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A B S T R A C T

Cardiovascular diseases (CVDs) are the leading cause of death globally, with physical inactivity being a 
significant risk factor. The intensity and volume of physical activity (PA) are critical in reducing CVD risk 
and improving primary and secondary prevention outcomes. We conducted a narrative review, searching 
electronic databases such as PubMed using relevant keywords and Google Scholar to identify relevant studies. 
This research utilized a comprehensive search to identify appropriate resources, such as university website 
links. We examine the impact of different PA intensities, including moderate-intensity continuous training 
(MICT) and vigorous physical activity (VPA), on CVD risk and mortality. It also evaluates the role of combined 
aerobic and resistance training in secondary prevention and explores potential risks associated with excessive 
VPA. MICT and VPA significantly reduce CVD risk, with VPA providing superior benefits by enhancing 
VO₂ max, endothelial function, and lipid profiles. For individuals with existing CVD, combining aerobic and 
resistance training substantially lowers mortality rates. While higher PA volumes reduce all-cause mortality, 
VPA intensity more effectively mitigates CVD risk. However, excessive VPA may increase oxidative stress 
and arrhythmia risk in susceptible individuals. Personalized PA plans that balance intensity and volume 
are essential for optimal cardiovascular health. Healthcare providers are pivotal in encouraging tailored PA 
regimens to maximize benefits while minimizing risks and supporting improved outcomes and longevity.
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Unravelling the Role of Physical Activity on Cardiovascular Health

INTRODUCTION

Cardiovascular diseases (CVDs) are a leading cause 
of death worldwide, with approximately 2,552 reported 
fatalities each day in the United States alone. Conditions 
such as coronary artery disease (CAD), hypertension, 

stroke, and heart failure contribute significantly to this 
burden. It has been determined that 48.6% of people over 
20 have some form of CVD.¹ The primary risk factors 
for these conditions are lifestyle-related, including 
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poor diets, physical inactivity, alcohol consumption, 
and smoking.² One of the important modifiable risk 
factors is physical inactivity. With the widespread use of 
technology, people often sit for extended periods without 
realizing it, leading to minimal physical activity. This 
results in elevated blood lipid and cholesterol levels and 
increased red blood cell aggregation, heightening the 
risk of CVD.³ However, incorporating regular aerobic 
or strength training exercises into daily routines can 
mitigate the risk.⁴ Physical activity (PA) is defined as 
any voluntary bodily movement produced by skeletal 
muscles that requires energy expenditure.⁵ The different 
modes of PA include resistance/strength training and 
aerobic/endurance training. Strength training targets 
muscles in different ways, including isotonic contraction, 
which involves maintaining the same amount of muscle 
tension throughout the movement eg; Push-ups/Pull-
ups/Bicep curls that build the strength of the muscle, 
isometric contraction, also known as static exercises, 
where no change in muscle length occurs but these help 
improving stability and maintaining strength for eg: 
Planks and isokinetic contraction which increases muscle 
strength by involving motion during the exercise while 
maintaining the same speed during the movement such 
as using a stationary bike or setting a target speed on the 
treadmill. Aerobic training includes walking, cycling, 
jogging, swimming, etc, which uses large muscle groups 
of the body and increases the heart rate and the amount 
of oxygen used by the body. In resistance and aerobic 
training, exercise volume can be explained as the total 
work done during a workout. It is commonly calculated 
by adding the number of sets, repetitions, and intensity 
(weight lifted) for resistance training, or the duration and 
intensity (pace) for aerobic activity. Exercise volume 
indicates “how much” exercise is done during a session. 

According to intensity, PA can be high-intensity 
interval training (HIIT)/vigorous PA (VPA) and 
moderate-intensity continuous training (MICT).⁶ The 
American Heart Association classifies both MICT and 
VPA based on the variations they produce in heart rate. 
MICT is defined as exercise performed at 50%-70% 
of an individual’s maximum heart rate, while HIIT 
involves higher intensity, typically reaching 70%-85% 
of maximum heart rate, depending on the person.⁷ Heart 
rate is used to evaluate the intensity of aerobic exercise, 
whereas the amount of resistance applied is used to 
gauge the intensity of resistance training. While it is 
well-established that some form of PA is known to be 
beneficial for preventing CVD and promoting longevity, 
a key question is whether exercise intensity or volume is 

more advantageous.⁸ 
MET (metabolic equivalent tasks) stands for metabolic 

equivalent, with 1 MET indicating the level of energy 
used while sitting still, which corresponds to an oxygen 
consumption of 3.5 mL per kilogram (kg) per minute, 
or a calorie expenditure of 1 kcal/kg/h.9 Guidelines 
recommend using METs as reference thresholds for 
intensities of PA (moderate intensity 3.0–5.9 METs and 
vigorous-intensity ≥6.0 METs).10 

Research on exercise intensity highlights the benefits 
of VPA, showing that it can significantly reduce the risk 
of all-cause mortality when it makes up 30-50% of total 
exercise duration. In fact, engaging in 60-90 minutes 
of VPA per week has been associated with a three-year 
increase in life expectancy and a 4% reduction in the 
risk of arrhythmogenic cardiomyopathy. This finding 
highlights the potential advantages of incorporating VPA 
into one’s routine. While MICT is often recommended 
initially for fat loss and improving cardiorespiratory 
fitness, it requires a considerable time commitment 
(typically over 150 minutes per day or 1000 minutes per 
week) to achieve its full benefits.11 In contrast, VPA/HIIT 
provides a more time-efficient way to achieve similar or 
even greater benefits. This approach alternates brief rest 
periods or light exercise (active recovery at around 70% of 
peak heart rate) with several short bursts of high-intensity 
activity (typically 85%-95% of peak heart rate for about 
three to four minutes). The entire workout can be finished 
in around forty minutes, and this method has been shown 
to improve cardiovascular function, blood pressure, and 
total peripheral resistance.12 VPA boosts catecholamine 
synthesis, improving fat oxidation and visceral adipose 
tissue breakdown.13 It has also been shown to improve 
the VO₂ max, which is the maximum amount of oxygen a 
person uses during PA. VO₂ max is the gold standard for 
assessing cardiorespiratory fitness and has been shown 
to improve significantly with VPA compared to MICT.14 
Although VPA seems more effective than moderate PA, 
the volume of PA is a factor to consider, as long-term 
negative effects of VPA, like coronary sclerosis and atrial 
fibrillation, continue to come forward.15 The 2018 Physical 
Activity Guidelines for Americans and the 2020 WHO 
guidelines on PA recommend that adults should engage 
in at least 150-300 minutes of moderate-vigorous aerobic 
PA or 75-150 minutes of vigorous aerobic PA weekly or 
a combination of both, along with muscle-strengthening 
activity on 2 or more days per week. Children and 
adolescents aged 6–17 should participate in at least 60 
minutes of moderate to vigorous PA (MVPA) daily to 
improve their overall well-being.16,17 Understanding how 
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exercise intensity and volume influence health outcomes 
is important. Although VPA has emerged as a viable 
approach for improving cardiovascular function, the best 
option for each individual may depend on their health 
goals, fitness level, and personal preferences. Regular PA 
remains one of the most effective strategies for preventing 
cardiovascular diseases and enhancing overall well-being, 
whether focusing on intensity, volume, or a combination 
of both.⁸ In this review, we aim to explore the relative 
benefits of exercise intensity versus volume in reducing 
the risk of cardiovascular diseases and improving overall 
cardiovascular health, focusing on how different exercise 
regimens may be tailored to individual needs and goals.

Pathophysiology 
Physical activity plays a significant role in attenuating 

the mortality and morbidity associated with CVDs. It 
mediates its effects mainly by altering the risk factors 
of CVD, which include hypertension, hyperglycemia, 
dyslipidemia, and chronic inflammatory states. Different 
intensities and volumes of PA are associated with 
varied instances of risk reduction (Figure 1). Moderate 
PA (MPA) is associated with lowering blood pressure. 
This is caused by systemic vasodilation, mediated by 
increased endothelial nitric oxide production.18 It also 
causes a reduction in vascular angiotensin II receptor 
expression, which in turn decreases Angiotensin II-
mediated vasoconstriction.19 MPA reduces the incidence 
of atherosclerosis and coronary artery disease (CAD). 
It increases ABCA1 (ATP binding cassette A1) gene 

transcription, increasing plasma high-density lipoprotein 
cholesterol (HDL-C) levels and reverse cholesterol 
transport20, which reduces the risk of forming foam cells. 
Regular MPA is associated with reduced leptin signalling 
to hematopoietic stem cells and, hence, reduced output 
of inflammatory leukocytes.21 These factors significantly 
reduce the chances of plaque formation. It also decreases 
platelet aggregation by increasing cGMP production 
and reducing intracellular calcium levels.22 MPA also 
increases the translocation of GLUT 4, a glucose 
transporter, from the cytoplasm to the cell membrane 
in skeletal muscles. This leads to a reduction in plasma 
glucose levels, thereby improving insulin resistance.23 

MPA thus ameliorates coronary microvasculature 
complications associated with diabetes and also reduces 
the chances of clot formation in the coronary arteries. 
Furthermore, VPA is associated with an even greater 
reduction in the risk of most CVDs. It is associated with 
increased production of vascular endothelial growth factor 
(VEGF), which results in the development of collateral 
coronary blood supply, which limits the extension of an 
infarct in case of coronary artery blockage.24 VPA leads 
to a reduction in the occurrence of arrhythmias. It does 
so by increasing the parasympathetic tone and reducing 
beta 2 adrenergic receptor sensitivity and expression, 
promoting better autonomic balance of the heart.25 VPA 
is also cardioprotective against necrosis, mediated by 
the activation of delta opioid receptors and the release of 
adenosine and bradykinin in a dose-dependent manner.26 

However, excessive VPA is associated with increased 

Figure 1. The figure highlights the cardiovascular health benefits of various types of physical activity, including 
MPA, VPA and endurance training. MPA: moderate physical activity, MVPA: moderate to vigorous physical 
activity, VPA: vigorous physical activity.
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production of reactive oxygen species (ROS), which 
leads to increased susceptibility to ROS-mediated lipid 
peroxidation and membrane damage. This might negate 
the positive effects of VPA by exacerbating the risk for 
plaque formation, especially among those with pre-
existing conditions.27 Additionally, long-term MVPA is 
beneficial as it is associated with increased end-diastolic 
volume, ventricular mass, and left ventricular compliance, 
leading to increased stroke volume and greater perfusion, 
reducing the chances of heart failure.28 MVPA also has 
an inverse relation with obesity, which is a strong risk 
factor for CVDs.29 This is due to MVPA’s correlation 
with improved glycemic control, lower insulin resistance, 
and lipid profiles. A higher volume of PA, combined 
with MVPA, is associated with a greater reduction in 
risk for CVDs. Regular high-volume PA normalizes the 
repolarisation of cardiac musculature. It also reduces 
calcium-handling abnormalities by changing the 
expression of calcium-handling genes, thereby reducing 
the chances of arrhythmias. It also reduces the expression 
of Toll-Like Receptors (TLRs), in particular TLR 4. This 
results in anti-inflammatory effects and thereby reduces 
the chances of atherosclerosis.30 Resistance training 
is mostly associated with improved skeletal muscle 
function and hypertrophy. This muscle hypertrophy is 
achieved by the upregulation of mTOR (molecular target 
of rapamycin) expression, leading to increased protein 
synthesis. It is also associated with improved glycemic 
control by mechanisms similar to those pertaining to 
MPA.31 Conversely, endurance training is associated 
with improved cardiorespiratory fitness and changes 
in cardiac morphology similar to MVPA.32 A mixed 
regime of resistance training coupled with endurance 
training is associated with a reduction in the production 
of inflammatory mediators and expression of TLRs, in 
addition to producing changes seen in these forms of PA 
individually.33

DISCUSSION

Physical inactivity is one of the major preventable 
risk factors for CVD and early mortality worldwide.34 
Various forms of CVD, including ischemic and 
hemorrhagic strokes, CAD, heart failure, and sudden 
cardiac death, can result from a decline in weekly PA 
and an increase in comorbidities and risk factors. In 
addition to lowering the incidence of CVD itself, PA 
and an increase of 500 steps daily are associated with a 
7% decrease in CV mortality.35 PA can vary in intensity 
and is classified as low, moderate, or high intensity, 

depending on an individual’s maximum aerobic capacity 
(VO2max). The World Health Organization recommends 
150–300 minutes of MPA or 75–150 minutes of VPA per 
week, based on the idea that the same amount of time 
spent engaging in VPA (≥6 metabolic equivalent tasks 
[METs], such as running) could provide twice the health 
benefits of MPA (3–5.9 METs, such as brisk walking.16

Several prospective cohort studies have examined 
the relationships between VPA, MPA, and all-cause 
mortality. VPA was associated with a 17% lower all-
cause mortality rate compared to MPA, according to 
a prospective cohort analysis of 403,681 US adults.36 

Similarly, a cohort study of 64,913, using pooled data 
from 11 cohorts from England and Scotland, indicated 
that VPA was associated with a reduced risk of all-
cause mortality compared to MPA.37 A study exploring 
the associations of various combinations of aerobic and 
muscle-strengthening activities with all-cause mortality 
suggested that increasing VPA while maintaining any 
level of MPA, alongside recommended levels of muscle-
strengthening activity (MSA), leads to a greater reduction 
in all-cause mortality risk.38

However, current studies on the association of VPA 
versus MPA with CVD, the leading cause of mortality 
worldwide, have produced inconsistent results. A US 
study identified a lower risk of CVD among individuals 
performing more than 50% to 100% of VPA relative 
to total MVPA.36 A study examining the relationship 
between the proportion of VPA to MVPA and their 
combined effect on the occurrence of CVD found that 
having 0%-30% of VPA in relation to MVPA was linked 
to a 12% and 19% reduction in the risk of developing 
CVD and all-cause mortality, respectively, compared to 
no VPA. The greatest decrease in risks for both CVD 
and all-cause mortality was observed with around 30% 
VPA to MVPA. Participants who engaged in 150–300 
minutes of MVPA and at least 150 minutes of VPA per 
week had the lowest risk of CVD and all-cause mortality 
compared to those with the least MVPA (0–150 min/
week; VPA, 0–75 min/week).39 In contrast, the UK study 
did not find a significant association between higher VPA 
and CVD mortality.37 This difference could be attributed 
to variations in underlying factors such as population, 
lifestyle, and other influences. A meta-analysis involving 
3,439,874 participants and 179,393 events over an average 
follow-up of 12.3 years indicated that moving from 
inactivity to achieving recommended PA levels (150 
minutes of moderate-intensity aerobic activity per week) 
was associated with a 23% lower risk of CVD mortality 
and a 17% reduction in CVD incidence.40
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Secondary prevention of CVD involves strategies 
aimed at lowering the risk of heart attacks or strokes in 
individuals who have experienced a prior event or have a 
known history of CVD. Current guidelines recommend 
PA for secondary CVD prevention. Jeong et al.41 found 
that the benefits for those in secondary prevention were 
more pronounced than in primary prevention; specifically, 
each 500 MET-min/week increase in activity correlated 
with a 14% reduction in mortality risk for the secondary 
prevention group, compared to 7% for the primary 
group. Additionally, a study investigating the association 
between PA and mortality according to the presence of 
specific CVDs in a nationwide elderly population found 
that the risk of mortality progressively reduced with 
increasing PA in patients with heart failure or myocardial 
infarction, but reached a plateau in patients with stroke or 
peripheral artery disease. Finally, the benefits of PA were 
greater in patients with stroke or heart failure.42 These 
findings align with recommendations from the American 
College of Cardiology Foundation and American Heart 
Association, which suggest engaging in 30–60 minutes 
of moderate-intensity aerobic exercise at least 5 to 7 days 
per week for patients with stable ischemic heart disease.

VPA increases peak oxygen uptake, improves 
cardiorespiratory fitness, and thus provides greater 
cardiovascular benefits.43 However, while VPA has 
beneficial effects, high levels of VPA have also been 
positively associated with oxidative stress, which may 
counteract some of the benefits of PA. For instance, 
a cohort study of 204,542 middle-aged and older 
Australians reported that engaging in 0%–30% VPA was 
associated with a 9% reduction in all-cause mortality, 
while no additional benefits were observed among 
those engaging in 30% or more of VPA.27 Despite the 
significant health advantages of regular PA, intense 
exercise can unexpectedly trigger life-threatening 
ventricular arrhythmias (VAs) in individuals with 
existing CVD, with sudden cardiac death (SCD) being 
the primary cause of exercise-related fatalities among 
athletes.44 In fact, odds ratios ranging from 1.9 to 8.8 have 
been reported in several literature reviews, evidencing 
an increased incidence of AF among endurance athletes 
compared with non-athletes.45 

The volume of PA (measured in metabolic equivalent 
of task hours per week, METh/wk) and its intensity are 
crucial in influencing cardiovascular risk, with intensity 
playing a more significant role in minimizing CVD risk, 
independent of total PA volume. Increased PA volume is 
associated with a lower risk of all-cause mortality, but not 
specifically for cardiovascular disease.8 However, a study 

found that compared to no exercise, any exercise volume 
(>0 METh/wk) was associated with lower risks of all-
cause mortality and recurrent cardiovascular events. 
A reverse J-shaped relationship was identified for both 
outcomes, with the lowest risk at 29 METh/wk for all-
cause mortality and recurrent vascular events. Factors, 
such as body mass index (BMI), insulin resistance, 
systolic blood pressure (SBP), systemic inflammation, and 
low-density lipoprotein cholesterol (LDL-C), accounted 
for 29% of the link between exercise volume and all-
cause mortality, and 32% for recurrent cardiovascular 
events. Systemic inflammation and insulin resistance 
emerged as the primary mediators, contributing to 16% 
of the relationship with all-cause mortality and 17% 
for recurrent vascular events, while insulin resistance 
accounted for 5% and 8%, respectively.33 Data from a 
study involving 88,412 UK Biobank middle-aged adults 
found that higher PA energy expenditure (PAEE) and a 
higher percentage of MVPA, adjusted for PAEE, were 
associated with lower rates of incident CVD. The study 
revealed that CVD rates were 14% lower when MVPA 
accounted for 20% rather than 10% of 15 kJ/kg/d PAEE, 
equivalent to converting a 14-minute stroll into a brisk 
7-minute walk. Notably, CVD rates did not significantly 
differ between PAEE values when the percentage of 
MVPA was fixed at 10%. The lowest CVD rates were 
observed with combinations of higher PAEE and a higher 
percentage of MVPA.46 

Resistance and endurance training offer valuable 
benefits, enhancing various aspects of physical fitness. 
Resistance training primarily offers musculoskeletal 
benefits while lowering the risk of CVD and certain 
cancers. It is especially recommended for enhancing 
physical function and glycemic control.31 Endurance 
training effectively improves cardiorespiratory fitness, 
decreases subcutaneous fat, and lowers CVD risk.47 
When compared to those who do not exercise, individuals 
engaging in resistance training experienced a lower risk 
of all-cause mortality and recurrent vascular events. 
Similarly, combining endurance and resistance training 
was associated with a reduced risk of all-cause mortality 
and recurrent vascular issues. These relations were 
driven by reduced risk of cardiovascular mortality and 
non-fatal stroke.33 

Engaging in PA is essential for lowering the risk 
of CVD and mortality (Table 1). Both moderate and 
vigorous exercises offer considerable health advantages, 
highlighting the need to adhere to recommended activity 
levels. Different types and intensities of exercise provide 
unique benefits, but a mix of aerobic and resistance 
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training is crucial for optimal heart health. Healthcare 
providers should promote active lifestyles among 
patients with cardiovascular conditions, as they can 
achieve even greater health improvements than those 
without such issues. It’s important to address obstacles 
to PA, offer personalized exercise plans, and create 
supportive environments to improve patient outcomes 
and encourage lasting cardiovascular health. 

CONCLUSIONS
Physical inactivity remains a significant modifiable 

risk factor for CVD and all-cause mortality. The 
evidence supports that regular PA, whether moderate or 
vigorous, plays a pivotal role in improving cardiovascular 
outcomes. While VPA offers the greatest benefits, even 
a modest increase in PA can yield substantial benefits 
compared to no activity. Both intensity and volume 
of PA are important for enhancing cardiovascular 
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function; however, the most effective approach is a 
balanced combination tailored to individual capabilities. 
Further research is needed to clarify the most effective 
combinations of intensity and volume for distinct 
populations. Addressing barriers to PA, such as time 
constraints, access to safe exercise environments, 
and comorbidities, is crucial for promoting long-term 
cardiovascular health. Incorporating regular PA into 
daily life is essential not only for primary prevention 
but also for secondary prevention in individuals with a 
history of CVD. Healthcare professionals should continue 
to advocate for personalized exercise regimens, address 
barriers to PA, and create supportive environments that 
help individuals of all ages lead active lifestyles.
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