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ABSTRACT 

Background. Hypertension, a major contributor to heart disease, is linked to severe complications such as heart 

attacks, strokes, myocardial infarctions, and chronic kidney disease. Various types of exercise present a promising 

strategy for lowering BP in both hypertensive and normotensive individuals, thereby reducing the risk of 

cardiovascular diseases. Objectives. This study aimed to assess the impact of aerobic, resistance, and combined 

training on BP regulation in patients with chronic diseases. Methods. A comprehensive search was conducted using 

relevant keywords across SCOPUS, PubMed, the Cochrane Central Database, and Google Scholar. Eighteen articles 

meeting pre-defined inclusion and exclusion criteria were selected for review. The search covered papers published 

from January 1, 1995, through May 31, 2024. Results. The analysis revealed that aerobic exercise performed three 

times per week for 10 weeks led to significant reductions in systolic (SBP) and diastolic (DBP) blood pressure in obese 

patients with cardiovascular disease. Aerobic exercise showed a meaningful alteration in BP by reducing systemic 

vascular resistance in patients with metabolic syndrome. Moreover, aerobic and resistance training were more effective 

in lowering mean arterial pressure in individuals with pre- and stage-1 hypertension and type 2 diabetes. Combined 

aerobic and resistance training, performed three times per week for 12 weeks, led to a significant reduction in both 

SBP and DBP. Conclusion. These findings highlight the crucial role of exercise therapy as a non-pharmacological 

approach to managing BP and reducing cardiovascular risk factors. 

KEYWORDS: Physical Activity, Cardiovascular Health, Health Outcomes, Exercise Prescription. 
 

http://www.aassjournal.com/
https://dx.doi.org/10.61186/aassjournal.1447
mailto:suhanakk@usm.my
https://orcid.org/0009-0009-4749-3248
https://orcid.org/0000-0002-7872-4581
https://orcid.org/0000-0002-7917-2521
https://orcid.org/0000-0001-6430-2938
https://orcid.org/0000-0002-1975-6487
https://orcid.org/0000-0002-1120-4100
https://orcid.org/0000-0002-7299-1072
https://orcid.org/0000-0002-9397-2399
https://crossmark.crossref.org/dialog/?doi=10.61186/aassjournal.1447


2        Impact of Aerobic, Resistance, and Combined Training on Blood Pressure 

INTRODUCTION 
Hypertension is a significant risk factor for 

cardiovascular disease (1). Cardiovascular 

diseases encompass a range of conditions, 

including coronary artery disease (CAD), 

arrhythmias, cardiomyopathy, and valvular 

disease (2). Among these, hypertension is a 

primary driver, leading to serious complications 

such as heart attack, myocardial infarction, 

stroke, and chronic kidney disease (3). 

Cardiovascular disease mortality and 

morbidity increase in a curvilinear fashion with 

rising BP, without evidence of a definitive risk 

threshold (4, 5). Hypertension, a critical 

component of metabolic syndrome, is typically 

defined by a systolic blood pressure (SBP) of 130 

mm Hg or higher or a diastolic blood pressure 

(DBP) of 85 mm Hg or higher (6). High BP is a 

significant public health issue in the United 

States, affecting approximately 50 million 

Americans (7). Over the past 80 years, the 

increasing cardiovascular disease mortality rate 

has led to annual healthcare costs nearing $320 

billion, impacting around 60 million Americans 

(7).  Therefore, Whelton, Chin (8) stated that 

uncontrolled high BP is a major contributor to 

coronary heart disease, stroke, end-stage renal 

disease, and congestive heart failure. Clinical 

research consistently shows that reducing BP can 

lower cardiovascular mortality (9). Even a modest 

reduction of 2 mm Hg in the average DBP across 

the general population could substantially 

decrease the risk of diseases associated with 

elevated BP (9). 

Exercise can reduce the risk of numerous 

health disorders and chronic diseases (10). It is 

broadly defined as any bodily movement 

produced by skeletal muscles that requires energy 

expenditure. Various forms of exercise include 

cycling, jogging, walking, and participating in 

sports and recreational activities. Physical 

inactivity is a significant risk factor for 

cardiovascular disease, with individuals who are 

less physically active having a 30% to 50% higher 

risk of developing hypertension (11). Clinical 

studies have shown that regular physical activity 

can reduce BP in hypertensive and normotensive 

individuals, independent of weight loss (12). For 

instance, a study found that older women with 

metabolic syndrome experienced reductions in 

systolic, diastolic, and mean BP, along with 

improvements in heart rate variability, 24 hours 

after a low-intensity resistance exercise session 

with 60% to 80% blood flow restriction (13). 

However, there is conflicting evidence regarding 

how exercise contributes to BP reduction in the 

general population and specific subgroups (14).  

Many systematic reviews and meta-analyses 

have investigated the impact of diverse exercise 

modalities on blood pressure. The findings 

indicate that aerobic exercise is associated with 

significant reductions in SBP, although the effect 

on DBP is less pronounced. These observations 

suggest that aerobic exercise may contribute to a 

reduction in cardiovascular disease risk. Such 

aerobic exercise-induced adaptations may be 

primarily attributed to the significant 

improvements in cardiac output, oxygen uptake, 

nitric oxide production, and stress levels that have 

antihypertensive properties (15-17). It has been 

well-documented that improved endothelial 

function and autonomic regulation, as well as 

reduced oxidative stress, are considered to be the 

potential physiological mechanisms responsible 

for these positive adaptations in BP levels (18). 

These advantageous effects of aerobic exercise 

are critical for middle-aged and older adults 

struggling with lifestyle-related chronic diseases 

commonly linked to impaired metabolic health 

that increases the risk of mortality (19). 

Resistance training that involves muscle 

contraction against external forces has been 

demonstrated to enhance muscle strength, 

facilitate fat loss, and regulate blood pressure. A 

literature review reveals that studies comparing 

the effects of aerobic exercise and resistance 

training on BP in individuals with hypertension 

indicate that both types of exercise are effective 

in lowering BP, with no significant difference 

between them (20). However, it is possible that 

resistance training may be more beneficial in 

populations with metabolic dysregulation, as it 

has been shown to induce favorable effects on 

various glycolipid metabolism indicators (21). 

The objective of the present review was to 

provide a synthesis of the research methods 

employed and the findings reported in studies 

where blood pressure was examined. A review 

article may disseminate the main research 

findings on blood pressure responses to exercise 

in various clinical populations to identify research 

issues, considerations, and gaps in the literature. 

Given the paucity of research on blood pressure 

responses to exercise, this narrative review aimed 

to provide a comprehensive overview of the 
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existing evidence by capturing all published 

research on the topic, regardless of the study 

design. The review addressed the general 

question: What is known from published research 

about blood pressure adaptations to aerobic, 

resistance, and combined training in patients with 

chronic diseases? 

 

MATERIALS AND METHODS 
Protocol and Registration. This manuscript 

is a narrative review, which does not require 

protocol registration. Therefore, no registration 

code is applicable for this type of study. 

Literature Search Strategy. The studies 

included in this review were selected based on 

freely accessible data. We identified relevant 

studies by searching multiple databases, 

including SCOPUS, PubMed, Cochrane Central 

Database, and Google Scholar. 

Eligibility Criteria. Following a 

comprehensive literature search, all studies 

examining the effects of exercise on BP in 

patients with chronic diseases were reviewed. The 

search spanned papers published between January 

1, 1995, and May 31, 2024, utilizing keywords 

such as "BP", "endurance training", 

"cardiovascular risk factors", "hypertension", 

"aerobic exercise", "meta-analysis", and 

"resistance training". Two authors (S.B. and 

N.K.) applied the PICOS method to assess the full 

texts of the identified studies and establish the 

inclusion and exclusion criteria. In cases of 

disagreement, a third author (A.B.) was consulted 

to reach a final decision. 

Study Selection. Two authors (S.B. and N.O.) 

conducted the study selection process and applied 

the inclusion and exclusion criteria through a 

stepwise evaluation of titles, abstracts, and full 

texts. In cases where discrepancies arose, a third 

author (W.G.) was consulted to discuss and 

finalize the decision on whether to include or 

exclude articles for the current review. 

Methodological Quality Assessment. The 

quality of the included studies was evaluated 

using the Joanna Briggs Institute (JBI) critical 

appraisal checklist (JBI, 2017), which examines 

nine key criteria: (i) appropriate sampling frame, 

(ii) suitable sampling technique, (iii) sufficient 

sample size, (iv) clear description of study 

subjects and setting, (v) thorough data analysis, 

(vi) valid methods for the conditions studied, (vii) 

consistent measurement across participants, (viii) 

appropriate statistical analysis, and (ix) adequate 

response rate. Each item was rated as yes, no, 

unclear, or not applicable. A "yes" received a 

score of 1, while "no" and "unclear" received 0. 

The average score for each study was calculated, 

and those with scores above the mean were 

classified as high-quality, while those below were 

deemed low-quality. The inclusion or exclusion 

of studies was based on this methodological 

quality assessment (Table 1). 

 
Table 1. Inclusion and exclusion criteria were used for this review 

Characteristics Inclusion criteria Exclusion criteria 

Type of studies Original studies from 

a peer-reviewed journal 

systematic review and meta-analysis. 

Non-peer-reviewed or non-original research 

Editorials, opinions, and discussions 

Publication Type Full-text articles available 

Available in English 

Studies without full-texts 

In a language other than English 

Participants Patients with Diabetes, hypertension, congestive 

heart failure, stroke, asthma, human 

immunodeficiency virus infection and acquired 

immune deficiency syndrome comorbidities, liver 

disease, and chronic obstructive pulmonary 

disease. 

Patients without a history of chronic diseases. 

 

 

RESULTS 
The data from the studies were imported into 

the EndNote X9 citation manager. Articles were 

then reviewed for relevance to the review's 

objectives, and duplicates were removed. 

Initially, 2,735 articles were identified. Following 

the application of predefined inclusion and 

exclusion criteria, 17 articles met the established 

criteria and were selected for inclusion in this 

review (as detailed in Table 2 and Figure 1).
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Figure 1. PRISMA flowchart for search strategy. 

 

 

Our review of relevant studies indicates that 

aerobic exercise is associated with significant 

benefits for individuals with obesity and 

cardiovascular disease. For instance, Banz, 

Maher (22) found that obese patients with 

cardiovascular disease who participated in 40 

minutes of aerobic exercise three times a week 

for ten weeks, at intensities between 60% and 

80% of their maximum heart rate, experienced 

significant reductions in both SBP and DBP. 

Similarly, Grant, Todd (23) observed that 

overweight women also experienced a 

reduction in BP following aerobic exercise 

interventions.  

Furthermore, a meta-analysis examining 

hypertensive and non-hypertensive adults aged 

20 to 72 years demonstrated that engaging in 

aerobic exercise—specifically, three sessions 

per week, each lasting 40 minutes at 65% of 

maximum heart rate—resulted in significant 

reductions in both resting and daytime 

ambulatory BP over durations ranging from 4 

to 52 weeks. This observed decrease in BP was 

linked to a reduction in systemic vascular 

resistance  (24). 

Additionally, aerobic exercise has been 

shown to lower both SBP and DBP in 

individuals with metabolic syndrome, 

indicating its potential as an effective 

intervention for improving BP and alleviating 

chronic diseases (25).  

Our literature review indicates that DBP 

significantly decreased after 16 and 32 weeks 

of exercise interventions, leading to reductions 

in both blood BP and left ventricular 

hypertrophy in individuals with severe 

hypertension (25). Maeda, Tanabe (26) 

reported that exercise training resulted in 

elevated plasma concentrations of nitric oxide 

and cyclic guanosine monophosphate, which 

were associated with significant reductions in 

BP. 
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Similarly, Ruangthai and Phoemsapthawee (27) observed that combined 

aerobic and resistance training led to substantial decreases in SBP, correlated 

with increased plasma total nitrite/nitrate levels. Conversely, while aerobic and 

resistance training have been shown to reduce mean arterial pressure in 

individuals with prehypertension and stage-1 hypertension, resistance training 

alone did not result in significant BP changes (28) (Table 2). 

 
Table 2. Characteristics of the included studies 

Study Total sample 

size/ Gender 

Population Age (Mean 

years ± SD) 

Intervention Duration 

(week) 

Session 

per week 

Main finding Quality 

assessment 

JBI score out 

of 9 criteria 

Whelton et al., 

2002 (8) 

A meta-analysis 

of 54 RCT 

included 2419 

subjects 

hypertensive and 

non hypertensive 

patients 

- Aerobic exercise 12 3 A significant decrease in mean systolic and 

diastolic BP was observed in both 

hypertensive and normotensive 

participants. 

6 

Banz et al., 2003 

(22) 

26/M Obesity and at 

least one other 

heart disease 

48±6 Aerobic and 

resistance training 

10 3 No significant differences in BP were 

noted across groups; however, aerobic 

exercise significantly reduced DBP 

(P<0.05). Resistance training reduced 

systolic BP. 

8 

Grant et al., 

2004 (23) 

26/F Overweight/obese 

hypertensive 

patients 

63±4 Aerobic and 

resistance training 

12 2 Both training significantly reduced DBP 

SBP (P<0.05) compared to the control 

group 

9 

Fagard and 

Cornelissen, 

2007 (24) 

 

A meta-analysis 

of 105 studies 

included 72 trials 

hypertensive and 

non-hypertensive 

 

20 to 72 Aerobic exercise 4-52 3 The exercise intervention significantly 

decreased BP resting and daytime 

ambulatory BP (P<0.001) through 

decreased systemic vascular resistance.  

6 

Kokkinos et al., 

1995 (25) 

46/M Hypertensive 

patients 

35-76 Aerobic exercise 16 3 Intervention decreases DBP, BP, and left 

ventricular hypertrophy. 

7 

Maeda et al., 

2004 (26) 

15/F Chronic diseases 59-69 Aerobic exercise 12 5 The intervention significantly reduced 

resting BP (P<0.05) and increased the 

plasma concentration of NO and cGMP. 

7 

Ruangthai et al., 

2019 (27) 

54/M Hypertension 67±6 years Aerobic and 

resistance training 

12 3 Endurance training, combined training, 

and strength training reduced SBP by 

7.9%, 8.2%, and 19.1%, respectively, 

correlating with increased plasma NO 

concentrations. 

7 

Collier et al., 

2008 (28) 

30/M & F Hypertensive 

patients 

48.2±1.3 Aerobic and 

resistance training 

4 3 Significantly reduced in resistance and 

aerobic training SBP and DBP. resistance 

training increases central and peripheral 

arterial stiffness, while aerobic training 

decreases arterial stiffness. 

8 

Katzmarzyk et 

al., 2003 (29) 

621/M & F Chronic diseases, 

participants with 

BP<160/100 mm 

Hg) 

45.8±13.9 Aerobic exercise 20 3 Aerobic exercise Significantly decreases 

BP, SBP, and DBP (P<0.05). 

8 

Figueroa et al., 

2011 (30) 

24/F Postmenopausal 

women 

47-68 Circuit resistance 

training followed 

12 - Significantly reduced SBP and DBP 

compared with the control. The 12 weeks 

of moderate-intensity combined circuit 

8 
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Study Total sample 

size/ Gender 

Population Age (Mean 

years ± SD) 

Intervention Duration 

(week) 

Session 

per week 

Main finding Quality 

assessment 

JBI score out 

of 9 criteria 

by aerobic 

exercise 

resistance training  and aerobic exercise 

improve hemodynamics,  arterial stiffness, 

and muscle strength 

Dimeo et al., 

2012 (31) 

50/M & F Hypertension 67.9±6.2 Aerobic exercise 12 3 It significantly reduced SBP and DBP 

(P=0.03). Exercise decreased BP on 

exertion and improved physical 

performance even in subjects with low 

responsiveness to medication. 

8 

Ho et al., 2011 

(32) 

20/F Hypertensive 

women 

50-67 years Aerobic and 

resistance training 

12 3 significantly reduced in SBP and DBP. A 

moderate-intensity 30-minute bout of 

resistance or aerobic training could 

decrease cardiovascular disease risk 

factors. 

9 

Carpio-Rivera 

et al., 2016 (33) 

A meta-analysis 

included 1408 

participants 

Chronic disease 36.1±15.1 years Aerobic and 

resistance training 

12 3 Intervention decreased significantly both 

DBP and SBP (p<0.05). The decrease in 

blood pressure was significant irrespective 

of the subjects' initial blood pressure 

levels, sex, or physical activity levels. 

6 

Park  et al., 2021 

(34) 

 

- Hypertension and 

T2DM. 

- Aerobic/resistance 

And combined 

training 

- - Exercise improved SBP (95% CI, −8.39 to 

−2.12) and DBP (95% CI, −4.91 to −1.40). 

Aerobic activity showed the greatest 

impact on reducing SBP and DBP. 

6 

Lopes et al., 

2021 (35) 

A meta-analysis 

included 642 

participants 

hypertension - Aerobic, 

resistance, and 

combined aerobic 

and resistance 

- - Exercise training, particularly aerobic, 

combined, and isometric resistance 

exercises, reduced pulse wave velocity in 

adults with hypertension; however, 

dynamic resistance training did not 

demonstrate this effect. 

6 

Al-Mhanna et 

al., 2024c (36) 

A meta-analysis / 

1,148 F 

 

overweight/ 

obese T2DM 

patients 

66±6 Aerobic and 

resistance training 

12 3 The training intervention showed 

significant improvements in SBP and 

DBP. 

6 

Al-Mhanna et 

al., 2024d (37) 

A meta-analysis. 

Included 1,192 

participants 

Cancer 57±7 Aerobic and 

resistance training 

12 3 Combined aerobic and resistance training 

demonstrated significant improvements in 

SBP and DBP 

6 

BP: Blood Pressure; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; JBI criteria: (1) appropriate sampling frame, (2) proper sampling technique, (3) adequate sample size, (4) study 

subject and setting description, (5) sufficient data analysis, (6) use of valid methods for the identified conditions, (7) valid measurement for all the participants, (8) using appropriate statistical analysis, 

and (9) adequate response rate; T2DM: Type 2 Diabetes Mellitus; F: Female; M: Male. 
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DISCUSSION 
The study aimed to assess the effects of 

different exercise modalities on blood pressure in 

patients with chronic diseases. The analysis 

showed that consistent aerobic and resistance 

training significantly lowered SBP and DBP in 

individuals with cardiovascular disease. 

Furthermore, the current evidence suggests that 

mind-body fitness modalities, such as Pilates, 

yoga, and tai chi, benefit BP and enhance physical 

fitness (38-40). A meta-analysis further indicated 

that aerobic exercise can significantly lower 

resting and daytime ambulatory BP, primarily due 

to reduced systemic vascular resistance. 

Moreover, exercise-induced elevations in nitric 

oxide and cyclic guanosine monophosphate levels 

were identified as fundamental mechanisms 

contributing to BP reduction (41). 

Exercise plays a crucial role in promoting the 

formation of new blood vessel angiogenesis by 

increasing the expression of vascular endothelial 

growth factor (VEGF) and stimulating blood flow 

to tissues. This enhanced blood vessel formation 

improves oxygen delivery and reduces vascular 

resistance, which contributes to lowering blood 

pressure (42). Regular aerobic and resistance 

exercise can help regulate blood pressure by 

improving endothelial function and increasing 

nitric oxide production, leading to vasodilation. 

These effects collectively support cardiovascular 

health and help manage conditions like 

hypertension (42). Aerobic and resistance training 

have been shown to reduce mean arterial pressure 

in individuals with prehypertension and stage-1 

hypertension, consistent with findings from 

previous studies (8). This finding may suggest 

that a combined approach involving aerobic and 

resistance training may be efficient in managing 

BP in individuals with hypertension or 

cardiovascular disease, as it potentially targets 

multiple physiological pathways involved in BP 

regulation. MacDonald, Johnson (43) conducted 

a meta-analysis involving 64 trials and 2,344 

participants, demonstrating that resistance 

training is equally as practical as aerobic training 

in improving SBP, DBP, and overall health 

outcomes. 

Exercise therapy is a well-established 

nonpharmacological intervention for managing 

hypertension and other cardiovascular disorders. 

Among the various forms of exercise, aerobic 

continuous training is endorsed by international 

guidelines for primary and secondary 

hypertension prevention (44).  A notable 

phenomenon associated with exercise is post-

exercise hypotension (PEH), where BP decreases 

to levels below the pre-exercise baseline 

following a single bout of exercise. This transient 

BP reduction is considered a predictor of the long-

term effects of exercise training on chronic 

hypertension (44). The occurrence and magnitude 

of PEH have been observed in both normotensive 

and hypertensive individuals, with varying 

observation periods following exercise (45). The 

precise mechanisms underlying the reduction in 

BP associated with exercise remain unclear. 

However, insulin resistance and hyperinsulinemia 

have been implicated in the development of 

hypertension (46).  Clinical trials have 

demonstrated that aerobic exercise improves 

insulin resistance and reduces insulin levels in 

hypertensive patients (47). Moreover, changes in 

BP during exercise have been closely associated 

with decreased overall cholesterol levels and 

improved insulin resistance (48). 

One proposed mechanism for the 

antihypertensive effects of exercise is the 

enhancement of endothelium-dependent 

vasodilation. Aerobic exercise has increased 

nitric oxide bioavailability, improving 

endothelium-dependent vasorelaxation in 

hypertensive individuals  (48). Reductions in SBP 

due to exercise are linked to increases in plasma 

total nitrite/nitrate concentrations. Additionally, 

previous research indicates that aerobic exercise 

can lower BP in pre-hypertensive and 

hypertensive populations (46). The endothelial 

adaptation associated with exercise is believed to 

be driven by exercise-induced increases in shear 

stress, which result in the upregulation of 

endothelial nitric oxide synthase and greater nitric 

oxide bioavailability (49). It has been suggested 

that this adaptation is primarily due to a 

significant increase in nitric oxide production 

and/or a decrease in nitric oxide scavenging by 

reactive oxygen species (49). Furthermore, 

strength training has been reported to enhance 

endothelial-dependent vasodilation, although this 

effect appears localized to the trained limbs (50). 

Circuit resistance training followed by 

endurance exercise at 60% of maximal heart rate 

performed three times per week for 12 weeks has 

been shown to significantly reduce SBP and DBP 

while improving hemodynamics, arterial 

stiffness, and muscle strength compared to a 

control group (30). Circuit-based resistance 
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training interventions conducted in various 

settings demonstrated favorable changes in 

cardiovascular disease risk factors, including BP 

(51-53). Recent systematic reviews and meta-

analyses on the effects of exercise in adults with 

both hypertension and type 2 diabetes mellitus 

(T2DM) have further confirmed these benefits. 

Specifically, exercise interventions appear to 

improve SBP and DBP, with aerobic exercise 

being the most effective modality. Moreover, 

combined aerobic and isometric resistance 

training has been shown to reduce pulse wave 

velocity reducing arterial stiffness (34). These 

findings suggest that exercise reduces BP by 

lowering systemic vascular resistance, potentially 

through modulating the sympathetic nervous 

system and the renin-angiotensin system, which 

collectively positively impact cardiovascular risk 

factors. The antihypertensive effects of exercise 

appear to be more pronounced in hypertensive 

individuals than those with normal BP, indicating 

that regular physical activity helps regulate BP in 

hypertensive patients and may also serve as a 

preventative measure against hypertension in 

normotensive individuals (24). However, it is 

essential to note that not all studies report 

significant reductions in BP following exercise 

interventions. For instance, García-Hermoso, 

Alonso-Martinez (54) found that higher-intensity 

exercise did not produce a greater 

antihypertensive effect in patients with chronic 

kidney disease, highlighting the potential 

influence of underlying health conditions on 

exercise outcomes. These results underscore the 

importance of tailored exercise interventions for 

managing BP and reducing cardiovascular 

disease risk in hypertensive and normotensive 

individuals, contributing to improved quality of 

life and long-term health outcomes. It is also 

noteworthy that interval training programs appear 

to be a promising exercise strategy for inducing 

beneficial alterations in SBP and DBP in 

individuals with metabolic derangements (55, 

56). Such positive effects may be attributed to the 

advantageous role of vigorous-intensity, 

intermittent-type exercise regimens in several 

mental health indicators associated with vascular 

function (57). This highlights the need for further 

research in this particular area . 

Current American and European hypertension 

guidelines emphasize the importance of regular 

physical activity as a primary recommendation 

for managing high BP (58). Engaging in physical 

activity has been demonstrated to lower BP, even 

in individuals who exhibit a limited response to 

medical treatments, highlighting its critical role in 

managing resistant hypertension (58). Therefore, 

exercise intervention represents a fundamental 

element in the treatment and prevention of 

chronic diseases, with a significant impact on BP 

control. The current evidence base supports the 

recommendation of engaging in moderate-

intensity physical activity for a minimum of 30 

minutes daily, with the optimal approach being 

daily participation. This regimen should include 

aerobic exercise modalities daily (24). Prior to 

undertaking vigorous exercise (≥60% of 

maximum intensity), individuals with 

hypertension should undergo medically 

supervised peak or symptom-limited exercise 

testing, incorporating electrocardiogram and BP 

monitoring (59). Asymptomatic individuals at 

low risk participating in light-to-moderate 

physical activity (<60% of maximum intensity) 

generally do not require additional testing beyond 

routine care. However, asymptomatic high-risk 

patients may benefit from exercise testing before 

engaging in moderate-intensity activities (40–

60% of maximum intensity), though not for light 

or very light activities (<40% of maximum 

intensity). Patients experiencing symptoms such 

as chest discomfort, exertional dyspnea, or 

palpitations should be closely monitored and may 

need further evaluation with tests like Holter 

monitoring, echocardiography, or a combination 

of these. Alongside physical activity, patients are 

encouraged to follow non-pharmacological 

strategies, including increasing fruit and 

vegetable intake, reducing salt and saturated fat 

consumption, quitting smoking, limiting alcohol 

intake, and incorporating daily moderate exercise. 

For those at elevated or high risk of 

cardiovascular complications, prompt initiation 

of antihypertensive drug therapy is recommended 

(24). For BP prevention and management, 

moderate-intensity whole-body aerobic exercise 

(50–65% of maximum oxygen intake) focusing 

on major muscle groups is recommended. The 

optimal duration for each session is between 30 

and 60 minutes, with a frequency of three to four 

times per week (60). Additionally, resistance 

training should be conducted at low intensity 

without breath-holding. Individuals with 

hypertension who experience chest problems, 

such as chest pain, should avoid resistance 

training (60). Thus, clinicians and practitioners 
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should be aware of the latest research findings on 

the pivotal role of various exercise types in resting 

cardiovascular function parameters among 

patients with several lifestyle-related chronic 

diseases (61). Future research should explore the 

long-term effects of various exercise modalities 

on blood pressure regulation and vascular health 

in diverse populations with chronic diseases. 

Investigating the molecular mechanisms, such as 

nitric oxide production and VEGF expression, 

could provide deeper insights into the role of 

exercise in cardiovascular disease management. 

Randomized controlled trials with larger sample 

sizes and extended follow-up periods would 

strengthen the evidence for tailored exercise 

prescriptions. 

 

CONCLUSION 
The study compiles evidence on the effects of 

different types of exercise on BP. Aerobic and 

resistance training has been demonstrated to confer 

significant benefits for individuals with obesity 

and cardiovascular disease, leading to notable 

reductions in SBP and DBP. Combined aerobic 

and resistance training may provide the most 

effective strategy for managing BP in individuals 

with hypertension or cardiovascular disease. These 

findings highlight the importance of exercise 

therapy as a nonpharmacological treatment, 

potentially benefiting both normotensive and 

hypertensive individuals by regulating BP and 

reducing cardiovascular risk factors. 

 

APPLICABLE REMARKS 

• The study demonstrates that both aerobic and 

resistance training, when performed 

consistently, can effectively lower systolic and 

diastolic blood pressure in patients with 

chronic conditions, emphasizing the potential 

of exercise therapy in managing 

cardiovascular risk factors. 

• Aerobic exercise, in particular, significantly 

reduces systemic vascular resistance, making 

it a viable non-pharmacological intervention 

for patients with metabolic syndrome and 

those at risk of developing cardiovascular 

diseases. 

• Combining aerobic and circuit-based resistance 

training over 12 weeks was particularly 

beneficial in reducing mean arterial pressure, 

especially in individuals with pre- and stage-1 

hypertension and type 2 diabetes. 

• These findings reinforce the importance of 

integrating structured exercise programs into 

the treatment plans for hypertensive patients, 

offering a complementary approach to 

traditional pharmacological treatments to 

manage blood pressure better and mitigate 

cardiovascular risks. 

 

ACKNOWLEDGMENTS  
This study was supported by the School of 

Medical Sciences, Universiti Sains Malaysia, grant 

number 304.PPSP.6315639. 
 

AUTHORS’ CONTRIBUTIONS  
Study concept and design: Norsuhana Omar, 

Sameer Badri Al-mhanna, Alexios Batrakoulis, 

Hafeez Abiola Afolabi, Nouf H. Alkhamees. 

Acquisition of data: Sameer Badri Al-mhanna, 

Gerasimos V. Grivas, Nouf H. Alkhamees. 

Analysis and interpretation of data: Bishir Daku 

Abubakar, Khalid Mohamed, Norsuhana Omar. 

Drafting the manuscript: Sameer Badri Al-

mhanna, Bishir Daku Abubakar. Critical revision 

of the manuscript for important intellectual 

content: Alexios Batrakoulis, Gerasimos V. 

Grivas, Yuni Astuti. Administrative, technical, and 

material support: Norsuhana Omar, Sameer Badri 

Al-mhanna, Alexios Batrakoulis, Hafeez Abiola 

Afolabi, Nouf H. Alkhamees. Study supervision: 

Yuni Astuti, Bishir Daku Abubakar, Alexios 

Batrakoulis. 

 

CONFLICT OF INTEREST  
The authors reported no potential conflict of 

interest. 

 

FINANCIAL DISCLOSURE 
The authors declare that they have no financial 

interests or relationships that could influence the 

content or outcomes of this study. No financial 

conflicts of interest are associated with this 

research. 

 

FUNDING/SUPPORT 
This research was supported by the School of 

Medical Sciences of the Universiti Sains 

Malaysia. The funding body had no involvement 

in the design, execution, interpretation, or 

publication of this research. 

 

ETHICAL CONSIDERATION 
Not applicable. 

 



10        Impact of Aerobic, Resistance, and Combined Training on Blood Pressure 

ROLE OF THE SPONSOR 
The sponsor had no role in the study design, 

data collection, data analysis, interpretation of 

results, manuscript preparation, or decision to 

submit the article for publication. 

 

ARTIFICIAL INTELLIGENCE (AI) 

USE 
Artificial intelligence tools were not utilized in 

this manuscript's conceptualization, data analysis, 

or writing, except for general-purpose language 

models used for proofreading or editing 

assistance, where applicable.

 

REFERENCES 
1. Garovic VD, Hayman SR. Hypertension in pregnancy: an emerging risk factor for cardiovascular 

disease. Nature clinical practice Nephrology. 2007;3(11):613-22. [doi:10.1038/ncpneph0623] 

[PMid:17957198] 

2. Mutalub YB, Abdulwahab M, Mohammed A, Yahkub AM, Al-Mhanna SB, Yusof W, et al. Gut 

microbiota modulation as a novel therapeutic strategy in cardiometabolic diseases. Foods. 

2022;11(17):2575. [doi:10.3390/foods11172575] [PMid:36076760] 

3. Tonelli M, Wiebe N, Guthrie B, James MT, Quan H, Fortin M, et al. Comorbidity as a driver of adverse 

outcomes in people with chronic kidney disease. Kidney international. 2015;88(4):859-66. 

[doi:10.1038/ki.2015.228] [PMid:26221754] 

4. Al-Mhanna SB, Wan Ghazali WS, Maqsood A, Mohamed M, Ahmed N, Afolabi HA, et al. Physical 

activities pre-and post-COVID-19 vaccination and its implementations: A narrative review. SAGE Open 

Med. 2023;11:20503121231158981. [doi:10.1177/20503121231158981] [PMid:36909796] 

5. Riyahi-Alam S, Derakhshan A, Mansournia M, Mansournia N, Almasi M, Azizi F, Hadaegh F. Blood 

pressure and cardiovascular morbidity risk in type 2 diabetes with hypertension over a decade of follow-

up: evidence for J-shaped phenomenon. Journal of human hypertension. 2017;31(6):415-21. 

[doi:10.1038/jhh.2016.94] [PMid:28124685] 

6. Cesena FH, Nary FC, Santos RD, Bittencourt MS. The contribution of the systolic and diastolic 

components for the diagnosis of arterial hypertension under the 2017 ACC/AHA Guideline and 

metabolic heterogeneity among individuals with Stage 1 hypertension. The Journal of Clinical 

Hypertension. 2020;22(7):1192-9. [doi:10.1111/jch.13907] [PMid:32558248] 

7. Zhou B, Perel P, Mensah GA, Ezzati M. Global epidemiology, health burden and effective interventions 

for elevated blood pressure and hypertension. Nature Reviews Cardiology. 2021;18(11):785-802. 

[doi:10.1038/s41569-021-00559-8] [PMid:34050340] 

8. Whelton SP, Chin A, Xin X, He J. Effect of aerobic exercise on blood pressure: a meta-analysis of 

randomized, controlled trials. Annals of internal medicine. 2002;136(7):493-503. [doi:10.7326/0003-

4819-136-7-200204020-00006] [PMid:11926784] 

9. Bundy JD, Li C, Stuchlik P, Bu X, Kelly TN, Mills KT, et al. Systolic blood pressure reduction and risk 

of cardiovascular disease and mortality: a systematic review and network meta-analysis. JAMA 

cardiology. 2017;2(7):775-81. [doi:10.1001/jamacardio.2017.1421] [PMid:28564682] 

10. Al-Mhanna SB, Wan Ghazali WS, Mohamed M, Mohamed RN, Mirza MB, Basheer SN, et al. The 

Impact of COVID-19 on Physical Activity Patterns of Dental Students: A Multinational Survey. 

Healthcare (Basel). 2022;10(11). [doi:10.3390/healthcare10112140] [PMid:36360481] 

11. Tanveer M, Asghar E, Tanveer U, Roy N, Zeba A, Al-Mhanna SB, Batrakoulis A. Community-Level 

Physical Activity Opportunities, Safe and Supportive Environment Factors, and Their Association with 

Overweight and Obesity Among School-Aged Children and Adolescents in Pakistan-A Cross-Sectional 

Study. Kurdish Studies. 2024;12(2):6425-32. [doi:10.3390/sports12090235] [PMid:39330712] 

12. Blumenthal JA, Sherwood A, Gullette EC, Babyak M, Waugh R, Georgiades A, et al. Exercise and 

weight loss reduce blood pressure in men and women with mild hypertension: effects on cardiovascular, 

metabolic, and hemodynamic functioning. Archives of internal medicine. 2000;160(13):1947-58. 

[doi:10.1001/archinte.160.13.1947] [PMid:10888969] 

13. Maciel AW, Pinto LM, Campos RC, Ferreira AC, Dias-Filho CA, Dias CJ, et al. Acute effects of 

resistance exercise with blood flow restriction in elderly women: A pilot study. Journal of aging and 

physical activity. 2020;29(3):361-71. [doi:10.1123/japa.2020-0137] [PMid:33373977] 

https://doi.org/10.1038/ncpneph0623
https://www.ncbi.nlm.nih.gov/pubmed/17957198
https://doi.org/10.3390/foods11172575
https://www.ncbi.nlm.nih.gov/pubmed/36076760
https://doi.org/10.1038/ki.2015.228
https://www.ncbi.nlm.nih.gov/pubmed/26221754
https://doi.org/10.1177/20503121231158981
https://www.ncbi.nlm.nih.gov/pubmed/36909796
https://doi.org/10.1038/jhh.2016.94
https://www.ncbi.nlm.nih.gov/pubmed/28124685
https://doi.org/10.1111/jch.13907
https://www.ncbi.nlm.nih.gov/pubmed/32558248
https://doi.org/10.1038/s41569-021-00559-8
https://www.ncbi.nlm.nih.gov/pubmed/34050340
https://doi.org/10.7326/0003-4819-136-7-200204020-00006
https://doi.org/10.7326/0003-4819-136-7-200204020-00006
https://www.ncbi.nlm.nih.gov/pubmed/11926784
https://doi.org/10.1001/jamacardio.2017.1421
https://www.ncbi.nlm.nih.gov/pubmed/28564682
https://doi.org/10.3390/healthcare10112140
https://www.ncbi.nlm.nih.gov/pubmed/36360481
https://doi.org/10.3390/sports12090235
https://www.ncbi.nlm.nih.gov/pubmed/39330712
https://doi.org/10.1001/archinte.160.13.1947
https://www.ncbi.nlm.nih.gov/pubmed/10888969
https://doi.org/10.1123/japa.2020-0137
https://www.ncbi.nlm.nih.gov/pubmed/33373977


Impact of Aerobic, Resistance, and Combined Training on Blood Pressure        11 

14. Kayhan R, Bayrakdaroğlu S, Ceylan H, Eken Ö, Bayrakdaroğlu Y, Badicu G, et al. Effects of different 

rest intervals in high intensity interval training programs on VO2max, body composition, and isokinetic 

strength and power. Journal of Men's Health. 2024;20(5). [doi:10.22514/jomh.2024.064] 

15. Saco‐Ledo G, Valenzuela PL, Ruiz‐Hurtado G, Ruilope LM, Lucia A. 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. 2020;9(24):e018487. 

[doi:10.1161/JAHA.120.018487] [PMid:33280503] 

16. Jabbarzadeh Ganjeh B, Zeraattalab-Motlagh S, Jayedi A, Daneshvar M, Gohari Z, Norouziasl R, et al. 

Effects of aerobic exercise on blood pressure in patients with hypertension: a systematic review and 

dose-response meta-analysis of randomized trials. Hypertension Research. 2024;47(2):385-98. 

[doi:10.1038/s41440-023-01467-9] [PMid:37872373] 

17. Edwards JJ, Deenmamode AHP, Griffiths M, Arnold O, Cooper NJ, Wiles JD, Driscoll JM. Exercise 

training and resting blood pressure: a large-scale pairwise and network meta-analysis of randomised 

controlled trials. British Journal of Sports Medicine. 2023;57(20):1317. [doi:10.1136/bjsports-2022-

106503] 

18. Lee J, Vasan RS, Xanthakis V. Association of blood pressure responses to submaximal exercise in 

midlife with the incidence of cardiovascular outcomes and all‐cause mortality: the Framingham Heart 

Study. Journal of the American Heart Association. 2020;9(11):e015554. 

[doi:10.1161/JAHA.119.015554] [PMid:32431193] 

19. Al-Mhanna SB, Rocha-Rodriguesc S, Mohamed M, Batrakoulis A, Aldhahi MI, Afolabi HA, et al. 

Effects of combined aerobic exercise and diet on cardiometabolic health in patients with obesity and type 

2 diabetes: a systematic review and meta-analysis. BMC Sports Science, Medicine and Rehabilitation. 

2023;15(1):165. [doi:10.1186/s13102-023-00766-5] [PMid:38049873] 

20. Paluch AE, Boyer WR, Franklin BA, Laddu D, Lobelo F, Lee D-c, et al. Resistance exercise training in 

individuals with and without cardiovascular disease: 2023 update: a scientific statement from the American 

Heart Association. Circulation. 2024;149(3):e217-e31. [doi:10.1161/CIR.0000000000001189] 

21. Sundell J. Resistance Training Is an Effective Tool against Metabolic and Frailty Syndromes. Adv Prev 

Med. 2011;2011:984683. [doi:10.4061/2011/984683] [PMid:21991450] 

22. Banz WJ, Maher MA, Thompson WG, Bassett DR, Moore W, Ashraf M, et al. Effects of resistance 

versus aerobic training on coronary artery disease risk factors. Experimental biology and medicine. 

2003;228(4):434-40. [doi:10.1177/153537020322800414] [PMid:12671188] 

23. Grant S, Todd K, Aitchison T, Kelly P, Stoddart D. The effects of a 12-week group exercise programme 

on physiological and psychological variables and function in overweight women. Public Health. 

2004;118(1):31-42. [doi:10.1016/S0033-3506(03)00131-8] [PMid:14643625] 

24. Fagard RH, Cornelissen VA. Effect of exercise on blood pressure control in hypertensive patients. 

European Journal of Preventive Cardiology. 2007;14(1):12-7. [doi:10.1097/HJR.0b013e3280128bbb] 

[PMid:17301622] 

25. Kokkinos PF, Narayan P, Colleran JA, Pittaras A, Notargiacomo A, Reda D, Papademetriou V. Effects 

of regular exercise on blood pressure and left ventricular hypertrophy in African-American men with 

severe hypertension. New England Journal of Medicine. 1995;333(22):1462-7. 

[doi:10.1056/NEJM199511303332204] [PMid:7477146] 

26. Maeda S, Tanabe T, Otsuki T, Sugawara J, Iemitsu M, Miyauchi T, et al. Moderate regular exercise 

increases basal production of nitric oxide in elderly women. Hypertension Research. 2004;27(12):947-

53. [doi:10.1291/hypres.27.947] [PMid:15894835] 

27. Ruangthai R, Phoemsapthawee J. Combined exercise training improves blood pressure and antioxidant 

capacity in elderly individuals with hypertension. Journal of Exercise Science & Fitness. 2019;17(2):67-

76. [doi:10.1016/j.jesf.2019.03.001] [PMid:30949214] 

28. Collier S, Kanaley J, Carhart R, Frechette V, Tobin M, Hall A, et al. Effect of 4 weeks of aerobic or 

resistance exercise training on arterial stiffness, blood flow and blood pressure in pre-and stage-1 

hypertensives. Journal of human hypertension. 2008;22(10):678-86. [doi:10.1038/jhh.2008.36] 

[PMid:18432253] 

29. Katzmarzyk PT, Leon AS, Wilmore JH, Skinner JS, Rao D, Rankinen T, Bouchard C. Targeting the 

metabolic syndrome with exercise: evidence from the HERITAGE Family Study. Medicine & Science 

https://doi.org/10.22514/jomh.2024.064
https://doi.org/10.1161/JAHA.120.018487
https://www.ncbi.nlm.nih.gov/pubmed/33280503
https://doi.org/10.1038/s41440-023-01467-9
https://www.ncbi.nlm.nih.gov/pubmed/37872373
https://doi.org/10.1136/bjsports-2022-106503
https://doi.org/10.1136/bjsports-2022-106503
https://doi.org/10.1161/JAHA.119.015554
https://www.ncbi.nlm.nih.gov/pubmed/32431193
https://doi.org/10.1186/s13102-023-00766-5
https://www.ncbi.nlm.nih.gov/pubmed/38049873
https://doi.org/10.1161/CIR.0000000000001189
https://doi.org/10.4061/2011/984683
https://www.ncbi.nlm.nih.gov/pubmed/21991450
https://doi.org/10.1177/153537020322800414
https://doi.org/10.1016/S0033-3506(03)00131-8
https://www.ncbi.nlm.nih.gov/pubmed/14643625
https://doi.org/10.1097/HJR.0b013e3280128bbb
https://www.ncbi.nlm.nih.gov/pubmed/17301622
https://doi.org/10.1056/NEJM199511303332204
https://www.ncbi.nlm.nih.gov/pubmed/7477146
https://doi.org/10.1291/hypres.27.947
https://www.ncbi.nlm.nih.gov/pubmed/15894835
https://doi.org/10.1016/j.jesf.2019.03.001
https://www.ncbi.nlm.nih.gov/pubmed/30949214
https://doi.org/10.1038/jhh.2008.36
https://www.ncbi.nlm.nih.gov/pubmed/18432253


12        Impact of Aerobic, Resistance, and Combined Training on Blood Pressure 

in Sports & Exercise. 2003;35(10):1703-9. [doi:10.1249/01.MSS.0000089337.73244.9B] 

[PMid:14523308] 

30. Figueroa A, Park SY, Seo DY, Sanchez-Gonzalez MA, Baek YH. Combined resistance and endurance 

exercise training improves arterial stiffness, blood pressure, and muscle strength in postmenopausal 

women. Menopause. 2011;18(9):980-4. [doi:10.1097/gme.0b013e3182135442] [PMid:21540753] 

31. Dimeo F, Pagonas N, Seibert F, Arndt R, Zidek W, Westhoff TH. Aerobic exercise reduces blood 

pressure in resistant hypertension. Hypertension. 2012;60(3):653-8. 

[doi:10.1161/HYPERTENSIONAHA.112.197780] [PMid:22802220] 

32. Ho SS, Dhaliwal SS, Hills A, Pal S. Acute exercise improves postprandial cardiovascular risk factors in 

overweight and obese individuals. Atherosclerosis. 2011;214(1):178-84. 

[doi:10.1016/j.atherosclerosis.2010.10.015] [PMid:21081229] 

33. Carpio-Rivera E, Moncada-Jiménez J, Salazar-Rojas W, Solera-Herrera A. Acute effects of exercise on 

blood pressure: a meta-analytic investigation. Arquivos brasileiros de cardiologia. 2016;106:422-33. 

[doi:10.5935/abc.20160064] [PMid:27168471] 

34. Park S, Kim J, Lee J. Effects of exercise intervention on adults with both hypertension and type 2 diabetes 

mellitus: a systematic review and meta-analysis. Journal of Cardiovascular Nursing. 2021;36(1):23-33. 

[doi:10.1097/JCN.0000000000000651] [PMid:32011348] 

35. Lopes S, Afreixo V, Teixeira M, Garcia C, Leitao C, Gouveia M, et al. Exercise training reduces arterial 

stiffness in adults with hypertension: a systematic review and meta-analysis. Journal of hypertension. 

2021;39(2):214-22. [doi:10.1097/HJH.0000000000002619] [PMid:32833924] 

36. Al-Mhanna SB, Batrakoulis A, Norhayati MN, Mohamed M, Drenowatz C, Irekeola AA, et al. 

Combined Aerobic and Resistance Training Improves Body Composition, Alters Cardiometabolic Risk, 

and Ameliorates Cancer-Related Indicators in Breast Cancer Patients and Survivors with 

Overweight/Obesity: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. J 

Sports Sci Med. 2024;23(2):366-95. [doi:10.52082/jssm.2024.366] [PMid:38841642] 

37. Al-Mhanna SB, Batrakoulis A, Wan Ghazali WS, Mohamed M, Aldayel A, Alhussain MH, et al. Effects 

of combined aerobic and resistance training on glycemic control, blood pressure, inflammation, 

cardiorespiratory fitness and quality of life in patients with type 2 diabetes and overweight/obesity: a 

systematic review and meta-analysis. PeerJ. 2024;12:e17525. [doi:10.7717/peerj.17525] 

[PMid:38887616] 

38. Batrakoulis A. Psychophysiological Adaptations to Yoga Practice in Overweight and Obese Individuals: 

A Topical Review. Diseases. 2022;10(4). [doi:10.3390/diseases10040107] [PMid:36412601] 

39. Batrakoulis A. Psychophysiological Adaptations to Pilates Training in Overweight and Obese 

Individuals: A Topical Review. Diseases. 2022;10(4). [doi:10.3390/diseases10040071] 

[PMid:36278570] 

40. Batrakoulis A. Role of Mind-Body Fitness in Obesity. Diseases. 2022;11(1). 

[doi:10.3390/diseases11010001] [PMid:36648866] 

41. Kelley GA, Kelley KA, Vu Tran Z. Aerobic exercise and resting blood pressure: a meta‐analytic review 

of randomized, controlled trials. Preventive cardiology. 2001;4(2):73-80. [doi:10.1111/j.1520-

037X.2001.00529.x] [PMid:11828203] 

42. Ross M, Kargl CK, Ferguson R, Gavin TP, Hellsten Y. Exercise-induced skeletal muscle angiogenesis: 

impact of age, sex, angiocrines and cellular mediators. Eur J Appl Physiol. 2023;123(7):1415-32. 

[doi:10.1007/s00421-022-05128-6] [PMid:36715739] 

43. MacDonald HV, Johnson BT, Huedo‐Medina TB, Livingston J, Forsyth KC, Kraemer WJ, et al. 

Dynamic resistance training as stand‐alone antihypertensive lifestyle therapy: a meta‐analysis. Journal 

of the American Heart Association. 2016;5(10):e003231. [doi:10.1161/JAHA.116.003231] 

[PMid:27680663] 

44. Iellamo F, Caminiti G, Montano M, Manzi V, Franchini A, Mancuso A, Volterrani M. Prolonged post-

exercise hypotension: effects of different exercise modalities and training statuses in elderly patients 

with hypertension. International journal of environmental research and public health. 2021;18(6):3229. 

[doi:10.3390/ijerph18063229] [PMid:33804738] 

https://doi.org/10.1249/01.MSS.0000089337.73244.9B
https://www.ncbi.nlm.nih.gov/pubmed/14523308
https://doi.org/10.1097/gme.0b013e3182135442
https://www.ncbi.nlm.nih.gov/pubmed/21540753
https://doi.org/10.1161/HYPERTENSIONAHA.112.197780
https://www.ncbi.nlm.nih.gov/pubmed/22802220
https://doi.org/10.1016/j.atherosclerosis.2010.10.015
https://www.ncbi.nlm.nih.gov/pubmed/21081229
https://doi.org/10.5935/abc.20160064
https://www.ncbi.nlm.nih.gov/pubmed/27168471
https://doi.org/10.1097/JCN.0000000000000651
https://www.ncbi.nlm.nih.gov/pubmed/32011348
https://doi.org/10.1097/HJH.0000000000002619
https://www.ncbi.nlm.nih.gov/pubmed/32833924
https://doi.org/10.52082/jssm.2024.366
https://www.ncbi.nlm.nih.gov/pubmed/38841642
https://doi.org/10.7717/peerj.17525
https://www.ncbi.nlm.nih.gov/pubmed/38887616
https://doi.org/10.3390/diseases10040107
https://www.ncbi.nlm.nih.gov/pubmed/36412601
https://doi.org/10.3390/diseases10040071
https://www.ncbi.nlm.nih.gov/pubmed/36278570
https://doi.org/10.3390/diseases11010001
https://www.ncbi.nlm.nih.gov/pubmed/36648866
https://doi.org/10.1111/j.1520-037X.2001.00529.x
https://doi.org/10.1111/j.1520-037X.2001.00529.x
https://www.ncbi.nlm.nih.gov/pubmed/11828203
https://doi.org/10.1007/s00421-022-05128-6
https://www.ncbi.nlm.nih.gov/pubmed/36715739
https://doi.org/10.1161/JAHA.116.003231
https://www.ncbi.nlm.nih.gov/pubmed/27680663
https://doi.org/10.3390/ijerph18063229
https://www.ncbi.nlm.nih.gov/pubmed/33804738


Impact of Aerobic, Resistance, and Combined Training on Blood Pressure        13 

45. Cardoso Jr CG, Gomides RS, Queiroz ACC, Pinto LG, da Silveira Lobo F, Tinucci T, et al. Acute and 

chronic effects of aerobic and resistance exercise on ambulatory blood pressure. Clinics. 2010;65(3):317-

25. [doi:10.1590/S1807-59322010000300013] [PMid:20360924] 

46. Roberts CK, Hevener AL, Barnard RJ. Metabolic syndrome and insulin resistance: underlying causes 

and modification by exercise training. Comprehensive physiology. 2013;3(1):1. 

[doi:10.1002/cphy.c110062] [PMid:23720280] 

47. Brown MD, Moore GE, Korytkowski MT, McCole SD, Hagberg JM. Improvement of insulin sensitivity 

by short-term exercise training in hypertensive African American women. Hypertension. 

1997;30(6):1549-53. [doi:10.1161/01.HYP.30.6.1549] [PMid:9403581] 

48. Huot M, Arsenault BJ, Gaudreault V, Poirier P, Pérusse L, Tremblay A, et al. Insulin resistance, low 

cardiorespiratory fitness, and increased exercise blood pressure: contribution of abdominal obesity. 

Hypertension. 2011;58(6):1036-42. [doi:10.1161/HYPERTENSIONAHA.111.180349] [PMid:22025379] 

49. Larsen MK, Matchkov VV. Hypertension and physical exercise: The role of oxidative stress. Medicina. 

2016;52(1):19-27. [doi:10.1016/j.medici.2016.01.005] [PMid:26987496] 

50. Higashi Y, Yoshizumi M. Exercise and endothelial function: role of endothelium-derived nitric oxide 

and oxidative stress in healthy subjects and hypertensive patients. Pharmacology & therapeutics. 

2004;102(1):87-96. [doi:10.1016/j.pharmthera.2004.02.003] [PMid:15056500] 

51. Al-Mhanna SB, Batrakoulis A, Mohamed M, Alkhamees NH, Sheeha BB, Ibrahim ZM, et al. Home-

based circuit training improves blood lipid profile, liver function, musculoskeletal fitness, and health-

related quality of life in overweight/obese older adult patients with knee osteoarthritis and type 2 

diabetes: a randomized controlled trial during the COVID-19 pandemic. BMC Sports Sci Med Rehabil. 

2024;16(1):125. [doi:10.1186/s13102-024-00915-4] [PMid:38831437] 

52. Al-Mhanna SB, Leão C, Wan Ghazali WS, Mohamed M, Batrakoulis A, Afolabi HA, et al. Impact of 

Exercise on High-Density Lipoprotein Cholesterol in Adults with Overweight and Obesity: A Narrative 

Review. Ann Appl Sport Sci. 2024;12(1). [doi:10.61186/aassjournal.1300] 

53. Al-Mhanna SB, Wan Ghazali WS, Batrakoulis A, Alkhamees NH, Drenowatz C, Mohamed M, et al. 

Impact of Various Types of Exercise on Lipid Metabolism in Patients with Type 2 Diabetes and 

Concurrent Overweight/Obesity: A Narrative Review. Ann Appl Sport Sci. 2024;12(1). 

[doi:10.61186/aassjournal.1324] 

54. García-Hermoso A, Alonso-Martinez AM, Ramírez-Vélez R, Izquierdo M. Effects of exercise 

intervention on health-related physical fitness and blood pressure in preschool children: A systematic 

review and meta-analysis of randomized controlled trials. Sports medicine. 2020;50:187-203. 

[doi:10.1007/s40279-019-01191-w] 

55. Batrakoulis A, Jamurtas AZ, Draganidis D, Georgakouli K, Tsimeas P, Poulios A, et al. Hybrid 

Neuromuscular Training Improves Cardiometabolic Health and Alters Redox Status in Inactive 

Overweight and Obese Women: A Randomized Controlled Trial. Antioxidants (Basel). 2021;10(10). 

[doi:10.3390/antiox10101601] [PMid:34679738] 

56. Batrakoulis A, Jamurtas AZ, Fatouros IG. High-Intensity Interval Training in Metabolic Diseases: 

Physiological Adaptations. ACSM's Health Fit J. 2021;25(5):54-9. 

[doi:10.1249/FIT.0000000000000703] 

57. Batrakoulis A, Fatouros IG. Psychological Adaptations to High-Intensity Interval Training in 

Overweight and Obese Adults: A Topical Review. Sports (Basel). 2022;10(5). 

[doi:10.3390/sports10050064] [PMid:35622474] 

58. Yang E, Sharma G, Ram V. American and European hypertension guidelines: finding common ground. 

American Journal of Cardiology. 2019;123(8):1378-82. [doi:10.1016/j.amjcard.2019.01.009] 

[PMid:30736966] 

59. Franklin BA, Thompson PD, Al-Zaiti SS, Albert CM, Hivert M-F, Levine BD, et al. Exercise-related 

acute cardiovascular events and potential deleterious adaptations following long-term exercise training: 

placing the risks into perspective–an update: a scientific statement from the American Heart Association. 

Circulation. 2020;141(13):e705-e36. [doi:10.1161/CIR.0000000000000749] [PMid:32100573] 

60. Sakamoto S. Prescription of exercise training for hypertensives. Hypertension Research. 

2020;43(3):155-61. [doi:10.1038/s41440-019-0344-1] [PMid:31656311] 

https://doi.org/10.1590/S1807-59322010000300013
https://www.ncbi.nlm.nih.gov/pubmed/20360924
https://doi.org/10.1002/cphy.c110062
https://www.ncbi.nlm.nih.gov/pubmed/23720280
https://doi.org/10.1161/01.HYP.30.6.1549
https://www.ncbi.nlm.nih.gov/pubmed/9403581
https://doi.org/10.1161/HYPERTENSIONAHA.111.180349
https://www.ncbi.nlm.nih.gov/pubmed/22025379
https://doi.org/10.1016/j.medici.2016.01.005
https://www.ncbi.nlm.nih.gov/pubmed/26987496
https://doi.org/10.1016/j.pharmthera.2004.02.003
https://www.ncbi.nlm.nih.gov/pubmed/15056500
https://doi.org/10.1186/s13102-024-00915-4
https://www.ncbi.nlm.nih.gov/pubmed/38831437
https://doi.org/10.61186/aassjournal.1300
https://doi.org/10.61186/aassjournal.1324
https://doi.org/10.1007/s40279-019-01191-w
https://doi.org/10.3390/antiox10101601
https://www.ncbi.nlm.nih.gov/pubmed/34679738
https://doi.org/10.1249/FIT.0000000000000703
https://doi.org/10.3390/sports10050064
https://www.ncbi.nlm.nih.gov/pubmed/35622474
https://doi.org/10.1016/j.amjcard.2019.01.009
https://www.ncbi.nlm.nih.gov/pubmed/30736966
https://doi.org/10.1161/CIR.0000000000000749
https://www.ncbi.nlm.nih.gov/pubmed/32100573
https://doi.org/10.1038/s41440-019-0344-1
https://www.ncbi.nlm.nih.gov/pubmed/31656311


14        Impact of Aerobic, Resistance, and Combined Training on Blood Pressure 

61. Batrakoulis A, Jamurtas AZ, Fatouros IG. Exercise and type II diabetes mellitus: A brief guide for 

exercise professionals. Strength Cond J. 2022;44(6):64-72. [doi:10.1519/SSC.0000000000000731] 

https://doi.org/10.1519/SSC.0000000000000731

