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Effect of Isometric Resistance Training 
on Blood Pressure Values in a Group of 
Normotensive Participants: A Systematic 
Review and Meta-analysis
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Context: Cardiovascular diseases cause 17 million deaths annually worldwide, of which hypertension is responsible for 9.4 
million and a 7% burden of disease. High blood pressure is responsible for 45% of deaths from heart disease and 51% of 
deaths from stroke.

Objective: The aim of this systematic review and meta-analysis was to quantify the effect of isometric resistance training 
on systolic, diastolic, and mean arterial blood pressure (SBP, DBP, and MAP, respectively) values in normotensive adult 
participants.

Data Sources: This study was registered with the PROSPERO database. Eligible studies were identified after performing 
a systematic search within the following databases: PubMed, Scielo, BioMed Central, Clinical Trials, EMBASE, Cochrane 
Central Register of Controlled Trials, and EBSCO.

Study Selection: Randomized controlled trials that categorized participants as normotensive according to the guidelines of 
the American Heart Association and the American College of Cardiology were included.

Study Design: Systematic review with meta-analysis.

Level of Evidence: Level 1.

Data Extraction: Data related to participant characteristics, exercise programs, level of evidence, risk of bias, Consensus 
on Exercise Reporting Template, and outcomes of interest were systematically reviewed independently by 2 authors.

Results: A total of 6 randomized controlled trials were included. The following reductions in blood pressure (compared 
with the control group) were generated by isometric resistance training: SBP (mean difference [MD], −2.83 mm Hg; 95% CI, 
−3.95 to −1.72; P < 0.00001), DBP (MD, −2.73; 95% CI, −4.23 to −1.24; P = 0.0003), and MAP (MD, −3.07; 95% CI, −5.24 to 
−0.90; P = 0.005).

Conclusion: It appears that isometric resistance training reduces SBP, DBP, and MAP in normotensive young adults in 
a statistically significant and clinically relevant manner. This type of exercise could be considered effective in preventing 
arterial hypertension.
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Currently, cardiovascular diseases cause 17 million deaths 
annually worldwide, of which hypertension is responsible 
for 9.4 million and a 7% burden of disease. High blood 

pressure (BP) is responsible for 45% of deaths from heart disease 
and 51% of deaths from stroke.27 There was also an upward trend 
in cases of hypertension. Thus, in 1980, approximately 600 million 
adults older than 25 years had high BP, and by 2008, this number 
had grown to 1 billion adults.26 In general, the prevalence of 
hypertension is higher in low- and middle-income countries 
compared with high-income countries, and the number of 
undiagnosed, uncontrolled, and untreated patients with 
hypertension is higher in low-income countries due to weaknesses 
in their health care systems.26 Nonetheless, there are several highly 
evidence-based strategies and recommendations proposed for 
mitigating the impact of hypertension from important organizations 
around the world, including the American College of Cardiology, 
American Heart Association, European Society of Cardiology, and 
the European Society of Hypertension.22,25

Increasing weekly physical activity, reducing weight, and 
reducing smoking and alcohol consumption together with a 
healthy diet are strategies that generate significant clinically 
important reductions in BP (~2 to ~10 mm Hg).22,25,27 
Particularly, a decrease of 2 to 3 mm Hg in systolic or diastolic 
BP (SBP or DBP, respectively) generates important reductions 
on the mortality risk caused by cardiovascular disease and all 
other causes. There is, nevertheless, an association between 
physical activity and hypertension, as that found in a cohort 
study from 2018, which showed a 28% chance of developing 
hypertension if the individual was physically inactive.21 
Likewise, the likelihood of a sedentary person suffering high BP 
nearly doubles.21 However, the body of evidence on the effects 
of isometric resistance training (IRT) in normotensive, 
prehypertensive, and hypertensive individuals is 
growing.2,4,9,10,13,20 Thus, a systematic review and meta-analysis 
that included randomized controlled trials in which IRT was 
performed in normal and hypertensive adults concluded that 
this form of training has the potential to significantly reduce BP 
and suggested it as a complementary treatment method.9 In 
general, this meta-analysis reported a significant reduction in 
SBP, DBP, and mean arterial BP (MAP) (–5.20, –3.91, and –3.33 
mm Hg, respectively).9 Another systematic review that 
quantified the effects of IRT on SBP, DBP, and MAP in normal 
and hypertensive adults concluded that the magnitude of the 
effect on their results was greater than that previously reported 
in aerobic or dynamic resistance training.2

In general, there is a large body of scientific evidence related 
to the effect of IRT on BP levels. Mainly, the current state of 
science is limited to systematic reviews of randomized 
controlled trials in pre- and hypertensive patients.2,4,9,10,13,20 
Nevertheless, there is still uncertainty about the reductions 
generated by IRT on SBP, DBP, and MAP due to the 
heterogeneity of the results reported by these studies.2,4,9,10,13,20

Particularly, in the preliminary searches, we did not find 
systematic reviews and meta-analyses that reported, in their 
main analysis, on the effects of IRT on BP values of 

normotensive participants with current recommendations from 
the American Heart Association and the American College of 
Cardiology.22 Therefore, the aim of this systematic review and 
meta-analysis was to quantify the effect of IRT on SBP, DBP, and 
MAP values in normotensive adult participants.

Methods

This systematic review and meta-analysis was performed subject 
to the criteria and recommendations of the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) 
statement.12 This study was registered with the PROSPERO 
database on November 13, 2018.

Study Selection

The studies included in this systematic review met the following 
criteria: (1) randomized controlled trials (RCTs), (2) adult 
participants (age >18 years), (3) normotensive participants (SBP 
<120 mm Hg and DBP <80 mm Hg), and (4) main outcome BP. 
Studies among pregnant women and studies currently in 
development were excluded from this review.

Search Strategy

Potentially eligible studies were identified after performing a 
systematic search on the following databases: PubMed, Scielo, 
BioMed Central, Clinical Trials, EMBASE, Cochrane Central 
Register of Controlled Trials, EBSCO, the gray literature, and 
journals related to the area. No restrictions on language or 
publication timeline were applied. The search strategy used 
keywords, Medical Subject Headings (MeSH), and Boolean 
connectors, including: isometric exercise OR isometric strength 
training OR isometric resistance training OR handgrip AND 
blood pressure OR arterial blood pressure OR arterial tension 
AND adults normotensive OR normotensives AND randomized 
clinical trials OR randomized controlled trials OR clinical study 
OR clinical trials. Furthermore, references of studies were 
reviewed to further identify randomized controlled trials that met 
the inclusion criteria.

Data Extraction and Risk of Bias Assessment

Data related to participant characteristics, exercise programs, 
and outcomes of interest were systematically reviewed 
independently (Table 1). This information went into a database 
created by each author in Microsoft Excel 2016. Two authors 
separately assessed the risk of bias of the studies using the 
Cochrane Collaboration tool for risk of bias (Version 5.1.0).7 We 
rated each criterion as low, high, or unclear risk of bias.

Reporting of Exercise Interventions in the 
Isometric Resistance Training Programs

We used the Consensus on Exercise Reporting Template (CERT) 
tool to evaluate the completeness of the reports of interventions 
with exercise.18,19 “CERT has the potential to increase clinical 
uptake of effective exercise programs, enable research replication, 
reduce research waste, and improve patient outcomes.”18
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Studies Included in the Review

In total, 3923 references were obtained from the search, of 
which 309 came from scientific databases such as PubMed, 
Scielo, BioMed Central, Clinical Trials, EMBASE, Cochrane 
Central Register of Controlled Trials, and EBSCO. A total of 3614 
studies were identified in journals and the gray literature. After 
eliminating duplicates and screening by title and abstract, a total 
of 13 articles remained for full-text reading (Figure 1).

Data Synthesis

The main outcome variables for this study were SBP, DBP,  
and MAP.

Statistical Analysis

For continuous outcomes, we recorded group size, mean values, 
and standard deviations for each group compared in the 
included studies. Pooled effects were calculated using an 
inverse-variance model, and the data were pooled to generate a 

mean difference (MD) in millimeters of mercury (mm Hg) with 
corresponding 95% confidence intervals (CIs). All studies for 
each outcome reported data in the same units, so we were able 
to pool all studies regardless of whether they reported change 
data or final data. Significance was set at P < 0.05. Statistical 
heterogeneity was evaluated using the I2 statistic and classified 
according to the Cochrane Handbook7: negligible heterogeneity, 
0% to 40%; moderate heterogeneity, 30% to 60%; substantial 
heterogeneity, 50% to 90%; and considerable heterogeneity, 75% 
to 100%. A fixed-effects model was used if heterogeneity was 
low (I2 < 50%); otherwise, a random-effects model was used. All 
analyses were performed by a single reviewer using Review 
Manager Version 5.316 and checked against the data extracted by 
1 author.

Results

Six studies were included in the qualitative and quantitative 
analysis, with a total of 8 intervention groups and 139 

Table 1.  Characteristics of included studies

Study and Country Participants Duration, wk Frequency Exercise Training Characteristics

Badrov et al, 2013,1 
Canada

CG: F 9
EG IHG Fx 3: F 12
EG IHG Fx 5: F 11

8 EG IHG Fx 3: 3d
EG IHG Fx 5: 5d

4 × 2-minute nondominant handgrip 
contractions at 30% MVC; 4-minute 
recovery between sets

Devereux et al, 2011,5 
United Kingdom

CG: M 13
EG: M 13

4 3 d/wk 4 × 2-minute bilateral leg extension 
isometric contractions at 95% HR 
peak; 3-minute recovery between 
sets

Gill et al, 2015,6  USA CG: M 4 and F 14
EG 23% MVC: M 4 

and F 4
EG 34% MCV: M 2 

and F 7

3 3 d/wk EG 23% MVC: 4 × 2-minute bilateral 
leg extension isometric contractions 
at 23% MVC; 3-minute recovery 
between sets

EG 34% MVC: 4 × 2-minute bilateral 
leg extension isometric contractions 
at 34% MVC; 3-minute recovery 
between sets

Howden et al, 2002,8  
United Kingdom

CG: M 5 and F 3
EG Handgrip: M 6 

and F 2

5 3 d/wk 4 × 2-minute bilateral arm flexion 
isometric contractions at 30% MVC; 
3-minute recovery between sets

Ray and Carrasco, 
2000,17 USA

CG: 8 mixed
EG: 9 mixed

5 4 d/wk 4 × 3-minute dominant handgrip 
contractions at 30% MVC; 5-minute 
recovery between sets

Wiles et al, 2010,24 
United Kingdom

CG: M 11
EG Low INT: M 11

8 3 d/wk 4 × 2-minute bilateral leg extension 
isometric contractions at 10% MVC; 
2-minute recovery between sets

CG, control group; EG, experimental group; F, female; Fx, training frequency; HR peak, heart rate peak; IHG, isometric handgrip; IRT, isometric resistance 
training; low INT, low intensity; M, male; mixed, both sexes; MVC, maximal voluntary contraction.
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normotensive adult participants (intervention group, n = 81; 
control group, n = 58).1,5,6,8,17,24 Particularly, 2 intervention groups 
were excluded due to reported ranges for prehypertension mean 
SBP at baseline (high-intensity intervention group: mean ± SD 
SBP, 121.5 ± 4.6 mm Hg24; knee extension intervention group: 
mean ± SD SBP, 121 ± 9.6 mm Hg8). On the other hand, 5 
studies used a parallel design1,6,8,17,24 while the remainder used a 
crossover design.5 Three of the 6 studies included participants of 
both sexes,6,8,17 2 included only men,5,24 and 1 article reported 
the inclusion of only women.1 In general, studies reported how 
they measured BP. Five studies reported that they measured BP 
using automated brachial oscillometry.1,5,8,17,24 One study 
measured BP using an automated sphygmomanometer6  
(Table 1).

Risk of Bias Assessment

The studies included in this systematic review had a high risk of 
bias with reference to random sequence generation, allocation 

concealment, and blinding of outcome assessment. Only 2 
studies reported performing random sequence generation.1,24 
The 6 RCTs included did not perform blinding of participants 
and study personnel, neither did they report blinding of 
outcome assessors.1,5,6,8,17,24 Three studies did not describe 
allocation concealment,1,5,17 and the remaining 3 were 
determined to have an unclear risk of bias6,8,24 (Figure 2).

Reporting of Exercise Interventions 
in the IRT Programs

According to the CERT tool, the RCTs included in this study 
scored an average of 9 on a scale of 0 to 16, which evaluates 
the completeness of reporting of interventions with exercise. 
Specifically, studies described the instrument used to perform 
the IRT (manual dynamometry and isokinetic dynamometer) 
and clearly detailed the frequency, intensity, time, and type 
(FITT) of intervention.1,5,6,8,17,24 In general, only 2 studies 
described exercise supervision and qualifications of the person 
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Figure 1.  PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.
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supervising the intervention.1,6 Two articles reported adverse 
events.1,8 Four of the 6 RCTs described performing IRT 
progression.5,8 Only 2 studies reported measuring exercise 
adherence.1,24 Finally, 2 studies reported that the intervention 
was carried out as planned.1,24

Quantitative Analysis

The effects of IRT on SBP, DBP, and MAP are shown in Figures 
3, 4, and 5, respectively. Significant and substantial heterogeneity 
existed in MAP results (P = 0.001; I2 = 73%). For SBP there was 
negligible, non–statistically significant heterogeneity (P = 0.21; 
I2 = 27%), In particular, consistent results were reported for DBP 
(P = 0.53; I2 = 0%). IRT statistically and significantly decreased 
SBP (MD, –2.83 mm Hg; 95% CI, –3.95 to –1.72; P < 0.00001), 
DBP (MD, –2.73 mm Hg; 95% CI, –4.23 to –1.24; P = 0.0003), and 
MAP (MD, –3.07 mm Hg; 95% CI, –5.24 to –0.90; P = 0.005) 
compared with the control group.

Discussion

The aim of this systematic review and meta-analysis was to 
quantify the effect of isometric resistance training on the values of 
SBP, DBP, and MAP in normotensive adult participants. The main 
results of this research report that IRT generated clinically relevant 
and statistically significant reductions on SBP (–2.83 mm Hg; P < 
0.00001), DBP (–2.73 mm Hg; P = 0.0003), and MAP (–3.07 mm 
Hg; P = 0.005) in normotensive adult participants. However, 
substantial heterogeneity was reported for MAP, and we suggest 
being cautious with the interpretation of this result.

In general, cohort studies and clinical guidelines report that a 
reduction of 2 mm Hg in SBP reduces the risk of death by 
stroke by 6%, by coronary heart disease by 4%, and by all 
causes by 3%.23 Likewise, a reduction of 2 mm Hg DBP reduces 
the prevalence of hypertension by 17% and, furthermore, 
reduces the incidence of stroke-related events by 15% and the 
incidence of coronary heart disease by 6%.3

To our knowledge, this is the first systematic review with a 
subsequent meta-analysis that investigates the effects of IRT 

on BP values in normotensive participants according to 
current recommendations from the American Heart 
Association and the American College of Cardiology.22 
Previously, systematic reviews reported results from subgroup 
analyses that described significant reductions in SBP, DBP, and 
MAP in participants classified as normotensive by the 
guidelines at that time.2,9,10,13,20 Nevertheless, our results show 
lower magnitudes of BP reductions than those previously  
reported.2,4,9,10,13,20 This could be specifically due to the strong 
association reported that IRT generates reductions of greater 
magnitude in medicated hypertensive patients.14

On the other hand, the articles included in this research had a 
wide patient age range (18-35 years) and included participants 
of both sexes. In accordance with our results, the body of 
current scientific evidence reports that IRT reduces BP values in 
normotensive and hypertensive patients younger than 45 
years.9,13 With regard to sex, prior research showed that IRT 
lowers BP by a similar magnitude in normotensive and 
hypertensive men and women.2,4,9,10,13,20

In particular, the included RCTs describe different types of 
accessories for performing IRT in the upper and lower kinetic 
chain. These results suggest that performing IRT with handgrips 
or isokinetic dynamometry appears to generate statistically 
significant reductions in SBP, DBP, and MAP. A sample of the 
above is the inclusion in other meta-analysis of studies using 
handgrips, isokinetic dynamometers, and body weight exercises, 
which reported significant decreases in BP.2,4,9,10,13,20 
Additionally, the articles included in this systematic review used 
similar IRT doses or protocols (FITT): 4 sets of 2 minutes at 10% 
to 34% of maximal voluntary contraction (MVC) or their 
equivalents in electromyography or peak heart rate, with a 
recovery time between sets of 2 to 5 minutes, performed 3 to 4 
times a week over 3 to 8 weeks. By comparing the scientific 
evidence that investigates the effects of IRT on BP, the dose 
described above is the most commonly used by primary and 
secondary research.2,4,9,10,11,13,15,20 Furthermore, a wide range of 
intensities (5%-50% MVC) can be used during IRT to generate 
clinically relevant and statistically significant reductions of SBP, 

Figure 2.  Risk of bias presented as a percentage across all included studies.
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DBP, and MAP in normotensive adult participants. Finally, we 
currently know an efficient and safe IRT dose for lowering BP 
in normotensive young adult patients.2,9,10,13,20

One of the strengths of this systematic review and meta-analysis 
is the absence of statistical heterogeneity in the DBP result (I2 = 
0%; negligible heterogeneity). By contrast, a systematic review in 

2014 showed substantial heterogeneity as well as statistical 
significance regarding the DBP reductions generated by IRT in 
normotensive participants (I2 = 74%; P = 0.0003).2 Likewise, 
another meta-analysis reported substantial heterogeneity in 
findings of DBP in normotensive participants, although it did not 
achieve statistical significance (I2 = 64%; P = 0.06).10

Figure 3.  Effect of isometric resistance training (IRT) on systolic blood pressure (mm Hg).

Figure 4.  Effect of isometric resistance training (IRT) on diastolic blood pressure (mm Hg).

Figure 5.  Effect of isometric resistance training (IRT) on mean arterial pressure (mm Hg).
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Limitations

There were several potential limitations to this meta-analysis, 
which should be kept in mind: (1) the RCTs that were part of 
this study have methodological problems and high risk of bias; 
(2) nonreporting or allocation concealment issues; (3) participant 
knowledge of interventions as well as unblinded outcome 
assessment; (4) our meta-analyses included studies with a low 
number of participants; (5) the overall number of studies that 
met the inclusion criteria is small; and (6) BP is a parameter with 
multifactorial affectation, in consequence, other factors such as 
nutrition and the consumption of stimulants like caffeine may 
affect it and have not been included in the analysis. Because this 
has not been accounted for in the selected studies, this could 
mean a potential limitation when interpreting our results. We 
therefore recommend caution regarding the interpretation of the 
results presented in this study.

Conclusion

It appears that IRT reduces SBP, DBP, and MAP in normotensive 
young adults in a statistically significant and clinically relevant 
manner. We therefore suggest that this type of exercise 
(specifically isometric leg extension and handgrip exercises) be 
considered effective therapy for preventing arterial 
hypertension. The efficiency of this intervention is limited to 
brief time periods. Because of this, long-term effects (minimum 
1 year) should be investigated.
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