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EDITORIAL COMMENT
Exercise Capacity and
Atrial Remodeling in Atrial Fibrillation
Who’s on First?*
Litsa K. Lambrakos, MD, Jeffrey J. Goldberger, MD
I n this issue of JACC Clinical Electrophysiology,
Rizvi et al. (1) report that exercise capacity (EC)
correlates with left atrial (LA) structural remod-

eling as detected by late gadolinium enhancement
magnetic resonance imaging (LGE-MRI) in patients
with atrial fibrillation (AF), and they suggest that LA
structural remodeling may represent a unifying
mechanism between EC and AF. In Figure 1 in the
report by Rizvi et al. (1) (reproduced in modified
fashion here as Figure 1), linear regression analysis
of the relationship between LA tissue remodeling
(LA-TR) and metabolic equivalents achieved during
exercise was reported with an R2 of 0.061 (p < 0.01).
Although that is interesting, as discussed later, it is
critical to highlight that this represents a very weak
relationship and provides no information regarding
causality.
SEE PAGE 711
On closer analysis of Figure 1, when one divides the
graph into quadrants, it is clear that there is a paucity
of points in quadrant I, representing persons with high
EC and a high percentage of LA-TR. The presence of the
reported relationship with very low R2 reflects the
presence of data points in quadrants II, III, and IV, with
no points in quadrant I. Because this quadrant repre-
sents patients with a high degree of atrial fibrosis, they
may be considered to have more advanced atrial
myopathy. It is therefore interesting to contemplate
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why there are no patients with advanced atrial myop-
athy in the higher-EC group because this may provide
insight into some fundamental relationships among
AF, LA remodeling, and EC.

In the study by Rizvi et al. (1), 91.7% of the total
number of patients (133 of 145) are classified as being
in Utah stage I, II, or III, defined as LA-TR up to 30%.
Only 12 patients (w8%) in this study are in Utah
stage IV (quadrants I and IV) with LA gadolinium
enhancement $30%. This was a retrospective review
of patients who presented to the University of Utah
for treatment of AF with catheter ablation over a
4-year period. The inclusion criteria were patients
with AF who were undergoing LGE-MRI evaluation
and a maximal exercise treadmill test using the Bruce
protocol.

Given that the total number of patients in Utah
stage IV is 12, a possible explanation for the lack of
patients with high LA-TR and high EC is simply
random sampling error. Further confounding by the
selection process for inclusion in the study is quite
possible because this cohort does not include all pa-
tients with AF or all patients undergoing ablation,
and exercise testing was not performed routinely. For
example, it is conceivable that patients with AF and a
high degree of atrial fibrosis who nevertheless have
good EC may not choose to undergo ablation pro-
cedures because they have remained asymptomatic
over time despite their advanced or advancing atrial
myopathy, thus accounting for the lack of patients
in this quadrant. Even if there is a relationship, it
may not be linear. This is reinforced by the data
presented in Figure 2 in Rizvi et al. (1), which shows
no statistically significant difference in exercise
tolerance among the Utah stage I, II, and III groups.
Only the difference in EC between the Utah stage I
and stage IV groups was significant (p < 0.05).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacep.2016.05.016&domain=pdf
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FIGURE 1 Exercise Capacity and Left Atrial Tissue

Remodeling

This is a scatterplot relating exercise capacity to left atrial tissue

remodeling. The red lines divide the data into four quadrants

(I, II, III, and IV). METS ¼ metabolic equivalents. Modified with

permission from Rizvi et al. (1).
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Although the study population was large, the small
numbers in the Utah stage IV group warrant cautious
interpretation of the results. A further potential
explanation for the observation of a lack of data
points in quadrant I could include a causal relation-
ship with either atrial fibrosis or myopathy limiting
EC or conversely EC-related protection of patients
from developing atrial myopathy.

In their discussion, Rizvi et al. (1) hypothesize that
decreased exercise tolerance is a result of altered LA
transport function in patients with varying degrees of
tissue LA-TR. Previous work showed that the extent
of enhancement on LGE-MRI is inversely correlated
with markers of LA contractile function (strain and
strain rate) (2), and studies investigating the role of
LA function as measured specifically by LA total
strain have demonstrated a strong association with
EC independent of age and sex (3). These studies
support a correlation between LGE-MRI and EC as
presented by the study. However, one confounder is
that in this study, LA volume (as seen in Table 1 in
Rizvi et al. [1]) was higher in patients with advanced
Utah stages (p ¼ 0.011) but was not adjusted for in
the multivariate analysis of LA remodeling and EC.
In some studies, LA volume has been shown to be
an independent predictor of EC with normal left
ventricular systolic function (4). This may influence
the strength of the potential causality of LA-TR on EC.
Alternatively, there may be a protective effect
of exercise on atrial remodeling. In the Impact
of CARDIO-FIT (CARDIOrespiratory FITness on
Arrhythmia Recurrence in Obese Individuals With
Atrial Fibrillation) study (5), baseline cardiorespira-
tory fitness predicted arrhythmia-free survival in a
dose-dependent manner, and a gain in cardiorespira-
tory fitness was associated with long-term freedom
from AF. Regular exercise has also been shown to
improve autonomic function (6). Although this is not
direct evidence of a protective effect of EC at the tis-
sue level, investigators have shown that lifestyle
modification such as weight loss can have a beneficial
effect on structural remodeling (7). By extension, it is
possible that cardiorespiratory fitness exerts similar
positive effects on the left atrium at the structural
level.

Finally, it is conceivable that confounding vari-
ables not captured in this study’s analyses are
responsible for the association between LA-TR and EC.
The decreased EC seen in patients with high LA-TR
may be mediated by unrecognized risk factors
not controlled for in the current study that are
associated with the development and progression of
atrial fibrosis and independently affect EC. This pos-
sibility is supported by a growing body of evidence
highlighting the role of modifiable risk factors such as
hypertension, obesity, substance abuse, and sleep-
disordered breathing on the incidence of AF (8), both
in the general population and in the risk of recurrence
in patients who have received a conversely interven-
tion for AF such as catheter ablation (7,9,10). In the
ARREST-AF (Aggressive Risk Factor Reduction Study
for Atrial Fibrillation and Implications for the Outcome
of Ablation) study (9), aggressive risk factor manage-
ment of blood pressure, weight, and obstructive sleep
apnea resulted in significant improvement in long-
term outcomes in symptomatic patients undergoing
ablation for AF. The effects produced by risk factor
modification were also associated with positive
remodeling of the left atrium at the structural level.
Based on data in humans and in animals, the current
prevailing theory is that cardiometabolic risk factors
are not only modifiers of the disease process but also
triggers of the initial atrial electroanatomic remodel-
ing that serves as a substrate for AF (11–14). In the Utah
stage IV patients in the study who had developed
such a significant degree of LA fibrosis (LA-TR $30%),
one cannot exclude the existence of an adverse set
of upstream cardiometabolic risk factors that could
independently influence both EC and LA-TR, thereby
accounting for the association.

Irrespective of the exact mechanism underlying
the association of LA-TR and EC, this observation is



Lambrakos and Goldberger J A C C : C L I N I C A L E L E C T R O P H Y S I O L O G Y V O L . 2 , N O . 6 , 2 0 1 6

Exercise Capacity and Atrial Remodeling in Atrial Fibrillation N O V E M B E R 2 0 1 6 : 7 2 0 – 2

722
important and merits further explication. Areas of
future research could include studying the effect of
cardiorespiratory fitness and cardiometabolic risk
factors on LA-TR as assessed by LGE MRI indepen-
dent of AF and the effects of exercise training, which
is modifiable, on LA-TR.
REPRINT REQUESTS AND CORRESPONDENCE: Dr.
Jeffrey J. Goldberger, Division of Cardiology, Uni-
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14th Street, Miami, Florida 33136. E-mail:
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