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Despite progress in awareness, prevention, and treatment, hyper-
tension remains a major public health issue and the most common 
preventable cause of cardiovascular disease and all-cause mortal-
ity.1 The Global Burden of Diseases, Injuries, and Risk Factors Study 
2017 estimated that high systolic blood pressure accounted for 10.4 
million deaths and 218 million disability-adjusted life-years world-
wide.1 Over the last decades, the population growth and aging has 
increased the prevalence of hypertension dramatically; the number 
of adults with elevated blood pressure doubled from 1975 (594 mil-
lion) to 2015 (1.13 billion)2 and is estimated to reach 1.56 billion by 
2025.3

Lifestyle interventions and drug treatment are well-established 
strategies to lower blood pressure.4,5 Lifestyle measures compre-
hend salt restriction, moderation in alcohol intake, healthy diet, 
smoking cessation, weight loss (goal is ideal body weight), and regu-
lar physical activity.4,5 Interestingly, successful lifestyle changes may 
delay or prevent the need for drug therapy in patients with grade 
1 hypertension, and also improve the effects of antihypertensive 
drugs.5 Yet, despite the unquestionable benefits of nonpharmaco-
logical lifestyle-oriented interventions, most patients with hyper-
tension will also require drug treatment.5 In the current issue of the 
journal, Taati and colleagues6 explore the topic of lifestyle interven-
tions to lower blood pressure in a group of women with high-normal/
stage 1 hypertension. The authors assessed the effects of a dynamic 
resistance exercise training program and/or green tea extract on 
ambulatory and office blood pressure among middle-aged women 
(35 and 55 years old). Forty-four women with high-normal/stage 
1 hypertension were randomly allocated to one of four groups: (a) 
resistance exercise, (b) green tea, (c) resistance exercise plus green 
tea, and (d) placebo/control group. The resistance exercise was 

performed at 50% of one-repetition maximum twice each week for 
6 weeks, each session comprised 2 sets of 10 repetitions of 6 resis-
tance exercises. Blood pressure (ambulatory and office) was mea-
sured at baseline and after the intervention. We commend Taati and 
colleagues6 for enrolling only women in their study for a couple of 
reasons. First, sex differences in the prevalence of hypertension and 
blood pressure levels are well recognized. Second, there is compel-
ling evidence supporting the benefits of exercise training to prevent 
and treat several diseases in both men and women, yet women are 
often underrepresented in exercise medicine and sports research, 
creating significant knowledge gaps on sex differences in responses 
to exercise.7 Additionally, men and women seem to respond differ-
ently to dynamic resistance exercise training.8,9 By enrolling only 
women in this study, the authors are providing important informa-
tion on the blood pressure response to dynamic resistance exercise 
in this population.

A strong point in the Taati and colleagues6 study is the timing of 
the blood pressure assessment. They performed the blood pressure 
evaluation 48 hours after the last session of the exercise training 
program, hence avoiding the confounding effects of post-exercise 
hypotension from the last resistance exercise session. This period 
of time was sufficient to avoid the blood pressure-lowering ef-
fect induced by a single exercise session — which may persist for 
24 hours10-12 — and at the same time was short enough to avoid the 
detraining effects on blood pressure.

Regular physical exercise is widely recommended by the pro-
fessional societies to lower blood pressure in adults with hyper-
tension.4,5,13-16 For instance, physical exercise, namely aerobic and 
resistance exercise, is recognized as one of the best proven non-
pharmacological interventions for prevention and treatment of 
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hypertension in the 2017 American College of Cardiology/American 
Heart Association Guideline for the Prevention, Detection, 
Evaluation, and Management of High Blood Pressure in Adults.4 
Exercise has been shown to consistently reduce systolic and dia-
stolic blood pressure, on average −8/−5 mm Hg. A recent network 
meta-analysis of 391 randomized controlled trials comparing the 
effectiveness of different exercise regimens and medications on 
systolic blood pressure concluded that in adults with hypertension 
the blood pressure reduction induced by exercise is similar to that 
achieved with antihypertensive medications (eg, angiotensin-con-
verting enzyme inhibitors, angiotensin II receptor blockers, be-
ta-blockers, calcium channel blockers, and diuretics).17 The blood 
pressure reduction was not dependent on the type of exercise; 
aerobic, dynamic resistance, isometric resistance, and concurrent 
(combination of aerobic and resistance) exercise were equally ef-
fective in lowering baseline systolic blood pressure in comparison 
with control (Figure 1).17 Additionally, the meta-analysis did not find 
a difference between the effects of medications and those of exer-
cise (0.18 mm Hg, 95% CI: −1.35 to 1.68).17 Similarly, another recent 
network meta-analysis (93 trials: 81 related to drugs, 12 related to 
exercise) comparing the efficacy of first-line antihypertensive drugs 
(angiotensin-converting enzyme inhibitors, angiotensin II receptor 
blockers, calcium channel blockers, and thiazide-like diuretics) with 
exercise (aerobic and dynamic resistance exercise training) on blood 
pressure among individuals with hypertension (n = 32 404) con-
cluded that there was insufficient evidence to suggest that first-line 

antihypertensive drugs significantly reduced blood pressure to a 
greater extent than did the exercise programs.18

The results of Taati and colleagues6 published in this issue of 
the journal also show a significant reduction in ambulatory systolic 
blood pressure as a result of resistant exercise. Their main findings 
could be summarized as follows: (a) dynamic resistance exercise 
alone reduced daytime (−12.4 mm Hg) and 24-hour (−6.9 mm Hg) 
ambulatory systolic blood pressure; (b) green tea alone did not re-
duce ambulatory blood pressure; and (c) the combination of green 
tea and resistance exercise did not promote a larger reduction in 
daytime (−11.8 mm Hg) and 24-hour (−7.4 mm Hg) ambulatory sys-
tolic blood pressure per comparison to dynamic resistance exercise 
alone. The study of Taati and colleagues6 by showing that dynamic 
resistance exercise decreases both office and ambulatory blood 
pressure challenges most of the current recommendations for ex-
ercise and hypertension and raises a pertinent question: Is dynamic 
resistance exercise a stand-alone antihypertensive lifestyle therapy? 
This study shed some light on this topic, as a simple dynamic re-
sistance exercise intervention induced average reductions in blood 
pressure superior to the reductions usually achieved with aerobic 
exercise (~8/5 mm Hg). Historically, only aerobic exercise has been 
broadly recommended in the guidelines for the management of ar-
terial hypertension. Most of the current recommendations for exer-
cise among individuals with hypertension are to engage in dynamic 
resistance exercise as a supplement to aerobic exercise;4,5,13-16 just 
recently, dynamic resistance exercise was acknowledged as a stand-
alone antihypertensive lifestyle therapy, instead of an adjuvant to 
aerobic exercise, by the American Colleague of Sports Medicine 
exercise recommendations for hypertension.19,20 Presently, there 
is compelling evidence supporting the antihypertensive effects 
of different types of exercise, including dynamic resistance exer-
cise.20-25 Dynamic resistance exercise seems to be as effective as 
aerobic exercise in reducing blood pressure among individuals with 
hypertension. In 2016, a meta-analysis (64 controlled studies, 71 in-
terventions; n = 2344) determining if dynamic resistance exercise 
alone could lower blood pressure to the level reported with aerobic 
exercise showed that dynamic resistance exercise programs reduced 
systolic and diastolic blood pressure by −5.7 / −5.2 mm Hg among 
adults with hypertension.21 Similar results were later reported in 
a network meta-analysis showing a −7.2 mm Hg (95% CI: −10.7 to 
−3.87) decrease in systolic blood pressure as a result of dynamic re-
sistance exercise interventions in adults with hypertension.17

The magnitude of the ambulatory systolic blood pressure re-
duction reported in the Taati and colleagues6 study is impressive, 
especially since they enrolled women with blood pressure at base-
line close to “normal” (office systolic blood pressure of the resis-
tance exercise group: 135 mm Hg). It is important to note that the 
resting blood pressure level is moderator of the blood pressure 
response to exercise training. The exercise-induced decrease in 
blood pressure occurs in a dose-response fashion as a function of 
resting blood pressure, with the greatest reductions observed in 
individuals with higher resting blood pressure.17,20,23 This is clear 
in previous studies showing the largest blood pressure reductions 

F I G U R E  1  Systolic blood pressure response to aerobic, dynamic 
resistance, and concurrent/combined (ie, a combination of aerobic 
and resistance training performed together in a single session 
or on separate days) exercise interventions among adults with 
hypertension (adapted from17). Values are mean change and 95% 
confidence interval
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following dynamic resistance interventions in individuals with hy-
pertension (−5.7/−5.2 mm Hg), compared to prehypertension (−3.0 
/ −3.3 mm Hg), and normal blood pressure (0.0 / −1.0 mm Hg).21 
The study of Taati and colleagues6 by showing a decrease of 
−12.4 mm Hg in daytime ambulatory systolic blood pressure, raises 
another important question: Could dynamic resistant exercise be 
particularly effective in middle-aged women? The magnitude of the 
blood pressure reduction was remarkable in this study, increasing 
the therapeutic potential of dynamic resistance exercise in women, 
a topic that warrants further investigation.

This study is not without limitations as Taati and colleagues6 
point out. Despite some limitations, the current contribution by Taati 
and colleagues6 in this issue of The Journal of Clinical Hypertension 
reinforces the effectiveness of resistance exercise as a stand-alone 
lifestyle therapy to improve blood pressure among women with 
high-normal/stage 1 hypertension.

ACKNOWLEDG MENTS
iBiMED is a research unit supported by the Portuguese Foundation 
for Science and Technology (UID/BIM/04501/2020) and FEDER/
Compete2020 funds.

ORCID
Fernando Ribeiro  https://orcid.org/0000-0001-9094-1493 

R E FE R E N C E S
 1. Collaborators GBDRF. Global, regional, and national comparative 

risk assessment of 84 behavioural, environmental and occupa-
tional, and metabolic risks or clusters of risks for 195 countries and 
territories, 1990–2017: a systematic analysis for the Global Burden 
of Disease Study 2017. Lancet. 2018;392(10159):1923-1994.

 2. Collaboration NCDRF. Worldwide trends in blood pressure 
from 1975 to 2015: a pooled analysis of 1479 population-based 
measurement studies with 19.1 million participants. Lancet. 
2017;389(10064):37-55.

 3. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, 
He J. Global burden of hypertension: analysis of worldwide data. 
Lancet. 2005;365(9455):217-223.

 4. Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for 
the prevention, detection, evaluation, and management of high 
blood pressure in adults: a report of the american college of car-
diology/american heart association task force on clinical practice 
guidelines. Hypertension. 2018;71(6):e13-e115.

 5. Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH Guidelines 
for the management of arterial hypertension. Eur Heart J. 
2018;39(33):3021-3104.

 6. Taati B, Arazi H, Kheirkhah J. Interaction effect of green tea 
consumption and resistance training on office and ambulatory 
cardiovascular parameters in women with high-normal/stage 1 hy-
pertension. J Clin Hypert. 2021;21:213-219.

 7. Costello JT, Bieuzen F, Bleakley CM. Where are all the female par-
ticipants in sports and exercise medicine research? Eur J Sport Sci. 
2014;14(8):847-851.

 8. Freidenreich DJ, Volek JS. Immune responses to resistance exer-
cise. Exerc Immunol Rev. 2012;18:8-41.

 9. Da Boit M, Sibson R, Meakin JR, et al. Sex differences in the re-
sponse to resistance exercise training in older people. Physiol Rep. 
2016;4(12):e12834.

 10. Casonatto J, Goessler KF, Cornelissen VA, Cardoso JR, Polito MD. 
The blood pressure-lowering effect of a single bout of resistance 
exercise: A systematic review and meta-analysis of randomised 
controlled trials. Eur J Prev Cardiol. 2016;23(16):1700-1714.

 11. Wallace JP, Bogle PG, King BA, Krasnoff JB, Jastremski CA. The 
magnitude and duration of ambulatory blood pressure reduction 
following acute exercise. J Hum Hypertens. 1999;13(6):361-366.

 12. Cardoso CG Jr, Gomides RS, Queiroz AC, et al. Acute and chronic 
effects of aerobic and resistance exercise on ambulatory blood 
pressure. Clinics. 2010;65(3):317-325.

 13. Malachias MVB, Franco RJ, Forjaz CLM, et al. 7th Brazilian guide-
line of arterial hypertension: Chapter 6 - Non-pharmacological 
treatment. Arq Bras Cardiol. 2016;107(3 Suppl 3):30-34.

 14. Sharman JE, Smart NA, Coombes JS, Stowasser M. Exercise and 
sport science Australia position stand update on exercise and hy-
pertension. J Hum Hypertens. 2019;33(12):837-843.

 15. Nerenberg KA, Zarnke KB, Leung AA, et al. Hypertension Canada's 
2018 guidelines for diagnosis, risk assessment, prevention, and 
treatment of hypertension in adults and children. Can J Cardiol. 
2018;34(5):506-525.

 16. Unger T, Borghi C, Charchar F, et al. 2020 International Society 
of Hypertension Global Hypertension practice guidelines. 
Hypertension. 2020;75(6):1334-1357.

 17. Naci H, Salcher-Konrad M, Dias S, et al. How does exercise treat-
ment compare with antihypertensive medications? A network me-
ta-analysis of 391 randomised controlled trials assessing exercise 
and medication effects on systolic blood pressure. British J Sports 
Med. 2019;53(14):859-869.

 18. Noone C, Leahy J, Morrissey EC, et al. Comparative efficacy of 
exercise and anti-hypertensive pharmacological interventions in 
reducing blood pressure in people with hypertension: a network 
meta-analysis. Eur J Prev Cardiol. 2020;27(3):247-255.

 19. Pescatello LS. What’s New in the ACSM Pronouncement on 
Exercise and Hypertension? In: Medicine ACoS, ed. American 
College of Sports Medicine Blog. Vol 2020. USA: American College 
of Sports Medicine; 2019.

 20. Pescatello LS, Buchner DM, Jakicic JM, et al. Physical activity to 
prevent and treat hypertension: a systematic review. Med Sci Sports 
Exerc. 2019;51(6):1314-1323.

 21. MacDonald HV, Johnson BT, Huedo-Medina TB, et al. Dynamic re-
sistance training as stand-alone antihypertensive lifestyle therapy: 
a meta-analysis. J Am Heart Assoc. 2016;5(10):e003231.

 22. Corso LM, Macdonald HV, Johnson BT, et al. Is concurrent train-
ing efficacious antihypertensive therapy? A Meta-analysis. Med Sci 
Sports Exerc. 2016;48(12):2398-2406.

 23. Cornelissen VA, Smart NA. Exercise training for blood pres-
sure: a systematic review and meta-analysis. J Am Heart Assoc. 
2013;2(1):e004473.

 24. Pescatello LS, MacDonald HV, Lamberti L, Johnson BT. Exercise 
for hypertension: a prescription update integrating existing rec-
ommendations with emerging research. Curr Hypertens Rep. 
2015;17(11):87.

 25. Borjesson M, Onerup A, Lundqvist S, Dahlof B. Physical ac-
tivity and exercise lower blood pressure in individuals with 
hypertension: narrative review of 27 RCTs. Br J Sports Med. 
2016;50(6):356-361.

How to cite this article: Ribeiro F. Resistance exercise for the 
management of arterial hypertension: An intervention that 
works!. J Clin Hypertens. 2021;23:987–989. https://doi.
org/10.1111/jch.14197

https://orcid.org/0000-0001-9094-1493
https://orcid.org/0000-0001-9094-1493
https://doi.org/10.1111/jch.14197
https://doi.org/10.1111/jch.14197

