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ABSTRACT

Cardiovascular disease is the primary cause of mortality in the United States, and cardiac arrhythmias are
a common cause of hospital admission with significant mortality and morbidity. Cardiovascular diseases
significantly burden the healthcare system, with high costs associated with hospitalization, medication,
and ongoing management. By finding cost-effective methods to prevent and treat cardiovascular diseases,
healthcare resources can be allocated more efficiently, ultimately improving health outcomes and reducing
the burden on the healthcare system. Exercise therapy is a low-cost intervention that can be done without
expensive equipment or medical procedures. Exercise therapy can help decrease risk factors for heart disease,
including high blood pressure, obesity, and high cholesterol, by improving overall fitness and reducing chronic
inflammation. Over time, there have been concerns about exercise-induced arrhythmia because it can reduce
physical activity among patients with arrhythmia. In this review, we emphasized the beneficial effects of
physical activity on arrhythmia patients.
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INTRODUCTION

Cardiovascular disease (CVD) is the primary cause of
mortality in the United States, resulting in the death of
one person every 34 seconds. In 2020, it claimed the lives
of almost 697,000 people, accounting for 1 in 5 fatalities.!
An abnormality with the rate or rhythm of the heartbeat
is known as arrhythmia, and common symptoms include
chest pain, palpitations, dizziness, weakness, and short-
ness of breath. Atrial fibrillation (AF), the most common
arrhythmia, affects three to six million people in the
United States, and it is the primary diagnosis in more
than 454,000 hospital admissions annually.>* By 2030,
it is projected that AF will impact around 12.1 million
individuals in the United States.’ This necessitates more
effective and innovative techniques to diagnose, treat,
and prevent cardiovascular disorders. Exercise therapy is
crucial in preventing and treating CVD. Exercise therapy
is a structured form of physical activity that is carried
out to achieve certain physical benefits. These benefits
may include maintaining range of motion, strengthen-
ing muscles, increasing joint flexibility, or improving
cardiovascular and pulmonary function.* According to
the Physical Activity Guidelines for Americans (PAG),
physical activity can be categorised as mild, moderate,
or high intensity based on specific levels of energy ex-
penditure (Table 1). The expression of energy expendi-
ture is done using multiples of the metabolic equivalent
of task (MET), with 1 MET being the rate of energy
expenditure while in a sedentary position. Non-seden-
tary walking behaviour that requires less than 3.0 MET
is considered light-intensity activity. 3.0 to fewer than
6.0 METs are required for moderate-intensity exercise,
and vigorous activity needs 6.0 or more METs. The PAG
suggest engaging in a minimum of 150 minutes (2 hours
and 30 minutes) to 300 minutes (5 hours) of moderate-in-
tensity aerobic exercise per week. Alternatively, one
can opt for 75 minutes (1 hour and 15 minutes) to 150
minutes (2 hours and 30 minutes) of vigorous-intensity
aerobic exercise per week. Another option is to combine
both moderate- and vigorous-intensity aerobic activities
equivalently.5 The EXPERT (Exercise Prescription in
Everyday Practice and Rehabilitative Training) tool is

an interactive, computerised system designed to provide
healthcare practitioners with the ability to prescribe exer-
cise training programs that are both clinically beneficial
and medically safe for individuals with CVD.®

Physical exercise and cardiac health have a well-es-
tablished association. Cardiovascular diseases can be
prevented and treated through vigorous participation in
physical activities, exercise, and achieving optimal car-
diorespiratory fitness (CRF). CRF is the ability of the cir-
culatory and respiratory systems to deliver oxygen to the
mitochondria in skeletal muscles, which is necessary for
energy production during physical activity.”® Promoting
regular moderate-to-vigorous physical activity in healthy
individuals and most patients with cardiovascular illness-
es is advisable. This is because such activity has positive
benefits in reducing the burden of risk factors (such as
obesity, hypertension, and hyperlipidemia), enhancing
overall well-being, and decreasing mortality rates.’

Recent studies have explored the correlation between
physical activity and AF, indicating that the most phys-
ically active individuals exhibit a reduced incidence of
AF. For instance, participants with the highest physical
activity levels in the Cardiovascular Health Study ex-
perienced a 46% lower incidence of AF than their sed-
entary counterparts.10 The analysis conducted by Orte-
ga-Moral et al" reported a significant improvement in
resting heart rate, maximum exercise capacity, and vO,
peak (maximum oxygen uptake) in patients with AF. A
separate investigation by Malmo et al."? determined that
a twelve-week aerobic interval training regimen dimin-
ishes AF duration in individuals with non-permanent
AF. Furthermore, this training is linked to a notable en-
hancement in AF symptoms, O2 peak (peak oxygen con-
sumption), left atrial and ventricular function, cholesterol
levels, and overall quality of life.”® Medical interventions
concern disease causation and disease processes, where-
as rehabilitation, which includes most aspects of phys-
ical activity, concerns disease consequences. Its goals
are to improve symptoms, function, and quality of life."®
While moderate exercise benefits cardiovascular health,
long-term endurance sports practice is associated with a
higher risk of symptomatic lone AF."* Due to their dread
of exercise-induced episodes of AF, people with AF

Table 1. Light, moderate and vigorous intensity physical activities based on the MET

Intensity MET Examples

Light less than 3 walking at a slow pace, cooking
Moderate 3 to less than 6 walking briskly, raking the yard
Vigorous 6 or more running, jogging

MET: Multiples of the metabolic equivalent of task.
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are more likely to lead sedentary lifestyles; however, to
maintain a healthy lifestyle, AF patients should engage
in physical activity."” Physical activity can help to create
a bridge between sedentary lifestyles and strenuous ex-
ercise that will enhance physical activity without raising
the risk of arrhythmia.

Pathophysiology

One of the most effective ways to improve one’s
health is to engage in physical activity, which can take
various forms, ranging from endurance to resistance
training. According to the training specificity principle,
multiple forms of exercise bring about a unique set of
physiological adaptations in the body. In general, endur-
ance exercises improve aerobic energy metabolism and
fatigue resistance, whereas resistance training improves
muscle hypertrophy and the body’s capacity to generate
force.!o

On the other hand, interval training consists of shorter
bouts of exercise interspersed with periods of rest. Inter-
val training without body weight increases mitochondri-
al content and peak aerobic capacity (vO, max)"®, while
interval training using bodyweight resistance exercise
increases vO, max and muscular strength.” Long-term
effects of any exercise typically result in brainstem car-
diovascular activation, which modulates hemodynamic
status during exercise by integrating signals originating
from the brain and inducing an increase in blood volume,
stroke volume, cardiac output, and vO, max along with a
reduction in resting heart rate and blood pressure.?

Disruptions in the sympathetic and/or parasympa-
thetic nervous systems of the autonomic nervous system
(ANS) can cause cardiac arrhythmias. AF is thought
to be caused by the simultaneous activation of both the
sympathetic and parasympathetic systems. In contrast,
ventricular fibrillation or ventricular tachycardia is be-
lieved to be caused by increased sympathetic stimulation.
Stimulation of the sympathetic system is linked to the
occurrence of ventricular tachycardia, which can cause
irregular heart rhythms and, in severe instances, cardi-
ac death in hereditary arrhythmia syndromes, including
long QT and catecholaminergic polymorphic ventricular
tachycardia. There is increasing evidence that altering
the ANS can be a safe and effective treatment method
for managing cardiac arrhythmias.! A delicate balance
in these two limbs of the ANS is required to maintain
arrhythmia. Several ANS-modulating interventions have
been developed over the years to prevent and manage
arrhythmias, in addition to traditional drug therapies
such as beta-blockers.?” It is well established that both

endurance and resistance exercises can alter autonomic
nervous system activity, increasing cardiac parasympa-
thetic tone and decreasing sympathetic activity.”® This
has a positive effect on the prognosis of individuals who
suffer from a variety of morbidities. When compared to
other forms of exercise, resistance training has a more
profound impact on both sympathetic and parasympa-
thetic activities, especially among middle-aged women.?*
Researchers found that in a study using dogs as a model
for sudden death, endurance exercise training enhanced
the regulation of the parasympathetic nervous system
in the heart, normalised the balance of beta-adrenocep-
tors (specifically, reducing sensitivity and expression of
beta(2)-adrenoceptors), and provided protection against
ventricular fibrillation resulting from acute myocardial
ischemia. Exercise training may enhance cardiac electri-
cal stability in individuals identified as having a height-
ened risk of sudden cardiac death.?

The complex interaction between the sympathetic
and parasympathetic (vagal) limbs of the ANS regu-
lates Ca2+ ion release and reuptake by the sarcoplasmic
reticulum, leading to rhythmic contraction and heart
relaxation.”® Sympathetic stimulation causes depolari-
sation of the surface membrane and transverse tubule,
which opens the L-type Ca channels located in them. A
little amount of Ca2+ is thus introduced, and this caus-
es a significant rise in [Ca2+] in the dyadic space (the
region bounded by the t-tubule and sarcoplasmic retic-
ulum [SR]), which makes the SR Ca2+ release channel
(ryanodine receptors [RyR]) open up, causing the influx
of a more significant amount of calcium from the SR in
a process called calcium-induced calcium release. This
calcium now binds to the troponin, which causes the slid-
ing of thick and thin filaments, causing the cell to short-
en, which causes the heart to contract. Activation of the
parasympathetic nervous system causes Ca2+ to with-
draw from the cytoplasm. To achieve this, RyRs close
and Ca2+ is pushed back into the SR by the SR Ca-AT-
Pase and pushed out of the cell, mostly via sodium-calci-
um exchange (NCX). Abnormalities in this intracellular
Ca2+ handling are another mechanism that can lead to
contractile dysfunction and/or trigger tachyarrhythmias.
Several diseases, including heart failure and myocardial
infarction, are known to cause dysregulated SR Ca2+ re-
lease, which can lead to malignant arrhythmias.?®?’

Regular physical exercise normalises repolarisation
and calcium-handling abnormalities that contribute to
the onset of cardiac arrhythmias through changes in the
expression of calcium-handling genes.” This results in a
lower incidence of arrhythmia among exercise-perform-
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ing individuals.

Aside from the positive effects, some studies have dis-
covered that exercise has a negative impact on the heart,
predisposing healthy individuals to arrhythmia. Exercise
training causes significant changes in cardiac physiol-
ogy and structure, which are referred to collectively as
the “athlete’s heart.”” Exercise has been shown to in-
crease parasympathetic tone, and parasympathetic tone
shortens the atrial refractory period, allowing for easier
re-entry formation and AF formation, contributing to
exercise-induced arrhythmia.*® Long-term exercise and
physical activity cause a variety of structural changes.
Atrial structural remodelling includes atrial dilatation as
well as modifications in tissue properties and ultrastruc-
ture. Atrial enlargement is a recognised consequence of
endurance exercise training that predisposes to AF. De-
spite evidence linking endurance exercise to AF, current
guidelines do not recommend routine AF screening in
athletes.’! Therefore, patients with exercise-induced ar-
rhythmias must be evaluated and handled appropriately
before starting any physical activity.

DISCUSSION

Regular physical activity and high CRF contribute
to lower AF incidence. There are some small but sig-
nificant monitors for the benefits of exercise. Although
the risk of cardiovascular disease has reduced and
life expectancy has improved with the recommended
guidelines®?, the risk of sudden cardiac death may be
transiently increased during and just after exercise®,
specifically in patients with unidentified cardiovascu-
lar risk factors or so-called “silent” coronary artery
disease. Progressive right ventricular remodelling
may be another cause of exercise-induced ventricu-
lar arrhythmia in a small subset of athletes.***® Ac-
cording to Guasch et al.’’, regular endurance exercise
over a long period seems to elevate the risk of atrial
arrhythmias despite indications of lower mortality in
the same cohort. Despite a reduction in cardiovascu-
lar disease incidence overall, exercise-induced chang-
es in autonomic tone, as well as the development of an
arrhythmogenic atrial substrate, appear to contribute
to an excess of AF among athletes.’’

Exercise-based cardiac rehabilitation aims to im-
prove the health of people who have arrhythmia or
have been treated for it by getting them to exercise
regularly.®® Patients with exercise-induced arrhyth-
mias should be evaluated and treated as needed.’' It

is generally advisable to gradually and progressively
increase exercise intensity while avoiding intense ses-
sions that could immediately activate the sympathetic
system and suppress vagal activity. This helps reduce
the risk of ventricular fibrillation. On the contrary,
habitual vigorous exercise leads to the dominance of
the parasympathetic system, which enhances cardiac
electrical stability and consequent protection against
life-threatening ventricular arrhythmias and mod-
ifies the cardiovascular risk by positively affecting
lipid levels or reducing the hemodynamic stress on
underlying ischemic heart disease.” Exercise intol-
erance and poor quality of life are two hallmarks of
AF, particularly when comorbid with conditions like
heart failure, diabetes, or valvular heart disease. To
this purpose, and considering that regular exercise
improves functioning capacity and reduces fatigue,
it is generally beneficial to inculcate exercise train-
ing in treating AF patients whose HR is appropriate-
ly controlled. First, we note that limited prospective
randomised controlled trials explain the effects of
exercise rehabilitation on individuals with AF. AF is
a readily diagnosable condition with well-established
treatment guidelines. Even though AF is common
among patients involved in rehabilitation programs,
few controlled trials employ conventional laboratory
procedures and endpoints to assess the usability and
efficacy of exercise testing and training in these pa-
tients.* To evaluate the effectiveness of exercise-based
therapies, additional randomised clinical studies with
minimal risks of bias and chance must be done in a
larger patient group with AF.*®

CONCLUSIONS

Physical activity and exercise have been widely
recognised as beneficial for cardiac health. Despite
individuals with AF being potentially more capable
of engaging in vigorous physical activity, their ar-
rhythmias frequently disrupt such activities, leading
to reduced physical exertion. Paradoxically, this di-
minished physical activity also contributes to their
cardiovascular health benefits. Physical activity and
exercise can help maintain a delicate balance in the
autonomic nervous system, reducing the risk of cardi-
ac arrhythmias and improving cardiovascular health.
Through its effect on the ANS, exercise training can
help patients with cardiac arrhythmia, and it may im-
prove the electrical stability of the heart by normalis-
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ing the repolarisation and Ca-handling abnormalities
that can lead to arrhythmia. More research is needed
to fully understand the effect of physical activity on
cardiac arrhythmia and help patients with this condi-
tion.

Future Perspectives

*  With advances in technology and data anal-
ysis, exercise regimens can be customised to each
individual’s specific needs and health conditions.
This will help decrease the risk of exercise-induced
arrhythmias and optimise the preventive effects of
physical activity.

»  Further research will explore the effect of dif-
ferent exercise modes (high-intensity interval train-
ing and resistance training) and the optimal exercise
dose, leading to more effective preventive exercise
regimens for arrhythmia.

* In the future, exercise may be incorporated as
a critical component of an integrated approach to ar-
rhythmia management, along with medical treatments
and modifications to risk factors such as diet and stress
management. This comprehensive approach will help
control arrhythmias more effectively and reduce the
burden on individuals and healthcare systems.
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