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Abstract
Atrial fibrillation (AF) is a significant challenge for cardiovascular health, and exercise interventions have gained attention 

as potential therapeutic approaches. This literature review aims to provide a comprehensive overview of studies investigating the 
effects of high intensity interval training (HIIT) on individuals with AF. The limited studies, ranging from randomized controlled 
trials to case series, have been analysed in order to evaluate the impact of HIIT on several health parameters such as quality of 
life, aerobic capacity, physiological and cardiovascular parameters in individuals with AF. Emphasis was placed on understanding 
the safety of these programs, especially considering adverse events and limitations associated with small number of participants 
and the differences in study design. The findings of these studies reveal promising outcomes related to reduced AF symptoms 
severity, improved aerobic capacity, quality of life and positive effects on physiological and cardiovascular parameters. The 
review underscores the need for well-designed studies with larger sample sizes to improve the generalizability of results and 
address adequately safety concerns. Moreover, it highlights the current research gaps, including a standardized HIIT protocol for 
individuals with AF and the absence of long-term follow ups data. In conclusion, this review synthesizes existing knowledge on 
HIIT in AF population, offering insights into its potential benefits, safety considerations and other aspects for future research. 
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Introduction
Atrial fibrillation (AF) stands as the prevalent long-lasting 

cardiac rhythm disorder, characterized by irregular heartbeats [1]. 
It is estimated that a minimum of 33.5 million people globally 
is affected by this condition, with its prevalence to vary across 
different countries [1]. In 2016, the European Society of Cardiology 
reported that around 20.9 million men and 12.6 million women 
had received diagnoses of AF and due to changing demographics, 
longer life expectancies, an incidence of cardiac (hypertension, 
diabetes, valvular diseases) and non-cardiac (thyroid disorders) 
risk factors and improved survival rates for chronic illnesses 
there is an increase in AF prevalence [2-4]. Predictions suggest 

that by 2060, European countries will experience a prevalence 
of 17.9 million AF cases [4], which is a major health concern as 
AF is linked to elevated mortality rates, heart failure, strokes, and 
various thromboembolic events [5-7].

Patients diagnosed with AF may experience symptoms like 
palpitations, dyspnoea, fatigue, dizziness, and fainting [6,8]. It is 
stated that there is an adverse relationship between the presence 
of symptoms related to AF and the physical capacity of patients 
[9]. It’s worth emphasizing that the symptoms and duration of AF 
episodes can differ not only from one individual to another but also 
within the same person [6,8]. The treatment of AF has two primary 
objectives: first, to restore and maintain normal sinus rhythm and 
second, to prevent the patient from experiencing thromboembolic 
complications [6,8]. In cases where AF persists for an extended 
period (such as in persistent AF, long-standing persistent AF, and 
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permanent AF), an additional therapeutic goal is to manage the 
heart rate within the range of 60-80 beats per minute at rest and 90-
115 beats per minute during physical activity. To achieve this heart 
rate, antiarrhythmic medications are administrated, which work 
by suppressing the function of the atrioventricular node [6,8,10]. 
Furthermore, treatment should also focus on reducing AF-related 
symptoms and discomfort [11].

An integrated approach to caring for patients with AF 
necessitates a well-coordinated and personalised patient care 
pathway. Despite the improvements in comprehensive care for 
individuals with AF, exercise rehabilitation is not commonly 
included in standard care protocols [12]. Nevertheless, the 
latest report from the European Society of Cardiology on AF 
management highlights the importance of encouraging patients 
with AF to engage in moderate-intensity exercise and maintain 
physical activity levels to reduce the risk of AF [8]. Data from 
systematic reviews and meta-analyses have reported substantial 
improvements in cardiovascular capacity and quality of life for 
individuals with AF who underwent cardiac rehabilitation [13-
16]. However, the research on exercise training for AF patients 
has employed diverse protocols, underscoring the lack of clear 
consensus regarding the exact exercise recommendations for 
individuals with AF, in contrast to other cardiovascular diagnosis. 

In individuals with non-permanent AF, engaging in aerobic 
exercise training may contribute to a reduction in AF burden and 
further improve sinus rhythm [17]. As mentioned before, exercise 
training for individuals with AF is recommended to be moderate to 
vigorous intensity in aerobic form with a duration of 210 minutes 
per week [18]. Moreover, exercise should be adjusted based on 
any additional comorbidities that the individual may have [17]. 
Interventions involving aerobic exercise have demonstrated a 
reduction in the severity of the symptoms, improvement in functional 
capacity and quality of life both in patients with permanent and 
non-permanent AF [17-20]. Exercise rehabilitation is a significant 
and potentially a beneficial intervention for individuals with AF 
and other health care conditions. Nevertheless, research on exercise 
training for AF has employed various protocols, highlighting the 
lack of specific exercise recommendations for patients with AF 
[13]. Currently, there is limited evidence suggesting that high 
intensity aerobic training might not yield to an additional benefit, 
compared to moderate intensity activities. Moreover, individuals 
engaging to higher demands of exercise reported to have a higher 
risk of developing AF [21]. On the other hand, there is a growing-
evidence in various cardiovascular diseases about the application 
of high intensity interval training (HIIT), which is superior to 
moderate intensity continuous training (MICT) in several health 
parameters [22-24]. Thus, this literature review was conducted to 
give a comprehensive overview of studies investigating the effects 
of HIIT on individuals with AF. 

Atrial Fibrillation

The established definition of an AF episode is a period of 
AF lasting a minimum of 30 seconds [4,25]. AF is marked by a 
rapid and irregular activation of the atria, resulting in both out-

of-sync atrial contractions and irregular ventricular excitation 
[26]. Confirming the presence of AF necessitates verifying the 
rhythm through an electrocardiogram (ECG) that displays signs 
of AF [8]. The electrocardiographic features of AF include: 
1) irregularly irregular R-R intervals (when atrioventricular 
conduction is not compromised), 2) lack of clear and recurring 
P waves and 3) Irregular atrial activations [8]. More over the 
development in first-degree relatives [27]. Fibrillation can result 
from a range of pathophysiological changes, encompassing factors 
related to hemodynamics, electrophysiology, structural aspects, 
and autonomic regulation, as well as triggering factors like 
extrasystoles and atrial tachycardias [28]. These factors can range 
from genetic variations to visible alterations in atrial structure, all 
of which can disrupt the electrical function of atrial cells, leading 
to chaotic atrial electrical activity [28]. 

Myocardial electrical characteristics are regulated by ionic 
channels situated on the cell membrane. Cellular activation 
primarily hinges on sodium, calcium, and potassium channels. 
The refractory period of cells is primarily determined by the 
duration between cell activation and the restoration of the action 
potential to its original state [29]. An increase in the influx of 
ions, specifically calcium and sodium, leads to an extension of 
the refractory period, while an increase in the efflux of potassium 
results in a reduction of this period. Moreover, the proteins found 
in the connections between cardiomyocytes are responsible for the 
flow of ions between cells, enabling the normal transmission of 
electrical signals [28,29]. In the context of AF, there are changes 
in these components of typical cell electrophysiology, which are 
referred to as electrical remodelling [29]. The most common type 
of electrical remodelling occurs due to a sudden influx of calcium 
into the cells, causing them to depolarize at a higher frequency 
[26]. This, in turn, leads to the deactivation of calcium currents 
and an increase in potassium currents, resulting in a shorter action 
potential duration and an elevated susceptibility to AF [29]. It also 
contributes to the likelihood of early recurrence after cardioversion 
and the progression of paroxysmal forms of arrhythmia into more 
persistent forms [29].

Risk Factors of Atrial Fibrillation

Advancing in age is a significant risk factor for AF. 
However, the heightened prevalence of other comorbid conditions, 
as witnessed in clinical settings, cannot solely be attributed to 
patients’ age; there are other factors which also play a role in this 
pattern [28]. Age-related alterations in atrial electrophysiology 
and electro-anatomy, such as prolonged conduction time and 
the development of widespread low-voltage areas, have been 
documented [30]. These modifications, when combined with age-
associated risk factors, collectively contribute to the promotion of 
AF [30]. Discrepancies in the occurrence of AF among various 
racial and ethnic groups may arise from variations in healthcare 
accessibility or the underreporting of AF symptoms, potentially 
resulting in underdiagnoses in specific populations [31]. Multiple 
studies examining racially diverse groups have found that Black, 
Hispanic, Asian, and Native American individuals exhibit the 
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lowest incidence of AF, even though they have a higher occurrence 
of cardiometabolic risk factors compared to individuals of 
European ancestry [32-34]. Following population-based research, 
it has been demonstrated that having a family history of AF is 
linked to a 40% higher risk of AF. Up to this point, researchers 
have identified at least 15 mutations in genes associated with 
the K+ channel or its auxiliary subunits that are responsible for 
causing AF [27]. These mutations involve genes such as ABCC9 
(IKATP), HCN4 (If), KCNA5 (IKur), KCND3 (IKs), KCNE1 
(IKs), KCNE2 (IKs), KCNE3 (IKs), KCNE4 (IKs), KCNE5 
(IKs), KCNH2 (IKr), KCNJ2 (Ik1), KCNJ5 (IKAch), KCNJ8 
(IKATP), KCNN3, and KCNHP [27]. Moreover, mutations that 
enhance function led to an increase in the repolarizing K+ current, 
resulting in a shorter action potential duration (APD) and atrial 
refractoriness. On the other hand, mutations that reduce function 
delay repolarization and play a role in Ca2+-mediated post-
depolarization, which is a contributing factor to AF. Mutations 
that enhance function can heighten the susceptibility to AF by 
elevating cellular hyperexcitability, whereas mutations that lead to 
a loss of function decrease effective refractory period (ERP) and 
decelerate conduction [27].

On the other hand, a wide array of risk factors and clinical 
comorbidities, which can be modified through lifestyle changes, are 
linked to the onset, persistence, and advancement of AF. Patients 
with long-term hypertension exhibited conduction deficiencies and 
increased areas of low voltage, indicating atrial-specific alterations 
that make them more susceptible to developing AF [35]. Left atrial 
enlargement is a recognized predictor of AF, and in cases of chronic 
hypertension, various pathological characteristics such as left 
ventricular hypertrophy and impaired diastolic function are linked 
to AF. An elevation in left ventricular end-diastolic pressure, which 
consequently raises left atrial pressure and volume, is a common 
factor [27]. This leads to atrial remodelling characterized by 
slower and irregular atrial conduction and heightened pulmonary 
vein (PV) excitation. Furthermore, the increased mass of the left 
atrium provides support for multiple re-entry circuits [27]. 

Glucose intolerance and insulin resistance seem to play a 
role in the formation of an AF substrate. The intricate molecular 
process through which insulin resistance influences the heart’s 
structure involves mitochondrial dysfunction and oxidative stress. 
These factors affect the transcription and translation processes 
necessary for the heart’s adaptation [36]. 

Indirectly, smoking can elevate the likelihood of myocardial 
ischemia by increasing systemic catecholamine levels and 
impacting myocardial function [27]. It can also reduce the oxygen-
carrying capacity and promote coronary vasoconstriction [27]. 
Furthermore, smoking accelerates the progression of atherosclerosis 
by affecting factors such as lipid profiles, endothelial function, 
oxidative stress, inflammation, and the potential for blood clot 
formation [27]. These effects can indirectly raise the susceptibility 

to AF by predisposing individuals to atrial ischemia, heart attacks, 
and heart failure [27].

There are diverse pathophysiological mechanisms 
contributing to the onset of AF, encompassing structural and 
electrical abnormalities, remodelling of the tissues and inflammation 
[37,38]. When there are electrical and structural abnormalities in 
the tissue of atria, it results in irregular contractions of the atria and 
uncoordinated blood flow into the ventricles. This is in turn can 
lead to significant fluctuations in cardiac output and blood pressure 
due to AF [39].

AF particularly in persistent and permanent forms, occurs 
in a minimum of 20% of individuals with congestive heart failure 
and its prevalence rises with the severity of the syndrome [40,41]. 
Heart failure and AF have shared pathophysiology and can 
mutually worsen each other through mechanisms such as cardiac 
remodelling, activation of neurohormonal mechanisms and rate-
related impairment of left ventricular function [42,43]. Given 
these frequent co-existences of both conditions, the occurrence of 
AF is expected in most patients with heart failure [44]. 

Management of Atrial Fibrillation

A crucial aspect of AF management involves oral 
anticoagulation due to the risk of stroke in individuals with AF 
[8]. The arrythmia can be managed through controlling the heart 
rate by slowing down or through controlling the rhythm by re-
establishing and maintaining a sinus rhythm [8]. This management 
via medication, cardioversion and ablation therapy [8]. 

Studies have shown that maintaining the optimal risk 
factors and achieving ideal cardiovascular health is strongly 
linked to a significant reduction in the risk of developing AF and 
complications [45,46]. In order to reduce the risk of developing AF, 
those at higher AF risk should undergo a comprehensive targeted 
lifestyle related risk factor management. This type of management 
involves a weight loss if it is necessary, more physically active 
lifestyle, smoking cessation interventions/medication, moderation 
of alcohol consumption, blood pressure and diabetes monitoring 
[21,47,48].

Consistent physical activity and exercise training in 
structured program are crucial for the prevention of cardiovascular 
health and this statement is supported by evidence both from studies 
and real-world clinical settings [49,50]. Nevertheless, there is high 
percentage of physical inactivity; thus, the recommendations are 
not met. Irrespective of whatever exercise directly benefits AF, 
individuals engaging in physical activity and exercise may improve 
their aerobic capacity, muscular strength and flexibility. These 
outcomes in turn contribute to a better quality of life as they ease in 
performing daily activities [51,52]. In the following tables (Table 
1-3) are demonstrated the exercise training recommendations for 
individuals with AF.
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Table 1: Aerobic training recommendations.

 Aerobic Training Parameter (FITT) Recommendation

Frequency 3-5days per week

Intensity 50%-80%HRR (RPE 11-14)

Type Walking, jogging, stationary cycling, elliptical stepping, rowing, or swimming

Time 30-60 minutes per day

Progression Initiate exercise at 30%-59% of HRR (RPE 11-14); increase time gradually by 
5-10 minutes as tolerated. Gradually increase the frequency to 4-7 days per week 

Abbreviations: HRR: Heart Rate Reserve; RPE: Rating of Perceived Exertion

Adapted from [53,54]

Table 2: Resistance training recommendations.

Resistance Training Parameter (FITT) Recommendation

Frequency 1-2 days per week (>60 years old); 2-3 days per week (≤60 years old)

Intensity 40%-50% 1RM, RPE=11-12 (>60 years old); 60%-70% 1RM, RPE = 13-14 (<60 
years old)

Repetitions 10-15 (>60 years old); 8-12 (560 years old)

Sets 1-2 per muscle group (>60 years old); 2-4 per muscle group (<60 years old)

Rest Period 30-60 seconds between sets

Type 8-10 multi-joint exercises using bodyweight movements, free weights, machines, 
elastic resistance, and medicine balls

Progression Increase load intensity when 1-2 reps can be performed properly beyond the 
prescribed number during 2 consecutive sessions

Abbreviations: 1RM: 1 Repetition Maximum; RPE: Rating of Perceived Exertion

Adapted from [53,54].

Table 3: Flexibility training recommendations.

Flexibility Training Parameter (FITT) Recommendation

Frequency 2-3 days per week

Intensity Stretch to the point of feeling tightness or slight discomfort

Time 10-30 seconds hold for static stretching; 2-4 repetitions of each exercise

Type Static, dynamic, and/or PNF stretching

Progression Gradually increase frequency to 4-7 days per week

Abbreviations: PNF: Proprioceptive Neuromuscular Facilitation Adapted from [53,54].
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Previous randomized controlled trial (RCT) studies have 
investigated the effects of exercise in individuals with paroxysmal 
or permanent AF. These RCT highlights the improvements 
in symptoms, cardiovascular-function and exercise capacity 
[13,55,56]. From the findings it was suggested that when exercise 
training it is supervised it is safe, with a low incidence of serious 
adverse events. Nevertheless, continuously monitoring and 
special consideration of patients’ characteristics are important in 
order to keep a balance between exercise benefits and potential 
adverse events associated with exercise. Moreover, other RCTs 
investigating exercise in patients with permanent AF, presented 
encouraging findings. Despite the small size of participants Osbak 
et al. (2012), showed improvements in muscle strength, quality of 
life and exercise capacity and no adverse events were observed 
[57]. The HF-Action study (2017) involving patients with AF 
and heart failure, revealed mixed results [58]. More specifically, 
it was reported no significant difference in mortality, rates of 
hospitalization, AF events between exercise group and control 
group [58]. On the other hand, while the RACE 3-Trial (2018) 
indicated a higher sinus rhythm in the exercise group, the lack of 
information regarding physical activity levels in the control group 
and the heterogeneity in the exercise interventions across studies 
bring challenges into reaching to conclusive findings [59]. 

 Previous information suggests that regular exercise training 
could be linked to lower mortality rates of cardiovascular health 
issues, even in individuals with AF [60]. However, there is limited 
data regarding how cardiac rehabilitation programs impact serious 
adverse events and the specific exercise recommendations for this 
clinical population is also not very strong. On the other hand, there 
is increasing evidence in other cardiovascular diseases suggesting 
that HIIT is better or/ and similar than MICT for improving several 
health parameters [61-63]. 

It is reported that MICT may enhance the creation of 
inflammatory cytokines, increase the presence of anti-inflammatory 
agents, improve the ability of the body to fight oxidative stress and 
improve the breakdown of blood clots [64,65]. In addition, MICT 
could improve the functioning of endothelial cells by increasing 
the production of and availability of nitric oxide (NO), potentially 
lowering the risk of developing AF and any other cardiovascular 
health issues in patients with AF [66]. On the other hand, HIIT has 
unique potentials in improving various physiological aspects [67], 
as it was demonstrated to enhance exercise capacity and exercise 
adherence in patients with various cardiovascular conditions. In 
addition, it has been shown to positively impact quality of life, the 
cardiac structure and myocardium contraction and mitochondrial 
function in skeletal muscles [67,68]. These results, suggest that 
using HIIT as an alternative exercise regimen could be a practical 
and an effective method to prevent and manage AF, possibly 
offering outcomes similar to or better than other approaches.

 Although there are a lot of data regarding the impact of 
exercise in AF and various exercise modalities were applied, there 
is a limited amount of data related to the therapeutic impact of 
HIIT in individuals with AF. 

High Intensity Interval Training in AF

The very first study by Malmo et al. (2016) [55] examined 
the impact of high intensity in patients with non-permanent AF. 
More specifically, 51 patients with non-permanent AF were 
randomized to a group of aerobic interval training (AIT) (n=26) on 
a treadmill or to a control group (n=25) with-out exercise. Exercise 
session started with a 10-minute warm up reaching 60-70% of 
heart rate maximum (HRmax), followed by a 4x4-minute interval 
at 85%-95% of HRmax, with 3-minutes of active recovery (AR) 
at 60%-70% of HRmax between intervals, ending with a 5-minute 
cooldown period. The frequency of the program was 3 times per 
week lasting for 12 weeks in total. It was reported a significant 
reduction in mean time in AF, frequency of symptoms and severity, 
cardiorespiratory fitness and quality of life in intervention-group. 
This study demonstrated that the exercise protocol with high 
intensity is safe as no major adverse events were observed [55]. 

While this study provides valuable insights into the potential 
of high intensity exercise for individuals with non-permanent AF, 
the small sample size and specific inclusion criteria of the study, may 
restrict the generalization of the results to a broader AF population. 
Moreover, the duration of 12-weeks was relatively short for this 
population and long-term effects and sustainability of the observed 
results remain unclear. Future research with larger sample size and 
diverse participants, along with prolonged periods of follow-up, 
would contribute to a more comprehensive understanding of the 
impact of high intensity exercise on AF population.

In a more recent study by Reed et al. (2022) [57] 86 individuals 
with persistent and permanent AF participated 2 times per week 
either to a HIIT program or to a cardiovascular rehabilitation 
program for a total of 12 weeks. HIIT was performed on an upright 
cycle ergometer and involved a 23-minute session which consisted 
of a 2-minute warm-up at 50% of peak power output (PPO) and a 
1-minute cool-down at 25% of PPO, 2x8-minute intervals of 30s 
work periods at 80%-100% of PPO, with 30s AR and 4-minutes 
of recovery between the blocks. The other group applied for 60 
minutes a 10-15minute warm-up of aerobic exercise, 30-minutes 
of continuous aerobic exercise (walking or jogging, cycling, 
elliptical, rowing)  at moderate to vigorous intensity (67%-95% 
HRmax) and a 15-minute cool-down of straitening and stretching 
exercises. It was reported that participants following either HIIT or 
cardiac rehabilitation program could improve functional capacity, 
quality of life, physiological parameters such as resting heart rate 
and time in AF [69].

The study carried out by Reed et al. (2022) [69] provides 
significant insights into the effects of different exercise programs 
on individuals with persistent and permanent AF. The inclusion 
of HIIT and cardiovascular rehabilitation program enables for 
a comprehensive comparison. The recognition of HIIT as an 
alternative exercise regimen to continuous training is a noteworthy 
finding, particularly due to its shorter time, which may improve 
exercise adherence. On the other hand, the study also highlights 
the observation of more adverse events in HIIT-group compared 
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to the other group. This finding raises safety concerns about the 
application of HIIT in population with persistent and permanent 
AF. A further assessment of the nature and severity of these 
adverse events is vital in order to provide an understanding of the 
risks associated with HIIT in this clinical population. 

A case study by Reed et al. (2015) [70], reported that a 
74-year-old man with permanent AF who underwent to a 10-
week HIIT (23-minute session, 2 x 8-minute interval training 
blocks of 30s at 80-100% of PPO interspersed with 30s AR, 4 
minutes of passive recovery between the blocks) had substantial 
improvements in physiological parameters such heart rate, blood 
pressure, aerobic and functional capacity and quality of life [70].

While this case study demonstrated some positive changes 
in physiological parameters, aerobic and functional capacity and 
quality of life it is important to acknowledge the limitations of a 
single case study, as a generalization to a wider AF population may 
be challenging. In addition, the lack of a control-group complicates 
the attribution of the observed improvements exclusively to the 
HIIT intervention. In order to confirm and extend the case study 
findings, further research with larger sample sizes, inclusion of 
control-groups and long-term follow-ups is essential. 

In the randomized controlled trial (RCT) by Elliot et al. 
(2023) [71] participated 120 individuals with paroxysmal or 
persistent AF. 60 participants applied an aerobic exercise program 
4x4-minutes at 85%-90% of heart rate reserve (HRR) for 6 months 
and the rest of them received usual care involving education of 
physical activity and recommendations for 150 minutes per week 
of moderate physical activity. At 6 months participants in the 
exercise-group had a lower AF symptoms severity, increased peak 
oxygen consumption (VO2peak) compared to the control-group. 
Moreover, after 12 months, 24 out of 60 participants in exercise-
group were “AF-free”, while 12 out of 60 participants in the 
control-group were also free from AF [71]. 

The RCT’s strength lie in its randomized design and the use of 
a control-group receiving usual care, contributing to a more robust 
comparison. Nevertheless, the criteria for defending participants 
as “AF-free” at 12 months might not reflect the complexity of 
AF management as the symptom’s severity were assessed via a 
validated questionnaire. 

A case series by Vidal-Almela et al. (2022) [72] stated that 
4 men with permanent AF participated in a 3 day per week HIIT 
program on a cycle ergometer, lasting a total of 10 weeks. Each 
exercise session involved 16-minutes of HIIT, divided into 2 x 
8-minute blocks, interspersed with a 4-minute active or passive 
recovery period, based on participants’ preference. All participants 
had a reduction in heart rate following the cool-down, with only 
one participant showing a reduction in blood pressure. In these 
series of cases, it is important to note that exercise adherence 
was not 100% and participants reported symptoms of fatigue, 
musculoskeletal symptoms and lack of motivation [72]. 

The inclusion of parameters such as heart rate and blood 
pressure provide a brief view into the physiological responses 

of exercise. However, the small sample size of participants with 
permanent AF limits the generalizability of the results. Moreover, 
as mentioned before the lack of control-group makes it difficult 
to attribute observed effects only to HIIT intervention. On the 
other hand, the reduction in heart rate is a positive outcome, 
but the absence of consistent blood pressure reduction among 
the participants, may raises questions regarding the wider 
cardiovascular impact. In addition, participation adherence was not 
100% and the reported symptoms among participants underscore 
the potential challenges patients with AF may face during the 
application of a HIIT program. These symptoms may affect the 
overall feasibility and sustainability of such interventions in this 
clinical population. 

In another study by Hegbom et al. (2006) [73], 30 participants 
with chronic AFM were randomized into an exercise-group or to 
control-group without exercise for 2 months. 15 individuals in 
the exercise-group applied 3 days per week a session involving 
a 5-minute warm-up, 3x15-minute aerobic exercise at 70-90% 
of HRmax on a cycle ergometer, interspersed with strengthening 
exercises for the core and lower limbs and a 15-minute cool-down 
with stretches and relaxation. Following a two-month training 
program for individuals with AF, there were notable improvements 
in exercise capacity, heart rate variability quality of life and a 
reduction in resting heart rate [73].

 This RCT provided new information about the potential 
benefits of exercise in individuals with chronic AF, as the exercise 
protocol involved the combination of aerobic and strengthening 
exercises. Apart from the small sample size, the short duration 
of the intervention raises questions regarding the long-term 
sustainability and lasting effects of the exercise training. 

In a study by Terada et al. (2023) [74], 23 individuals 
with permanent or persistent AF participated twice a week to a 
supervised HIIT or moderate intensity continuous training (MICE) 
program lasting for 12 weeks. Each HIIT session lasted 23-minutes 
and conducted on a cycle ergometer. The session started with a 
2-minute warm-up, followed by 2 blocks of 8 intervals of 30s of 
high intensity at 80-100% PPO, with 30s AR periods. There was 
a 4-minute AR between the blocks and 1-minute cool-down. On 
the other hand, MICT session involved a 15-minute warm-up, 
30-minutes of continuous aerobic training and 15-minute cool-
down. From the results it was observed that a twice weekly HIIT 
or MICT for 12 weeks did not improved cardiorespiratory fitness. 
Moreover, only a small percentage of these participants achieved a 
clinical meaningful increase in cardiorespiratory fitness [74].

This study presents an interesting assessment of the effects 
of HIIT and MICE on patients with permanent or persistent AF. 
However, apart from the detailed description of the exercise 
protocol and the inclusion of both exercise regimes, the 
findings of this study indicated no significant improvement in 
cardiorespiratory fitness with the exception of a limited number 
of participants achieving a clinical meaningful increase. This raise 
questions about the effectiveness of these exercise interventions in 
this clinical population. 
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Another study by Melo et al. (2019) [75], included 37 
patients with HF and AF soon after cardiac resynchronization 
therapy (CRT) implantation. Individuals who were randomized in 
HIIT-group applied twice a week a 60-min session for 6 months. 
More specifically, each session began with a 10-min warm-up 
and concluded with a 5–7-minute cool-down. The main program 
comprised 4 interval periods at 90-95% of HRmax, interspersed 
with 3 AR periods at 60-70% of HRmax between interval training 
periods. The rest of the participants were randomized to a control-
group with no exercise intervention. In the post hoc analysis, it 
was found that HIIT intervention led to improvements in quality 
of life and VO2peak in both groups, with no significant difference 
between them [75]. 

It’s important to note that participants had undergone CRT 
and the sample size of participants with AF was limited to 18 across 
both groups [75]. Moreover, the findings of the study and more 
specifically the improvement in quality of life and VO2peak in 
both groups demonstrated no significant difference between them, 
raising questions about the effectiveness of HIIT. In addition, the 
small sample size of AF participants and the post hoc analysis 
further complicate the interpretation of the results. 

In the study of Skielboe et al. (2017) [56], 76 individuals 
with paroxysmal or persistent AF were randomized to either low 
intensity or high intensity exercise-group for 12 weeks. Low 
intensity was defined as 50% of the maximum perceived exertion 
(11-13 Borg scale), while high intensity was defined as 80% 
of the maximum perceived exertion (16-18 Borg scale). Each 
session involved a 10-minute warm-up at 7-10 Borg, followed 
by 20-minutes of intervals performed on a cycle ergometer, 
20-minutes of various circuit exercises performed on the floor, 
followed by a 10-minute cool-down. Following the 12-weeks, 
both exercise-groups had significant improvements in VO2peak, 
with no statistically significant difference between the groups. 
Moreover, no serious adverse events were observed [56]. 

The inclusion of both low and high intensity exercise groups, 
adds a valuable diversity to the assessment of HIIT in AF. The 
significant improvements observed in VO2peak in both groups 
indicate the potential benefits of exercise training for patients with 
AF. However, the absence of no significant difference among the 
groups of low intensity and high intensity raises questions about 
the necessity of engaging an individual with AF in a high intensity 
exercise training program as other studies reported adverse events. 
On the other hand, this study reported no serious adverse events, 
highlighting the safety of exercising with high intensity. 

Moreover, in the study of Kim et al. (2023) [76], participated 
74 individuals with AF which were randomized into exercise-
group or to a medical-group. Before the main exercise training, 
participants applied a 10-minute warm-up at 60-70% of HRpeak. 
The main exercise program performed on a cycler ergometer, 
consisted of 4-minutes at 85-95% of HRpeak, with 3-minutes 
of AR at 60-70% of HRpeak between the sessions. A 5-minute 
cool-down was then conducted at 20-30% of HRpeak. It seems 
that a 12-month exercise program with high intensity enhances 

endothelial function and it is linked to a decrease in circulating 
pro-inflammatory and thrombogenic factors, leading to lower risk 
of complications related to blood vessel dysfunction [76]. On the 
other hand, the duration of the intervention is relatively short in the 
context of chronic conditions like AF. 

Conclusion
In conclusion, this review sheds light on the potential 

benefits of HIIT in individuals with AF. While the reviewed 
limited studies indicate that well-designed HIIT protocols can 
lead to improvements in various cardiovascular health parameters, 
including cardiorespiratory fitness, quality of life, physiological 
parameters and endothelial function, it is vital to interpret their 
results with caution. 

A significant concern highlighted in the literature is the 
safety of participants with AF. While some studies often emphasize 
only on the improvement of the primary outcomes, other studies 
report absence of any adverse events indicating that HIIT can 
be well-tolerated by this clinical population. Nevertheless, it is 
important to acknowledge the limitations of these studies because 
due to the small sample size and non-well design, they may not 
provide an understanding of the potential risks associated with 
HIIT in the AF. Another issue was the heterogeneity across the 
included studies in terms of AF types, participants characteristics 
and exercise training protocols which introduces variability that 
complicates the generalization of the results. In addition, the 
lack of standardized HIIT guidelines in patients with AF further 
emphasizes the necessity of caution in applying these exercise 
protocols across various clinical populations. 

In order to address these concerns and establish a more 
robust opinion for HIIT recommendations in AF, future research 
should assess larger sample size, be well-designed with longer 
periods of follow-up. 
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