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Resistance training alone reduces systolic and diastolic
blood pressure in prehypertensive and hypertensive
individuals: meta-analysis

Evitom Corrêa de Sousa1,2, Odilon Abrahin1,3, Ana Lorena Lima Ferreira1, Rejane Pequeno Rodrigues1,3,
Erik Artur Cortinhas Alves1 and Rodolfo Paula Vieira4

The purpose of this study was to evaluate the effects of resistance training alone on the systolic and diastolic blood pressure in

prehypertensive and hypertensive individuals. Our meta-analysis, followed the guidelines of PRISMA. The search for articles was

realized by November 2016 using the following electronic databases: BIREME, PubMed, Cochrane Library, LILACS and SciELO

and a search strategy that included the combination of titles of medical affairs and terms of free text to the key concepts:

‘hypertension’ ‘hypertensive’, ‘prehypertensive’, ‘resistance training’, ‘strength training’, and ‘weight-lifting’. These terms were

combined with a search strategy to identify randomized controlled trials (RCTs) and identified a total of 1608 articles: 644

articles BIREME, 53 SciELO, 722 PubMed, 122 Cochrane Library and 67 LILACS. Of these, five RCTs met the inclusion criteria

and provided data on 201 individuals. The results showed significant reductions for systolic blood pressure (−8.2 mm Hg

CI −10.9 to −5.5; I2: 22.5% P valor for heterogeneity=0.271 and effect size=−0.97) and diastolic blood pressure

(−4.1 mm Hg CI −6.3 to −1.9; I2: 46.5% P valor for heterogeneity=0.113 and effect size=−0.60) when compared to group

control. In conclusion, resistance training alone reduces systolic and diastolic blood pressure in prehypertensive and hypertensive

subjects. The RCTs studies that investigated the effects of resistance training alone in prehypertensive and hypertensive patients

support the recommendation of resistance training as a tool for management of systemic hypertension.
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INTRODUCTION

Systemic arterial hypertension (SAH) is a chronic disease with low rate
control and high prevalence in several populations, especially among
sedentary people. SAH is considered as a main risk factor for
development of several cardiovascular diseases (that is, encephalic
vascular injury and acute heart infarct). In the last decade, millions of
deaths associated with SAH were registered; the majority occurring in
developing countries.1

Diagnosis, treatment and control of SAH are essential for the
reduction of cardiovascular events. Although pharmacological treat-
ment is effective, the costs are still high. The international guidelines
for the primary and secondary prevention of SAH advise patients to
adopt a more active lifestyle, especially regular physical exercise.1

Among the non-pharmacological approaches for the prevention and
treatment of SAH, physical exercise is possibly the most promising.2,3

Traditionally, aerobic physical exercise has been the most
recommended.4 On the other hand, resistance training (RT) may also
reduce resting blood pressure, possibly by reducing peripheral

resistance and improving endothelial function.5 However, isolated
RT, remains excluded from the list of non-pharmacological recom-
mendations to control blood pressure by several cardiology societies.
Existing meta-analyzes have not evaluated the effects of chronic RT in
either prehypertensive or hypertensive individuals without the addi-
tion of other concomitant methods.2,3,6 Therefore, the aim of this
meta-analysis was to evaluate the effects of RT alone on the systolic
(SBP) and diastolic blood pressure (DBP) in prehypertensive and
hypertensive individuals.

METHODS
This systematic review and meta-analysis is reported in accordance with the

recommendations and criteria outlined in the preferred reporting items for

systematic reviews and meta-analysis (PRISMA) statement.7

Experimental approach to the problem
A search for articles up to and including November 2016 was carried out using the

following electronic databases: PubMed (http://www.ncbi.nlm.nih.gov/pubmed),
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Cochrane Library (http://onlinelibrary.wiley.com/cochranelibrary/search), LILACS
(http://www.lilacs.bvsalud.org), BIREME (http://www.bireme.br) and SciELO
(http://www.scielo.org). The search strategy included a mix of medical subject
headings and free text terms for the key concepts: ‘hypertension’, ‘hypertensive’,
‘prehypertensive’, ‘resistance exercise’, ‘strength training’ and ‘weight-lifting’. These
terms were combined with a sensitive search strategy to identify randomized
controlled trials.
The titles and abstracts of retrieved articles were individually appraised by

two reviewers to assess whether they were eligible for the present study.
Reviewers were not blinded to authors, institutions or manuscript journals.
After reviewing the studies and applying the inclusion criteria independently,
the reviewers held a consensus meeting to compare results and to decide which
articles should be included in the study. Disagreements were solved by
consensus or, if necessary, by a third reviewer.

Inclusion criteria

(1) Studies randomized controlled trials (RCTs).
(2) Studies that evaluated the chronic effects (⩾8 weeks) of RT in prehyper-

tensive and/or hypertensive subjects.
(3) Articles written in English.

Exclusion criteria

(1) Studies which combined RT with other types of exercise (for example,
aerobic).

(2) Studies were duplicate publications.
(3) Abstracts and reviews were excluded.

Data extraction
The two reviewers separately and independently evaluated full-text articles and
conducted data extraction. Pertinent information regarding the details of
population characteristics (number of subjects per group, age, sex and
duration of the intervention), dropout and compliance to treatment percentage,

study methods/design, RT (intensity, training volume, number of exercises,
rest, velocity and weekly frequency), and outcomes was collected using a
standardized, predefined form. When provided, details on the number of
patients excluded and their compliance with treatment were also recorded.
Shortly after extraction, the authors crosschecked the data to confirm their
accuracy. Any discrepancies were discussed in order to reach a consensus
decision.
The search strategy identified a total of 1608 articles: 644 articles from

BIREME, 53 SciELO, 67 LILACS, 122 Cochrane Library and 722 PubMed. Of
these, 1562 clearly did not fulfill the eligibility criteria and were excluded on the
basis of titles and abstracts. Duplicates were excluded and resulted in the
inclusion of 10 articles. Of these, five RCTs met the inclusion criteria and
provided data on 229 subjects.8–12 A flow diagram outlining search and
selection parameters is shown in Figure 1.

Statistical analysis
Absolute changes in blood pressure (diastolic and systolic blood pressure) were
extracted after interventions of the resistance intervention (training program)
and control group. Heterogeneity refers to the existence of variation between
studies for each main effect being evaluated. Statistical heterogeneity of the
treatment effect among studies was assessed using Cochran Q test, a threshold
P-value of 0.1 was considered statistically significant, and for the inconsistency
I2 test, values greater than 75% were considered indicative of high hetero-
geneity. This procedure quantifies the proportion of variability in the results
that is due to a function of heterogeneity, rather than by chance. With this
method, I2 ranges from 0 to 100%, where 0% reflects low heterogeneity and
100% indicates substantial heterogeneity.
The analyzes of pooled data were conducted with an aleatory model to

account for measurement variability among the included studies. For each
outcome, a forest plot was generated to illustrate the study-specific effect sizes
and their respective 95% confidence intervals (CIs). All analyzes were
conducted using Stata software, version 12.0 (Stata, Inc., College Station,
TX, USA).

RESULTS

Characteristics of the subjects and studies
All subjects included were sedentary. Among the included studies,
80% were elderly (older than 60 years). The mean duration of the
intervention (resistance training) was 12 weeks (Table 1).

Variables of resistance training
All studies used the progressive intensity and were performed three
times per week. The number of total sets per session ranged from 14
to 30, and repetitions in each individual set varied from 8 to 25
(Table 2).

Quantitative data synthesis
Figures 2 and 3 show the overall results for SBP and DBP. Statistically
significant (Po0.05) reductions were found for SBP (−8.2 mmHg CI
− 10.9 to − 5.5; I2: 22.5% P valor for heterogeneity= 0.271 and effect
size=− 0.97) and DBP (−4.1 mmHg CI − 6.3 to − 1.9; I2: 46.5%
P valor for heterogeneity= 0.113 and effect size=− 0.60) when
compared with the control groups after RT in prehypertensive and
hypertensive subjects.

DISCUSSION

The main finding of this study demonstrated that RT is an effective
physical training method in reducing the SBP and DBP in prehyper-
tensive and hypertensive subjects. Furthermore, our results found only
five studies that evaluated the effect of RT alone in prehypertensive
and hypertensive subjects, which can be considered a limitation of the
study. To the best of our knowledge, this was the first meta-analysis toFigure 1 Flow chart diagram of the study selection.
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evaluate the chronic effects only of RT in subjects clinically diagnosed
with prehypertension or hypertension.
A meta-analysis by Cornelissen et al.2 (only RCTs) reviewed the

effect of RT on blood pressure and other cardiovascular risk factors in
adults. The results suggested that both moderate-intensity dynamic RT
and low-intensity isometric RT may cause reductions in SBP and DBP.
In addition, dynamic RT significantly reduced other cardiovascular
risk factors such as body fat and plasma triglycerides.
Other meta-analysis3 (only RCTs) examined the effects of endur-

ance, dynamic resistance, combined endurance and RT, and isometric
RT on resting blood pressure in adults. The SBP was reduced after
endurance (−3.5 mmHg (CI − 4.6 to − 2.3)), dynamic resistance
(−1.8 mmHg (CI − 3.7 to − 0.011)), isometric resistance
(−10.9 mmHg (CI − 14.5 to − 7.4), and combined training
(−1.4 mmHg (CI − 4.2 to +1.5). Reductions in DBP were observed
after endurance (−2.5 mmHg (CI − 3.2 to − 1.7)), dynamic resistance
(−3.2 mmHg (CI − 4.5 to − 2.0)), isometric resistance (−6.2 mmHg
(CI − 10.3 to − 2.0)) and combined training (−2.2 mmHg (CI − 3.9 to
− 0.48)). However, the two meta-analyzes cited previously2,3 did not
include only subjects clinically diagnosed with hypertension. Further-
more, all studies included in our meta-analyzes examined only the
chronic effect of RT.
Traditionally, aerobic exercises are recommended for hypertensive

subjects as potential non-pharmacological treatments for SAH. In
2003, aerobic exercise prescription for hypertension treatment

included: 20–60 min, 3–5 days per week, at 40–70% of maximum
oxygen uptake (V̇O2max).

13 A guideline published in 2013, by
Canadian Journal of Cardiology prescribed the accumulation of
30–60 min of moderate-intensity dynamic exercise (for example,
walking, jogging and cycling) 4–7 days per week, in addition to the
routine activities of daily living for the prevention and treatment of
hypertension.1

In our meta-analysis, all RT protocols (studies that did not include
aerobic exercise) were performed three times per week and this
frequency was effective in promoting the reduction of SBP and DBP.
This frequency is associated with optimal adherence to training, while
increased frequency is associated with a higher dropout rate. This is
one advantage of RT compared to aerobic work, which is normally
performed with a higher frequency weekly (four to seven times
per week).
Current studies recommended the practice of RT for SAH patients,

especially for both prehypertensive patients1,3 and hypertensive sub-
jects in stage 1. The Canadian Hypertension Education Program
highlighted that resistance exercise does not adversely influence blood
pressure among non-hypertensive or stage 1 hypertensive individuals.1

However, the benefits promoted by RT depend of the adjustments of
training variables (intensity, number of sets and repetitions, rest
between sets and exercises, frequency and speed and order of
exercises) to guarantee greater safety and efficiency for practitioners.
In this meta-analysis, all studies used progressive intensity training,

as the biological/methodological principle of training. The number of
total sets per session ranged from 14 to 30, and repetitions in each
individual set varied from 8 to 25. The inter-set rest interval ranged
from 60 to 180 s.
The exact physiological mechanisms responsible for the reduction

of blood pressure is still unclear. The reduction in peripheral vascular

Table 1 Characteristics of the included studies

References Subjects Age (years)

Group

(no. of subjects)

Duration of the

intervention

Beck et al.8 Prehypertensive

subjects (M/F)

18–35 PHRT: 15

PHET: 13

PHCG: 15

NMCG: 15

8 weeks

Heffernan

et al.9
Prehypertensive

and hypertensive

older adults (M/F)

61±1 EG: 11

GC: 10

12 weeks

Mota

et al.10
Hypertensive

older adults (F)

67.5±7.0

66.8±5.4

EG: 32

GC: 32

16 weeks

Terra

et al.11
Hypertensive

older adults (F)

65.9±4.5 EG: 20

GC: 26

12 weeks

Park et al.12 Hypertensive

older adults (M/F)

60–88 EG: 45

CG: 47

12 weeks

Abbreviations: CG, control group; EG, experimental group; F, female; M, male; NMCG,
normotensive control group; PHRT, prehypertensive resistance exercise; PHET, prehypertensive
endurance training; PHCG, prehypertensive control group.

Table 2 Variables of resistance training of the included studies

References Intensity Training volume Exercises Rest Velocity Frequency

Beck et al.8 Progressive 2×8–12 7 120–180 s — 3 d/w

Heffernan et al.9 Progressive 40–80% 1RM 2×12–15 9 — — 3 d/w

Mota et al.10 Progressive 60–80% 1RM 3×8–12 10 60–90 s 2:2 3 d/w

Terra et al.11 Progressive 60–80% 1RM 3×8–12 10 60–90 s 2:2 3 d/w

Park et al.12 Theraband ‘light’ red color band 2–3×15–25 12–15 — — 2 d/w

Figure 2 Forest plot of the changes in systolic blood pressure after
resistance training vs. control group.
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resistance,14,15 resting heart rate, double product11 and arterial
stiffness16 are factors influence post-exercise hypotension. The
improvement in endothelial function induced by exercise helps in
post-exercise hypotension.15 Nevertheless, these effects have been
found in hypertensive people who perform such as aerobic1,4 and
resistance exercise.5,9,10

Some studies have shown that RT improves biosynthesis and
activity of endothelial nitric oxide synthase, leading to physiological
levels of nitric oxide production, which has a key role in the control of
vascular tone, mediating reduction in blood pressure.8,17 However, for
the safety of the hypertensive patient and improvement of endothelial
function, the intensity of resistance training must be controlled (not
allowing the movement until concentric failure).18,19 Beck et al.8 found
improvements in endothelium function in prehypertensive patients
submitted to aerobic exercise and RT (2 sets of 8–12 repetitions to
volitional fatigue on seven variable resistance machines).
Possible beneficial effects of RT when compared to aerobic exercise

in hypertensive subjects include neuromuscular adaptations such as:
improved intra and intermuscular coordination, as well as joint
stability that are associated with muscle strength gains. One cross-
sectional prospective study followed 1506 hypertensive men 40 years
or older for two decades. High levels of muscle strength decrease the
risk of death from all causes.20 Based on these results, muscle strength
is a physical component that should also be encouraged in this
population, justifying the inclusion of RT.
On the other hand, when specific high intensity RT is focused,

controversial results on endothelial function have been demonstrated.
Although some authors demonstrated that high intensity resistance
training, particularly eccentric exercise impairs endothelial function in
young men, as demonstrated by reduced endothelium-dependent
vasodilation and not by endothelium-dependent vasoconstriction,21

others have demonstrated that acute high intensity improves endothelial
function22,23 or even has no effect on endothelial function.24

Concernig the hemodynamic response to RT, Karlsdottir et al.25 have
demonstrated that moderate-intensity RT is safe for healthy individuals,
patients with stable coronary artery disease and patients with congestive
heart failure, considering that left ventricular function remained into the
normal ranges when aerobic and RT were compared.

Limitations
This review, as well as other similar ones, is limited by the relative
lack of data specifically about the chronic effect of RT in
prehypertensive and hypertensive subjects. Our meta-analyzes

included only five RCTs. Based on this analysis, an RCT long-
itudinal study that exclusively investigates the effects of RT on
SAH patients is recommended.

CONCLUSIONS

The results of our study showed that resistance training alone reduces
systolic and diastolic blood pressure in prehypertensive and hyperten-
sive subjects, especially in elderly people, beyond to demonstrate the
safety of this modality of physical training.
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