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ABSTRACT 26 

BACKGROUND:  This overview of reviews aimed to identify, appraise, and synthesize 27 

findings from high-quality systematic reviews on the benefits and harms of different exercise 28 

training modalities on blood pressure in adults who either are normotensive, pre-29 

hypertensive, or have high blood pressure. 30 

METHODS: This review was reported according to the PRISMA Statement. We searched 31 

MEDLINE, EMBASE, Epistemonikos, and PROSPERO to identify systematic reviews of 32 

randomized controlled trials (RCTs) in adults diagnosed with high blood pressure, other 33 

diseases, or cardiovascular risk factors, that compared exercise training with either active 34 

interventions or no exercise. Our major outcomes were blood pressure and adverse events. 35 

Pairs of reviewers independently screened the systematic reviews for inclusion, extracted 36 

data, and appraised the methodological quality. We assessed the certainty of the evidence by 37 

using the GRADE approach.  38 

RESULTS: We included seventeen reviews, who reported on 17 comparisons (290 RCTs; 19 39 

232 adults). Any aerobic training probably resulted in a large reduction in SBP in adults with 40 

either type II diabetes, metabolic syndrome, end-stage renal disease, or kidney 41 

transplantation at short to long-term follow-up (moderate-certainty evidence). Walking 42 

aerobic training probably resulted in a large reduction in DBP at short to long-term follow-43 

up in adults with high blood pressure (moderate-certainty evidence). Combined training 44 

probably resulted in a large reduction in DBP in adults who either are normotensive, or have 45 

high blood pressure, kidney failure, metabolic syndrome, or end-stage renal disease at short 46 

to long-term follow-up (moderate-certainty evidence). The body of evidence for the 47 



remaining comparisons was rated as low to very low. Eight reviews provided little to no 48 

information on safety data.  49 

DISCUSSION: We found very low to moderate evidence supporting the benefits of exercise 50 

training compared with no interventions or placebo for blood pressure in adults with or 51 

without comorbidities or risk factors. Scarce safety data were identified. Our certainty in the 52 

evidence was downgraded due to methodological limitations, inconsistency, and imprecision. 53 

Before drawing more solid conclusions, further well-conducted and well-reported 54 

randomized controlled trials are warranted in order to strengthen the evidence base 55 

underlying this research question. 56 

 57 

Protocol registration: PROSPERO CRD42021247062  58 

Keywords: systematic review, meta-analysis, hypertension, exercise training  59 
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INTRODUCTION  69 

Cardiovascular diseases (CVDs) represent the third leading cause of death worldwide, 70 

counting for 18 million deaths per year (1). Around 10 million people die each year from 71 

high blood pressure (HBP), which represents more than half of the mortality attributed to 72 

CVDs (2). The economic burden of HBP is high, and the global medical costs of HBP are 73 

estimated at 370 billion dollars per year (3,4). 74 

Different scientific societies recommend exercise training as part of behavioral change 75 

interventions for the prevention and management of HBP (5). Recent clinical guidelines have 76 

proposed exercise training as an effective non-pharmacological approach for reducing blood 77 

pressure (BP) values at clinically significant levels (reductions in systolic blood pressure 78 

ranging between 4 to 8 mmHg) (5). Exercise training has proven to be a safe intervention in 79 

CVD patients, since it has been related to fewer adverse effects than either pharmacological 80 

or surgical treatments (6). However, the evidence for safety data in patients with HBP 81 

remains unclear (6).  82 

A recent overview of reviews conducted by researchers from the American College of Sports 83 

Medicine (ACSM) concluded that any form of physical activity (PA) reduced BP values in 84 

normotensive, pre-hypertensive, and HBP adults (7). The authors summarized data from both 85 

exercise training and physical activity into the same analysis, which increased the 86 

heterogeneity of their results as evidenced in the analyses. This limitation in the current 87 

evidence was further reinforced by incomplete literature searches, as acknowledged recently 88 

by European experts in the field (8). 89 

The number of systematic reviews (reviews) on the effects of exercise training for HBP has 90 

increased exponentially in recent years. Most of those reviews have serious methodological 91 



limitations, report heterogeneous effect estimates, and lack systematic assessments of the 92 

quality of the evidence(9–11). Considering this, we propose a systematic overview of high-93 

quality systematic reviews with a transparent approach to grade the quality of the evidence 94 

in order to facilitate the translation of research findings into practice. 95 

OBJECTIVES 96 

This overview of reviews aims to identify, appraise, and synthesize findings from high-97 

quality systematic reviews on the benefits and harms of different exercise training modalities 98 

on blood pressure in adults who either are normotensive, pre-hypertensive, or have high 99 

blood pressure. 100 

METHODS 101 

We registered the review protocol in the International Prospective Register of Systematic 102 

Reviews (PROSPERO registration number: CRD42021247062 and Open science 103 

framework), and followed both the methodological guidance provided in Chapter V of the 104 

Cochrane handbook version 6.2 (12) and the Preferred Reporting Items for Systematic 105 

Reviews and Meta-Analyses (PRISMA) (13,14). For quality purposes, pairs of independent 106 

reviewers conducted the following steps: study selection, data extraction, quality appraisal, 107 

and assessment of the certainty of the evidence. Disagreements were resolved by consensus 108 

or by including a third reviewer if necessary. Additional file 1 provides details on the 109 

PRISMA statement.  110 

Eligibility criteria 111 

We used the PICOTS acronym (P - population; I - intervention; C - comparison or control; 112 

O- outcome(s), T - Time and S - study design) to guide study selection (15), as follows: 113 

https://doi.org/10.17605/OSF.IO/NJD4C
https://doi.org/10.17605/OSF.IO/NJD4C


Participants 114 

Adults (≥ 18 years old) with normal, pre-hypertensive, or HBP values, with or without 115 

associated risk factors or comorbidities, categorized according to American Heart 116 

Association (AHA) criteria (16): 117 

• Normal: Systolic blood pressure (SBP) <120 mm Hg and diastolic blood pressure 118 

(DBP) <80 mm Hg. 119 

• Pre-hypertensive: SBP 120–129 mm Hg and DBP <80 mm Hg. 120 

• High blood pressure: SBP 130–139 mm Hg or DBP 80-89 mm Hg. 121 

 122 

Interventions 123 

We accepted for inclusion different exercise training modalities, such as dynamic resistance 124 

training (DRT), isometric resistance training (IRT), aerobic exercise training (AET), and 125 

combined training (CT) (5).  Figure 1 presents the definitions of the exercise interventions 126 

considered for inclusion.  127 

 Figure 1. Definitions of the different exercise training modalities. 128 

Exercise training: Exercise is defined as a planned, structured, repetitive PA aiming to 

improve or maintain one or more components of physical fitness (i.e., cardiorespiratory 

fitness and/or muscular fitness) (17). Thus, any PA program which is structured according 

to parameters and characteristics of Frequency, Intensity, Time, Type, Volume, and 

Progression) (FITT-VP) was considered as exercise training; otherwise, these programs 

were discarded.  

Dynamic resistance training (DRT): DRT involves an exercise movement using a 

constant load or a uniform weight regardless of the training program (18). 



Isometric resistance training (IRT): IRT is understood as any muscular contraction in 

which the tension of both the joint and the contractile elements does not vary on the 

movement range (holding a position or weight without moving against it) (19).  

Aerobic training (AET): Cyclic exercises involve a large amount of muscle mass for 

different time units, where the cardiovascular and respiratory systems predominate (e.g., 

jogging, swimming, running, cycling, dancing) (18). 

Combined training (CT): This training modality represents the systematic integration of 

both resistance and aerobic exercise within a coherent training plan (20). 

 129 

We excluded reviews summarizing evidence from PA programs. PA is defined as any 130 

movement of the body generated by the skeletal muscles which generate an energy 131 

expenditure (18). However, any PA program which is structured according to the parameters 132 

and characteristics of FITT-VP would be considered as exercise training; otherwise, these 133 

programs were discarded. A threshold of ≥ 50% primary studies reporting on exercise 134 

training were accepted for inclusion. We excluded reviews that focused on pregnant women.  135 

Comparators 136 

Standard care (e.g., pharmacological interventions or behavioral change approaches) or any 137 

active intervention (e.g., flexibility, yoga, Qigong), waitlist, or no intervention. 138 

Primary outcomes 139 

Blood pressure 140 

SBP, DBP, and mean blood pressure (MBP). BP is defined as the force exerted by the 141 

circulating blood through the arteries against the arterial wall (21), and includes two 142 

measurements: systolic pressure, which is measured during the heartbeat (maximum pressure 143 



moment), and diastolic pressure, which is measured during the rest between two beats 144 

(minimum pressure moment). Mean blood pressure (MBP), represents the average blood 145 

pressure in the arteries is approximately one-third of the way between the diastolic and 146 

systolic pressures (21).  147 

Secondary outcome 148 

Adverse events 149 

The National Institute for Health and Care Excellence (NICE) defines adverse events as any 150 

undesirable event experienced by a person while they are having a drug or any other treatment 151 

or intervention, regardless of whether the event is suspected to be related to or caused by the 152 

drug, treatment or intervention (22). 153 

Time: Both primary and secondary research studies have reported both clinically and 154 

statistically significant effects of the different exercise training modalities on SBP, DBP, and 155 

MBP values over a 3-weeks follow-up (23). Therefore, we included reviews reporting 156 

outcome data at/over 3 weeks post-intervention follow-up.  157 

Study design:  We  included reviews of randomized controlled trials (RCTs) (15,22). 158 

Inclusion was restricted to reviews of high methodological quality , which was appraised by 159 

using the Assessment of Multiple Systematic Reviews (AMSTAR) tool (24).  In terms of the 160 

included trials, we included reviews of both randomized and non-randomized studies as long 161 

as the review provides separate information for the RCTs (e.g., subgroup data).  162 



Language: No restrictions were set for language.  163 

Information sources and search strategy  164 

We searched MEDLINE (via Pubmed), EMBASE, and Epistemonikos from inception date 165 

to February 02, 2021. No restrictions were applied for the publication date. The search 166 

strategy used in MEDLINE is available in the protocol (25); this was tailored to the other 167 

databases. Furthermore, one reviewer (AFL-B) inspected the PROSPERO repository for 168 

ongoing reviews, the reference lists of the included reviews, as well as the references of 169 

clinical guidelines and scientific journals specialized in the field (e.g., Journal of 170 

Hypertension).  171 

Study selection process 172 

Two blinded and independent reviewers (AFL-B and EP-B) selected the studies at title, 173 

abstract and full-text. These steps were carried out in Rayyan (26).  174 

Data management and extraction 175 

We extracted data from the included reviews into an ad-hoc standardized electronic form 176 

created in Google forms (https://docs.google.com/forms/). All reviewers piloted this form in 177 

a random sample of two reviews (25). If necessary, we tried to contact the corresponding 178 

author of the reviews to clarify data or obtain missing information.  179 

Quality appraisal  180 

Pairs of reviewers independently appraised the methodological quality of the included 181 

reviews by using the AMSTAR tool (24). AMSTAR is the most widely used tool for critically 182 

appraising reviews of RCTs and contains 11 questions, this information is available in the 183 

protocol (25). Each question of AMSTAR is rated as yes (clearly done), no (clearly not done), 184 

https://docs.google.com/forms/).


cannot answer, or not applicable (24). In case any of the reviewers participated as an author 185 

in an included review, we acknowledged this and allocated the reviews to another reviewer. 186 

Data synthesis 187 

In line with the methodological literature, we propose a narrative synthesis approach for this 188 

study (12). We presented data from each review, sorted by each primary and secondary 189 

outcome according to the certainty of the evidence (e.g., high-certainty evidence first, 190 

followed by moderate-certainty evidence, etc.), follow-up periods, number of participants, 191 

and RCTs. Where possible, we presented effect measures mean difference (MD), standard 192 

means difference (SMD), relative risk (RR), and odds ratio (OR) with 95% CIs for both 193 

continuous and dichotomized outcome measures. We presented the overall results in  194 

'Summary of findings’ tables (12), according to the following subgroups: 195 

• The clinical status of the participants regarding AHA (16) blood pressure values: 196 

normal, pre-hypertensive, and high blood pressure.  197 

• Comorbidities (type 2 diabetes mellitus, dialysis chronic kidney disease, non-198 

dialysis chronic kidney disease, coronary heart disease, heart failure, polycystic 199 

Ovary syndrome, stroke, overweight, obese, cardiometabolic diseases, peripheral 200 

artery disease, heart failure, cardiometabolic risk, cardiac patients, heart disease, 201 

transient ischemic attack, metabolic syndrome, intermittent claudication). 202 

•  Population under pharmacological antihypertensive treatment. 203 

• Age: ≤ 65 years old and > 65 years old. 204 

Based on evidence from both experimental and observational studies, reductions of 5 mm Hg 205 

on SBP and 2 mm Hg on DBP were deemed as clinically important (26–28). 206 



Managing overlapping systematic reviews 207 

We investigated the degree to which the reviews shared the same included studies (overlap). 208 

If we found overlap ≥ 50% included studies between two or more reviews, we reported the 209 

results from the most recent reviews with the most detailed description. This assessment was 210 

based on the primary studies that provided information on the outcomes of interest (29). 211 

Certainty of the evidence: GRADE approach 212 

We followed the GRADE approach (Grading of Recommendations, Assessment, 213 

Development, and Evaluation) to assess the certainty of the evidence supporting the effects 214 

of each exercise training modality on blood pressure and adverse events (30). According to 215 

the GRADE approach, five factors reduce the certainty of the evidence, these are: 1) 216 

limitations in study design; 2) inconsistency in results; 3) indirectness of evidence; 4) 217 

imprecision; 5) publication bias. Besides, due to the nature of the intervention and that the 218 

outcomes were measured objectively (i.e., sphygmomanometer), we decided not to 219 

downgrade the certainty of the evidence for blinding of the participants and personnel of the 220 

RCT (performance bias). The certainty of the evidence was rated as high, moderate, low, or 221 

very low  (30). If available, we used GRADE assessments reported in the included reviews 222 

and supplied those with our assessment where the reviews that did not provide any GRADE 223 

assessment. We followed the guidance provided by Meader et al. (2014) on assessing 224 

GRADE in reviews (31).   225 

RESULTS 226 

Study selection 227 

We identified 1851 records from database searching. After the removal of 167 duplicates, we 228 

screened 1684 titles and abstracts. We excluded 1488 records at this stage and screened 196 229 



full texts against our selection criteria. One reviewer (AFL-B) retrieved all full-text 230 

publications. We excluded 82 reviews and presented the reasons for their exclusion in 231 

(Additional file 2). After the quality appraisal, we excluded 78 reviews of either moderate or 232 

low quality (Additional file 3). Eighteen out of the remaining 36 reviews are listed as ongoing 233 

(Additional file 4). One review (32) was excluded because of overlap. Finally, we included 234 

17 high-quality reviews in the overview. Figure 2 depicts the selection process. 235 

Study characteristics 236 

The 17 reviews included 19.232 adults (ranging from 16 to 84 years old) (33–49). Six (35%) 237 

reviews were Cochrane reviews (34,37,41,44,45,47), 29% of the reviews were published in 238 

2019 (5 reviews, 29%) (33,39,40,46,48). Australia was the most common country across the 239 

included reviews (4 reviews, 23%) (42,45–47), followed by United Kingdom (3 reviews, 240 

17%) (34,38,40), Brazil (33,35), and China (36,49) (2 reviews, 12%). Other countries like 241 

Canada (48), Germany (43), Netherlands (39), Sweden (37), Chile (44), and Taiwan (41) reported 242 

one review each (6%). Type II diabetes was the most common comorbidity (5 reviews, 29%) 243 

(38,42,43,47,48), followed by moderate or end-stage renal disease, studied in four reviews 244 

(23%) (33,35,37,48). The other four reviews included pre-hypertensive and high blood 245 

pressure adults (23%) (36,41,45,46). Other reviews (2 reviews, 12%) included normotensive 246 

and healthy adults (41,46), adults with cardiovascular risk factors (i.e., overweight and/or 247 

obesity) (2 reviews, 12%) (38,44), and adults with coronary artery disease and heart failure 248 

(2 reviews, 12%)  (34,49). Other review included adults with acute myocardial infarction (1 249 

review, 6 %) (34) and the remaining with intermittent claudication (1 review, 6 %) (39). 250 

Three reviews (18%) (37,38,41) reported on participants’ physical activity levels or training 251 

status; two of those (12%) included sedentary participants (37,38), and the remaining (6%) 252 
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 288 

Figure 2. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) 289 

flow-chart of the study selection. 290 
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included physically inactive adults (41). Moreover, the Cochrane collaboration risk of bias 292 

tool version 1 was the most used tool to critically appraise the included studies (14 reviews, 293 

82%) (33–36,38–44,47–49), and the GRADE approach was the most common grading 294 

system (6 reviews, 35%) (34–36,38,40,41). Of note, 11 reviews (65%) did not assess the 295 

certainty of the evidence (33,37,39,42–49). Table 1 contains further details on the 296 

characteristics of the participants. 297 

 298 



Table 1. Characteristics of included reviews (n=17) 299 

Review ID, year 

Country 

Number of included 

trials (participants) 
Aim Intervention and control Outcomes  

Risk of bias and 

Certainty of evidence 

Anderson et al., 2017 (34) 

United Kingdom 

(https://doi.org/10.1002/1465

1858.CD007130) 

 

 

Date search: 2016 

10 (2438) 

 

Risk factors or comorbidities:  

Coronary heart disease  

post-myocardial infarction  

Revascularization 

Heart failure 

To compare the effect of home-based and 

supervised center-based cardiac rehabilitation 

on mortality and morbidity, exercise-capacity, 

health-related quality of life, and modifiable 

cardiac risk factors in patients with heart 

disease. 

Int: Aerobic training 

 

Con: center-based cardiac rehabilitation 

 

 

Setting: Hospital, University, or 

community setting 

SBP, DBP, adverse events Cochrane RoB 1 

 

GRADE 

 

B Scapini et al., 2019 (33) 

Brazil  

(CRD42015020531) 

 

 

Date search: 2018 

14 (573) 

 

 

 

Risk factors or comorbidities:  

End-stage renal disease in 

hemodialysis 

To assess the effectiveness of different 

modalities of exercise training on aerobic 

capacity, arterial blood pressure and 

hemodialysis efficiency in adults with end-

stage renal disease requiring hemodialysis 

treatment. 

Int 1: Dynamic resistance training 

Int 2: Aerobic training  

Int 3: Combined training 

 

Con: No intervention, Placebo 

 

Setting: Not reported 

SBP, DBP Cochrane RoB 1 

 

Not assessed  

Ferrari et al., 2019 (35) 

Brazil  

(CRD42017081338 – 

https://osf.io/fpj54/) 

 

 

 

 

 

Date search: 2019 

12 (408) 

 

 

 

 

Risk factors or comorbidities:  

Patients with end-stage renal 

disease (ESRD) 

To Evaluate the impact of different types of 

intradialytic training on some parameters 

important for patients with ESRD, through a 

systematic review and meta-analysis of 

randomized clinical trials (RCTs) that 

primarily evaluated outcomes such as Kt/V 

(Hemodialysis efficiency (dialyzer clearance 

of urea), aerobic capacity, and blood pressure 

(BP), as well as other secondary outcomes. 

Int 1: Dynamic resistance training 

Int 2: Aerobic training  

Int 3: Combined training 

 

Con: Standard care, sham exercises (e.g., 

stretching) 

 

 

Setting: Rehabilitation, home 

SBP, DBP, adverse events Cochrane RoB 1 

 

GRADE 

 

Fu et al., 2020 (36)  

China 

 

 

 

 

 

39 (1519) 

 

 

 

 

 

Risk factors or comorbidities:  

To assess the comparative effectiveness of 

different nonpharmacologic interventions for 

reducing BP in adults with prehypertension to 

established hypertension and to determine the 

most efficacious intervention. 

Int 1: Dynamic resistance training  

Int 2: Isometric resistance training 

Int 3: Aerobic training  

Int 4: Combined training 

 

Con: Standard care, Behavioral change 

(diet, Reduction in sodium and/or alcohol 

SBP, DBP Cochrane RoB 1 

 

GRADE 

 

https://doi.org/10.1002/14651858.CD007130
https://doi.org/10.1002/14651858.CD007130
https://osf.io/fpj54/


 

 

 

Date search: 2019 

Prehypertensive 

High blood pressure 

 

intake), Other active interventions (e.g., 

flexibility, yoga, Qigong), No intervention 

 

Setting: Mixed (e.g., clinic and home) 

Heiwe et al., 2011 (37) 

Sweden 

(https://doi.org/10.1002/1465

1858.CD003236) 

 

 

 

 

 

 

Date search: 2010 

11 (419) 

 

 

 

 

 

 

Risk factors or comorbidities:  

Moderate kidney failure  

Kidney transplantation 

To assess the effects of regular physical 

exercise training in adults 

with CKD and kidney transplant recipients on 

the following clinically 

important health outcomes: physical fitness 

and functioning; cardiovascular dimensions; 

nutrition; level of physical activity; 

depression; health-related quality of life; blood 

lipids; muscle morphology and morphometric 

systemic inflammation; glucose metabolism; 

dropout rates; adverse events; and mortality. 

Int 1: Dynamic resistance training 

Int 2: Aerobic training  

Int 3: Combined training 

 

Con: Standard care, Behavioral change 

(diet, Reduction in sodium and/or alcohol 

intake), (non-exercise control), usual level 

of physical activity, usual lifestyle, No 

exercise training 

 

Setting: Home, ambulatory 

SBP, DBP, adverse events Jadad scale 

 

Not assessed  

Herrod et al., 2018 (38) 

United Kingdom 

(CRD42017059443)  

 

 

 

 

 

Date search: 2017 

50 (3526) 

 

 

 

Risk factors or comorbidities:  

Obesity 

Overweight 

Type II diabetes 

To evaluate the evidence from lifestyle 

modification RCTs involving participants with 

a mean age of 65 years or above 

Int 1: Dynamic resistance training 

Int 2: Isometric resistance training  

Int 3: Aerobic training  

Int 4: Combined training 

 

Con: No intervention 

 

Setting: Home 

SBP, DBP  Cochrane RoB 1 

 

GRADE 

 

Janssen et al., 2019 (39) 

Netherlands  

(CRD42017080706) 

 

 

 

Date search: 2018 

 7 (333) 

 

 

 

 

Risk factors or comorbidities:  

Intermittent Claudication 

To provide a systematic overview of the 

effectiveness of SET on modifying 

cardiovascular risk factors in patients with 

intermittent claudication. 

Int: Aerobic training 

 

Con: Standard care, Pharmacological 

interventions, Other active interventions 

(e.g., flexibility, yoga, Qigong) 

 

Setting: Home, hospital, community based 

SBP, DBP Cochrane RoB 1 

 

Not assessed 

Kite et al., 2019 (40)  

United Kingdom 

(CRD42017062576) 

 

 

4 (158) 

 

 

 

 

To analyze the evidence on the effectiveness of 

exercise compared to (i) control or usual care, 

(ii) diet alone, and (iii) exercise combined with 

diet, as well as the effectiveness of exercise 

Int 1: Aerobic training  

Int 2: Combined training 

 

Con: Standard care, Behavioral change 

(diet, Reduction in sodium and/or alcohol 

SBP, DBP, MAP Cochrane RoB 1 

 

GRADE 

 

https://doi.org/10.1002/14651858.CD003236
https://doi.org/10.1002/14651858.CD003236


 

 

 

 

Date search: 2017 

 

Risk factors or comorbidities:  

Polycystic ovary syndrome 

(PCOS) 

combined with diet compared to (i) control or 

usual care and (ii) diet alone. 

intake), No intervention, Pharmacological 

interventions 

 

Setting: Not reported 

Lee et al., 2021 (41)  

Taiwan  

(https://doi.org/10.1002/1465

1858.CD008823) 

 

 

Date search: 2020 

73 (6473) 

 

Risk factors or comorbidities:  

Normotensive  

High blood pressure 

To determine the effect of walking as a 

physical activity 

intervention on blood pressure and heart rate. 

Int: Aerobic training 

 

Con: No intervention 

 

Setting: Laboratory, home 

SBP, DBP, adverse events Cochrane RoB 1 

 

GRADE 

  

Ostman et al., 2017 (42) 

Australia 

(CRD42017055491) 

 

 

Date search: 2017 

16 (364) 

 

 

Risk factors or comorbidities:  

Type II diabetes 

Metabolic syndrome 

To determine whether high-intensity exercise 

produced 

different effect sizes for change in clinical 

outcomes in MetS compared to vigorous-, 

moderate- and low-intensity training and 

sedentary lifestyle.  

To establish whether the effect on clinical 

outcomes in MetS varied according to the type 

of intervention (aerobic versus combined 

aerobic and resistance training) 

Int 1: Aerobic training  

Int 2: Combined training 

 

Con: No intervention 

 

Setting: Mixed (e.g., clinic and home) 

SBP, DBP  Cochrane RoB 1 

 

Not assessed 

Qiu et al., 2014 (43) 

Germany  

(CRD42014009515) 

 

 

Date search: 2014 

12 (509) 

 

 

 

Risk factors or comorbidities:  

Type II diabetes 

To examine the association of walking with 

glycemic control, and other cardiovascular risk 

factors 

including weight reduction, blood pressure, 

and lipoprotein profiles among patients with 

type 2 diabetes. The second aim was to 

evaluate whether supervised walking would 

lead to better improvement in glycemic control 

versus non-supervised walking among patients 

with type 2 diabetes. 

Int: Aerobic training 

 

Con: Standard care, No intervention 

 

Setting: Not reported 

SBP, DBP, adverse events Cochrane RoB 1 

 

Not assessed 

https://doi.org/10.1002/14651858.CD008823
https://doi.org/10.1002/14651858.CD008823


Seron et al., 2014 (44)  

Chile  

(https://doi.org/10.1002/1465

1858.CD009387) 

 

 

 

 

Date search: 2013 

 3 (794) 

 

 

 

 

 

Risk factors or comorbidities:  

Cardiovascular risk factors 

To assess the effects of exercise training in 

people with increased cardiovascular risk but 

without a concurrent cardiovascular disease on 

general cardiovascular mortality, incidence of 

cardiovascular events, and total cardiovascular 

risk. 

Int 1: Aerobic training  

Int 2: Combined training 

 

Con: Standard care, Behavioral change 

(diet, Reduction in sodium and/or alcohol 

intake), No intervention, Pharmacological 

interventions 

 

Setting: Not reported 

SBP, DBP, adverse events Cochrane RoB 1 

 

Not assessed 

Shaw et al., 2006 (45) 

Australia  

(https://doi.org/10.1002/1465

1858.CD003817) 

 

 

 

Date search: 2005 

4 (361) 

 

Risk factors or comorbidities:  

Hypertensive 

Overweight 

Obese 

Non-insulin-dependent type 

II diabetes 

To assess the efficacy of exercise as a means 

of achieving weight loss in people with 

overweight and obesity. 

Int: Aerobic training 

 

Con: Behavioral change (diet, Reduction in 

sodium and/or alcohol intake), No 

intervention 

 

Setting: Clinic, hospital, university 

campuses, and workplace 

SBP, DBP, adverse events Jadad scale 

 

Not assessed 

Smart et al., 2019 (46) 

Australia 

(CRD42018109167) 

 

 

 

 

Date search: 2018 

11 (326) 

 

Risk factors or comorbidities:  

Healthy Normotensive  

Prehypertensive  

High blood pressure 

To examine the efficacy of IRT in managing 

resting blood pressure. The primary objective 

was to quantify the change in resting SBP, 

DBP, and mean arterial pressure (MAP) 

following more than 3 weeks of IRT. The 

secondary objective was to explore 

relationships between baseline characteristics 

[medication usage, age, sex, BMI, and 

coronary artery disease (CAD) diagnosis] and 

the magnitude of changes in resting blood 

pressure after IRT. 

Int: Isometric resistance training 

 

Comp: No intervention, Placebo 

 

 

Setting: Home, Office 

SBP, DBP, MAP TESTEX scale 

 

Not assessed  

Thomas et al., 2006 (47) 

Australia 

(https://doi.org/10.1002/1465

1858.CD002968) 

 

 

 

 

5 (150) 

 

 

 

 

Risk factors or comorbidities:  

Non-insulin-dependent type 

II diabetes 

To assess the effects of exercise in type 2 

diabetes mellitus. 

Int 1: Aerobic training 

Int 2: Combined training  

Int 3: Dynamic resistance training 

 

Con: No intervention 

 

 

 

SBP, DBP, adverse events Cochrane RoB 1 

 

Not assessed 

https://doi.org/10.1002/14651858.CD009387
https://doi.org/10.1002/14651858.CD009387
https://doi.org/10.1002/14651858.CD003817
https://doi.org/10.1002/14651858.CD003817
https://doi.org/10.1002/14651858.CD002968
https://doi.org/10.1002/14651858.CD002968


Date search: 2005 Setting: Community 

Thompson et al., 2019 (48) 

Canada  

(No reported) 

 

 

Date search: 2017 

 12 (335) 

 

Risk factors or comorbidities:  

Chronic kidney disease  

Cardiovascular disease Type 

II diabetes 

To evaluate the evidence for exercise as a 

strategy to lower blood pressure in people with 

non-dialysis dependent CKD 

Int: Aerobic training 

 

Con: No intervention 

 

 

Setting: Mixed (center and at home) 

SBP, DBP, MAP Cochrane RoB 1 

 

Not assessed 

Xie et al., 2017 (49)  

China (Not reported) 

 

 

Date search: 2016 

8 (376) 

 

Risk factors or comorbidities:  

Chronic heart failure 

Coronary artery disease 

To compare the effects of high-intensity 

interval training (INTERVAL) and moderate-

intensity continuous training 

(CONTINUOUS) on aerobic capacity in 

cardiac patients. 

Int: Aerobic training – HIIT 

 

Con: Aerobic training - MICT 

 

Setting: Not reported 

SBP, DBP Cochrane RoB 1 

 

Not assessed 

BMI: Body mass index; CKD: chronic kidney disease; CFR: cardiorespiratory fitness; Comp: comparator; DBP: diastolic blood pressure; ERSD: end-stage renal disease in hemodialysis; GRADE: grading of 

recommendations, assessment, development, and evaluation; Int: interventions; IRT: isometric resistance training; MBP: mean blood pressure; Mets: metabolic syndrome; RCTs: randomized controlled trials; RoB: 

risk of Bias; SBP: systolic blood pressure; SET: supervised exercise therapy 

300 



Overlap among RCTs included in the reviews 301 

The included reviews were published between 2006 to 2021 and included 290 RCTs that 302 

reported on our outcomes of interest. Among those, 40 RCTs (14%) overlapped across 303 

reviews, whereas 250 RCTs (86%) were ‘unique’ and more recently published (Additional 304 

file 5). 197 RCTs (68%) reported the country where they were conducted. All in all, 23% of 305 

the RCTs were from North America, 21% from Europe, 11% from Asia, 4% from Oceania, 306 

and 3% from South America. See Figure 3.  307 

 308 

Figure 3. Geographic overview of the randomized controlled trials in the included 309 

systematic reviews. 310 

 311 

 312 



Description of the interventions 313 

The most common exercise training modality investigated for the reviews included was AET 314 

(16 reviews , 94%) (33–45,47–49), followed by CT (9 reviews, 53%) (33,35–315 

38,40,42,44,47), DRT (6 reviews, 35%) (33,35–38,47), and IRT (3 reviews, 18) (36,38,46). 316 

Twelve reviews (71%) reported the setting in which the intervention took place (34–317 

39,41,42,45–48). Besides, most of the interventions were partially supervised (10 reviews, 318 

58%) (33–35,37,38,40,43,46–48). See Additional file 6. 319 

Aerobic training (16 reviews) 320 

Overall, AET programs had a frequency of 3 to 5 days per week, implemented from 4 to 64 321 

weeks, and each session lasted between 10 to 60 minutes. The volume per week ranged from 322 

90 to 180 minutes, whereas the most common training intensity was 60% to 85% of the 323 

maximum heart rate. HIIT interventions were carried out at 80% to 95% of the VO2 peak.   324 

Dynamic resistance training (6 reviews) 325 

The most common prescription of the DRT programs comprised a frequency of 2, 3, and 4 326 

days per week. The DRT programs were run from 3 to 48 weeks, (8 weeks was the most 327 

reported length), and each session lasted around 20-30 minutes. The most common volume 328 

was 1 to 3 sets per 6 to 30 repetitions with 6 to 13 exercises per session. 329 

Isometric resistance training (3 reviews) 330 

The most common prescription of the IRT programs comprised a frequency of 3 days per 331 

week. The IRT programs were implemented from 4 to 12 weeks, each session had a duration 332 

of 12 to 16 minutes. The most common volume was 4 sets per 2 minutes, with 1 to 3 minutes 333 

rest between sets. The most common exercises used were manual dynamometry and leg 334 

extensions isokinetic dynamometry.  335 



Combined training (9 reviews) 336 

In general, the reviews that evaluated CT reported similar parameters of FITT -VP to those 337 

described above for AET and DRT.  338 

Quality appraisal  339 

Overall, few systemic reviews had specific methodological limitations that could introduce 340 

bias. The quality appraisal of the included and excluded reviews is presented in Additional 341 

file 3. Two reviews (12%) did not report the review protocol (48,49); one review (6%) failed 342 

to use applicable for methods to combine the findings of studies (44). Five reviews (30%) 343 

did not run comprehensive searches in grey literature resources (33,43,44,48,49). Some 344 

reviews (23%) provided no list of excluded studies (36,38,39,43). Additional file 3 presents 345 

further details about the quality appraisal. 346 

Results of syntheses 347 

In order to facilitate the use of this review in evidence-informed decision making, we report 348 

in the main body of the manuscript the results of the comparisons that are most often studied 349 

by international guidelines (16,50) alongside the longest follow-up (i.e., short to long term: 350 

4 to 64 weeks) as recommended by the Cochrane handbook (15):  351 

• Comparison 1: any AET vs control 352 

• Comparison 2: walking AET vs control 353 

• Comparison 3: high-intensity interval training vs moderate-intensity continuous 354 

training 355 

• Comparison 4: home-based vs supervised center-based cardiac rehabilitation 356 

• Comparison 5: combined training vs control 357 

• Comparison 6: exercise training (ET) vs control 358 



• Comparison 7: isometric resistance training vs control 359 

• Comparison 8: dynamic resistance training vs control 360 

Additional file 7 presents the results for the remaining comparisons and their follow-up 361 

periods (i.e., any AET vs control; walking vs control; AET vs yoga; AET vs salt restriction; 362 

AET vs Tai Chi; aerobic training vs aerobic training plus Dietary Approaches to Stop 363 

Hypertension (DASH); high-intensity interval training vs moderate-intensity aerobic 364 

training; home-based vs supervised center-based cardiac rehabilitation; combined training vs 365 

control; exercise training vs control; exercise training vs no intervention; exercise training vs 366 

diet; exercise training vs diet plus exercise training; isometric resistance training vs control; 367 

dynamic resistance training vs control; dynamic resistance training vs aerobic training; 368 

dynamic resistance training vs yoga). See Figure 4.  369 

In light of the richness of information reported across reviews, we present effect data and the 370 

corresponding assessment of the certainty of the evidence for the following follow-up periods 371 

(Tables 2-6 and Additional file 7):  372 

• Short term (up to 16 weeks) 373 

• Short to middle term (12 to 28 weeks) 374 

• Short to long term (4 to 64 weeks) 375 

• Middle term (up to 24-28 weeks) 376 

• Middle to long term (24 to 64 weeks) 377 

• Long term (48 to 64 weeks) 378 

Seventeen (100%) reviews reported on SBP and DBP (33–49); three reviews reported on 379 

MBP (18%) (40,46,48). Eight reviews (48%) reported on adverse events related to the 380 



exercise training interventions (34,35,37,41,43–45,47); we used a narrative synthesis 381 

approach for this outcome due to the incomplete information reported by the reviews. 382 

Additional file 8 presents our assessment of the certainty of the evidence for all comparisons 383 

and Additional file 9 provides further details about effect estimates.384 



Figure 4. Comparisons reported in the included reviews. 385 

386 



Primary outcomes: SBP, DBP, and MBP 387 

Aerobic training  388 

Four comparisons reported effect data for AET (i.e., any AET vs control; walking aerobic 389 

training vs control; HIIT versus MICT; Home-based versus supervised centre-based cardiac 390 

rehabilitation). Results for these comparisons are summarized in Table 2.  391 

Comparison 1: Any aerobic training versus control. 392 

Seven reviews assessed the effects of any aerobic training on SBP and DBP compared with 393 

control groups in adults at short to long-term follow-up (33,35–38,42). One review assessed 394 

the effects of this intervention on MBP at short-term follow-up (40). The reviews included 395 

participants with different diagnoses and risk factors, such as high blood pressure (38), 396 

kidney failure (37), type II diabetes, and metabolic syndrome  (42). Participants’ age ranged 397 

from 21 to 71 years (33,35–38,40,42). See Table 1. 398 

Systolic blood pressure: short to long term follow-up 399 

Seven reviews reported data for this follow-up period. In order to provide a more precise 400 

analysis of the certainty of the evidence, we decided to report two reviews in a separate 401 

analysis (36,38)  since these reviews had important methodological strengthens (e.g., narrow 402 

confidence intervals and large sample sizes). This approach was followed in the analysis of 403 

SBP and DBP, as follows: 404 

Herrod et al., 2018  reported evidence of a clinically relevant difference in SBP between any 405 

AET and control in normotensive or high blood pressure adults (24 RCTs; N=1709; MD -406 

5.09 mm Hg, 95% CI -7.22 to -2.97) at 12 to 48 weeks follow-up (38). Similar findings were 407 

reported by Fu et al., 2020 on SBP in prehypertensive adults(27 RCTs; N=1029; MD -6.60 408 

mm Hg, 95% CI -8.23 to -4.98) for this follow-up (36). These findings were further 409 



confirmed by the same review (36) in the subgroup of adults with high blood pressure (24 410 

RCTs; N=896; MD -6.11 mm Hg, 95% CI -7.82 to -4.45). Moderate quality evidence 411 

indicates that any AET probably reduces SBP compared to control in adults with either 412 

normotensive, prehypertensive, or with high blood pressure values at short to long-term 413 

follow-up (Table 2). 414 

Data from Ostman et al. 2017 (42) suggest that any AET compared to control leads to little 415 

effect on SBP in adults with type II diabetes or metabolic syndrome at short to long term 416 

follow-up (15 RCTs; N=364; MD -2.54 mm Hg, 95% CI -4.34 to -0.75 ). Similar evidence 417 

was reported by a review on SBP in adults with end-stage renal disease at 8 to 40 weeks 418 

follow-up (10 RCTs; N=332; MD -10.07 mm Hg, 95% CI -16.35 to -3.78) (35). No 419 

differences between any AET and control were observed for SBP in adults with end-stage 420 

renal disease undergoing hemodialysis at 12 to 40 weeks follow-up (8 RCTs; N=204; MD -421 

2.84 mm Hg, 95% CI -11.33 to 5.65) (33). Besides, Heiwe et al. 2011 (37), reported narrative 422 

data of no difference between any AET and control on SBP in adults with either moderate 423 

kidney failure, dialysis treatment, or kidney transplantation (37).    424 

Diastolic blood pressure: short to long term follow-up 425 

Herrod et al., 2018 found that any AET led to clinically important reductions in DBP 426 

compared with control (24 RCTs; N=1709; MD -2.20 mm Hg, 95% CI -3.08 to -1.31) at 427 

short to long term follow-up in normotensive or high blood pressure adults (38). These 428 

findings were further confirmed by Fu et al., 2020 in the subgroup of prehypertensive (27 429 

RCTs; N=1029; -4.44 mm Hg, 95% CI -5.57 to -3.31) and high blood pressure adults (22 430 

RCTs; N=848; WMD -4.01 mm Hg, 95% CI –5.30 to -2.74), for this follow-up (36). 431 

Moderate quality evidence indicates that any AET probably reduces DBP compared to 432 



control in adults who either are normotensive or prehypertensive or have high blood pressure 433 

at 6 to 64 weeks follow-up (Table 2). Data from Ostman et al., 2017 reported evidence of a 434 

clinically relevant reduction in DBP between any AET and control in adults with type II 435 

diabetes or metabolic syndrome at short to long-term follow-up (14 RCTs; N=337; MD -2.27 436 

mm Hg, 95% CI -3.47 to -1.06) (42). Besides, no differences between any AET and control 437 

in DBP were found in adults with end-stage renal disease for this follow-up (10 RCTs; 438 

N=334; MD -2.96 mm Hg, 95% CI -7.71 to 1.78) (35).  439 

These findings were further confirmed by Scapini et al., 2019 on DBP in adults with end-440 

stage renal disease undergoing hemodialysis at 12 to 40 weeks follow-up (8 RCTs; N=204; 441 

MD 0.68 mm Hg, 95% CI -4.01 to 5.37) (33). Similarly, Heiwe et al., 2011 observed no 442 

difference between groups on DBP in adults with either moderate kidney failure, dialysis 443 

treatment, or kidney transplantation at short to long term follow-up (6 RCTs; N=202; MD -444 

0.11 mm Hg, 95% CI -2.88 to 2.66) (37). It is uncertain whether any AET reduces DBP 445 

compared to control in adults with either type II diabetes, metabolic syndrome, renal diseases, 446 

end-stage renal disease, or kidney transplantation at short to long-term follow-up because the 447 

quality of evidence is very low (Table 2). 448 

Mean blood pressure: short term follow-up 449 

Findings from of Kite et al., 2019 (40) provided very low-quality evidence on the effects of 450 

any AET compared to control on MBP values in adults with polycystic ovary syndrome up 451 

to 16 weeks follow-up (1 RCTs; N=14; MD -6.8 mm Hg, 95% CI -10.6 to -3.0) (Table 2). 452 

Comparison 2: Walking aerobic training versus control.  453 

Two reviews studied the effects of walking aerobic training on SBP and DBP compared with 454 

control groups in adults at short to long-term follow-up (41,43). These reviews included 455 



adults with different diagnoses and risk factors, such as normotensive and high blood 456 

pressure adults (41), and type II diabetes (43). Participants’ age ranged from 16 to 84 years 457 

(41,43).  458 

Systolic blood pressure: short to long term follow-up 459 

Lee et al., 2021, found that walking AET reduced SBP relative to control in normotensive or 460 

high blood pressure adults at short to long-term follow-up (73 RCTs; N=5060; MD -4.11 mm 461 

Hg, 95% CI -5.22 to -3.01) (41). In contrast, Qiu et al., 2014 found no evidence of such 462 

difference between groups in adults with type II diabetes at 8 to 6 weeks follow-up (11 RCTs; 463 

N=497; MD -1.69 mm Hg, 95% CI -5.22 to 1.85) (43). Compared to control, low certainty 464 

of evidence suggests that walking AET may reduce SBP in adults who either are 465 

normotensive, have high blood pressure, or have type II diabetes at short to long-term follow-466 

up (Table 2).  467 

Diastolic blood pressure: short to long term follow-up 468 

Lee et al., 2021 reported evidence of a difference in DBP between walking AET and control 469 

(69 RCTs; N=4711; MD -1.79 mm Hg, 95% CI -2.51 to -1.07) in adults who either are 470 

normotensive or have high blood pressure at short to long-term follow-up (41). These 471 

findings were further confirmed by Qiu et al., 2014 on DBP in adults with type II diabetes 472 

(11 RCTs; N=497; MD -1.97 mm Hg, 95% CI -3.94 to -0.0) (43). Compared to control, low 473 

certainty of evidence suggests that walking AET may reduce DBP in adults who either are 474 

normotensive, have high blood pressure, or have type II diabetes at short to long-term follow-475 

up (Table 2).  476 



Comparison 3: High-intensity interval training (HIIT) versus moderate-intensity continuous 477 

training (MICT). 478 

One review assessed the effects of HIIT compared with MICT on SBP and DBP at short-479 

term follow-up (49) in adults with different diagnoses, such as chronic heart failure or 480 

coronary artery disease (participants’ mean age 61 years) (49).  481 

Systolic and diastolic blood pressures: short term follow-up 482 

Xie et al., 2017 found lack of evidence of an effect between groups on SBP in adults with 483 

chronic heart failure or coronary artery disease at 4 to 12 weeks follow-up (8 RCTs; N=376; 484 

MD -0.09 mm Hg, 95% CI -4.82 to 4.65) (49). Similar findings were reported for DBP (8 485 

RCTs; N=376; MD -0.79 mm Hg, 95% CI -3.75 to 2.16) (49). It is uncertain whether HIIT 486 

or MICT may reduce SBP and DBP in adults with chronic heart failure or coronary artery 487 

disease at short-term follow-up because the quality of evidence is very low (Table 2). 488 

Comparison 4: Home-based versus supervised centre-based cardiac rehabilitation. 489 

One review assessed the effects of home-based cardiac rehabilitation on SBP and DBP 490 

compared with supervised centre-based cardiac rehabilitation at short to long-term follow-up 491 

(34) in adults with either coronary heart disease, post-myocardial infarction, 492 

revascularization, or heart failure. Participants’ age ranged 52 to 69 years (34).  493 

Systolic and diastolic blood pressures: short term follow-up 494 

Anderson et al., 2017 (34) found evidence of no difference between home-based cardiac 495 

rehabilitation and supervised centre-based cardiac rehabilitation on SBP in adults with either 496 

coronary heart disease, post-myocardial infarction, revascularization, or heart failure at 4 to 497 

12 weeks follow-up (10 RCTs; N=1292; MD -0.27 mm Hg, 95% CI -3.13 to 2.60). Similar 498 

findings were reported for DBP (9 RCTs; N=1146; MD 0.74 mm Hg, 95% CI -1.04 to 2.53). 499 



Compared to supervised centre-based cardiac rehabilitation, low quality evidence indicates 500 

that home-based cardiac rehabilitation may not reduce neither SBP nor DBP in this 501 

population at short-term follow-up (Table 2). 502 



Table 2. Summary of findings for the comparison: Aerobic training vs control for systolic, diastolic, and mean blood pressure 503 

Aerobic training vs Control 

Intervention: aerobic training 

Comparison: control 

Setting: mixed (Center, home, hospital, community-based, rehabilitation, laboratory, clinic, University) 

Outcomes Population Relative effect  

(95% CI) 

Anticipated absolute effect* 

(95% CI) 

Nº of Participants 

(studies) 

Certainty of the 

evidence 

(GRADE) 
Assumed risk with 

control 

Assumed risk with  

intervention 

 
Systolic blood pressure – short to long term follow-up (6 to 64 

weeks) 
 

Systolic blood pressure 

(short to long term 12-48 

weeks)** 

Normotensive  

High blood 

pressure  

MD -5.09  

(-7.22 to -2.97) 
Not estimable 

Mean SBP (mm Hg) was  

5.09 lower (7.22 lower to 2.97 lower) 
1709 (24)a 

⊕⊕⊕⊝ 

 Moderate1,2,3 

Systolic blood pressure 

(short to long term  

6-64 weeks)**  

Prehypertensive 
WMD -6.60  

(-4.98 to -8.23) 
Not estimable 

Mean SBP (mm Hg) was  

6.60 lower (4.98 lower to 8.23 lower) 
1029 (27)b 

Systolic blood pressure 

(short to long term  

6-64 weeks)**  

High blood 

pressure  

 

WMD -6.11  

(-4.45 to -7.82) 
Not estimable 

Mean SBP (mm Hg) was  

6.11 lower (4.45 lower to 7.82 lower) 
896 (24)b 

 
Systolic blood pressure – short to long term follow-up (4 to 52 

weeks) 
 

Systolic blood pressure 

(short to long term 8-52 

weeks)** 

Type II diabetes 

metabolic 

syndrome 

MD -2.54  

(-4.34 to -0.75) 
Not estimable 

Mean SBP (mm Hg) was  

2.54 lower (4.34 lower to 0.75 lower) 
364 (15)c 

⊕⊕⊝⊝ 

 Low1,2,4 

Systolic blood pressure 

(short to long term 8-40 

weeks)** 

End-stage renal 

disease 

MD -10.07  

(-16.35 to -3.78) 

The mean SBP (mm Hg)  

range was from 132.2 to 

179 

Mean SBP (mm Hg) was  

10.07 lower (16.35 lower to 3.78 

lower) 

332 (10)d 

Systolic blood pressure 

(Short to long term 12-40 

weeks)** 

End-stage renal 

disease on 

hemodialysis 

MD -2.84  

(-11.33 to 5.65) 

The mean SBP (mm Hg)  

range was from 131 to 

179 

Mean SBP (mm Hg) was  

2.84 lower (11.33 lower to 5.65 

higher) 

204 (8)e  

Systolic blood pressure 

(short to long term 4-52 

weeks)** 

Moderate kidney 

failure 

Dialysis 

treatment Kidney 

transplantation 

Not estimable - -  202 (6)f 

 
Systolic blood pressure – short to long term follow-up (4 to 64 

weeks) 
 



Systolic blood pressure 

(short to long term 4 to 64 

weeks)***  

 

Normotensive 

High blood 

pressure   

MD -4.11  

(-5.22 to -3.01) 

The MD SBP (mm Hg) 

range was from -8.4 to 

7.27 

Mean SBP (mm Hg) was  

4.11 lower (5.22 lower to 3.01 lower) 
5060 (73)g 

⊕⊕⊝⊝ 

 Low2,7 
Systolic blood pressure 

(short to long term 8-36 

weeks)***  

Type II diabetes 

 

MD -1.69  

(-5.22 to 1.85) 

Not estimable 
Mean SBP (mm Hg) was  

1.69 lower (5.22 lower to 1.85 higher) 
497 (11)h 

 Systolic blood pressure – short term follow-up (4 to 12 weeks)  

Systolic blood pressure 

(short term 4 to 12 

weeks)**** 

Chronic heart 

failure  

Coronary artery 

disease 

 

MD -0.09 

(-4.82 to 4.65) 

The mean SBP (mm Hg)  

range was from -1 to -12 

Mean SBP (mm Hg) was  

0.09 lower (4.82 lower to 4.65 higher) 
376 (8)i 

⊕⊝⊝⊝ 

Very Low2,8,9 

 
Systolic blood pressure – short to long term follow-up (12 to 

48 weeks) 
 

Systolic blood pressure 

(short to long term 12 to 

48 weeks)***** 

Coronary heart 

disease 

Post-myocardial 

infarction 

Revascularization 

Heart failure 

MD -0.27  

(-3.13 to 2.60) 

The MD SBP (mm Hg)  

range was from -4.3 to 

138 

Mean SBP (mm Hg) was  

0.27 lower (3.13 lower to 2.60 higher) 
1292 (10)j 

⊕⊕⊝⊝ 

Low2,8 

 
Diastolic blood pressure – short to long term follow-up (6 to 64 

weeks) 
 

Diastolic blood pressure 

(short to long term 12-48 

weeks)** 

Normotensive  

High blood 

pressure  

MD -2.20  

(-3.08 to -1.31) 
Not estimable 

Mean DBP (mm Hg) was  

2.20 lower (3.08 lower to 1.31 lower) 
1709 (24)a 

⊕⊕⊝⊝ 

 Moderate1,2,3 

Diastolic blood pressure 

(short to long term  

6-64 weeks)**  

 

Prehypertensive 

 

WMD -4.44  

(-5.57 to -3.31) 
Not reported* 

Mean DBP (mm Hg) was  

4.44 lower (5.57 lower to 3.31 lower) 
1029 (27)b 

Diastolic blood pressure 

(short to long term  

6-64 weeks)**  

 

High blood 

pressure  

 

WMD -4.01 

(-5.30 to -2.74) 
Not reported* 

Mean DBP (mm Hg) was  

4.01 lower (5.30 lower to 2.74 lower) 
848 (22)b 

 
Diastolic blood pressure – short to long term follow-up (4 to 52 

weeks) 
 

Diastolic blood pressure 

(short to long term 8-

52weeks)** 

Type II diabetes 

metabolic 

syndrome 

MD -2.27  

(-3.47 to -1.06) 
Not reported* 

Mean DBP (mm Hg) was  

2.27 lower (3.47 lower to 1.06 lower) 
337 (14)c 

⊕⊝⊝⊝ 

Very Low1,2 Diastolic blood pressure 

(short to long term 8-40 

weeks)** 

End-stage renal 

disease 

MD -2.96  

(-7.71 to 1.78) 

The mean DBP (mm 

Hg)  

Mean DBP (mm Hg) was  

2.96 lower (7.71 lower to 1.78 higher) 
334 (10)d 



range was from 0.5 to 

90.42 

Diastolic blood pressure 

(Short to long term 12-40 

weeks)** 

End-stage renal 

disease on 

hemodialysis 

MD 0.68 

(-4.01 to 5.37) 

The mean DBP (mm 

Hg)  

range was from 131 to 

179 

Mean DBP (mm Hg) was  

0.68 higher (4.01 lower to 5.37 higher) 
 204 (8)e 

Diastolic blood pressure 

(short to long term 4-48 

weeks)** 

Moderate kidney 

failure 

Dialysis 

treatment Kidney 

transplantation 

MD -0.11  

(-2.88 to 2.66) 

The mean DBP (mm 

Hg)  

range was from 72.8 to 

90.6 

Mean DBP (mm Hg) was  

0.11 lower (2.88 lower to 2.66 higher) 
 202 (6)f 

   
Diastolic blood pressure – short to long term follow-up (4 to 64 

weeks) 
  

Diastolic blood pressure 

(short long term 4 to 64 

weeks)***  

 

Normotensive 

High blood 

pressure 

 

MD -1.79 

(-2.51 to -1.07) 

The MD DBP (mm Hg) 

range was from -5 to 

4.82 

Mean DBP (mm Hg) was  

1.79 lower (2.51 lower to 1.07 lower) 
4711 (69)g 

⊕⊕⊝⊝ 

 Low2,7 

Diastolic blood pressure 

(short to long term 8-36 

weeks)***  

Type II diabetes 

MD -1.97 

(-3.94 to -0.0) 

 

Not estimable 
Mean DBP (mm Hg) was  

1.97 lower (3.94 lower to 0.0 lower) 
497 (11)h 

 Diastolic blood pressure – short term follow-up (4 to 12 weeks)  

 

Diastolic blood pressure 

(short term 4 to 12 

weeks)**** 

 

Chronic heart 

failure  

Coronary artery 

Disease 

 

MD -0.79 

(-3.75 to 2.16) 

 

The mean DBP (mm 

Hg) 

  range was from 0 to -5 

Mean DBP (mm Hg) was  

0.79 lower (3.75 lower to 2.16 higher) 
376 (8)i 

⊕⊝⊝⊝ 

Very Low 2,8,9 

 
Diastolic blood pressure – short to long term follow-up (12 to 

48 weeks) 
 

Diastolic blood pressure 

(short to long term 12 to 

48 weeks)***** 

Coronary heart 

disease 

Post-myocardial 

infarction 

Revascularization 

Heart failure 

MD 0.74  

(-1.04 to 2.53) 

 

The MD DBP (mm Hg) 

  range was from -3.3 to 

87 

Mean DBP (mm Hg) was  

0.74 higher (1.04 lower to 2.53 higher) 
1146 (9)j 

⊕⊕⊝⊝ 

Low 2,8 

 Mean blood pressure – short term follow-up (up to 16 weeks)  

Mean blood pressure 

(short term up to 16 

weeks)** 

Polycystic ovary 

syndrome 

MD -6.8 

(-10.6 to -3.0) 
Not estimable 

Mean MBP (mm Hg) was  

6.8 lower (10.6 lower to 3.0 lower) 
14 (1)k 

⊕⊝⊝⊝ 

 Very Low5,6 



504 *The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% 

CI). AET: aerobic training; CI: Confidence interval; DBP: diastolic blood pressure; MD: mean difference; RCT: randomized controlled trial; SBP: systolic blood pressure; WMD:  
weighted mean difference.  

 

** Any aerobic training versus control  

*** Walking aerobic training versus control   

**** High-intensity interval training (HIIT) versus Moderate-intensity aerobic training (MICT) 

***** Home-based cardiac rehabilitation versus supervised centre-based cardiac rehabilitation 
 

a Herrod et al., 2018; bFu et al., 2020; cOstman et al., 2017; dFerrari et al., 2019; eScapini et al., 2019;  fHeiwe et al., 2011, kKite et al., 2019; gQiu et al., 2014; hLee et al., 2021; i Xie 

et al., 2019; jAnderson et al., 2017. 

 
1 Downgraded by two levels due to selection bias (random sequence generations and allocation concealment), detection bias (unblinded outcome assessor), incomplete outcome data 

(attrition bias), and selective reporting (reporting bias). 
2 Downgraded by one level due to inconsistency (there was statistically significant heterogeneity).  
3 Upgraded by two levels due to very large effect (the effect is rapid and consistent across subjects, no serious problems with precision due to narrow confidence intervals and large 

sample size). 
4 Upgraded by one level due to very large effect (the effect is rapid and consistent across subjects, no serious problems due to narrow confidence) 
5 Downgraded by two levels due to selection bias (random sequence generations and allocation concealment), detection bias (unblinded outcome assessor), selective reporting 

(reporting bias), and other bias (contamination). 
6 Downgraded by one level due to small sample size (imprecision). 
7Downgraded by one level due to selection bias (random sequence generations and allocation concealment), detection bias (unblinded outcome assessor), and incomplete outcome 

data (attrition bias) 
8 Downgraded by one level due to detection bias (unblinded outcome assessor). 
9 Downgraded by one level due to wide confidence intervals (imprecision). 

 



Comparison 5: Combined training versus Control 505 

Four reviews assessed the effects of combined training compared with control on SBP and 506 

DBP in adults at short to long-term follow-up (33,37,38,42). The reviews included 507 

participants with different diagnoses and risk factors, such as normotensive adults and high 508 

blood pressure (38), kidney failure (37), metabolic syndrome (42), or end-stage renal disease 509 

(33). Participants’ mean age was 71 years (33,37,38,42). See Table 1. 510 

Systolic blood pressure: short to long term follow-up 511 

Heiwe et al., 2011, reported evidence of a clinically relevant difference in SBP between any 512 

AET and control in adults with kidney failure at short to long-term follow-up (4 RCTs; 513 

N=186; MD -5.80 mm Hg, 95% CI -10.41 to -1.19) (37). Similar findings were reported by 514 

Herrod et al., 2018 on SBP in normotensive or high blood pressure adults for this follow-up 515 

(12 RCTs; N=1237; MD -5.86 mm Hg, 95%CI -8.27 to -3.45) (38). These findings were 516 

further confirmed by Scapini et al., 2019 in adults with end-stage renal disease at 12 to 40 517 

weeks (7 RCTs; N=292; MD -8.53 mm Hg, 95%  CI -13.29 to -3.76) (33), and by Ostman et 518 

al., 2017 in metabolic syndrome adults at short to long-term follow-up (3 RCTs; N=652; MD 519 

-3.79 mm Hg, 95% CI -6.18 to -1.40) (42). Low certainty of evidence suggests that CT may 520 

reduce SBP compared to control in adults who either are normotensive, have high blood 521 

pressure, kidney failure, metabolic syndrome, or end-stage renal disease at short to long-term 522 

follow-up (Table 3). 523 

Diastolic blood pressure: short to long term follow-up 524 

Heiwe et al., 2011, found that CT led to clinically important differences in DBP compared to 525 

control in adults with kidney failure at short to long-term follow-up (4 RCTs; N=229; MD -526 

3.77 mm Hg, 95% CI -5.94 to -1.61) (37). Similar findings were reported by Herrod et al., 527 



2018 in normotensive or high blood pressure adults for this follow-up (12 RCTs; N=1237; 528 

MD -3.51 mm Hg, 95%CI -4.43 to -2.59) (38), by Scapini et al., 2019 in adults with end-529 

stage renal disease at 12 to 40 weeks (7 RCTs; N=292; MD -4.57 mm Hg, 95% CI -6.24 to -530 

2.90) (33), and finally by Ostman et al., 2017 in metabolic syndrome adults at short to long-531 

term follow-up (3 RCTs; N=652; MD -0.23 mm Hg, 95% CI -3.53 to -1.55) (42). Moderate 532 

quality evidence indicates that CT probably reduces DBP compared to control in adults who 533 

either are normotensive, have high blood pressure, kidney failure, metabolic syndrome, or 534 

end-stage renal disease at 4 to 52 weeks follow-up (Table 3). 535 



Table 3. Summary of findings for the comparison: Combined training versus control for systolic and diastolic blood pressure 536 

Combined training vs Control 

Intervention: combined training 

Comparison: control 

Setting: mixed (Center, home, hospital, community-based, rehabilitation) 

Outcomes Population Relative effect  

(95% CI) 

Anticipated absolute effect* 

(95% CI) 

Nº of 

participants 

(studies) 

Certainty 

of the evidence 

(GRADE) 

Assumed risk with control Assumed risk with intervention 

 
Systolic blood pressure – short to long term follow-up (4 to 52 

weeks) 
 

Systolic blood pressure 

(short to long term12-48 

weeks) 

Normotensive 

High blood pressure 

MD -5.86  

(-8.27 to -3.45) 
Not estimable 

Mean SBP (mm Hg) was  

5.86 lower (8.27 lower to 3.45 lower) 
1237 (12)a 

⊕⊕⊝⊝ 

Low1,2 

Systolic blood pressure (short 

to long term 8-52 weeks) 
Metabolic syndrome 

MD -3.79  

(-6.18 to -1.40) 
Not estimable 

Mean SBP (mm Hg) was 

3.79 lower (6.18 lower to 1.40 lower) 
652 (3)b 

Systolic blood pressure (short 

to long term 12 to 40 weeks) 

End-stage renal disease 

and on hemodialysis 

MD -8.53  

(-13.29 to -3.76) 

The mean SBP (mm Hg) 

range was from 133.7 to 

153.1 

Mean SBP (mm Hg) was 

8.53 lower (13.29 lower to 3.76 lower) 
292 (7)c 

Systolic blood pressure 

(short to long term 4-48 

weeks) 

Moderate kidney 

failure 

Dialysis treatment 

Kidney transplantation 

MD -5.80  

(-10.41 to -1.19) 

The mean SBP (mm Hg) 

range was from 139.3 to 

153.1 

Mean SBP (mm Hg) was 

5.80 lower (10.4 lower to 1.19 lower) 
186 (4)d 

 
Diastolic blood pressure – short to long term follow-up (4 to 52 

weeks) 
 

Diastolic blood pressure 

(short to long term12-48 

weeks) 

Normotensive 

High blood pressure 

MD -3.51  

(-4.43 to -2.59) 
Not estimable 

Mean DBP (mm Hg) was 

3.57 lower (4.43 lower to 2.59 lower) 
1237 (12)a 

⊕⊕⊕⊝ 

Moderate2 

Diastolic blood pressure 

(short to long term 8-52 week) 
Metabolic syndrome 

MD -0.23  

(-3.53 to 1.55) 
Not estimable 

Mean DBP (mm Hg) was 

 0.23 lower (3.53 lower to 1.55 higher) 
652 (3)b 

Diastolic blood pressure 

(short to long term 12 to 40 

weeks) 

End-stage renal disease 

and on hemodialysis 

MD -4.57  

(-6.24 to -2.90) 

The mean DBP (mm Hg) 

range was from 78.4 to 86.0 

Mean DBP (mm Hg) was 

4.57 lower (13.29 lower to 3.76 lower) 
292 (7)c 

Diastolic blood pressure 

(short to long term 4-48 

weeks) 

Moderate kidney 

failure 

Dialysis treatment 

Kidney transplantation 

MD -3.77  

(-5.94 to -1.61) 

The mean DBP (mm Hg) 

range was from 76.9 to 81.7 

Mean DBP (mm Hg) was 

 3.77 lower (5.94 lower to 1.61 lower) 
229 (4)d 



 537 

 538 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). CI: 

Confidence interval; CT: combined training; DBP: diastolic blood pressure; MD: mean difference; RCT: randomized controlled trial; SBP: systolic blood pressure.  

 
aHerrod et al., 2018; bOstman et al., 2017; cScapini et al., 2019; dHeiwe et al., 2011.   
 

  
1 Downgraded by one level due to selection bias (random sequence generations and allocation concealment), detection bias (unblinded outcome assessor), and incomplete outcome data (attrition bias). 
2 Downgraded by one level due to inconsistency (there was statistically significant heterogeneity)  

 



Comparison 6: Exercise training versus Control 539 

Three reviews reported on the effects of exercise training in SBP and DBP compared with 540 

control groups at short to long-term follow-up (37,47,48). One review studied the effects of 541 

this intervention in MBP at short-term follow-up (48). The reviews included adults with 542 

different diagnoses and risk factors, such as moderate kidney failure, kidney transplantation 543 

(37), chronic kidney disease, cardiovascular disease, type II diabetes (48), or type II diabetes  544 

and non-insulin-dependent adults (47). Participants’ age ranged from 52 to 71 years 545 

(37,47,48).  546 

Systolic blood pressure: short to long term follow-up 547 

Heiwe et al., 2011 observed evidence of no effect between ET and control on SBP in 548 

moderate kidney failure or kidney transplantation adults at short to long-term follow-up (8 549 

RCTs; N=347; MD -5.88 mm Hg, 95% CI -9.48 to 2.28; very low quality of evidence) (37). 550 

Similar findings were reported by the same review in SBP when the ET was performed at 551 

low intensity (< 60%) (3 RCTs; N=147; MD -0.86 mm Hg, 95% CI -7.82 to 6.10; very low 552 

quality of evidence). Different findings were reported by Heiwe et al., 2011 (37), who found 553 

that high-intensity ET (≥60%) may reduce SBP compared to control in adults with either 554 

moderate kidney failure or kidney transplantation at this follow-up (5 RCTs; N=211; MD -555 

4.60 mm Hg, 95% CI -8.83 to -0.37; low quality of evidence).  556 

Thompson et al., 2019 reported evidence of no difference between ET and control on SBP in 557 

adults with either chronic kidney disease, cardiovascular disease, or type II diabetes at short 558 

to long-term follow-up (10 RCTs; N=335; MD -4.33 mm Hg, 95% CI -9.04 to 0.38) (48). 559 

Similar findings were reported by Thomas et al., 2006  in type II diabetes, non-insulin-560 

dependent adults at 8 to 48 weeks follow-up (4 RCTs; N=127; MD -4.16 mm Hg, 95% CI -561 



9.46 to -1.14) (47). Overall, low certainty of evidence suggests that ET may reduce SBP 562 

compared to control in adults who either have moderate kidney failure, kidney 563 

transplantation, chronic kidney disease, cardiovascular disease, or type II diabetes at short to 564 

long-term follow-up (Table 4). 565 

Diastolic blood pressure: short to long term follow-up 566 

Heiwe et al., 2011 reported evidence of a clinically important difference in DBP between ET 567 

and control in adults who either have moderate kidney failure or underwent kidney 568 

transplantation at short to long-term follow-up (10 RCTs; N=419; MD -2.32 mm Hg, 95% 569 

CI -4.05 to -0.59). Similar findings were reported by the same review in DBP when the ET 570 

was performed with high intensity (≥ 60%) at 8 to 48 weeks follow-up (6 RCTs; N=254; MD 571 

-3.98 mm Hg, 95% CI -6.05 to -1.90; low quality of evidence) (37). Furthermore, Thompson 572 

et al., 2019 found evidence of no difference between ET and control on DBP in adults with 573 

either chronic kidney disease, cardiovascular disease, or type II diabetes for this follow-up 574 

(8 RCTs; N=303; MD -1.18 mm Hg, 95% CI -4.76 to 2.40) (48). These findings were further 575 

confirmed by Thomas et al., 2006 on DBP in type II diabetes non-insulin-dependent adults 576 

at 8 to 48 weeks follow-up (3 RCTs; N=78; MD -0.13 mm Hg, 95% CI -3.70 to 3.45) (47). 577 

It is uncertain whether ET reduces DBP compared to control in adults who either have 578 

moderate and chronic kidney failure, underwent kidney transplantation, cardiovascular 579 

disease, type II diabetes, or type II diabetes non-insulin-dependent at short to long-term 580 

follow-up because the certainty of the evidence is very low (Table 4). 581 

Mean blood pressure: short term follow-up 582 

Thompson et al., 2019 (48) found that ET may result in clinically important reductions in 583 

MBP compared with control in adults with either chronic kidney disease, cardiovascular 584 



disease, or type II diabetes up to 12 weeks follow-up (2 RCTs; N=27; MD -12.11 mm Hg, 585 

95% CI -15.98 to -8.25; low certainty evidence) (Table 4).  586 

 587 

 588 

 589 

 590 



Table 4. Summary of findings for the comparison: Exercise training versus control for systolic and diastolic blood pressure 591 

Exercise training versus control 

Intervention: exercise training 

Comparison: control 

Setting: mixed (home, clinic, and community setting) 

Outcomes Population Relative effect 

(95% CI) 

Anticipated absolute effect* 

(95% CI) 

Nº of 

participants 

(studies) 

Certainty 

of the evidence 

(GRADE) 
Assumed risk with control Assumed risk with intervention 

 Systolic blood pressure – short to long term follow-up (4 to 52 weeks)  

Systolic blood pressure 

(short to long term 4-48 weeks) 

Moderate kidney failure 

Dialysis treatment Kidney 

transplantation 

MD -5.88  

(-9.48 to -2.28) 

The mean SBP (mm Hg) 

range was from 132.9 to 

153.1 

Mean SBP (mm Hg) was 

5.88 lower (9.48 lower to 2.28 lower) 
347 (8)a 

⊕⊕⊝⊝ 

Low 1,3 

 

Systolic blood pressure (short to 

long term 12-52 weeks) 
Chronic kidney disease 

Cardiovascular disease  

Type II diabetes  

MD -4.33 

(-9.04 to 0.38) 
Not estimate 

Mean SBP (mm Hg) was  

4.33 lower (9.04 lower to 0.38 higher) 
335 (10)b 

Systolic blood pressure 

(short to long term 8-48 weeks) 

Non-insulin-dependent type 

II diabetes 

MD -4.16 

(-9.46 to 1.14) 
Not estimate 

Mean SBP (mm Hg) was 

4.16 lower (9.46 lower to 1.14 higher) 
127 (4)c 

 Systolic blood pressure – short to long term follow-up (4 to 48 weeks)  

Systolic blood pressure 

(short to long term 4-48 weeks) 

Moderate kidney failure 

Dialysis treatment Kidney 

transplantation 

MD -4.60  

(-8.83 to -0.37) 

The mean SBP (mm Hg) 

range was from 132.9 to 

153.1 

Mean SBP (mm Hg) was 

4.60 lower (8.33 lower to 0.37 lower) 
211 (5)a# 

⊕⊕⊝⊝ 

Low3,4 

 

 Systolic blood pressure – short to long term follow-up (4 to 48 weeks)  

Systolic blood pressure 

(short to long term 

4-48 weeks) 

Moderate kidney failure 

Dialysis treatment Kidney 

transplantation 

MD -0.86  

(-7.82 to 6.10) 

The mean SBP (mm Hg) 

range was from 130.8 to 

146 

Mean SBP (mm Hg) was 

0.86 lower (7.82 lower to 6.10 higher) 
147 (3)a¶ 

⊕⊕⊝⊝ 

Very Low4,5 

 

 Diastolic blood pressure – short to long term follow-up (4 to 52 weeks)  

Diastolic blood pressure 

(short to long term 4-48 weeks) 

Moderate kidney failure 

Dialysis treatment Kidney 

transplantation 

MD -2.32  

 (-4.05 to -0.59) 

The mean DBP (mm Hg) 

range was from 72.8 to 

90.6 

Mean DBP (mm Hg) was 

2.32 lower (4.05 lower to 0.59 lower) 
419 (10)a 

⊕⊝⊝⊝ 

Very Low1,2 
Diastolic blood pressure (short 

to long term 12-52 weeks) 

Chronic kidney disease 

Cardiovascular disease  

Diabetes type 2 

MD -1.18  

(-4.76 to 2.40) 
Not estimable 

Mean SBP (mm Hg) was 1.18 lower (4.76 lower 

to 2.40 higher) 
303 (8)b 



592 

Diastolic blood pressure 

(short to long term 8-48 weeks) 

Non-insulin-dependent type 

II diabetes 

MD -0.13  

(-3.70 to 3.45) 
Not estimable 

Mean DBP (mm Hg) was  

0.13 lower (3.70 lower to 3.45 higher) 
78 (3)c 

 Diastolic blood pressure – short to long term follow-up (4 to 48 weeks)  

Diastolic blood pressure 

(short to long term 4-48 weeks) 

Moderate kidney failure 

Dialysis treatment Kidney 

transplantation 

MD -3.98  

 (-6.05 to -1.90) 

The mean DBP (mm Hg) 

range was from 82 to 90.6 

Mean DBP (mm Hg) was 

3.98 lower (6.05 lower to 1.90 lower) 
254 (6)a# 

⊕⊕⊝⊝ 

Low3,4 

 Mean blood pressure – short term follow-up (4 to 16 weeks)  

Mean blood pressure 

(short term up to 12 weeks) 

Chronic kidney disease 

Cardiovascular disease  

Diabetes type 2 

MD -12.11  

(-15.98 to -8.25) 
Not estimable 

Mean MBP (mm Hg) was  

12.11 lower (15.98 lower to 8.25 lower) 
27 (2)b 

⊕⊕⊝⊝ 

Low4,5 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). CI: Confidence 

interval; DBP: diastolic blood pressure; ET: exercise training; MD: mean difference; RCT: randomized controlled trial; SBP: systolic blood pressure.  

 
aHeiwe et al., 2011; bThompson et al., 2019; cThomas et al., 2006. 
 

a#Heiwe et al., 2011, high intensity (≥ 60%) ET   
a¶Heiwe et al., 2011, low intensity (< 60%) ET 
 
1 Downgraded by one level due to wide confidence intervals (imprecision). 
2Downgraded by two levels due to selection bias (random sequence generations and allocation concealment), detection bias (unblinded outcome assessor), incomplete outcome data (attrition bias), and 

selective reporting (reporting bias). 
3 Downgraded by one level due to selection bias (random sequence generations and allocation concealment) and detection bias (unblinded outcome assessor). 
4 Downgraded by one level due to small sample size (imprecision). 
5 Downgraded by one level due to selection bias (random sequence generations and allocation concealment), detection bias (unblinded outcome assessor), incomplete outcome data (attrition bias) 

 



Comparison 7: Isometric resistance training versus control 593 

Three reviews studied the effects of IRT on SBP and DBP compared with control groups 594 

(36,38,46); one review reported effect data for this intervention on MBP with the same comparison 595 

at short-term follow-up (46). The reviews included adults who either are normotensive, 596 

prehypertensive, or have high blood pressure (36,38,46). Participants’ age ranged from 18 to 80 597 

years (36,38,46). 598 

Systolic blood pressure: short term follow-up 599 

Smart et al., 2019 observed a clinically important difference in SBP between IRT and control in 600 

normotensive, prehypertensive, or high blood pressure adults at 4 to 12 weeks follow-up (12 RCTs; 601 

N=326; MD -7.35 mm Hg, 95% CI -8.95 to -5.75) (46). Fu et al., 2020 confirmed these findings in 602 

prehypertensive adults (5 RCTs; N=109; WMD -5.77 mm Hg, 95% CI -10.16 to -1.41) and adults 603 

with high blood pressure (5 RCTs; N=109; WMD -5.65 mm Hg, 95% CI -9.87 to -1.47) for this 604 

follow-up (36). Similar findings were reported by Herrod et al., 2018 on SBP in normotensive or 605 

high blood pressure adults at 4 to 10 weeks follow-up (2 RCTs; N=66; MD -9,14 mm Hg, 95% CI 606 

-10.76 to -7.51) (38). Notwithstanding, this body of evidence was rated as of very low quality, 607 

which suggests that it is uncertain whether IRT reduces SBP compared to control in adults who 608 

either are normotensive or prehypertensive or have high blood pressure levels at short-term follow-609 

up (Table 5). 610 

Diastolic blood pressure: short term follow-up 611 

Smart et al., 2019 reported clinically important differences in DBP between IRT and control in 612 

normotensive, prehypertensive, or high blood pressure adults at 4 to 12 weeks follow-up (12 RCTs; 613 

N=326; MD -3.29 mm Hg, 95% CI -5.12 to -1.46) (46). These findings were further confirmed by 614 



Fu et al. 2020 in prehypertensive adults (5 RCTs; N=109; WMD -4.01 mm Hg, 95% CI -6.93 to -615 

1.07), and adults with high blood pressure (5 RCTs; N=109; WMD -4.00 mm Hg, 95% CI -7.00 to 616 

-0.99) for this follow-up (36). Besides, similar findings were reported by Herrod et al., 2018 on 617 

DBP in normotensive or high blood pressure adults at short-term follow-up (2 RCTs; N=66; MD -618 

3.01 mm Hg, 95% CI -3.57 to -2.45) (38). Very low quality of evidence suggests that it is uncertain 619 

whether IRT reduces DBP compared to control in adults who either are normotensive or 620 

prehypertensive, or have high blood pressure levels at short-term follow-up (Table 5). 621 

Mean blood pressure: short term follow-up 622 

Data from Smart et al., 2019 (46) provided very low quality evidence on the effects of IRT on DBP 623 

compared to control in adults who either are normotensive or prehypertensive, or have high blood 624 

pressure at short-term follow-up (12 RCTs; N=326; MD -4.6 mm Hg, 95% CI -6.18 to -3.09). See 625 

Table 5. 626 



Table 5. Summary of findings for the comparison: Isometric resistance training vs control for systolic, diastolic, and mean blood pressure 627 
628 Isometric resistance training vs control   

Intervention: isometric resistance training 

Comparison: control 

Setting: mixed (home and office) 

Outcomes Population Relative effect 

(95% CI) 

Anticipated absolute effect* 

(95% CI) 

Nº of 

participants 

(studies) 

Certainty 

of the evidence 

(GRADE) 

   Assumed risk with control Assumed risk with intervention   

 Systolic blood pressure – short term follow-up (4 to 12 weeks)  

Systolic blood 

pressure (short term  

4-12 weeks) 

Normotensive 

Prehypertensive 

High blood pressure 

 

MD -7.35 

(-8.95 to -5.75) 

The mean SBP (mm Hg)  

range was from -0.4 to 4.02 

 

Mean SBP (mm Hg) was 

7.35 lower (8.95 lower to 5.75 lower 

 

326 (12)a 

⊕⊝⊝⊝ 

Very Low1,2  

Systolic blood 

pressure (short term  

8-12 weeks)  

Prehypertensive 
WMD -5.77  

(-10.16 to -1.41) 
Not estimable 

Mean SBP (mm Hg) was 

5.77 lower (10.16 lower to 1.41 lower) 
109 (5)b 

High blood pressure 
WMD -5.65  

(-9.87 to -1.47) 
Not estimable 

Mean SBP (mm Hg) was 

 5.65 lower (9.87 lower to 1.47 lower) 
109 (5)b 

Systolic blood 

pressure (short term  

4-10 weeks) 

Normotensive  

High blood pressure 

MD -9.14 

(-10.76 to -7.51) 

The mean SBP (mm Hg) 

  range was from -8 to 1 

Mean SBP (mm Hg) was 

9.14 lower (10.76 lower to 7.51 lower) 
66 (2)c 

 Diastolic blood pressure – short term follow-up (4 to 12 weeks)  

Diastolic blood 

pressure (short term  

4-12 weeks) 

Normotensive 

Prehypertensive 

High blood pressure 

MD -3.29  

(-5.12 to -1.46) 

The mean DBP (mm Hg)   

range was from -0.1 to 4.25 

Mean DBP (mm Hg) was 

3.29 lower (5.12 lower to 1.46 lower)  
326 (12)a 

⊕⊝⊝⊝ 

Very Low1,3 

 

Diastolic blood 

pressure (short term  

8-10 weeks)  

Prehypertensive 
WMD -4.01  

(-6.93 to -1.07) 
Not estimable 

Mean DBP (mm Hg) was 

4.01 lower (6.93lower to 1.07 lower) 

 

109 (5)b 

High blood pressure 
WMD -4.00  

(-7.00 to -0.99) 
Not estimable 

Mean DBP (mm Hg) was 

4.00 lower (7.00 lower to 0.99 lower) 
3 (61)b 

Diastolic blood 

pressure (short term  

4-10 weeks) 

Normotensive  

High blood pressure 

MD -3.01  

( -3.57 to -2.45) 

The mean DBP (mm Hg)  

 range was from -3 to 0 

Mean DBP (mm Hg) was 

3.01 lower (3.57 lower to 2.45 lower) 
66 (2)c 

 Mean blood pressure – short term follow-up (4 to 12 weeks)  

 

Mean blood pressure 

(short term 4-12 

weeks) 

Normotensive 

Prehypertensive 

High blood pressure 

MD -4.6 

(-6.18 to -3.09) 

The mean MBP (mm Hg)  

range was from -0.12 to 3.33 

Mean MBP (mm Hg) was  

4.6 lower (6.18 lower to 3.09 lower) 
326 (12)a 

⊕⊝⊝⊝ 

Very Low 3,4 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). CI: Confidence interval; 

DBP: diastolic blood pressure; MBP: mean blood pressure; MD: mean difference; RCT: randomized controlled trial; SBP: systolic blood pressure; WMD: Weighted mean difference.  

 
aSmart et al., 2019; bFu et al., 2020; cHerrod et al., 2018. 
  
1 Downgraded by two levels due to selection bias (random sequence generations and allocation concealment), detection bias (unblinded outcome assessor), and publication bias (Funnel plot asymmetry). 
2 Downgraded by one level due to small sample size (imprecision). 
3 Downgraded by one level due to inconsistency (there was statistically significant heterogeneity). 
4 Downgraded by two levels due to selection bias (allocation concealment), detection bias (unblinded outcome assessor), and publication bias (Funnel plot asymmetry). 

 



Comparison 8: Dynamic Resistance training versus control 629 

One review studied the effects of DRT compared with control on SBP and DBP in adults 630 

who either are normotensive or have high blood pressure at short to long-term follow-up. 631 

Participants’ age ranged from 51 to 70 years (38). 632 

 Systolic and diastolic blood pressures: short to long term follow-up 633 

Based on data from Herrod et al., 2018 (38), it is uncertain whether DRT reduces SBP 634 

compared to control in adults who either are normotensive or have high blood pressure at 635 

short to long-term follow-up (12 RCTs; N=514; MD -5.46 mm Hg, 95% CI -8.61 to -2.31; 636 

very low quality evidence). Low quality evidence indicates that DRT may reduce DBP 637 

compared to control in adults who either are normotensive or have high blood pressure at 12 638 

to 48 weeks follow-up (12 RCTs; N=514; MD -2.02 mm Hg, 95% CI -3.31 to -0.73) (38). 639 

See Table 6. 640 



Table 6. Summary of findings for the comparison: Dynamic resistance training versus control for systolic and diastolic blood pressure. 641 

642 Dynamic resistance training versus control 

Intervention: dynamic resistance training 

Comparison: control 

Setting: mixed (clinic and home) 

Outcomes Population Relative effect  

(95% CI) 

Anticipated absolute effect* 

(95% CI) 

Nº of 

participants 

(studies) 

Certainty 

of the evidence 

(GRADE) Assumed risk with 

control 

Assumed risk with intervention 

 
Systolic blood pressure – short to long term follow-up (12 

to 48 weeks) 
 

Systolic blood pressure 

(short to long term 12-48 

weeks) 

Normotensive 

High blood pressure 

MD -5.46  

(-8.61 to -2.31) 
Not estimable 

Mean SBP (mm Hg) was 

5.46 lower (8.61 lower to 2.31 

lower) 

514 (12)a 
⊕⊝⊝⊝ 

Very Low 1,2 

 
Diastolic blood pressure – short to long term follow-up 

(12 to 48 weeks) 
 

Diastolic blood pressure 

(short to long term 12 to 48 

weeks) 

Normotensive 

High blood pressure 

MD -2.02  

(-3.31 to -0.73) 
Not estimable 

Mean DBP (mm Hg) was 

2.02 lower (3.31 lower to 0.73 

lower) 

514 (12)a 
⊕⊕⊝⊝ 

Low1 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% 

CI). CI: Confidence interval; DBP: diastolic blood pressure; MD: mean difference; RCT: randomized controlled trial; SBP: systolic blood pressure. 

 
aHerrod et al., 2018 
   
1 Downgraded by two levels due to selection bias (random sequence generations and allocation concealment), detection bias (unblinded outcome assessor), incomplete outcome data 

(attrition bias), and selective reporting (reporting bias)  
2 Downgraded by one level due to inconsistency (there was statistically significant heterogeneity). 

 



Secondary outcome: 643 

Adverse events 644 

Eight reviews mentioned adverse events related to the different exercise training modalities 645 

(34,35,37,41,43,45,47); however, only four out of the eight reviews reported specific data on 646 

adverse events (34,35,41,43), as follows: 647 

• Lee et al., 2021 show that from 73 included trials, only 21 evaluated adverse events. 648 

Of this twenty-one, five reported eight adverse events such as four knee pain, one 649 

stress fracture, knee injury, bruised foot, and tripped. 650 

• Anderson et al., 2017 (34): Two RCTs (20%) reported evidence of no difference in 651 

revascularization or recurrent myocardial infarction events between home and centre-652 

based cardiac rehabilitation.  653 

• Ferrari et al., 2019 (35): Four episodes of either hypotension or muscle pain occurred 654 

in one RCT (8%). 655 

• Qiu et al., 2014 (43): One RCT (8%) reported some cases of mild hypoglycemia. 656 

DISCUSSION 657 

Summary of main results 658 

The body of evidence on the benefits and harms of exercise training for blood pressure 659 

outcomes in adults consists of 17 high-quality systematic reviews, which studied different 660 

modalities of exercise training (i.e., AET, DRT, IRT, CT, and ET) in heterogeneous 661 

populations (e.g., adults with high blood pressure, type II diabetes mellitus, or renal disease). 662 

Overall, the included reviews provided data for 17 comparisons; 8 of those are prioritized 663 

due to their relevance in clinical practice guidelines and decision-making.  The main findings 664 

indicate that when compared to control: 665 



• Any aerobic training probably results in a large reduction in SBP and DBP in adults 666 

with either type II diabetes, metabolic syndrome, end-stage renal disease, or kidney 667 

transplantation at short to long-term follow-up (moderate-certainty evidence), 668 

• Walking aerobic training probably results in a large reduction in either SBP or DBP 669 

in adults who either are normotensive, prehypertensive, or have high blood pressure 670 

at short to long-term follow-up (moderate-certainty evidence), 671 

• Walking aerobic training probably results in a large reduction in SBP in normotensive 672 

adults at short to long-term follow-up (moderate-certainty evidence), 673 

• Walking aerobic training probably results in a large reduction in DBP in adults with 674 

high blood pressure at short to long-term follow-up (moderate-certainty evidence), 675 

• Combined training probably results in a large reduction in DBP in adults who either 676 

are normotensive, or have high blood pressure, kidney failure, metabolic syndrome, 677 

or end-stage renal disease at short to long-term follow-up (moderate-certainty 678 

evidence), 679 

• DRT and IRT may result in little to no difference in either SBP or DBP in adults who 680 

either are normotensive, prehypertensive, or high blood pressure levels at different 681 

follow-up periods (very low to low-certainty evidence). 682 

The remaining comparisons covered different control groups, such as Tai Chi, yoga, or 683 

dietary interventions. Like for the main comparisons, our certainty in this evidence varied 684 

between low to very low. Eight SRs provided inconclusive evidence about the safety of the 685 

exercise interventions 686 

Overall completeness and applicability of evidence 687 

The knowledge base of this overview applies mostly to participants aged 50 to 80 years, with 688 



diagnoses like type II diabetes, high blood pressure, renal disease, obesity, coronary disease, 689 

acute myocardial infarction, and cardiovascular risk factors (i.e., overweight and/or obesity), 690 

as well as either prehypertensive or healthy adults. The included reviews provided incomplete 691 

sociodemographic data as well as limited information about key aspects of the exercise 692 

training program's implementation, such as rules for starting level and program progression. 693 

This last aspect might constrain the applicability of this evidence to clinical practice. 694 

To the best of our knowledge, the current overview represents the most comprehensive and 695 

detailed synthesis of secondary research in this field. Our in-depth analysis of the certainty 696 

of the evidence, sorted by relevant subgroups and follow-up periods, facilitates a well-697 

detailed understanding on the characteristics of the evidence pertaining each comparison 698 

together with the description of the caveats in the evidence.  699 

Certainty of the evidence 700 

Overall, there is a low to very low quality of evidence in this overview, owing mostly to 701 

limitations in the risk of bias assessment (e.g., insufficient description of methods for random 702 

sequence generation), inconsistency (e.g., statistically significant heterogeneity), and 703 

imprecision (e.g., wide confidence intervals and/or small sample size). Despite being 704 

assessed as high-quality, the included SRs had some limitations in terms of protocol 705 

publication, grey literature searching, publication bias assessment, and conflict of interest 706 

disclosure. The RCTs included in the SRs had between low and high risk of bias, mostly due 707 

to insufficient description of methods for random sequence generation and allocation 708 

concealment, blinding of outcome assessor, incomplete outcome data, and selective reporting 709 

Potential biases in the overview process 710 

This overview of systematic reviews was conducted and reported according to the highest 711 



methodological standards (13–15). The comprehensive systematic search, as well as the 712 

independent and duplicate conduct of the study selection and data extraction processes, 713 

constitute methodological strengths. Moreover, the research team comprised exercise science 714 

professionals as well as physiotherapists, and experts in evidence synthesis in the area of 715 

exercise in non-communicable diseases. Our well-detailed assessment of the certainty of the 716 

evidence facilitates further use of this overview for evidence-informed decision-making 717 

purposes. Of note, the limited number of RCTs available for some comparisons as well as 718 

the presence of important methodological weaknesses reduces our confidence in these 719 

findings. The findings for these comparisons should therefore be interpreted with caution, 720 

acknowledging the limitations presented in the summary of findings tables.  721 

Agreements and disagreements with other reviews 722 

Numerous systematic reviews on the effects of exercise for blood pressure outcomes have 723 

been published in recent years (51–55), whereas tertiary evidence, an overview of reviews, 724 

has been less common in the scientific literature. We identified two tertiary syntheses that 725 

partially covered our research question (7,56). Our findings align with those reported by El-726 

Kotob et al., 2020 (56), who based on data from one review, found low to very low evidence 727 

in favor of DRT compared to control for changes in SBP and DBP in adults with different 728 

comorbidities (e.g., cardiovascular disease, type II diabetes mellitus, and mental health) at 729 

various follow-up periods. Besides, the authors of this review deemed exercise as a safe 730 

intervention. In 2018, Pescatello et al. reported strong evidence favoring different modalities 731 

of PA (i.e., aerobic, dynamic resistance, combined) to reduce blood pressure values in 732 

normotensive, prehypertensive, and high blood pressure adults (7). Notwithstanding, direct 733 

comparisons regarding the results of these previous overviews (7,56) 734 



are not appropriate as our overview included a much larger sample of systematic review and 735 

covered a more-detailed assessment of the certainty of the evidence.  736 

Implications for practice 737 

This overview provides the most up-to-date evidence synthesis on the effects of exercise 738 

training for blood pressure outcomes in adults with or without comorbidities and 739 

cardiovascular risk factors. Our findings might be used by public health authorities in the 740 

development of community-wide programs, such as community-based exercise programs 741 

(16,50), where political will and stakeholder involvement are essential facilitators. The 742 

included reviews provided incomplete information on how the exercise training interventions 743 

were implemented, which constrains the transferability of our findings into practice. Besides, 744 

we believe that academia should ensure all professionals in charge of exercise prescription 745 

be taught on the designing, planning, and prioritizing of exercise training interventions. The 746 

detailed subgroup analyses in this overview might inform the tailoring of exercise 747 

prescription according to the needs of relevant subgroups (e.g., type II diabetes or end-stage 748 

renal disease). 749 

Implications for further research 750 

Findings from this overview highlight the need for further well-conducted RCTs in this 751 

research field, whose authors should adhere to international reporting guidance when 752 

formulating and publishing these studies, such as the Consensus on Exercise Reporting 753 

Template (CERT) tool (57), the SPIRIT checklist (58) and the CONSORT checklist (59). 754 

The result from the quality appraisal of the included reviews uncovered important caveats 755 

(e.g., no protocol registration and incomplete reporting of the search procedures), these can 756 

be tackled by adhering to the PRISMA 2020 statement (13,14). Further reviews should also 757 



present the assessment of the certainty of the included evidence to facilitate its use in a 758 

decision-making context (60). Another limitation to be addressed by further reviews is the 759 

description of the outcome prioritization process and consumer involvement, as none of the 760 

included reviews provided such information. Cochrane has published comprehensive 761 

guidance in this regard (15).   762 

CONCLUSIONS 763 

We found very low to moderate evidence supporting the benefits of exercise training 764 

compared with no interventions or placebo for blood pressure outcomes in adults with 765 

different comorbidities or risk factors. Scarce safety data were identified. Our certainty in the 766 

evidence was constrained due to methodological limitations, inconsistency, and imprecision. 767 

Before drawing more solid conclusions, further well-conducted and well-reported 768 

randomized controlled trials are warranted in order to strengthen the evidence base 769 

underlying this research question. 770 
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