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Abstract

Background. Atrial Fibrillation is a prevalent cardiac arrhythmia associated with
irregular heartbeats, posing significant health risks. The purpose of the study is lit-
erature review seeks to explore the intricate relationship between cardiorespiratory
endurance and Atrial Fibrillation, shedding light on how cardiorespiratory parameters
can serve as essential markers for assessing physical activity levels.

Materials and methods. The search was conducted using electronic databases,
particularly PubMed, Google Scholar, and Scopus. Titles and abstracts of identified
studies were screened for relevance, and full-text articles were reviewed for eligibili-
ty. The following keywords were used in the search: atrial fibrillation, cardiorespirato-
ry fitness, maximal oxygen consumption, cardiovascular mortality. The search depth
is 25 years.

Results. Physical activity adherence lowers overall and cardiovascular mortality
in Atrial Fibrillation patients. Tailored exercise regimens alleviate Atrial Fibrillation
symptoms, improve heart rate control, and enhance well-being. Standardizing car-
diorespiratory testing protocols is crucial for consistent comparisons. Various testing
methods, including treadmill protocols and cycle ergometers, offer insights into Car-
diorespiratory fitness. Differences between treadmill and cycle ergometer out-comes
warrant careful interpretation. Normative values vary across populations, influenced
by physical activity, geography, genetics, and testing modalities.

Conclusions. Integrating cardiorespiratory testing into AF management enhances
diagnosis and personalized interventions, contributing to a nuanced approach in ad-
dressing this prevalent cardiac condition.

Introduction

Atrial Fibrillation (AF) is a prevalent
cardiac arrhythmia characterized by
rapid, irregular heartbeats originating
in the atria - the upper chambers of
the heart.! In a normal heart rhythm,
the atria contract in a coordinated and
rhythmic manner, allowing efficient
blood flow into the ventricles resulting
in an effective pump mechanism. How-
ever, in the case of AF, the electrical sig-
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nals controlling the atrial contractions
become chaotic, leading to disorga-
nized and irregular heartbeats."? Atrial
Fibrillation is strongly linked to various
health conditions such as heart valve
disease, diabetes mellitus,? hyperten-
sion, and obesity.? Additionally, it shares
associations with sleep apnea and in-
flammation.*

Both genetic predispositions and
modifiable lifestyle factors—such as
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alcohol consumption and physical in-
activity—contribute to its development.
Due to its impact on cardiac function
and blood flow, AF significantly elevates
the risk of ischemic stroke (IS) and con-
tributes to high morbidity, mortality, and
economic burden worldwide.® According
to the Global Burden of Disease (GBD)
Study 2019, incident AF cases rose
sharply to over 4.7 million in 2019, with
a higher prevalence in males (60.82 per
100,000) compared to females (53.50
per 100,000).¢7

Age is the most significant risk fac-
tor for AF, with prevalence increasing
sharply after the age of 50. Many in-
dividuals remain undiagnosed and at
risk for serious health outcomes. The
global burden of AF, measured in Dis-
ability-Adjusted Life Years (DALYs]) or
mortality, is highest in countries with
high Socio-Demographic Index (SDI)® in-
fluenced by factors such as unfavorable
metabolic profiles, heightened psycho-
social stressors, neighborhood depriva-
tion and socioeconomic disparities.

Cardiorespiratory endurance plays
a crucial role in cardiovascular health.
Cardiorespiratory testing, specifical-
ly with physical stress, has become a
widely used and objective method for
evaluating fitness levels.” Low cardiore-
spiratory fitness — measured by param-
eters such as VO, max and ventilatory
threshold (VT)-is a known predictor of
cardiovascular and respiratory mortal-
ity.1

This literature review aims to ex-
plore the relationship between cardio-
respiratory endurance and AF, shedding
light on how cardiorespiratory param-
eters can serve as essential markers
for assessing physical activity levels.
Through this exploration, we endeavor
to highlights the importance of physical
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fitness assessment in the management
and prevention of AF, offering insights
into improving outcomes for this preva-
lent cardiac condition.

Materials and methods

The search was conducted us-
ing electronic databases, particularly
PubMed, Google Scholar, and Scopus.
Titles and abstracts of identified studies
were screened for relevance, and full-
text articles were reviewed for eligibil-
ity. (Figure 1)

The inclusion criteria for this review
encompassed literature reviews, me-
ta-analyses, and comparative studies
that related to atrial fibrillation manage-
ment,role of cardiorespiratory fitness in
the treatment of AF, cardiorespiratory
endurance. Additionally, researches
reporting on cardiorespiratory fitness
testing methods was considered. Both
published and unpublished studies were
incorporated into the review.

The exclusion criteria eliminated
studies that do not provide clear defini-
tions or results for the management of
atrial fibrillation and cardiorespiratory
fitness, studies not available in English,
animal studies, and in vitro studies are
excluded.

The following keywords were used
in the search: atrial fibrillation, cardio-
respiratory fitness, maximal oxygen
consumption, cardiovascular mortali-
ty, ventilatory anaerobic threshold. The
search depth is 25 years. The selection
of a 25-year search depth for the study
was driven by the need to balance com-
prehensiveness with relevance. This
time frame ensures inclusion of foun-
dational studies that provide critical
background information and contextual
understanding. Simultaneously, it filters
out information that may have become
outdated, as statistical data.
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Figure 1.
Flow chart showing selection of
studies for literature review
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Cardiorespiratory Testing and its Role
in Assessing Physical Fitness

Cardiorespiratory testing with physi-
cal stressisintegral for assessing physi-
cal fitness because it provides a dynamic
and real-world evaluation of the body's
ability to efficiently transport oxygen to
working muscles during activity." Unlike
resting measurements, which may not
fully capture an individual's response
to exertion, stress testing simulates the
physiological demands of physical activ-
ity. This method allows for a comprehen-
sive assessment of the cardiovascular
and respiratory systems’ performance
under stress, mirroring the challeng-
es encountered during various physi-
cal activities.’” The inclusion of physical
stress in testing is particularly crucial
because it exposes potential limitations
and abnormalities that may not manifest
during rest. It enables a more accurate
evaluation of an individual's capacity to
endure exertion, making it an essential
tool for tailoring personalized exercise
prescriptions and interventions.

Cardiorespiratory fitness (CRF), as
evaluated through parameters like max-
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ry anaerobic threshold, offers valuable
insights into an individual's aerobic ca-
pacity and overall fitness. VO2 max rep-
resents the maximum amount of oxygen
that an individual can utilize during in-
tense exercise, and this value remains
constant despite an increase in work-
load over a given time period."” It serves
as a gold standard measure of aerobic
fitness, reflecting the efficiency of ox-
ygen transport and utilization. A high-
er VO2 max generally indicates better
cardiovascular and respiratory fitness.™
VT signifies the point during exercise at
which the body transitions from aerobic
to anaerobic metabolism. It reflects the
threshold beyond which the body relies
more on anaerobic pathways, indicating
the limit of sustainable exercise intensi-
ty. Monitoring VT is crucial for optimizing
training intensity and preventing prema-
ture fatigue during physical activities.™
A compelling body of evidence sup-
ports the association between low V02
max and an elevated risk of mortality
from cardiovascular diseases.” Indi-
viduals with lower aerobic capacity of-
ten exhibit reduced cardiovascular and
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pulmonary health, making them more
susceptible to conditions such as cor-
onary artery disease, heart failure, and
hypertension.’® The link between low
V02 max and cardiovascular mortality
underscores the importance of cardiore-
spiratory fitness as a prognostic mark-
er. Regular assessment of VO2 max can
serve as a powerful tool for identifying
individuals at higher risk and imple-
menting targeted interventions to en-
hance cardiovascular health and reduce
mortality rates.!”

Cardiorespiratory Fitness in the Con-
text of AF

A significant volume of evidence,
originating from epidemiological stud-
ies, shows the connection between CRF
and diverse health outcomes. These
outcomes include the risk of mortality
from all causes, cardiovascular diseases
(CVD),"® cancer,” diabetes,”® hyperten-
sion,” and obesity.?? Cardio respiratory
endurance emerges as a cornerstone
in shaping both the prognosis and the
effective management of AF, playing a
pivotal role in various dimensions of the
condition.?

A recent systematic review and me-
ta-analysis examining the correlation
between CRF and CVDs revealed note-
worthy findings. In patients with CVD,
those with high CRF exhibited a signif-
icant 58% reduction in the risk of all-
cause mortality and a remarkable 73%
lower risk of cardiovascular mortality
compared to their less fit counterparts.'
Additionally, for each 1 metabolic equiv-
alent (1-MET) increase in CRF among
CVD patients, there was a substantial
19% decrease in the risk of cardiovas-
cular mortality. Individuals with high-
er cardiorespiratory endurance often
show case better cardiovascular health.
Further analysis within the subgroup of
coronary artery disease patients high-
lighted a noteworthy 68% lower risk of
all-cause mortality for those with high
CRF, with each 1-MET increase cor-
relating with a significant 17% reduction
in the risk of all-cause mortality in this
specific patient population.” Regular
physical activity not only aids in weight
management and blood pressure control
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but also cultivates a resilient cardiovas-
cular system capable of coping with the
challenges posed by CVDs.

Although the relationship between
cardiovascular diseases and CRF seems
straightforward, some re-search show
that intense and prolonged exercise
training is correlated with an increased
incidence of atrial fibrillation.? This con-
nection is likely attributable to modifica-
tions in atrial volume, left ventricular hy-
pertrophy, and adjustments in autonom-
ic nervous system activity. In addition,
the Physicians’ Health Study provided
information on?'?! individuals engaged
in athletics, revealing that a higher fre-
quency of intense exercise was linked to
an elevated likelihood of developing AF
in young men and joggers.?* However,
this risk diminished with age, offset by
the recognized positive impacts of vigor-
ous exercise on other factors associated
with AF risk.? Despite these findings, a
wealth of research data substantiates
the link between low cardiorespiratory
endurance and an elevated risk of de-
veloping and progressing AF. Sedentary
lifestyles, often associated with poor
physical fitness, contribute significantly
to the initiation and advancement of AF.

A population-based study from Khan
and colleagues showed that elevated
CRF levels are linked to a decreased oc-
currence of AF.Z Research indicates that
heightened CRF levels correspond to
lower levels of inflammatory markers,
such as C-reactive protein.?¢ Therefore,
the diminished risk of AF at increased
CRF levels may be influenced by a re-
duction in systemic inflammation. In the
Norwegian study, re-searchers tracked
1117 AF patients to explore how self-re-
ported physical activity and estimated
cardiorespiratory fitness relate to out-
comes. They found that AF patients who
had followed physical activity guidelines
had a lower risk of overall (HR = 0.55,
95%Cl 0.41-0.75) and CVD mortality (HR
= 0.54, 95%CI| 0.34-0.86) compared to
those who were inactive.?’ Additionally,
for every 1 MET increase in CRF, there
was a lower risk of overall (HR = 0.88,
95%CI 0.81-0.95) and CVD mortality
(HR = 0.85, 95%CI 0.76-0.95) as well as
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morbidity (HR = 0.88, 95%CI 0.82-0.95).7
Recognizing and understanding this as-
sociation forms the foundation for tar-
geted interventions, underscoring the
critical role of promoting physical activ-
ity as a preventive measure against AF
development and progression.

The transformative impact of improv-
ing physical fitness on individuals with AF
extends beyond the prevention of onset
and progression. Tailored exercise reg-
imens have emerged as a powerful tool
in alleviating symptoms and enhancing
the overall quality of life for AF patients.
Regular exercise contributes to better
heart rate control, optimized blood cir-
culation, and enhanced cardiovascular
function, all of which are essential com-
ponents in managing the symptomatic
aspects of AF.2 Furthermore, increased
cardiorespiratory endurance is intricate-
ly linked to a reduction in fatigue, an im-
provement in mood, and an overall en-
hancement in well-being.??3 Integrating
physical fitness into the comprehensive
management of AF not only addresses
the immediate symptomatic challenges
but also fosters a holistic approach that
seeks to improve the overall health and
resilience of individuals navigating the
complexities of life with AF.

Cardiorespiratory  Fitness
Methods

There are several methods to access
cardiorespiratory endurance. Here the
widely used ones will be discussed. The
conventional approach for evaluating
V02 max involves utilizing specialized
metabolic measuring equipment and fol-
lows a widely adopted treadmill-based
protocol known as the Bruce protocol.
The protocol entails stepping onto a
treadmill and progressively elevating
both speed and incline at three-minute
intervals. The test concludes when you
reach 85% of your maximum heart rate,
your heart rate surpasses 115 beats per
minute for two consecutive stages, or
a determination is made that the test
should be discontinued.®'

The Balke Protocol, also tread-
mill-based, initiates with a constant
speed of 3.3 miles per hour (mph), which
is equal to 5.3 km per hour (kph) for men

Testing

and 3.0 mph (4.8 kph) for women.®? The
test commences with a 0 percent in-
cline, and for men, the incline rises by
2 percent after the first minute and then
by 1 percent every subsequent minute.
For women, the incline increases by 2.5
percent every 3 minutes.®® Participants
are expected to sustain this pattern for
as long as possible, consistently pushing
the pace and elevating the incline un-
til reaching exhaustion. Notably, docu-
menting the cessation time is crucial, as
itis utilized in the calculations for deter-
mining VO2 max.

Another treadmill test follows As-
trand protocol. The modified Astrand
protocol starts with a 5-minute warm-up
walk at 3.5 miles per hour [mph], which
is equal to 5.6 kilometrres per hour
(kph)< with a 2.5 percent grade.* Subse-
quently, participants run to exhaustion,
where the running speed is adapted to
tire each individual within a duration of 7
to 10 minutes.* This specific timeframe
is considered adequate for the body to
undergo optimal physiological adjust-
ments.

In addition to treadmills, contem-
porary methodologies involving cycle
ergometers, acknowledged as recently
developed approaches, can be employed
for the assessment of CRF. Cycle er-
gometry presents an attractive testing
modality, distinct from treadmill pro-
cedures, due to several advantages: 1)
it enables the precise selection of work
rates, expressible in appropriate units
of power [e.g., kgmemin-1]; 2] the non-
weight-bearing nature of cycle ergome-
ter exercise renders it well-tolerated by
individuals with orthopedic or physical
constraints; and 3) the facile collection
of heart rate, blood pressure, and elec-
tro-cardiographic data during the testing
protocol.*® According to American Heart
Association, two categories of stationary
bicycles, namely mechanically braked
and electronically braked, should be em-
ployed for testing purposes.®* Mechani-
cally braked ergometers necessitate the
maintenance of a specified cycling rate
to uphold a constant work rate. In con-
trast, electronically braked ergometers
possess the capability to automatically
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modify internal resistance, ensuring the
maintenance of prescribed work rates
corresponding to the cycling rate. Irre-
spective of the specific stationary bicycle
type, it is imperative that the ergometer
exhibits the capacity to adjust the work
rate, either automatically or manually,
in incremental measures.* In a Finn-
ish study, a maximal incremental exer-
cise test using a cycle ergometer was
con-ducted by commencing the test at
an initial workload of 60W, with subse-
quent increments of 20W applied each
minute until the point of exhaustion.’’
In a Lithuanian study, the participants
had 2 minutes of cycling without resis-
tance, and the workload was increased
for 15-30W each minute depending on
the expected physical capacity, gender,
age, and body mass.*®3% The maximum
duration of exercise was 8-12 minutes to
induce maximal stress on the cardiopul-
monary system.

Normative Values and Factors Influ-
encing Exercise Tolerance

The evaluation of VO2 max should be
adjusted to the corresponding age of in-
dividual and exercise modality. Consid-
ering the age-related decline in CRF, it
is noteworthy that elevated values are
typically observed in men® and there is a
tendency for higher values on the tread-
mill as opposed to the cycle ergometer.?
In addition, various investigations have
demonstrated that the VO2 max recorded
using a cycle ergometer is consistently
3% to 29% lower than the corresponding
V02 max values obtained through tread-
mill assessment.*®4" The assessment
of VO2 max exhibits notable variations
across studies due to the diverse test-
ing modalities employed. The utilization
of different protocols, such as the Bruce
protocol on treadmills, the Balke proto-
col, the modified Astrand protocol, and
various cycle ergometer protocols, in-
troduces considerable methodological
diversity. These differences encompass
factors like speed, incline, workload
increments, and duration of the tests,
making direct comparisons between
study results challenging.

The treadmill engages a broader
range of muscle groups, typically re-
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sulting in a higher VO2 max com-pared
to the cycle ergometer.’?®® Converse-
ly, the cycle ergometer offers improved
electrocardiographic  (ECG) analysis
due to fewer artifacts stemming from
upper body motion.®# This disparity in
muscle involvement and ECG data qual-
ity between the two modalities can lead
to inconsistent results in studies and
assessments. Researchers should ac-
knowledge and consider these inherent
differences when interpreting and com-
paring VO2 max outcomes derived from
treadmill and cycle ergometer testing.
It is crucial to recognize that the choice
of testing modality and protocol can
significantly influence the obtained V02
max values, as it was proven by previ-
ous research.®#¢ Researchers should
be careful when comparing results from
distinct studies, considering the distinct
testing methodologies that contribute to
the observed discrepancies in VO2 max
outcomes.

In addition to the aforementioned
differences, cardiorespiratory fitness
within a specific population is intricately
influenced by physical activity patterns,
geographic location, body composition,
genetic factors, and various other ele-
ments.*®47 Consequently, reference val-
ues for cardiorespiratory fitness may
exhibit significant divergence among
different populations. Table 2 below il-
lustrates age and sex-adjusted mean
values of VO2 max in various countries,
serving as reference benchmarks for the
respective populations.
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Limitations. This literature review
has several limitations. First, the in-
cluded studies varied in design, popula-
tion characteristics, and methodology,
which may affect the consistency and
comparability of the results. In partic-
ular, differences in cardiorespiratory
fitness testing protocols (e.g., tread-
mill vs. cycle ergometer) and reporting
standards may lead to heterogeneity in
VO, max values. Second, not all studies
stratified data by age and sex, which lim-
ited our ability to provide comprehensive
normative comparisons across sub-
groups. Third, most data were derived
from high-income countries, and there-
fore may not reflect population-specific
differences in lower-income or under-
represented regions, including Central
Asia. Finally, as this is a narrative litera-
ture review and not a systematic review
or meta-analysis, there is a risk of se-
lection bias and incomplete retrieval of
all relevant evidence.

What’ known? CRF has long been
recognized as an important predictor of
cardiovascular and all-cause mortality.
Low VO, max levels are linked to poorer
outcomes in patients with cardiovascu-
lar disease. Physical activity is known to
support heart health, but its connection
with AF has not been widely empha-
sized.

What’s new? This review brings to-
gether recent findings that highlight
the role of CRF in AF. It explores how
improving physical fitness can reduce
symptom burden, lower mortality risk,
and enhance overall management. The
review also discusses practical aspects
of exercise testing and reference values
across populations.

Conclusions

This literature review delves into the
intricate connection between cardio-
respiratory endurance and AF. Various
testing protocols, such as the Bruce
protocol, Balke protocol, modified As-
trand protocol for treadmills, and cy-
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