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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 cornerstone 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,” “isometric exercise,” “combined training,” and “endothelial function.” Studies 
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: 

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

• Isometric 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]. 

• Autonomic regulation: Exercise decreases sympathetic nervous system activity and enhances 

parasympathetic tone, improving heart rate and vascular responses [7,10,17]. 

• 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 II 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-α 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 % VO₂ 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. 
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