were HBP/24hABP 23 7.11 (5.38 to 8.88)  22 4.68 (3.44 to 5.91) 

Tai Chi vs Usual care 

Overall analysis 2 13.47 (9.30 to 17.64) 0.94  1 7.76 (4.73 to 10.81) 0.96 

Omit studies whose outcomes were HBP/24hABP 2 13.64 (9.37 to 17.87)  1 7.83 (4.67 to 10.99) 

Resistance training vs Usual care 

Overall analysis 2 2.32 (-2.09 to 6.71) 0.74  2 1.82 (-1.22 to 4.82) 0.71 

Omit studies whose outcomes were HBP/24hABP 2 3.17 (-1.87 to 8.23)  2 2.59 (-0.91 to 6.12) 

Isometric training vs Usual care 

Overall analysis 5 5.76 (1.41 to 10.16) 0.46  3 4.00 (1.06 to 6.94) 0.67 

Omit studies whose outcomes were HBP/24hABP 4 7.48 (1.58 to 13.39)  2 4.64 (1.18 to 8.05) 

Lifestyle vs Usual care 

Overall analysis 4 4.62 (1.32 to 7.94) 0.85  4 3.37 (1.03 to 5.77) 0.82 

Omit studies whose outcomes were HBP/24hABP 3 4.84 (0.96 to 8.83)  3 3.82 (1.02 to 6.66) 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Aerobic exercise+DASH vs Usual care 

Overall analysis 1 11.20 (2.81 to 19.61) 0.96  1 5.57 (-1.52 to 12.74) 0.98 

Omit studies whose outcomes were HBP/24hABP 1 11.43 (2.89 to 20.01)  1 5.75 (-1.36 to 13.11) 

Salt restriction +DASH vs Usual care 

Overall analysis 1 3.79 (-3.94 to 11.55) 0.99  1 2.42 (-3.47 to 8.37) 0.98 

Omit studies whose outcomes were HBP/24hABP 1 3.86 (-4.06 to 11.71)  1 2.40 (-3.59 to 8.41) 

Salt restriction+diet plus exercise vs Usual care 

Overall analysis 2 5.25 (1.32 to 9.21) 0.68  2 3.80 (1.09 to 6.60) 0.87 

Omit studies whose outcomes were HBP/24hABP 1 3.91 (-0.82 to 8.57)  1 3.43 (0.13 to 6.80) 

Aerobic exercise+resistance training vs Usual care 

Overall analysis 2 2.72 (-2.75 to 8.21) 0.68  2 3.16 (-0.41 to 6.74) 0.76 

Omit studies whose outcomes were HBP/24hABP 1 0.82 (-6.52 to 8.21)  1 2.19 (-2.85 to 7.27) 

PMR vs Meditation 

Overall analysis 2 -3.70 (-8.27 to 0.85) 0.97  2 -1.23 (-4.36 to 1.90) 0.94 

Omit studies whose outcomes were HBP/24hABP 2 -3.71 (-8.61 to 1.08)  2 -1.32 (-4.58 to 2.00) 

Salt restriction vs Yoga 

Overall analysis 1 0.83 (-2.27 to 3.99) 1.00  1 -0.74 (-2.88 to 1.38) 0.88 

Omit studies whose outcomes were HBP/24hABP 1 0.76 (-2.63 to 4.20)  1 -0.55 (-2.91 to 1.84) 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Aerobic exercise vs Yoga 

Overall analysis 1 2.02 (-1.09 to 5.19) 0.80  1 1.07 (-1.08 to 3.25) 0.76 

Omit studies whose outcomes were HBP/24hABP 1 2.48 (-0.98 to 6.03)  1 1.52 (-0.94 to 3.97) 

MBSR vs PMR 

Overall analysis 1 -0.23 (-5.66 to 5.29) 0.89  1 -0.74 (-4.67 to 3.21) 0.89 

Omit studies whose outcomes were HBP/24hABP 1 0.35 (-6.08 to 6.73)  1 -0.28 (-4.95 to 4.35) 

Diet plus exercise vs Salt restriction 

Overall analysis 1 -1.31 (-4.46 to 1.85) 0.91  1 0.74 (-1.38 to 2.89) 0.94 

Omit studies whose outcomes were HBP/24hABP 1 -1.55 (-4.85 to 1.68)  1 0.83 (-1.40 to 3.09) 

Aerobic exercise vs Salt restriction 

Overall analysis 1 1.18 (-0.97 to 3.34) 0.70  1 1.82 (033 to 3.30) 0.81 

Omit studies whose outcomes were HBP/24hABP 1 1.72 (-0.53 to 4.03)  1 2.06 (0.47 to 3.66) 

Salt restriction+diet plus exercise vs Salt restriction 

Overall analysis 1 -0.16 (-4.19 to 3.92) 0.68  1 1.19 (-1.65 to 4.07) 0.88 

Omit studies whose outcomes were HBP/24hABP 1 -1.48 (-6.33 to 3.26)  1 0.81 (-2.55 to 4.27) 

Exercise vs Diet        

Overall analysis 2 -5.37 (-10.23 to -0.52) 0.95  2 -1.81 (-4.93 to 1.34) 0.79 

Omit studies whose outcomes were HBP/24hABP 2 -5.62 (-10.71 to -0.41)  2 -2.40 (-5.71 to 0.91) 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Diet plus exercise vs Diet 

Overall analysis 2 -2.41 (-6.57 to 1.86) 0.90  2 -1.19 (-3.80 to 1.45) 0.71 

Omit studies whose outcomes were HBP/24hABP 2 -2.79 (-7.30 to 1.79)  2 -1.94 (-4.87 to 0.97) 

Diet plus exercise vs Exercise 

Overall analysis 4 2.97 (-0.92 to 6.91) 0.95  4 0.62 (-2.00 to 3.24) 0.95 

Omit studies whose outcomes were HBP/24hABP 4 2.83 (-1.21 to 6.85)  4 0.47 (-2.22 to 3.17) 

Salt restriction+diet plus exercise vs Diet plus exercise 

Overall analysis 2 1.14 (-2.86 to 5.21) 0.74  2 0.45 (-2.38 to 3.30) 0.83 

Omit studies whose outcomes were HBP/24hABP 2 0.07 (-4.49 to 4.59)  2 -0.01 (-3.23 to 3.24) 

Tai Chi vs Aerobic exercise 

Overall analysis 1 6.89 (2.58 to 11.19) 0.94  1 3.32 (0.21 to 6.42) 0.94 

Omit studies whose outcomes were HBP/24hABP 1 6.53 (2.06 to 10.93)  1 3.15 (-0.06 to 6.36) 

Resistance training vs Aerobic exercise 

Overall analysis 3 -4.28 (-8.75 to 0.17) 0.89  3 -2.62 (-5.65 to 0.34) 0.79 

Omit studies whose outcomes were HBP/24hABP 3 -3.93 (-8.92 to 1.00)  3 -2.08 (-5.52 to 1.36) 

Aerobic exercise+DASH vs Aerobic exercise 

Overall analysis 1 4.58 (-3.90 to 12.98) 0.96  1 1.14 (-5.94 to 8.27) 0.98 

Omit studies whose outcomes were HBP/24hABP 1 4.34 (-4.20 to 12.83)  1 1.06 (-6.12 to 8.44) 

  



Table S7. Results of Sensitivity Analyses. (D) Based on Omitting Studies Targeted to Special Population. 

 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

 

Mean 

rank 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

 

Mean 

rank 

Tai Chi vs Usual care 

Overall analysis 2 13.47 (9.30 to 17.64) 0.98 1.4  1 7.76 (4.73 to 10.81) 1.00 4.2 

Omit studies targeted to special population 2 13.48 (9.28 to 17.69) 1.4  1 7.76 (4.67 to 10.88) 3.1 

DASH vs Usual care 

Overall analysis 9 6.96 (4.50 to 9.46) 1.00 3.8  9 3.54 (1.80 to 5.30) 1.00 5.9 

Omit studies targeted to special population 9 6.98 (4.48 to 9.52) 3.3  9 3.53 (1.77 to 5.31) 4.5 

Aerobic exercise+DASH vs Usual care 

Overall analysis 1 11.20 (2.81 to 19.61) 1.00 4.3  1 5.57 (-1.52 to 12.74) 1.00 9.4 

Omit studies targeted to special population 1 11.13 (2.70 to 19.67) 3.6  1 5.59 (-1.52 to 12.75) 7.2 

Isometric training vs Usual care 

Overall analysis 5 5.76 (1.41 to 10.16) 1.00 8.4  3 4.00 (1.06 to 6.94) 1.00 10.1 

Omit studies targeted to special population 5 5.77 (1.34 to 10.17) 6.9  3 4.01 (1.04 to 6.94) 7.7 

Aerobic exercise vs Usual care 

Overall analysis 26 6.60 (4.98 to 8.23) 1.00 6.2  25 4.44 (3.30 to 5.59) 1.00 7.0 

Omit studies targeted to special population 26 6.61 (4.98 to 8.24) 5.3  25 4.44 (3.29 to 5.58) 5.4 

Low-sodium salt vs Usual care 

Overall analysis 6 8.21 (4.99 to 11.43) 1.00 8.6  6 3.96 (1.82 to 6.12) 1.00 11.5 

Omit studies targeted to special population 6 8.20 (4.95 to 11.48) 7.1  6 3.98 (1.77 to 6.16) 8.9 



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

 

Mean 

rank 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

 

Mean 

rank 

Lifestyle vs Usual care 

Overall analysis 4 4.62 (1.32 to 7.94) 1.00 9.9  4 3.37 (1.03 to 5.77) 1.00 9.4 

Omit studies targeted to special population 4 4.63 (1.27 to 8.01) 8.2  4 3.40 (1.01 to 5.77) 7.2 

Salt restriction vs Usual care 

Overall analysis 30 5.41 (3.96 to 6.87) 0.23 11.8  30 2.62 (1.65 to 3.61) 1.00 14.6 

Omit studies targeted to special population 30 5.58 (4.06 to 7.12) 9.4  30 2.65 (1.60 to 3.67) 11.2 

Breathing-control vs Usual care 

Overall analysis 8 5.39 (2.30 to 8.49) 1.00 12.5  8 3.42 (1.26 to 5.57) 1.00 13.3 

Omit studies targeted to special population 8 5.39 (2.27 to 8.55) 10.1  8 3.41 (1.27 to 5.54) 10.3 

Qigong vs Usual care 

Overall analysis 1 3.30 (-4.35 to 10.97) 1.00 13.0  1 6.72 (0.73 to 12.75) 1.00 6.8 

Omit studies targeted to special population 1 3.28 (-4.47 to 11.14) 10.4  1 6.72 (0.67 to 12.79) 5.1 

Salt restriction+DASH vs Usual care 

Overall analysis 1 3.79 (-3.94 to 11.55) 1.00 13.7  1 2.42 (-3.47 to 8.37) 1.00 14.8 

Omit studies targeted to special population 1 3.81 (-3.99 to 11.66) 10.9  1 2.38 (-3.55 to 8.43) 11.7 

Meditation vs Usual care 

Overall analysis 4 5.02 (1.42 to 8.65) 1.00 14.0  4 2.46 (-0.03 to 4.93) 1.00 15.8 

Omit studies targeted to special population 4 5.03 (1.37 to 8.69) 11.2  4 2.45 (-0.03 to 4.97) 12.3 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

 

Mean 

rank 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

 

Mean 

rank 

Yoga vs Usual care 

Overall analysis 7 4.59 (1.76 to 7.37) 1.00 14.5  7 3.37 (1.44 to 5.29) 1.00 13.4 

Omit studies targeted to special population 7 4.58 (1.72 to 7.45) 11.6  7 3.37 (1.42 to 5.32) 10.3 

Resistance training vs Usual care 

Overall analysis  2 2.32 (-2.09 to 6.71) 1.00 15.9  2 1.82 (-1.22 to 4.82) 1.00 16.0 

Omit studies targeted to special population 2 2.31 (-2.11 to 6.78) 12.6  2 1.81 (-1.21 to 4.83) 12.5 

Aerobic exercise+resistance training vs Usual care 

Overall analysis  2 2.72 (-2.75 to 8.21) 1.00 16.4  2 3.16 (-0.41 to 6.74) 1.00 11.6 

Omit studies targeted to special population 2 2.74 (-2.86 to 8.29) 13.0  2 3.15 (-0.49 to 6.82) 8.9 

PMR vs Usual care 

Overall analysis  3 1.31 (-2.72 to 5.33) 1.00 18.5  3 1.25 (-1.61 to 4.12) 1.00 17.3 

Omit studies targeted to special population 3 1.32 (-2.75 to 5.38) 14.6  3 1.24 (-1.62 to 4.15) 13.6 

MBSR vs Usual care 

Overall analysis  2 1.09 (-3.26 to 5.47) 1.00 18.5  2 0.50 (-2.64 to 3.64) 1.00 18.6 

Omit studies targeted to special population 2 1.10 (-3.30 to 5.59) 14.6  2 0.49 (-2.65 to 3.68) 14.7 

Meditation vs Breathing-control 

Overall analysis  1 -0.36 (-4.73 to 4.02) 1.00 NA  1 -0.96 (-3.98 to 2.07) 1.00 NA 

Omit studies targeted to special population 1 -0.38 (-4.78 to 4.00) NA  1 -0.97 (-4.01 to 2.10) NA 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

 

Mean 

rank 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

 

Mean 

rank 

PMR vs Meditation 

Overall analysis  2 -3.70 (-8.27 to 0.85) 1.00 NA  2 -1.23 (-4.36 to 1.90) 1.00 NA 

Omit studies targeted to special population 2 -3.72 (-8.39 to 1.00) NA  2 -1.21 (-4.35 to 1.94) NA 

Salt restriction vs Yoga 

Overall analysis  1 0.83 (-2.27 to 3.99) 0.95 NA  1 -0.74 (-2.88 to 1.38) 1.00 NA 

Omit studies targeted to special population 1 1.00 (-2.19 to 4.21) NA  1 -0.73 (-2.92 to 1.47) NA 

Aerobic exercise vs Yoga 

Overall analysis  1 2.02 (-1.09 to 5.19) 1.00 NA  1 1.07 (-1.08 to 3.25) 1.00 NA 

Omit studies targeted to special population 1 2.02 (-1.14 to 5.27) NA  1 1.07 (-1.11 to 3.24) NA 

Resistance training vs Yoga 

Overall analysis  1 -2.27 (-7.17 to 2.64) 1.00 NA  1 -1.55 (-4.83 to 1.73) 1.00 NA 

Omit studies targeted to special population 1 -2.26 (-7.18 to 2.66) NA  1 -1.54 (-4.87 to 1.75) NA 

MBSR vs PMR 

Overall analysis 1 -0.23 (-5.66 to 5.29) 1.00 NA  1 -0.74 (-4.67 to 3.21) 1.00 NA 

Omit studies targeted to special population 1 -0.21 (-5.77 to 5.33) NA  1 -0.76 (-4.70 to 3.23) NA 

Aerobic exercise vs Salt restriction 

Overall analysis 1 1.18 (-0.97 to 3.34) 0.92 NA  1 1.82 (033 to 3.30) 0.95 NA 

Omit studies targeted to special population 1 1.02 (-1.19 to 3.22) NA  1 1.80 (0.26, 3.31) NA 

  



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

 

Mean 

rank 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

 

Mean 

rank 

Aerobic exercise+DASH vs Aerobic exercise 

Overall analysis 1 4.58 (-3.90 to 12.98) 1.00 NA  1 1.14 (-5.94 to 8.27) 1.00 NA 

Omit studies targeted to special population 1 4.55 (-3.88 to 13.04) NA  1 1.13 (-6.00 to 8.29) NA 

Tai Chi vs Aerobic exercise 

Overall analysis 1 6.89 (2.58 to 11.19) 1.00 NA  1 3.32 (0.21 to 6.42) 1.00 NA 

Omit studies targeted to special population 1 6.89 (2.53 to 11.20) NA  1 3.32 (0.17 to 6.51) NA 

Resistance training vs Aerobic exercise 

Overall analysis 3 -4.28 (-8.75 to 0.17) 1.00 NA  3 -2.62 (-5.65 to 0.34) 1.00 NA 

Omit studies targeted to special population 3 -4.29 (-8.72 to 0.18) NA   -2.62 (-5.62 to 0.36) NA 

DASH indicates Dietary Approach to Stop Hypertension; Diet indicates low-calorie diet; Lifestyle indicates comprehensive lifestyle Modification; Low-sodium salt indicates 

low-sodium and high-potassium salt; MBSR indicates mindfulness-based stress reduction; PMR indicates progressive muscle relaxation. 



Table S8. Results of Meta Regression Analyses. (A) By Adding Mean Age as Covariates. 

 

Intervention 

No. of 

study 

Weighted mean difference (95% CrI)  

P value Network meta-analysis Adjusted by mean age  

Systolic blood pressure 

Low-sodium salt 6 8.21 (5.08 to 11.33) 7.61 (4.48 to 10.76) 0.76 

Alcohol restriction 3 3.27 (-1.25 to 7.82) 3.00 (-1.38 to 7.45) 0.92 

Breathing-control 4 7.07 (2.48 to 11.71) 6.80 (2.25 to 11.36) 0.88 

Meditation 3 4.91 (0.89 to 8.93) 4.77 (0.84 to 8.69) 0.92 

Qigong 1 3.31 (-4.13 to 10.73) 3.30 (-3.93 to 10.54) 0.97 

Yoga 3 3.46 (-0.09 to 7.09) 4.03 (0.48 to 7.60) 0.80 

PMR 3 1.39 (-2.60 to 5.35) 1.62 (-2.28 to 5.48) 0.93 

MBSR 1 1.71 (-3.68 to 7.19) 2.18 (-3.07 to 7.47) 0.88 

DASH 9 6.94 (4.55 to 9.35) 7.30 (4.95 to 9.68) 0.81 

Salt restriction 25 5.68 (4.18 to 7.21) 5.82 (4.35 to 7.32) 0.87 

Diet 3 4.71 (0.25 to 9.15) 5.21 (0.81 to 9.62) 0.86 

Exercise 3 0.64 (-3.52 to 4.85) 1.00 (-3.12 to 5.14) 0.88 

Diet plus exercise 6 3.84 (0.90 to 6.81) 4.21 (1.32 to 7.11) 0.83 

Aerobic exercise 23 6.78 (5.02 to 8.60) 6.94 (5.32 to 8.60) 0.86 

Tai Chi 2 13.47 (9.30 to 17.64) 13.59 (9.69 to 17.51) 0.97 

Resistance training 2 3.51 (-0.43 to 7.47) 3.63 (-0.18 to 7.44) 0.99 

Isometric training 5 5.76 (1.41 to 10.16) 4.91 (0.68 to 9.22) 0.78 

Lifestyle 1 10.79 (4.22 to 17.36) 11.35 (4.96 to 17.72) 0.90 

Aerobic exercise+DASH 1 11.30 (3.02 to 19.61) 11.55 (3.42 to 19.69) 0.95 

  



 

Intervention 

No. of 

study 

Weighted mean difference (95% CrI)  

P value Network meta-analysis Adjusted by mean age  

Systolic blood pressure 

Salt restriction+diet plus exercise 2 5.14 (0.94 to 9.45) 5.30 (1.23 to 9.44) 0.95 

Aerobic exercise+resistance training 2 2.67 (-2.64 to 8.01) 1.68 (-3.65 to 7.05) 0.76 

Diastolic blood pressure 

Low-sodium salt 6 3.94 (1.97 to 5.93) 3.72 (1.61 to 5.84) 0.94 

Alcohol restriction 3 2.13 (-0.76 to 5.07) 2.04 (-0.98 to 5.07) 0.98 

Breathing-control 4 4.90 (1.87 to 7.94) 4.79 (1.68 to 7.90) 0.96 

Meditation 3 2.91 (0.24 to 5.57) 2.85 (0.10 to 5.59) 0.98 

Qigong 1 6.69 (1.07 to 12.32) 6.71 (0.94 to 12.49) 0.98 

Yoga 3 2.39 (0.03 to 4.78) 2.74 (0.24 to 5.25) 0.94 

PMR 3 1.47 (-1.26 to 4.19) 1.53 (-1.26 to 4.34) 0.98 

MBSR 1 1.12 (-2.55 to 4.82) 1.34 (-2.50 to 5.20) 0.97 

DASH 9 3.53 (1.94 to 5.13) 3.68 (2.00 to 5.37) 0.95 

Salt restriction 25 2.67 (1.69 to 3.63) 2.70 (1.69 to 3.71) 0.99 

Diet 3 2.97 (0.47 to 5.51) 3.19 (0.58 to 5.84) 0.95 

Exercise 3 2.29 (-0.33 to 4.96) 2.48 (-0.25 to 5.22) 0.97 

Diet plus exercise 6 3.16 (1.31 to 5.07) 3.35 (1.39 to 5.34) 0.95 

Aerobic exercise 23 4.25 (3.06 to 5.45) 4.64 (3.49 to 5.80) 0.95 

Tai Chi 2 7.76 (4.73 to 10.81) 7.81 (4.92 to 10.71) 0.99 

Resistance training 2 2.75 (0.13 to 5.39) 3.06 (0.37 to 5.77) 0.99 

Isometric training 5 4.00 (1.06 to 6.94) 3.71 (0.78 to 6.62) 0.93 

Lifestyle 1 9.30 (4.95 to 13.67) 9.54 (4.97 to 14.12) 0.99 



 

Intervention 

No. of 

study 

Weighted mean difference (95% CrI)  

P value Network meta-analysis Adjusted by mean age  

Diastolic blood pressure 

Aerobic exercise+DASH 1 5.49 (-1.38 to 12.35) 5.76 (-1.20 to 12.70) 0.99 

Salt restriction+diet plus exercise 2 3.01 (0.19 to 5.88) 3.12 (0.18 to 6.10) 0.99 

Aerobic exercise+resistance training 2 3.13 (-0.14 to 6.42) 2.72 (-0.79 to 6.26) 0.92 

  



Table S8. Results of Meta Regression Analyses. (B) By Adding BMI as Covariates. 

 

Intervention 

No. of 

study 

Weighted mean difference (95% CrI)  

P value Network meta-analysis Adjusted by BMI  

Systolic blood pressure 

Low-sodium salt  5 9.56 (5.77 to 13.34) 9.63 (5.77 to 13.47) 0.94 

Alcohol restriction  1 8.99 (-0.05 to 18.09) 9.09 (0.05 to 18.09) 0.96 

Breathing-control  4 6.81 (1.79 to 11.86) 6.84 (1.85 to 11.86) 0.99 

Meditation  1 3.92 (-2.46 to 10.33) 3.94 (-2.33 to 10.23) 1.00 

Yoga 3 7.34 (3.27 to 11.44) 7.42 (3.32 to 11.51) 0.96 

PMR  1 0.52 (-7.27 to 8.28) 0.53 (-7.02 to 8.11) 1.00 

DASH 7 6.99 (3.91 to 10.10) 6.95 (3.91 to 10.03) 0.96 

Salt restriction  9 7.78 (4.94 to 10.11) 7.81 (4.99 to 10.64) 0.95 

Diet 2 4.63 (-0.79 to 10.12) 4.50 (-1.07 to 10.09) 0.92 

Exercise  3 0.64 (-4.06 to 5.44) 0.51 (-4.31 to 5.41) 0.92 

Diet plus exercise  5 3.76 (-0.14 to 7.73) 3.65 (-0.37 to 7.69) 0.91 

Aerobic exercise 15 6.94 (4.66 to 9.30) 7.00 (4.92 to 9.12) 0.95 

Tai Chi  2 13.47 (9.30 to 17.64) 13.67 (9.12 to 18.20) 0.95 

Resistance training  1 3.49 (-1.77 to 8.78) 3.55 (-1.64 to 8.74) 0.97 

Isometric training 4 5.40 (-0.34 to 11.27) 5.18 (0.34 to 10.06) 0.95 

Lifestyle 1 10.79 (3.43 to 18.14) 10.66(3.37 to 17.96) 0.98 

Aerobic exercise+DASH  1 11.36 (2.57 to 20.15) 11.37 (2.69 to 20.08) 0.99 

DASH+salt restriction 1 3.81 (-4.41 to 11.99) 3.96 (-4.35 to 12.26) 0.94 

Salt restriction+diet plus exercise  1 9.39 (1.07 to 17.68) 9.20 (0.73 to 17.69) 0.93 



 

Intervention 

No. of 

study 

Weighted mean difference (95% CrI)  

P value Network meta-analysis Adjusted by BMI  

Systolic blood pressure 

Aerobic exercise+resistance training  2 2.73 (-3.03 to 8.60) 2.78 (-2.96 to 8.53) 0.98 

Diastolic blood pressure 

Low-sodium salt  5 4.48 (2.05 to 6.92) 4.77 (2.21 to 7.33) 0.95 

Alcohol restriction  1 6.00 (0.14 to 11.86) 6.38 (0.36 to 12.39) 0.97 

Breathing-control  4 4.89 (1.55 to 8.23) 5.02 (1.63 to 8.40) 0.99 

Meditation  1 2.91 (-1.31 to 7.11) 2.96 (-1.31 to 7.25) 1.00 

Yoga 3 4.26 (1.58 to 6.95) 4.54 (1.75 to 7.36) 0.96 

PMR  1 0.23 (-4.78 to 5.23) 0.25 (-4.84 to 5.36) 0.99 

DASH 7 3.52 (1.47 to 5.56) 3.40 (1.28 to 5.51) 0.96 

Salt restriction  9 3.70 (1.86 to 5.51) 3.81 (1.91 to 5.69) 0.98 

Diet 2 3.97 (0.63 to 7.37) 3.50 (-0.06 to 7.10) 0.94 

Exercise  3 2.88 (-0.11 to 5.96) 2.45 (-0.74 to 5.70) 0.94 

Diet plus exercise  5 3.81 (1.36 to 6.32) 3.42 (0.79 to 6.12) 0.95 

Aerobic exercise 15 4.69 (3.14 to 6.24) 5.17 (3.70 to 6.64) 0.98 

Tai Chi  2 7.86 (3.95 to 11.80) 8.31 (5.06 to 11.56) 0.90 

Resistance training  1 2.61 (-0.65 to 5.87) 2.99 (-0.32 to 6.33) 0.97 

Isometric training 4 4.17 (-0.06 to 8.26) 3.76 (0.46 to 7.05) 0.99 

Lifestyle 1 9.31 (4.43 to 14.16) 8.91 (3.84 to 13.99) 0.98 

Aerobic exercise+DASH  1 5.72 (-1.43 to 12.84) 5.83 (-1.36 to 13.04) 0.99 

DASH+salt restriction 1 2.40 (-3.55 to 8.34) 3.05 (-3.17 to 9.27) 0.94 

Salt restriction+diet plus exercise  1 5.31 (-0.26 to 10.84) 4.54 (-1.35 to 10.46) 0.95 



 

Intervention 

No. of 

study 

Weighted mean difference (95% CrI)  

P value Network meta-analysis Adjusted by BMI  

Diastolic blood pressure 

Aerobic exercise+resistance training  2 3.14 (-0.49 to 6.78) 3.41 (-0.34 to 7.17) 0.97 

  



Table S8. Results of Meta Regression Analyses. (C) By Adding the Proportion of Taking Medicines as Covariates. 

 

 

Intervention 

 

No. of 

study  

Weighted mean difference (95% CrI)  

 

P value 

Network  

meta-analysis 

Adjusted by proportion  

of taking medicines 

Systolic blood pressure 

Low-sodium salt  6 8.20 (4.77 to 11.67) 8.36 (4.89 to 11.83) 0.98 

Alcohol restriction  1 1.80 (-5.47 to 9.06) 1.76 (-5.40 to 8.94) 1.00 

Breathing-control  4 7.64 (2.01 to 13.28) 7.93 (2.20 to 13.69) 0.96 

Meditation  4 5.18 (0.95 to 9.42) 5.40 (1.10 to 9.69) 0.97 

Yoga 4 6.36 (2.29 to 10.41) 6.34 (2.31 to 10.34) 0.99 

PMR  3 1.35 (-2.99 to 5.67) 1.55 (-2.83 to 5.90) 0.98 

MBSR  2 1.16 (-3.61 to 5.97) 1.05 (-3.70 to 5.84) 0.99 

DASH 6 6.42 (3.01 to 9.85) 6.27 (2.84 to 9.69) 0.99 

Salt restriction  28 5.56 (3.92 to 7.23) 5.47 (3.81 to 7.16) 0.99 

Diet 3 6.59 (2.24 to 10.87) 6.44 (2.09 to 10.74) 0.98 

Exercise  1 2.43 (-3.86 to 8.75) 2.33 (-3.93 to 8.61) 0.99 

Diet plus exercise  4 3.56 (-0.13 to 7.27) 3.47 (-0.21 to 7.15) 0.98 

Aerobic exercise 20 6.14 (4.07 to 8.25) 6.28 (436 to 8.23) 1.00 

Tai Chi  2 13.47 (9.30 to 17.64) 13.26 (8.73 to 17.78) 0.99 

Resistance training  1 4.55 (-0.61 to 9.75) 4.68 (-0.41 to 9.79) 0.99 

Isometric training 5 5.76 (1.41 to 10.16) 6.32 (1.36 to 11.34) 0.97 

Lifestyle 2 6.29 (1.10 to 11.49) 6.12 (0.93 to 11.30) 0.99 

Aerobic exercise+DASH  1 10.91 (2.02 to 19.81) 10.90 (2.11 to 19.70) 0.99 

DASH+salt restriction 1 3.82 (-4.50 to 12.11) 3.62 (-4.66 to 11.89) 0.99 



 

 

Intervention 

 

No. of 

study  

Weighted mean difference (95% CrI)  

 

P value 

Network  

meta-analysis 

Adjusted by proportion  

of taking medicines 

Systolic blood pressure 

Salt restriction+diet plus exercise  2 5.18 (0.38 to 10.06) 5.25 (0.49 to 10.08) 0.97 

Aerobic exercise+resistance training  2 2.76 (-3.13 to 8.65) 2.59 (-3.28 to 8.47) 0.99 

Diastolic blood pressure 

Low-sodium salt  6 3.98 (1.68 to 6.29) 3.94 (1.53 to 6.36) 0.95 

Alcohol restriction  1 1.00 (-4.03 to 6.02) 1.01 (-4.18 to 6.19) 1.00 

Breathing-control  4 4.81 (1.00 to 8.64) 4.73 (0.78 to 8.71) 0.93 

Meditation  4 2.71 (0.17 to 5.58) 2.63 (-0.38 to 5.63) 0.95 

Yoga 4 3.68 (0.87 to 6.49) 3.67 (0.78 to 6.55) 0.99 

PMR  3 1.36 (-1.71 to 4.44) 1.29 (-1.90 to 4.49) 0.95 

MBSR  2 0.53 (-2.83 to 3.90) 0.57 (-2.89 to 4.05) 0.99 

DASH 6 3.16 (0.80 to 5.52) 3.20 (0.74 to 5.66) 0.98 

Salt restriction  28 2.68 (1.56 to 3.78) 2.70 (1.54 to 3.86) 0.98 

Diet 3 4.57 (1.85 to 7.27) 4.60 (1.78 to 7.41) 0.96 

Exercise  1 2.81 (-1.16 to 6.79) 2.85 (-1.20 to 6.92) 0.99 

Diet plus exercise  4 3.13 (0.71 to 5.60) 3.17 (0.67 to 5.69) 0.99 

Aerobic exercise 20 3.92 (2.48 to 5.38) 4.32 (2.93 to 5.70) 0.99 

Tai Chi  2 7.76 (4.73 to 10.81) 7.77 (4.42 to 11.13) 0.99 

Resistance training  1 4.17 (0.70 to 7.69) 4.49 (0.95 to 8.05) 0.99 

Isometric training 5 4.00 (1.06 to 6.94) 3.86 (0.46 to 7.26) 0.95 

Lifestyle 2 5.06 (1.43 to 8.71) 5.12 (1.34 to 8.90) 0.99 



 

 

Intervention 

 

No. of 

study  

Weighted mean difference (95% CrI)  

 

P value 

Network  

meta-analysis 

Adjusted by proportion  

of taking medicines 

Diastolic Blood Pressure 

Aerobic exercise+DASH  1 5.29 (-2.04 to 12.63) 5.53 (-1.84 to 12.90) 0.99 

DASH+salt restriction 1 2.41 (-3.86 to 8.63) 2.46 (-3.93 to 8.86) 0.99 

Salt restriction+diet plus exercise  2 3.10 (-0.27 to 6.51) 3.10 (-0.40 to 6.62) 0.99 

Aerobic exercise+resistance training  2 3.16 (-0.69 to 7.03) 3.22 (-0.77 to 7.21) 0.98 

  



Table S8. Results of Meta Regression Analyses. (D) By Adding Proportion of Female Patients as Covariates. 

 

 

Intervention 

 

No. of 

study 

Weighted mean difference (95% CrI)  

 

P value 

 

Network meta-analysis 

Adjusted by proportion of 

female patients  

Systolic blood pressure 

Low-sodium salt 6 8.21 (5.06 to 11.37) 8.16 (4.99 to 11.32) 0.97 

Alcohol restriction 2 8.14 (2.13 to 14.11) 8.66 (2.30 to 14.99) 0.99 

Breathing-control 8 5.37 (2.33 to 8.41) 5.44 (2.39 to 8.50) 0.98 

Meditation 4 5.01 (1.46 to 8.63) 4.97 (1.41 to 8.55) 0.99 

Qigong 1 3.27 (-4.30 to 10.85) 3.51 (-4.08 to 11.08) 0.97 

Yoga 6 4.81 (1.86 to 7.69) 4.87 (1.94 to 7.76) 0.97 

PMR 3 1.34 (-2.60 to 5.27) 1.39 (-2.58 to 5.32) 0.99 

MBSR 2 1.06 (-3.19 to 5.34) 1.18 (-3.12 to 5.49) 0.97 

DASH 6 6.39 (3.27 to 9.49) 6.33 (3.24 to 9.42) 0.99 

Salt restriction 22 5.37 (3.75 to 7.03) 5.49 (3.81 to 7.20) 0.96 

Diet 1 5.93 (-1.71 to 13.51) 5.47 (-2.36 to 13.30) 0.91 

Exercise 2 -0.39 (-6.22 to 5.47) -0.39 (-6.20 to 5.47) 1.00 

Diet plus exercise 4 4.08 (0.83 to 7.40) 4.19 (0.89 to 7.54) 0.98 

Aerobic exercise 21 6.16 (4.41 to 7.94) 6.10 (4.30 to 7.90) 0.89 

Tai Chi 2 13.36 (9.26 to 17.41) 13.33 (9.22 to 17.45) 0.96 

Resistance training 1 2.42 (-2.42 to 7.27) 2.46 (-2.43 to 7.33) 1.00 

Isometric training 5 5.73 (1.46 to 10.05) 5.65 (1.34 to 10.02) 0.96 

Lifestyle 1 4.03 (-2.30 to 10.31) 3.89 (-2.51 to 10.29) 0.97 

Aerobic exercise+DASH 1 10.93 (2.56 to 19.32) 10.89 (2.59 to 19.22) 0.99 

  



 

 

Intervention 

 

No. of 

study 

Weighted mean difference (95% CrI)  

 

P value 

 

Network meta-analysis 

Adjusted by proportion of 

female patients  

Systolic blood pressure 

DASH+salt restriction 1 3.77 (-3.83 to 11.34) 3.79 (-3.82 to 11.39) 1.00 

Salt restriction+diet plus exercise 2 5.20 (1.30 to 9.20) 5.27 (1.37 to 9.24) 0.98 

Aerobic exercise+resistance training 2 2.71 (-2.63 to 8.13) 2.66 (-2.73 to 8.08) 0.99 

Diastolic blood pressure 

Low-sodium salt 6 3.96 (1.88 to 6.05) 3.88 (1.79 to 5.99) 0.94 

Alcohol restriction 2 3.25 (-0.66 to 7.21) 4.05 (-0.15 to 8.24) 0.85 

Breathing-control 8 3.40 (1.32 to 5.49) 3.49 (1.41 to 5.58) 0.95 

Meditation 4 2.46 (0.03 to 4.87) 2.38 (-0.04 to 4.80) 0.96 

Qigong 1 6.73 (0.89 to 12.56) 7.02 (1.16 to 12.89) 0.95 

Yoga 6 3.48 (1.52 to 5.45) 3.56 (1.59 to 5.53) 0.96 

PMR 3 1.24 (-1.52 to 4.01) 1.28 (-1.50 to 4.06) 0.99 

MBSR 2 0.46 (-2.56 to 3.47) 0.62 (-2.40 to 3.64) 0.94 

DASH 6 3.18 (1.03 to5.28) 3.06 (0.93 to 5.19) 0.93 

Salt restriction 22 2.68 (1.59 to 3.77) 2.86 (1.72 to 3.99) 0.93 

Diet 1 3.59 (-1.58 to 8.76) 2.98 (-2.25 to 8.22) 0.86 

Exercise 2 3.00 (-0.50 to 6.59) 3.03 (-0.49 to 6.56) 0.99 

Diet plus exercise 4 3.22 (0.99 to 5.49) 3.36 (1.14 to 5.63) 0.93 

Aerobic exercise 21 4.71 (3.47 to 5.94) 4.64 (3.41 to 5.87) 0.96 

Tai Chi 2 7.84 (4.91 to 10.79) 7.81 (4.86 to 10.77) 0.97 

Resistance training 1 2.43 (-0.63 to 5.50) 2.46 (-0.61 to 5.53) 0.99 



 

 

Intervention 

 

No. of 

study 

Weighted mean difference (95% CrI)  

 

P value 

 

Network meta-analysis 

Adjusted by proportion of 

female patients  

Diastolic blood pressure 

Isometric training 5 4.02 (1.14 to 6.90) 3.89 (1.02 to 6.77) 0.95 

Lifestyle 1 2.00 (-2.66 to 6.65) 1.86 (-2.79 to 6.51) 0.97 

Aerobic exercise+DASH 1 5.76 (-1.20 to 12.78) 5.67 (-1.34 to 12.67) 0.98 

DASH+salt restriction 1 2.37 (-3.36 to 8.18) 2.37 (-3.39 to 8.13) 1.00 

Salt restriction+diet plus exercise 2 3.74 (1.02 to 6.53) 3.82 (1.11 to 6.56) 0.95 

Aerobic exercise+resistance training 2 3.13 (-0.32 to 6.63) 3.09 (-0.37 to 6.56) 0.99 

DASH indicates Dietary Approach to Stop Hypertension; Diet indicates low-calorie diet; Lifestyle indicates comprehensive lifestyle Modification; Low-sodium salt indicates 

low-sodium and high-potassium salt; MBSR indicates mindfulness-based stress reduction; PMR indicates progressive muscle relaxation. 

  



Table S9. Results of Subgroup Analyses. (A) Defined by Study Duration 

 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Low-sodium salt vs Usual care 

<12 weeks 3 6.38 (2.14 to 10.63)  

0.41 

 3 3.58 (1.06 to 6.24)  

0.81 12-24 weeks 3 9.44 (3.78 to 15.14)  3 4.16 (0.09 to 8.21) 

>24 weeks 0 NA  0 NA 

Alcohol restriction vs Usual care 

<12 weeks 0 NA  

0.85 

 0 NA  

0.48 12-24 weeks 2 4.61 (-3.44 to 12.68)  2 3.06 (-2.49 to 8.56) 

>24 weeks 2 2.78 (-0.01 to 6.63)  2 0.94 (-1.18 to 3.08) 

Breathing-control vs Usual care 

<12 weeks 7 5.14 (2.04 to 8.32)  

0.68 

 7 3.35 (1.35 to 5.40)  

0.96 12-24 weeks 1 6.17 (-3.70 to 15.73)  1 2.45 (-4.71 to 9.80) 

>24 weeks 0 NA  0 NA 

Meditation vs Usual care 

<12 weeks 1 5.74 (0.55 to 10.96)  

0.55 

 1 1.78 (-1.61 to 5.18)  

0.61 12-24 weeks 1 10.71 (0.50 to 21.22)  1 6.41 (-1.14 to 13.95) 

>24 weeks 2 1.74 (-2.48 to 5.94)  2 1.28 (-1.61 to 3.94) 

Yoga vs Usual care 

<12 weeks 1 1.38 (-3.97 to 6.71)  

0.27 

 1 1.70 (-1.94 to 5.43)  

0.41 12-24 weeks 6 5.04 (1.00 to 9.11)  6 3.52 (0.66 to 6.37) 

>24 weeks 0 NA  0 NA 



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

PMR vs Usual care 

<12 weeks 1 2.96 (-3.05 to 9.01)  

0.75 

 1 4.51 (-0.39 to 9.58)  

0.25 12-24 weeks 1 4.76 (-5.76 to 15.38)  1 3.29 (-4.26 to 10.87) 

>24 weeks 1 -0.64 (-5.78 to 4.60)  1 -0.71 (-4.00 to 2.49) 

MBSR vs Usual care 

<12 weeks 0 NA  

0.94 

 0 NA  

0.74 12-24 weeks 1 -0.03 (-9.26 to 9.43)  1 -0.43 (-7.30 to 6.34) 

>24 weeks 1 0.47 (-2.97 to 4.07)  1 0.82 (-1.68 to 3.39) 

DASH vs Usual care 

<12 weeks 8 6.76 (4.84 to 8.92)  

0.87 

 8 3.46 (2.08 to 4.83)  

0.67 12-24 weeks 1 5.62 (-10.06 to 21.01)  1 5.50 (-4.73 to 15.76) 

>24 weeks 0 NA  0 NA 

Salt restriction vs Usual care 

<12 weeks 20 6.18 (4.54 to 7.78)  

0.20 

 20 2.52 (1.38 to 3.61)  

0.54 12-24 weeks 7 4.82 (1.22 to 8.45)  7 3.08 (0.48 to 5.76) 

>24 weeks 3 1.61 (-0.50 to 4.28)  3 1.00 (-0.28 to 3.04) 

Diet vs Usual care 

<12 weeks 0 NA  

0.85 

 0 NA  

0.50 12-24 weeks 2 6.72 (0.33 to 12.84)  2 5.36 (1.15 to 9.52) 

>24 weeks 2 5.48 (1.05 to 10.17)  2 3.41 (0.64 to 6.27) 



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Exercise vs Usual care 

<12 weeks 0 NA  

0.97 

 0 NA  

0.69 12-24 weeks 1 1.22 (-7.19 to 9.46)  1 3.73 (-1.92 to 9.43) 

>24 weeks 2 1.27 (-4.49 to 7.39)  2 2.15 (-1.00 to 5.37) 

Diet plus exercise vs Usual care 

<12 weeks 0 NA  

0.51 

 0 NA  

0.27 12-24 weeks 1 5.84 (-2.50 to 14.00)  1 5.47 (-0.17 to 11.17) 

>24 weeks 5 2.11 (0.43 to 4.58)  5 1.85 (0.79 to 3.78) 

Aerobic exercise vs Usual care 

<12 weeks 6 5.71 (3.02 to 8.52)  

0.34 

 6 4.39 (2.53 to 6.16)  

0.45 12-24 weeks 19 7.32 (4.86 to 9.81)  19 4.83 (3.05 to 6.60) 

>24 weeks 1 3.15 (-0.65 to 6.83)  1 1.66 (-1.72 to 5.17) 

Tai Chi vs Usual care 

<12 weeks 1 12.74 (7.58 to 17.98)  

0.86 

 1 7.83 (3.90 to 11.70) 0.94 

12-24 weeks 1 14.21 (7.23 to 21.22)  1 8.10 (2.86 to 13.22 

>24 weeks 0 NA  0 NA 

Isometric training vs Usual care 

<12 weeks 4 5.49 (1.47 to 9.98)  

0.90 

 4 3.61 (1.31 to 5.92)  

0.92 12-24 weeks 1 4.08 (-5.27 to 13.59)  1 3.72 (-2.49 to 9.77) 

>24 weeks 0 NA  0 NA 

 



Comparison 

Systolic blood pressure Diastolic blood pressure 

No. of 

study 

Weighted  

mean difference 

(95% CrI) P value 

No. of 

study 

Weighted  

mean difference 

(95% CrI) P value 

Lifestyle vs Usual care 

<12 weeks 0 NA 

0.26 

0 NA 

0.24 12-24 weeks 2 7.28 (0.81 to 13.93) 2 5.66 (0.86 to 10.47) 

>24 weeks 2 2.09 (-0.49 to 4.80) 2 2.68 (0.84 to 4.58) 

Salt restriction+diet plus exercise vs Usual care 

<12 weeks 1 9.44 (2.67 to 16.06) 

0.08 

1 5.30 (0.58 to 9.90) 

0.15 12-24 weeks 0 NA 0 NA 

>24 weeks 1 1.44 (-1.42 to 4.73) 1 1.27 (-0.58 to 3.09) 

Aerobic exercise+resistance training vs Usual care 

<12 weeks 0 NA 

0.48 

0 NA 

0.61 12-24 weeks 1 0.83 (-8.74 to 10.09) 1 2.24 (-4.61 to 9.00) 

>24 weeks 1 5.45 (-0.99 to 12.05) 1 4.27 (0.78 to 7.92) 

PMR vs Meditation 

<12 weeks 0 NA 

0.78 

0 NA 

0.89 12-24 weeks 1 -6.00 (-16.40 to 4.59) 1 -3.08 (-10.22 to 4.18)

>24 weeks 1 -2.39 (-7.36 to 2.65) 1 -2.00 (-5.01 to 1.31)

Exercise vs Diet 

<12 weeks 0 NA 

0.84 

0 NA 

0.88 12-24 weeks 1 -5.49 (-13.92 to 2.90) 1 -1.57 (-7.15 to 3.91)

>24 weeks 1 -4.92 (-11.52 to 1.10) 1 -1.25 (-5.01 to 2.59)



 

 

 

Comparison 

Systolic blood pressure  Diastolic blood pressure 

 

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

  

No. of  

study 

Weighted  

mean difference  

(95% CrI) 

 

 

P value 

Diet plus exercise vs Diet 

<12 weeks 0 NA  

0.69 

 0 NA  

0.66 12-24 weeks 1 -0.93 (-9.23 to 7.48)  1 0.13 (-5.41 to 5.68) 

>24 weeks 1 -3.32 (-8.00 to 1.53)  1 -1.49 (-4.31 to 1.61) 

Diet plus exercise vs Exercise 

<12 weeks 0 NA  

0.50 

 0 NA  

0.54 12-24 weeks 2 4.58 (-2.57 to 11.72)  2 1.74 (-3.19 to 6.77) 

>24 weeks 2 1.54 (-3.14 to 6.09)  2 -0.23 (-3.23 to 2.91) 

Salt restriction+diet plus exercise vs Diet plus exercise 

<12 weeks 0 NA  

0.70 

 0 NA  

0.39 12-24 weeks 1 1.27 (-8.17 to 10.78)  1 2.30 (-4.78 to 9.26) 

>24 weeks 1 -0.67 (-4.04 to 2.24)  1 -0.75 (-3.17 to 1.25) 

  



Table S9. Results of Subgroup Analyses. (B) Defined by Region of Origin of Study Participants 

Comparison 

Systolic blood pressure Diastolic blood pressure 

No. of 

study 

Weighted  

mean difference 

(95% CrI) P value 

No. of 

study 

Weighted  

mean difference 

(95% CrI) P value 

Low-sodium salt vs Usual care 

America (Black Americans) 0 NA 

0.70 

0 NA 

0.44 America (all) 0 NA 0 NA 

Asia 2 9.91 (1.94 to 17.82) 2 4.43 (-2.39 to 11.28) 

Europe 4 7.28 (2.94 to 11.60) 4 3.73 (0.91 to 6.60) 

Alcohol restriction vs Usual care 

America (Black Americans) 0 NA 

0.77 

0 NA 

0.53 America (all) 2 4.47 (-1.25 to 10.39) 2 2.70 (-0.52 to 6.27) 

Asia 0 NA 0 NA 

Europe 2 3.92 (-3.11 to 10.85) 2 0.19 (-4.21 to 4.66) 

Breathing-control vs Usual care 

America (Black Americans) 0 NA 

0.34 

0 NA 

0.64 America (all) 1 4.33 (-2.58 to 11.28) 1 2.32 (-1.73 to 6.56) 

Asia 1 14.05 (0.26 to 27.86) 1 6.99 (-3.40 to 17.44) 

Europe 6 5.31 (1.18 to 9.48) 6 3.52 (0.73 to 6.25) 

Meditation vs Usual care 

America (Black Americans) 2 1.76 (-2.85 to 6.35) 

0.48 

2 1.01 (-3.25 to 4.78) 

0.66 America (all) 1 6.92 (-0.44 to 14.12) 1 3.27 (-1.10 to 7.85) 

Asia 0 NA 0 NA 

Europe 1 7.28 (-1.48 to 16.04) 1 2.18 (-3.38 to 7.76) 



Comparison 

Systolic blood pressure Diastolic blood pressure 

No. of 

study 

Weighted  

mean difference 

(95% CrI) P value 

No. of 

study 

Weighted  

mean difference 

(95% CrI) P value 

Yoga vs Usual care 

America (Black Americans) 1 1.94 (-6.25 to 10.04) 

0.71 

1 2.99 (-3.53 to 9.48) 

1.00 America (all) 0 NA 0 NA 

Asia 0 NA 0 NA 

Europe 6 4.63 (1.24 to 7.98) 6 3.24 (1.00 to 5.47) 

PMR vs Usual care 

America (Black Americans) 1 -0.59 (-6.28 to 5.01)

0.91 

1 -0.78 (-5.89 to 4.12)

0.48 America (all) 1 0.52 (-6.77 to 7.93) 1 1.44 (-3.77 to 6.71) 

Asia 0 NA 0 NA 

Europe 1 1.22 (-5.77 to 8.03) 1 2.92 (-2.21 to 8.07) 

MBSR vs Usual care 

America (Black Americans) 0 NA 

0.69 

0 NA 

0.88 America (all) 1 0.52 (-6.77 to 7.93) 1 0.82 (-3.48 to 5.15) 

Asia 0 NA 0 NA 

Europe 1 1.65 (-5.07 to 8.41) 1 0.73 (-3.86 to 5.40) 

DASH vs Usual care 

America (Black Americans) 4 6.28 (3.54 to 9.07) 

0.43 

4 3.61 (0.90 to 6.42) 

0.93 America (all) 5 7.41 (3.90 to 11.08) 5 3.44 (1.30 to 5.55) 

Asia 0 NA 0 NA 

Europe 0 NA 0 NA 



Comparison 

Systolic blood pressure Diastolic blood pressure 

No. of 

study 

Weighted  

mean difference 

(95% CrI) P value 

No. of 

study 

Weighted  

mean difference 

(95% CrI) P value 

Salt restriction vs Usual care 

America (Black Americans) 2 5.85 (2.37 to 9.40) 

0.11 

2 3.12 (-0.42 to 6.69) 

0.42 America (all) 6 5.56 (2.30 to 9.09) 6 2.50 (0.65 to 4.50) 

Asia 1 5.77 (-8.24 to 19.94) 1 1.30 (-10.15 to 12.62) 

Europe 21 5.35 (3.41 to 7.27) 21 2.61 (1.32 to 3.88) 

Exercise vs Usual care 

America (Black Americans) 0 NA 

0.81 

0 NA 

0.95 America (all) 2 0.37 (-5.06 to 6.05) 2 2.61 (-0.40 to 5.92) 

Asia 0 NA 0 NA 

Europe 1 1.45 (-7.12 to 10.04) 1 2.45 (-3.66 to 8.62) 

Diet plus exercise vs Usual care 

America (Black Americans) 0 NA 

0.81 

0 NA 0.56 

America (all) 4 4.16 (0.35 to 8.21) 4 3.64 (1.37 to 5.91) 

Asia 0 NA 0 NA 

Europe 2 2.40 (-4.74 to 9.49) 2 2.80 (-1.68 to 7.22) 

Aerobic exercise vs Usual care 

America (Black Americans) 1 9.90 (4.66 to 15.11) 

0.005 

1 7.99 (2.82 to 13.19) 

0.009 America (all) 7 5.28 (1.49 to 9.18) 7 2.03 (-0.34 to 4.50) 

Asia 8 4.59 (0.19 to 8.95) 8 4.20 (0.55 to 7.86) 

Europe 9 7.77 (5.04 to 10.65) 9 5.57 (3.67 to 7.52) 



Comparison 

Systolic blood pressure Diastolic blood pressure 

No. of 

study 

Weighted  

mean difference 

(95% CrI) P value 

No. of 

study 

Weighted  

mean difference 

(95% CrI) P value 

Lifestyle vs Usual care 

America (Black Americans) 1 2.07 (-2.53 to 6.67) 

0.42 

1 0.99 (-3.94 to 5.93) 

0.17 America (all) 0 NA 0 NA 

Asia 0 NA 0 NA 

Europe 3 5.51 (1.27 to 9.79) 3 4.20 (1.28 to 7.11) 

Aerobic exercise+resistance training vs Usual care 

America (Black Americans) 0 NA 

0.55 

0 NA 

0.93 America (all) 1 0.76 (-7.28 to 8.90) 1 2.20 (-2.27 to 6.67) 

Asia 1 5.37 (-6.45 to 17.07) 1 4.30 (-5.43 to 13.97) 

Europe 0 NA 0 NA 

America (Black American) studies are those from America that were done in Black participants. DASH indicates Dietary Approach to Stop Hypertension; Diet indicates low-

calorie diet; Lifestyle indicates comprehensive lifestyle Modification; Low-sodium salt indicates low-sodium and high-potassium salt; MBSR indicates mindfulness-based 

stress reduction; PMR indicates progressive muscle relaxation. 



Figure S1. Risk of Bias Graph of Included Studies. 

 

Studies were judged to be high, moderate or low risk of bias based on the assessment 

of sequence generation of the allocation, allocation concealment, blinding of 

participants, personnel, and outcome assessors, incomplete outcome data, selective 

outcome reporting and other sources of bias.
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Figure S2. Comparison-adjusted Funnel Plots of Mean Blood Pressure Change. A, 

Mean Systolic Blood Pressure Change in Adults with Prehypertension to 

Established Hypertension. B, Mean Diastolic Blood Pressure Change in Adults 

with Prehypertension to Established Hypertension. C, Mean Systolic Blood 

Pressure Change in Patients with Hypertension. D, Mean Diastolic Blood Pressure 

Change in Patients with Hypertension. 

The red line represents the null hypothesis that the study-specific effect sizes do not 

differ from the respective comparison-specific pooled effect estimates. The two black 

dashed lines represent a 95% CrI for the difference between study-specific effect sizes 

and comparison-specific summary estimates. yixy is the noted effect size in study i that 

compares x with y. μxy is the comparison-specific summary estimate for x versus y. 

A indicates Usual care; B indicates Low-sodium and high-potassium salt; C indicates 

Alcohol restriction; D indicates Breathing-control; E indicates Meditation; F indicates 

Qigong; G indicates Yoga; H indicates progressive muscle relaxation (PMR); I 

indicates mindfulness-based stress reduction (MBSR); J indicates Dietary Approach to 

Stop Hypertension (DASH); K indicates Salt restriction; L indicates Low-calorie diet; 

M indicates Exercise; N indicates Low-calorie diet plus exercise; O indicates Aerobic 

exercise; P indicates Tai Chi; Q indicates Resistance training; R indicates Isometric 

training; S indicates Comprehensive lifestyle modification; T indicates Aerobic 

exercise+DASH; U indicates Salt restriction+DASH; V indicates Salt restriction+low-

calorie diet plus exercise; W indicates Aerobic exercise+resistance training. 



Figure S3. Comparative Effect Estimates for Blood Pressure Reduction in Adults with Prehypertension to Established Hypertension. 

 

Comparisons should be read from left to right. The mean change in systolic blood pressure or diastolic blood pressure is located at the intersection 
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of the column-defining intervention and the row-defining intervention, and be reported in weighted mean difference and 95% credible intervals. 

The effective BP-lowering estimates that were supported by the combination evidence of direct and indirect comparisons were bolded and 

underlined, and the effective BP-lowering estimates that were supported only by indirect evidence were underlined. 

DASH indicates Dietary Approach to Stop Hypertension; Diet indicates low-calorie diet; Lifestyle indicates comprehensive lifestyle Modification; 

Low-sodium salt indicates low-sodium and high-potassium salt; MBSR indicates mindfulness-based stress reduction; PMR indicates progressive 

muscle relaxation



(A) 

 

(B) 

 

Figure S4. The Surface Under the Cumulative Ranking (SUCRA) Probabilities 
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Plots in Adults with Prehypertension to Established Hypertension. A, Mean 

Systolic Blood Pressure Change. B, Mean Diastolic Blood Pressure Change. 

This visually depicts the uncertainty in the ranking distribution of interventions. 

Ranking positions from 1 (best) to 23 (worst) for all intervention. 

DASH indicates Dietary Approach to Stop Hypertension; Diet indicates low-calorie 

diet; Lifestyle indicates comprehensive lifestyle Modification; Low-sodium salt 

indicates low-sodium and high-potassium salt; MBSR indicates mindfulness-based 

stress reduction; PMR indicates progressive muscle relaxation



Figure S5. Comparative Effect Estimates for Blood Pressure Reduction in Patients with Hypertension.

 

Comparisons should be read from left to right. The mean change in systolic blood pressure or diastolic blood pressure is located at the intersection 

of the column-defining intervention and the row-defining intervention, and be reported in weighted mean difference (WMD) and 95% credible 

intervals (CrIs). The effective BP-lowering estimates that were supported by the combination evidence of direct and indirect comparisons were 
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(-4.47 to 6.33)

4.56

(-3.72 to 12.79)

1.59

(-5.77 to 8.94)

1.48

(-7.55 to 10.56)

5.65

(1.47 to 9.87)

-1.90

(-7.23 to 3.49)

0.69

(-5.06 to 6.50)

0.41

(-4.83 to 5.69)

-0.90

(-6.85 to 5.11)

-1.63

(-7.37 to 4.31)

3.17

(-2.70 to 9.11)

5.66

(-2.13 to 13.52)

-3.04

(-8.46 to 2.44)

-0.09

(-4.54 to 4.41)

-2.13

(-8.00 to 3.89)

12.66

(1.51 to 23.81)

-0.46

(-4.97 to 4.06)

-7.11

(-14.56 to 0.45)

3.91

(-2.79 to 10.70)

Isometric

training

-2.26

(-6.85 to 2.32)

1.39

(-6.45 to 9.16)

-1.59

(-8.37 to 5.20)

-1.69

(-10.28 to 6.92)

3.06

(-1.26 to 7.39)

-4.49

(-9.94 to 0.96)

-1.90

(-7.78 to 3.98)

-2.17

(-7.54 to 3.16)

-3.49

(-9.60 to 2.59)

-4.22

(-10.02 to 1.78)

0.58

(-5.44 to 6.56)

3.07

(-4.82 to 10.97)

-5.63

(-11.18 to -0.11)

-2.68

(-7.28 to 1.92)

-4.72

(-10.70 to 1.35)

10.07

(-1.15 to 21.23)

-3.05

(-7.73 to 1.55)

-9.69

(-17.27 to -2.13)

1.32

(-5.47 to 8.15)

-2.59

(-8.66 to 3.38)

Lifestyle 3.65

(-4.34 to 11.59)

0.67

(-6.33 to 7.66)

0.57

(-8.19 to 9.37)

10.92

(2.79 to 19.10)

3.37

(-5.41 to 12.20)

5.96

(-3.10 to 15.06)

5.69

(-3.05 to 14.45)

4.37

(-4.87 to 13.59)

3.64

(-5.39 to 12.85)

8.44

(-0.70 to 17.61)

10.93

(0.42 to 21.42)

2.23

(-6.64 to 11.11)

5.18

(-3.10 to 13.51)

3.14

(-5.99 to 12.32)

17.93

(4.74 to 31.06)

4.81

(-3.31 to 12.96)

-1.84

(-12.08 to 8.44)

9.18

(-0.45 to 18.83)

5.27

(-3.91 to 14.41)

7.86

(-1.36 to 17.11)

Aerobic

+ DASH

-2.97

(-12.40 to 6.46)

-3.08

(-13.91 to 7.75)

3.79

(-3.57 to 11.15)

-3.76

(-11.85 to 4.30)

-1.17

(-9.53 to 7.19)

-1.44

(-9.48 to 6.56)

-2.76

(-11.32 to 5.74)

-3.49

(-11.79 to 4.97)

1.31

(-7.14 to 9.75)

3.80

(-6.05 to 13.66)

-4.90

(-13.08 to 3.22)

-1.95

(-9.47 to 5.57)

-3.99

(-12.39 to 4.49)

10.80

(-1.91 to 23.47)

-2.32

(-9.90 to 5.20)

-8.97

(-18.56 to 0.64)

2.05

(-6.97 to 11.11)

-1.86

(-10.36 to 6.56)

0.73

(-7.80 to 9.25)

-7.13

(-18.08 to 3.82)

Salt restriction +

DASH

-0.11

(-10.19 to 10.01)

-5.70

(-18.02 to 6.68)

-13.24

(-26.02 to -0.43)

-10.66

(-23.66 to 2.32)

-10.93

(-23.65 to 1.84)

-12.25

(-25.29 to 0.81)

-12.98

(-25.91 to 0.08)

-8.18

(-21.17 to 4.89)

-5.69

(-19.69 to 8.34)

-14.39

(-27.19 to -1.55)

-11.44

(-23.87 to 1.02)

-13.48

(-26.50 to -0.37)

1.31

(-5.45 to 8.08)

-11.81

(-24.28 to 0.66)

-18.45

(-32.25 to -4.57)

-7.44

(-20.85 to 6.05)

-11.35

(-24.38 to 1.68)

-8.76

(-21.81 to 4.35)

-16.62

(-31.41 to -1.81)

-9.49

(-23.90 to 4.92)

Salt restriction +

diet + exercise

Diastolic blood pressure reduction
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bolded and underlined, and the effective BP-lowering estimates that were supported only by indirect evidence were underlined. 

DASH indicates Dietary Approach to Stop Hypertension; Diet indicates low-calorie diet; Lifestyle indicates comprehensive lifestyle Modification; 

Low-sodium salt indicates low-sodium and high-potassium salt; MBSR indicates mindfulness-based stress reduction; PMR indicates progressive 

muscle relaxation.
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Figure S6. The Surface Under the Cumulative Ranking (SUCRA) Probabilities 

Plots in Patients with Hypertension. A, Mean Systolic Blood Pressure Change. B, 

Mean Diastolic Blood Pressure Change. 

This visually depicts the uncertainty in the ranking distribution of interventions. 

Ranking positions from 1 (best) to 20 (worst) for all intervention. 

DASH indicates Dietary Approach to Stop Hypertension; Diet indicates low-calorie 

diet; Lifestyle indicates comprehensive lifestyle Modification; Low-sodium salt 

indicates low-sodium and high-potassium salt; MBSR indicates mindfulness-based 

stress reduction; PMR indicates progressive muscle relaxation. 


