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ABSTRACT

Hypertension remains one of the leading preventable causes of cardiovascular morbidity and mortality worldwide. Although
pharmacological interventions are effective, they often fail to address the underlying behavioural and physiological
determinants of high blood pressure. Physical activity is a comerstone of non-pharmacological management strategies,
exerting broad and sustained benefits on vascular function, autonomic regulation, and overall cardiovascular health. This
literature review synthesises evidence from thirty peer-reviewed studies and meta-analyses published between 2010 and
2025, evaluating the effects of various exercise modalities including aerobic, resistance, isometric, and combined training
on blood pressure reduction and cardiovascular outcomes in hypertensive populations [1-30].

Findings indicate that regular participation in structured physical activity produces clinically significant reductions in both
systolic and diastolic blood pressure, with average decreases of 5-10 mmHg observed across modalities. Aerobic exercise
demonstrates the most consistent antihypertensive effect, whereas resistance and isometric training appear beneficial as
complementary interventions that enhance muscular strength, vascular elasticity, and endothelial function. The review also
highlights dose-response relationships between exercise intensity, frequency, and blood pressure control, along with
evidence that physical activity mitigates inflammation, oxidative stress, and arterial stiffness. These findings underscore the
role of physical exercise as an evidence-based, first-line intervention for both the prevention and management of
hypertension.

Objective: This review aims to synthesize current evidence on the effects of different forms of physical activity on
hypertension, examining how aerobic, resistance, isometric, and combined exercise influence blood pressure regulation and
cardiovascular health.

Material and Methods: A literature review from PubMed and Google Scholar.

KEYWORDS

Physical Activity, Hypertension, Aerobic Exercise, Resistance Training, Isometric Training, Blood Pressure, Endothelial
Function, Cardiovascular Health, Autonomic Regulation
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1. Introduction

Hypertension is among the most prevalent chronic conditions globally, affecting an estimated 1.3 billion
individuals and contributing to over 10 million deaths annually [1, 2]. It is a primary risk factor for coronary
artery disease, stroke, heart failure, and chronic kidney disease, and its economic burden continues to rise
worldwide. Despite extensive pharmacological advances, rates of blood pressure control remain suboptimal.
Consequently, attention has increasingly turned toward lifestyle modification particularly physical activity as
an essential complement to drug therapy and a preventive measure for at-risk populations [3, 4].

The beneficial effects of exercise on blood pressure regulation are multifactorial, involving acute and
chronic adaptations across cardiovascular, neural, and endocrine systems. Regular exercise enhances
endothelial nitric oxide availability, reduces arterial stiffness, improves baroreflex sensitivity, and attenuates
sympathetic nervous system activity [5-7]. It also modulates systemic inflammation and improves metabolic
homeostasis, which are key contributors to vascular health. Aerobic, resistance, isometric, and combined
training modalities each elicit unique physiological responses, yet all contribute to lowering both systolic and
diastolic blood pressure [8, 9].

Despite widespread consensus on the value of physical activity, discrepancies exist regarding the
optimal exercise modality, intensity, and frequency required for maximal antihypertensive benefit. Moreover,
individual responses to exercise vary based on age, sex, genetic predisposition, and comorbidities such as
obesity or diabetes [10, 11]. Therefore, a comprehensive understanding of exercise-induced blood pressure
regulation requires integrating evidence from diverse methodologies, populations, and intervention designs.

This literature review synthesises findings from thirty peer-reviewed studies published between 2010 and
2025, encompassing randomised controlled trials, systematic reviews, and meta-analyses. It examines (1) the effects
of different types of physical activity on hypertensive outcomes, (2) the physiological mechanisms mediating these
effects, and (3) the practical implications for hypertension management and public health policy.

2. Methods

2.1 Search Strategy and Selection Criteria

A structured literature search was conducted using PubMed, Scopus, and Web of Science databases.
Keywords included “hypertension,” “blood pressure,” “exercise,” “physical activity,” “aerobic training,”
“resistance training,” ‘i 7 “combined training,” and “endothelial function.” Studies

FI TS

isometric exercise,
published between January 2010 and October 2025 were screened.

Inclusion criteria were:

1. Human participants aged 18 years or older diagnosed with hypertension or pre-hypertension.

2. Interventions involving structured physical activity programmes lasting at least four weeks.

3. Reported outcomes including systolic and/or diastolic blood pressure, arterial stiffness, endothelial
function, or heart rate variability.

4. Peer-reviewed journal publications written in English.

Exclusion criteria comprised studies with pharmacological confounders (e.g., newly initiated
antihypertensive drugs during intervention), incomplete data, or animal models.

2.2 Study Classification

The final dataset comprised thirty studies, including fifteen randomised controlled trials, eight
systematic reviews, and seven meta-analyses. Studies were categorised according to exercise modality:

e Aerobic training (e.g., walking, cycling, running, swimming).
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¢ Resistance training (e.g., weightlifting, bodyweight training).

e [sometric training (e.g., handgrip or wall-sit protocols).

¢ Combined training (integrating aerobic and resistance components).

Each study was evaluated for sample size, duration, exercise intensity, adherence, and primary outcomes.
Where possible, the magnitude of change in blood pressure (in mmHg) was recorded.

2.3 Analytical Approach

A qualitative synthesis was performed, focusing on the direction, magnitude, and clinical relevance of
blood pressure changes. Quantitative meta-analysis data from large-scale studies were integrated where
available to contextualise effect sizes. Mechanistic insights were extracted from trials involving endothelial
biomarkers, heart rate variability, or vascular stiffness indices.

The synthesis aimed to compare exercise modalities while considering population heterogeneity,
comorbidities, and lifestyle factors that may modify responses to physical activity.

3. Results

3.1 General Findings

Across the thirty reviewed studies, consistent evidence supports the antihypertensive effects of regular
physical activity [1-30]. Mean reductions in systolic blood pressure ranged from 4 to 10 mmHg, and diastolic
reductions ranged from 2 to 7 mmHg, depending on exercise type and participant characteristics. Such
reductions correspond to a 20-30 % decrease in cardiovascular disease risk at a population level.

Aerobic training produced the most consistent and substantial reductions, followed by combined training
modalities. Resistance and isometric exercises also yielded clinically meaningful improvements, though
typically of smaller magnitude. The cumulative evidence suggests that physical activity improves vascular
compliance, cardiac output regulation, and autonomic tone, leading to sustained decreases in resting blood
pressure.

3.2 Aerobic Training

Aerobic exercise interventions such as brisk walking, cycling, or running for at least 30 minutes per
session, 3-5 times per week were shown to reduce blood pressure across all age groups. Meta-analyses reported
average reductions of approximately 8 mmHg systolic and 5 mmHg diastolic following 8-12 weeks of
moderate-intensity aerobic training [12-16].

The antihypertensive effect of aerobic exercise appears dose-dependent: greater reductions occur with
higher weekly exercise volumes or intensity progression [17, 18]. High-intensity interval training (HIIT) has
emerged as particularly effective, eliciting greater improvements in endothelial function and arterial
compliance than continuous moderate-intensity exercise [19].

Mechanistically, aerobic exercise enhances nitric oxide bioavailability and shear stress-mediated
vasodilation, reduces oxidative stress, and downregulates sympathetic nervous activity [20, 21]. It also
improves metabolic parameters such as insulin sensitivity and lipid profiles, indirectly supporting blood
pressure control. In hypertensive patients with comorbid obesity or type 2 diabetes, aerobic training improved
both blood pressure and metabolic syndrome parameters, underscoring its systemic benefits [22].

3.3 Resistance Training

Resistance or strength training has historically received less attention in hypertension management, yet
emerging evidence indicates substantial benefits. Systematic reviews demonstrate mean reductions of 4-6
mmHg in systolic and 2-4 mmHg in diastolic pressure after 10-12 weeks of progressive resistance training
[23-25].

Mechanistically, resistance training improves arterial elasticity and skeletal muscle oxidative capacity,
leading to better peripheral vascular regulation [26]. It also promotes lean muscle mass, thereby increasing
basal metabolic rate and enhancing glucose metabolism factors indirectly associated with lower vascular
resistance.

Interestingly, studies comparing resistance-only and combined modalities reveal additive benefits when
strength training is paired with aerobic exercise. This synergy likely reflects distinct but complementary
physiological pathways, with resistance exercise reducing peripheral resistance and aerobic exercise improving
central vascular compliance [27].
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3.4 Isometric Exercise

Isometric handgrip and wall-sit exercises have recently gained attention due to their efficiency and
accessibility, particularly for populations unable to engage in dynamic exercise. Meta-analyses report average
systolic reductions of 7-9 mmHg and diastolic reductions of 4-5 mmHg following 6-8 weeks of isometric
training [28-30].

Despite involving minimal movement, isometric exercise induces significant vascular adaptations. The
repeated transient increases in intramuscular pressure during contractions enhance baroreceptor sensitivity and
stimulate improvements in endothelial function. These effects may be mediated by acute increases in local
blood flow and shear stress upon release of contraction [30].

While research on long-term adherence remains limited, isometric protocols are promising as low-cost,
time-efficient interventions for hypertensive adults, especially those with mobility limitations or low exercise
tolerance.

3.5 Combined Exercise Interventions

Recent studies have examined programs combining aerobic, resistance, and isometric exercise to
maximize cardiovascular benefits. Combined training protocols have shown superior reductions in both
systolic and diastolic blood pressure compared with single-modality interventions [1,2,6,28]. Synergistic
effects are observed because each exercise type targets complementary physiological mechanisms: aerobic
exercise primarily improves endothelial function, resistance training enhances muscular and metabolic
capacity, and isometric training modulates autonomic balance [1,6,10,28].

3.6 Exercise Dose, Intensity, and Adherence

Evidence indicates that moderate-intensity exercise performed regularly is optimal for blood pressure
reduction [1,2,6]. High-intensity interval training can improve cardiovascular fitness but does not consistently
offer additional reductions in blood pressure beyond those achieved with moderate-intensity continuous
exercise [1,6,24]. Adherence is a critical factor; supervised and structured programs generally yield larger
reductions in blood pressure than unsupervised or home-based interventions [8,20,25].

3.7 Mechanisms of Blood Pressure Reduction

The physiological mechanisms through which physical activity reduces blood pressure include:

¢ Endothelial improvements: Increased nitric oxide production promotes vasodilation and reduces
peripheral vascular resistance [1,6,10].

e Autonomic regulation: Exercise decreases sympathetic nervous system activity and enhances
parasympathetic tone, improving heart rate and vascular responses [7,10,17].

e Vascular remodeling: Exercise reduces arterial stiffness and improves compliance [6,24].

¢ Anti-inflammatory effects: Physical activity lowers systemic inflammation and oxidative stress, which
are key contributors to hypertension [21,23].

These mechanisms act synergistically to lower both resting and ambulatory blood pressure and improve
cardiovascular outcomes [1,6,10,21,24].

3.8 Special Populations

Exercise benefits have been documented across diverse populations, including older adults, individuals
with comorbidities such as chronic kidney disease, and populations in low-resource settings [6,15,27].
Community-based programs and culturally tailored interventions have demonstrated enhanced adherence and
effectiveness in reducing blood pressure among these groups [15,20,27].

3.9 Summary of Findings

Across all studies, physical activity consistently lowers systolic and diastolic blood pressure, improves
vascular function, and enhances overall cardiovascular health [1-30]. Aerobic, resistance, isometric, and
combined exercise modalities all contribute to these effects, with combined programs often providing the
greatest benefit. Mechanistic studies underscore improvements in endothelial function, autonomic regulation,
arterial stiffness, and inflammatory modulation as key pathways.
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4. Discussion

4.1 Comparative Effectiveness of Exercise Modalities

Collectively, evidence from the analysed studies confirms that all major exercise modalities exert
antihypertensive effects, though the magnitude and underlying mechanisms differ across training types [1-30].
Aerobic training remains the gold-standard intervention, consistently producing the largest and most sustained
reductions in both systolic and diastolic blood pressure [12-18]. Its superiority derives from the central
cardiovascular adaptations it induces enhanced stroke volume, reduced peripheral vascular resistance, and
improved endothelial function.

Resistance and isometric training, while producing slightly smaller average reductions, contribute
unique peripheral and neuromuscular benefits. Resistance training enhances muscular strength and capillary
density, indirectly lowering systemic vascular resistance [23-26]. Isometric protocols, in turn, yield rapid
baroreflex improvements and enhanced autonomic modulation [28-30]. The additive effects observed in
combined training programmes suggest that integrating modalities may produce superior long-term outcomes
by simultaneously targeting both central and peripheral vascular mechanisms [27].

From a clinical standpoint, this implies that exercise prescriptions for hypertensive individuals should
prioritise regular aerobic activity but incorporate resistance and isometric components for comprehensive
cardiovascular and musculoskeletal benefits. Multi-modal training not only improves adherence but also
mitigates age-related sarcopenia and functional decline, common in older hypertensive populations.

4.2 Physiological Mechanisms

4.2.1 Endothelial and Vascular Adaptations

One of the principal mechanisms by which physical activity reduces blood pressure is through enhanced
endothelial function. Exercise stimulates shear stress across the arterial wall, activating endothelial nitric oxide
synthase and increasing nitric oxide bioavailability [5-7, 20, 21]. The result is vasodilation, decreased vascular
tone, and improved arterial compliance. Chronic exercise also attenuates oxidative stress by up-regulating
antioxidant enzyme systems and reducing reactive oxygen species generation.

Moreover, physical training reduces arterial stiffness-a predictor of cardiovascular mortality by
improving the structural integrity of elastin and collagen within the vascular wall. Studies employing pulse-
wave velocity and augmentation index measurements consistently show post-training declines, confirming
improved arterial elasticity [19-21, 25].

4.2.2 Autonomic and Neurohumoral Regulation

Exercise modulates the balance between sympathetic and parasympathetic nervous system activity.
Chronic aerobic and isometric training decrease sympathetic outflow and enhance vagal tone, resulting in
lower resting heart rate and blood pressure [6, 28-30]. These effects are complemented by improved
baroreceptor sensitivity, which refines short-term blood pressure regulation.

Neurohumoral adaptations further contribute regular exercise reduces circulating catecholamines and
plasma renin activity while promoting favorable alterations in angiotensin Il and aldosterone concentrations
[17, 23]. These endocrine shifts collectively lessen vasoconstrictive drive and promote natriuresis, sustaining
long-term blood pressure reductions.

4.2.3 Metabolic and Inflammatory Effects

Physical activity exerts broad anti-inflammatory and metabolic effects. Exercise training down-regulates
pro-inflammatory cytokines such as interleukin-6 and tumour necrosis factor-a while increasing anti-
inflammatory mediators like adiponectin [22, 24]. Improved insulin sensitivity and lipid metabolism lower
systemic inflammation and endothelial dysfunction, crucial contributors to hypertension pathogenesis [8, 9].

In obese or insulin-resistant individuals, regular exercise enhances skeletal-muscle glucose uptake and
mitochondrial efficiency, reducing metabolic strain on the vasculature. These systemic improvements translate
into reduced oxidative stress, diminished arterial stiffness, and improved microvascular perfusion [20, 22, 26].
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4.3 Dose-Response Relationship and Exercise Prescription

A key consideration in hypertension management is the dose response relationship between exercise
volume, intensity, and blood-pressure reduction. Moderate-intensity continuous training (40—-60 % VO max)
performed at least 150 minutes per week yields clinically significant results, but evidence suggests that greater
benefit accrue with higher frequencies or longer durations [12-18]. High-intensity interval training (HIIT) may
induce superior improvements in vascular function and insulin sensitivity over shorter total exercise times [19].

Nevertheless, the optimal exercise dose varies individually. Age, baseline fitness, medication use, and
comorbidities all modulate responsiveness. Some trials demonstrate diminishing returns beyond moderate-to-
vigorous thresholds, particularly in older adults, possibly due to autonomic strain or recovery limitations [16,
25]. Personalized prescriptions balancing intensity and recovery appear most effective for sustainable blood-
pressure control.

4.4 Population Considerations

4.4.1 Older Adults

Hypertension prevalence increases with age due to arterial stiffening and impaired endothelial
responsiveness. Exercise interventions in older adults consistently show reductions of 6-8 mmHg in systolic
pressure, accompanied by improved functional capacity [13, 25]. Resistance and balance training are
particularly valuable in this group, preserving musculoskeletal health while contributing to blood-pressure
control [23, 24].

4.4.2 Women and Sex Differences

Evidence suggests sex-specific physiological responses to exercise. Women often display greater
reductions in diastolic pressure and enhanced endothelial responsiveness compared with men, potentially
linked to hormonal modulation of nitric oxide pathways [14, 27]. However, female participation remains
underrepresented in many clinical trials, underscoring the need for gender-balanced research designs.

4.4.3 Individuals with Comorbidities

In hypertensive patients with metabolic syndrome, diabetes, or obesity, exercise produces compounded
benefits through simultaneous improvements in glucose regulation, lipid profile, and inflammatory status [8,
9, 22]. Structured programmes integrating aerobic and resistance training have shown synergistic effects,
reducing cardiovascular risk more effectively than single-modality interventions [27]. For patients with limited
mobility, isometric or low-impact aquatic exercise represents a viable alternative [28-30].

4.5 Mechanistic Integration

The antihypertensive action of physical activity arises from the integration of central and peripheral
mechanisms. Improved cardiac efficiency, enhanced vascular elasticity, and reduced sympathetic drive
collectively lower systemic vascular resistance. Meanwhile, improved metabolic control and anti-
inflammatory signalling stabilize endothelial health. These mechanisms operate synergistically, explaining
why even modest activity levels yield measurable reductions in blood pressure [5-7, 20-26].

Figure-based or conceptual models in the reviewed literature illustrate this interplay: exercise triggers
acute hemodynamic responses transient increases in cardiac output and shear stress followed by chronic
structural and functional adaptations that normalize vascular tone. This bidirectional feedback loop underpins
the enduring nature of exercise-induced blood-pressure reductions.

4.6 Limitations of Current Evidence

While consensus supports the benefits of physical activity, limitations persist. Heterogeneity in study
design, duration, and participant characteristics complicates comparisons [10, 11]. Many trials involve small
sample sizes or lack long-term follow-up, making it difficult to assess sustainability of blood-pressure
reductions beyond six months. Additionally, adherence reporting varies widely; drop-out rates of 15-30 % are
common in community-based interventions [24, 25].

Pharmacological co-interventions present further challenges: in many clinical trials, participants remain
on antihypertensive medication, obscuring the independent effects of exercise. Objective measures such as
ambulatory blood-pressure monitoring and endothelial biomarkers are not uniformly applied across studies,
limiting mechanistic interpretation. Finally, few studies address psychosocial or environmental barriers that
influence exercise adherence in hypertensive populations [2, 4].
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4.7 Public-Health and Clinical Implications

Given the prevalence and economic burden of hypertension, scaling up physical-activity interventions
carries profound public-health implications. Even modest population-wide reductions in systolic pressure (2-
3 mmHg) could prevent millions of cardiovascular events annually [1, 3]. Community-based programmes
promoting accessible forms of exercise walking groups, workplace fitness initiatives, or school-based activity
campaigns can substantially impact blood-pressure control at scale [4, 10].

Clinically, exercise prescriptions should be integrated into standard hypertension management.
Guidelines increasingly recommend at least 150 minutes of moderate-intensity aerobic exercise weekly,
supplemented by two resistance sessions [11, 12]. Physicians and allied health professionals play a pivotal role
in counselling, monitoring progress, and tailoring activity to patient capabilities. Combining exercise with
other lifestyle modifications dietary sodium restriction, weight loss, and stress management produces additive
cardiovascular protection [7, 9].

Digital health technologies further facilitate adherence. Wearable devices, tele-coaching, and mobile
applications enable personalised feedback, behaviour tracking, and remote supervision. Evidence suggests that
such tools enhance engagement and sustain physical-activity levels over time [13, 16].

4.8 Future Research Directions

Future investigations should prioritise long-term, large-scale randomised controlled trials evaluating
sustained adherence, dose optimisation, and differential responses among demographic groups. Studies
integrating molecular biomarkers and imaging modalities could elucidate the precise pathways linking exercise
to vascular remodelling.

Additionally, research should explore the interaction between pharmacotherapy and physical activity to
determine optimal combined treatment regimens. Evaluating psychosocial determinants motivation, social
support, and environmental access will inform effective implementation strategies. Finally, advancements in
precision medicine may enable exercise prescriptions tailored to genetic and metabolic profiles, maximising
antihypertensive efficacy while minimising risk [14, 17, 20].

5. Conclusions

The collective evidence from contemporary research unequivocally supports physical activity as a
cornerstone in the prevention and management of hypertension. Regular participation in aerobic, resistance,
or isometric exercise yields meaningful and sustained reductions in blood pressure, mediated by improvements
in vascular function, autonomic regulation, and metabolic homeostasis. Aerobic exercise remains the most
potent modality, but combined and isometric programmes provide complementary benefits that enhance
overall cardiovascular health.

From a public-health perspective, the promotion of regular physical activity represents one of the most
cost-effective interventions available for reducing the global burden of hypertension. Continued
interdisciplinary research and population-wide implementation efforts are essential to translate this robust body
of evidence into measurable clinical and societal outcomes.

All authors have read and agreed with the published version of the manuscript.
Conflict of Interest Statement: The authors declare no conflicts of interest.

e-ISSN: 2544-9435 7



4(48) (2025): International Journal of Innovative Technologies in Social Science

10.

11.

12.

13.

14.

15.

16.

REFERENCES

Boeno, F. P., Ramis, T. R., Munhoz, S. V., Farinha, J. B., Moritz, C. E. J., Leal-Menezes, R., Ribeiro, J. L., Christou,

D. D., & Reischak-Oliveira, A. (2020). Effect of aerobic and resistance exercise training on inflammation,

endothelial function and ambulatory blood pressure in middle-aged hypertensive patients. Journal of
hypertension, 38(12), 2501-2509. https://doi.org/10.1097/HJH.000000000000258 1

Caminiti, G., Iellamo, F., Mancuso, A., Cerrito, A., Montano, M., Manzi, V., & Volterrani, M. (2021). Effects of 12

weeks of aerobic versus combined aerobic plus resistance exercise training on short-term blood pressure variability
in patients with hypertension. Journal of applied physiology (Bethesda, Md. : 1985), 130(4), 1085-1092.

https://doi.org/10.1152/japplphysiol.00910.2020

Cao, L., Li, X., Yan, P, Wang, X., Li, M., Li, R., Shi, X, Liu, X., & Yang, K. (2019). The effectiveness of aerobic

exercise for hypertensive population: A systematic review and meta-analysis. Journal of clinical hypertension
(Greenwich, Conn.), 21(7), 868-876. https://doi.org/10.1111/jch.13583

Carlson, D. J., Dieberg, G., Hess, N. C., Millar, P. J., & Smart, N. A. (2014). Isometric exercise training for blood

pressure management: a systematic review and meta-analysis. Mayo Clinic proceedings, 89(3), 327-334.
https://doi.org/10.1016/j.mayocp.2013.10.030

Cornelissen, V. A., & Smart, N. A. (2013). Exercise training for blood pressure: a systematic review and meta-
analysis. Journal of the American Heart Association, 2(1), €004473. https://doi.org/10.1161/JAHA.112.004473

da Silva, R. S. N, da Silva, D. S., de Oliveira, P. C., Waclawovsky, G., & Schaun, M. 1. (2024). Effects of aerobic,

resistance and combined training on endothelial function and arterial stiffness in older adults: A systematic review

and meta-analysis. PloS one, 19(12), €0308600. https://doi.org/10.1371/journal.pone.0308600

Almeida, J. P. A. S., Bessa, M., Lopes, L. T. P., Gongalves, A., Roever, L., & Zanetti, H. R. (2021). Isometric

handgrip exercise training reduces resting systolic blood pressure but does not interfere with diastolic blood pressure

and heart rate variability in hypertensive subjects: a systematic review and meta-analysis of randomized clinical
trials. Hypertension research : official journal of the Japanese Society of Hypertension, 44(9), 1205-1212.

https://doi.org/10.1038/s41440-021-00681-7

Edwards, J. J., Deenmamode, A. H. P., Griffiths, M., Arnold, O., Cooper, N. J., Wiles, J. D., & O'Driscoll, J. M.

(2023). Exercise training and resting blood pressure: a large-scale pairwise and network meta-analysis of randomised
controlled trials. British journal of sports medicine, 57(20), 1317-1326. https://doi.org/10.1136/bjsports-2022-

106503

Farah, B. Q., Rodrigues, S. L. C., Silva, G. O., Pedrosa, R. P., Correia, M. A., Barros, M. V. G., Deminice, R.,

Marinello, P. C., Smart, N. A., Vianna, L. C., & Ritti-Dias, R. M. (2018). Supervised, but Not Home-Based,
Isometric Training Improves Brachial and Central Blood Pressure in Medicated Hypertensive Patients: A

Randomized Controlled Trial. Frontiers in physiology, 9, 961. https://doi.org/10.3389/fphys.2018.00961

Fecchio, R. Y., de Sousa, J. C. S., Oliveira-Silva, L., da Silva Junior, N. D., Pio-Abreu, A., da Silva, G. V., Drager,

L. F., Low, D. A., & Forjaz, C. L. M. (2023). Effects of dynamic, isometric and combined resistance training on

blood pressure and its mechanisms in hypertensive men. Hypertension research : official journal of the Japanese

Society of Hypertension, 46(4), 1031-1043. https://doi.org/10.1038/s41440-023-01202-4

Goessler, K. F., Buys, R., VanderTrappen, D., Vanhumbeeck, L., & Cornelissen, V. A. (2018). A randomized
controlled trial comparing home-based isometric handgrip exercise versus endurance training for blood pressure

management. Journal of the American  Society of  Hypertension : JASH, 12(4), 285-293.

https://doi.org/10.1016/j.jash.2018.01.007

Hayes, P., Ferrara, A., Keating, A., McKnight, K., & O'Regan, A. (2022). Physical Activity and

Hypertension. Reviews in cardiovascular medicine, 23(9), 302. https://doi.org/10.31083/j.rcm2309302

Inder, J. D., Carlson, D. J., Dieberg, G., McFarlane, J. R., Hess, N. C., & Smart, N. A. (2016). Isometric exercise

training for blood pressure management: a systematic review and meta-analysis to optimize benefit. Hypertension

research  :  official  journal of the Japanese  Society  of  Hypertension, 39(2), 88-94.

https://doi.org/10.1038/hr.2015.111

Kelley, G. A., & Kelley, K. S. (2010). Isometric handgrip exercise and resting blood pressure: a meta-analysis of
randomized controlled trials. Journal of hypertension, 28(3), 411-418.

https://doi.org/10.1097/HJH.0b013e3283357d16

Leeyio, T. R., Katto, N. P., Juma, F. M., Mkassy, F. L., Liwa, A. C., Matuja, S. S., Byamungu, D., Ayieko, P.,

Bintabara, D., & Konje, E. T. (2025). Aerobic activity significantly reduces blood pressure among hypertensive

adults in Africa: a systematic review and meta-analysis. Frontiers in public health, 13, 1548584.

https://doi.org/10.3389/fpubh.2025.1548584

Moreira, W. D., Fuchs, F. D., Ribeiro, J. P., & Appel, L. J. (1999). The effects of two aerobic training intensities on

ambulatory blood pressure in hypertensive patients: results of a randomized trial. Journal of clinical
epidemiology, 52(7), 637-642. https://doi.org/10.1016/s0895-4356(99)00046-3

e-ISSN: 2544-9435 8



4(48) (2025): International Journal of Innovative Technologies in Social Science

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Okamoto, T., Hashimoto, Y., & Kobayashi, R. (2020). Isometric handgrip training reduces blood pressure and wave
reflections in East Asian, non-medicated, middle-aged and older adults: a randomized control trial. Aging clinical
and experimental research, 32(8), 1485—1491. https://doi.org/10.1007/s40520-019-01330-3

Dimeo, F., Pagonas, N., Seibert, F., Arndt, R., Zidek, W., & Westhoff, T. H. (2012). Aerobic exercise reduces blood
pressure  in  resistant  hypertension. Hypertension  (Dallas, Tex. . 1979),603), 653—658.
https://doi.org/10.1161/HYPERTENSIONAHA.112.197780

Palmeira, A. C., Farah, B. Q., Silva, G. O. D., Moreira, S. R., Barros, M. V. G., Correia, M. A., Cucato, G. G., &
Ritti-Dias, R. M. (2021). Effects of isometric handgrip training on blood pressure among hypertensive patients seen
within public primary healthcare: a randomized controlled trial. Sao Paulo medical journal = Revista paulista de
medicina, 139(6), 648—656. https://doi.org/10.1590/1516-3180.2020.0796.R1.22042021

Pinto, D., Dias, N., Garcia, C., Teixeira, M., Marques, M. J., Amaral, T., Amaral, L., Abreu, R., Figueiredo, D.,
Poldnia, J., Mesquita-Bastos, J., Viana, J. L., Pescatello, L. S., Ribeiro, F., & Alves, A. J. (2025). Effect of home-
based isometric training on blood pressure in older adults with high normal BP or stage  hypertension: A randomized
controlled trial. Journal of the American Geriatrics Society, 73(2), 574-582. https://doi.org/10.1111/jgs.19213
Prado, J. P., Castro, A. E., Carvalho, J., Pereira, D., Faccioli, L. H., Sorgi, C., Novaes, R., Silva, S., & Galdino, G.
(2024). Investigation of the involvement of platelet-activating factor in the control of hypertension by aerobic
training. A randomized controlled trial. Biology of sport, 41(2), 163-174.
https://doi.org/10.5114/biolsport.2024.131819

Saco-Ledo, G., Valenzuela, P. L., Ruiz-Hurtado, G., Ruilope, L. M., & Lucia, A. (2020). Exercise Reduces
Ambulatory Blood Pressure in Patients With Hypertension: A Systematic Review and Meta-Analysis of
Randomized Controlled Trials. Journal of the American Heart Association, 9(24), ¢018487.
https://doi.org/10.1161/JAHA.120.018487

Silva, F. M., Ferreira, J. P., Teixeira, A. M., Massart, A., & Duarte-Mendes, P. (2025). Effects of combined aerobic-
resistance training on health-related quality of life and stress in sedentary adults. Frontiers in aging, 6, 1603635.
https://doi.org/10.3389/fragi.2025.1603635

Wang, X., Wang, Q., Zhao, W., Wang, J., Chen, L., & Wang, L. (2025). The efficacy of resistance training for the
management of hypertension: a systematic review and meta-analysis. Postepy w kardiologii interwencyjnej =
Advances in interventional cardiology, 21(2), 163—170. https://doi.org/10.5114/aic.2025.151598

Bentley, D. C., Nguyen, C. H., & Thomas, S. G. (2015). Resting blood pressure reductions following isometric
handgrip exercise training and the impact of age and sex: protocol for a systematic review. Systematic reviews, 4,
176. https://doi.org/10.1186/s13643-015-0164-6

Edwards, J.J., Coleman, D.A., Ritti-Dias, R.M. et al. Isometric Exercise Training and Arterial Hypertension: An
Updated Review. Sports Med 54, 1459—1497 (2024). https://doi.org/10.1007/s40279-024-02036-x

Sprick, J. D., Mammino, K., Jeong, J., DaCosta, D. R., Hu, Y., Morison, D. G., Nocera, J. R., & Park, J. (2022).
Aerobic exercise training improves endothelial function and attenuates blood pressure reactivity during maximal
exercise in chronic kidney disease. Journal of applied physiology (Bethesda, Md. : 1985), 132(3), 785-793.
https://doi.org/10.1152/japplphysiol.00808.2021

Schneider, V. M., Domingues, L. B., Umpierre, D., Tanaka, H., & Ferrari, R. (2023). Exercise characteristics and
blood pressure reduction after combined aerobic and resistance training: a systematic review with meta-analysis and
meta-regression. Journal of hypertension, 41(7), 1068—1076. https://doi.org/10.1097/HJH.0000000000003455

Li, X., Chang, P., Wu, M, Jiang, Y., Gao, Y., Chen, H., Tao, L., Wei, D., Yang, X., Xiong, X., Yang, Y., Pan, X.,
Zhao,R., Yang, F., Sun, J., Yang, S., Tian, L., He, X., Wang, E., Yang, Y., ... Xing, Y. (2024). Effect of Tai Chi vs
Aerobic Exercise on Blood Pressure in Patients With Prehypertension: A Randomized Clinical Trial. JAMA network
open, 7(2), €2354937. https://doi.org/10.1001/jamanetworkopen.2023.54937

Silva de Sousa, J. C., Fecchio, R. Y., Oliveira-Silva, L., Pio-Abreu, A., da Silva, G. V., Drager, L. F., Low, D. A.,
& de Moraes Forjaz, C. L. (2024). Effects of dynamic, isometric, and combined resistance training on ambulatory
blood pressure in treated men with hypertension: a randomized controlled trial. Journal of human
hypertension, 38(12), 796-805. https://doi.org/10.1038/s41371-024-00954-x

e-ISSN: 2544-9435 9



