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Aims Atrial fibrillation (AF) progression is associated with adverse outcome, but the role of the circadian or diurnal pattern of AF
onset remains unclear. VWWe aim to assess the association between the time of onset of AF episodes with the clinical pheno-
type and AF progression in patients with self-terminating AF.

Methods The Reappraisal of AF: Interaction Between Hypercoagulability, Electrical Remodelling, and Vascular Destabilization in the
and results Progression of AF study included patients with self-terminating AF who underwent extensive phenotyping at baseline and
continuous rhythm monitoring with an implantable loop recorder (ILR). In this subanalysis, ILR data were used to assess the
development of AF progression and the diurnal pattern of AF onset: predominant (>80%) nocturnal AF, predominant day-
time AF, or mixed AF without a predominant diurnal AF pattern. The median follow-up was 2.2 (1.6—2.8) years. The median
age was 66 (59-71) years, and 117 (42%) were women. Predominant nocturnal (n =40) and daytime (n =43) AF onset
patients had less comorbidities compared to that of mixed (n=195) AF patients (median 2 vs. 2 vs. 3, respectively,
P = 0.012). Diabetes was more common in the mixed group (12% vs. 5% vs. 0%, respectively, P =0.031), whilst obesity
was more frequent in the nocturnal group (38% vs. 12% vs. 27%, respectively, P = 0.028). Progression rates in the nocturnal
vs. daytime vs. mixed groups were 5% vs. 5% vs. 24%, respectively (P =0.013 nocturnal vs. mixed and P = 0.008 daytime vs.
mixed group, respectively).

Conclusion In self-terminating AF, patients with either predominant nocturnal or daytime onset of AF episodes had less associated co-
morbidities and less AF progression compared to that of patients with mixed onset of AF.
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Keywords

What’s new?

® We classified comprehensively phenotyped patients with self-
terminating atrial fibrillation (AF) according to time of onset, based
on their onset of AF being either nocturnal, daytime, or mixed, using
long-term continuous rhythm monitoring.

® \We showed that patients with either only nocturnal or only daytime
onset of AF had less associated comorbidities and less AF progres-
sion compared to that of patients with a mixed onset of AF.

® Assessment of the timepoint of onset of AF episodes may guide ther-
apies: patients without a clear circadian pattern of AF episodes may
warrant more aggressive therapies as compared to that of those
with predominant nocturnal or daytime onsets of AF episodes.

® Furthermore, it is unknown whether various antiarrhythmic and
rate—control drugs have differential effects, depending on the pat-
tern of AF onset, which requires future investigations.

Introduction

Atrial fibrillation (AF) progression is associated with adverse out-
come.™ Predictors of AF progression include age, hypertension, heart
failure, obesity, and possibly sex.””” Some patients present with a typical
circadian or diurnal pattern of AF episodes. Atrial fibrillation can either
start predominantly during night-time (nocturnal AF) or predominantly
during activities and stress (adrenergically or daytime AF).2 In clinical
practice, the definite onset of AF is often difficult to assess because
not all episodes are symptomatic and continuous rhythm monitoring
is not always available.'® The limited data available show prevalences
of nocturnal AF ranging from 6 to 27% and of daytime AF from 7 to

Self-terminating atrial fibrillation ® Rhythm monitoring ® Atrial fibrillation progression ® Time of onset

16%."""3 Differences in clinical phenotype and outcome between these
groups have rarely been investigated.

In the Reappraisal of AF: Interaction Between Hypercoagulability,
Electrical Remodelling, and Vascular Destabilization in the Progression
of AF (RACE V) study, all participants underwent extensive phenotyping
and received a continuous rhythm monitoring,” which offers a unique op-
portunity to carefully evaluate the diurnal pattern of AF by the assessment
of the onset of individual AF episodes in addition to AF progression.

We aim to study the differences in the clinical profile of self-
terminating AF patients included in the RACE V trial based on the
time of onset of AF and the role time of onset has on AF progression.

Methods
Study design

Patients with self-terminating AF included in the Reappraisal of AF:
Interaction Between Hypercoagulability, Electrical Remodelling, and
Vascular Destabilization in the Progression of AF (RACE V) study were ana-
lysed. The RACE V study focuses on mechanisms of AF and determinants of
AF progression as previously described.”'* This subanalysis contains 417
patients, all having a follow-up duration of >1 year. Eligible participants
were patients who had at least two documented episodes of self-
terminating AF or one documented episode combined with >2 symptom-
atic episodes suspected of being AF; did not have a history of persistent AF,
pulmonary vein isolation (PVI), intention to undergo PVI or current amio-
darone treatment; and were willing to undergo implantation of
Medtronic (Minneapolis, USA) Reveal LINQ® implantable loop recorder.
Patients with Medtronic pacemakers were also eligible if atrial high rate epi-
sodes (AHRE) of >190 b.p.m. lasting >6 min as these were qualified as AF
episodes. Patients with different types of pacemakers, defibrillators, or car-
diac resynchronization therapy devices were not eligible to participate due
to differences in AHRE algorithm or incompatibility of the device with the
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Figure 1 Patients with either nocturnal or daytime or atrial fibrillation (AF) onset without a clear diurnal pattern (mixed group). Examples of patients
with either nocturnal AF onset (A), daytime AF onset (B), or mixed AF onset (C) with 2.5 years of follow-up. White indicates no AF is present, and blue
represents episodes of AF. Atrial fibrillation initiations are shown in red and AF terminations are shown in green. Shaded areas indicate nightly hours.
The x-axis represents follow-up in years, and the y-axis is the time of day. AF, atrial fibrillation.

type of home monitoring. Inclusion and exclusion criteria are described in
more detail by Nguyen et al.”

Clinical assessment

Patients were extensively phenotyped at baseline. Clinical history, symp-
tomatology, current medication, physical examination, a 12-lead electrocar-
diogram (ECG), echocardiography, blood samples, vascular assessment, and
cardiac computed tomo7graphy (CT) were all assessed as previously de-
scribed by Nguyen et al.

Classification of onset of atrial fibrillation

To adequately define the role of the time of onset of AF, only patients with
>3 self-terminating AF episodes were included. Implantable loop recorder
(ILR) data were used to assess whether AF was mainly started at night
(>80% of episodes starting during night time, from 21:00 p.m. to 06:00
a.m., nocturnal AF) or mainly started during daytime (>80% starting during
daytime, 06:00 a.m. to 21:00 p.m., daytime AF). If patients could not be iden-
tified as either nocturnal or daytime onset of AF, they were classified as pa-
tients without a clear diurnal pattern (mixed AF). Figure 1 shows examples
of the three types of AF onset patients.

Atrial fibrillation progression

As described before to examine AF progression, all corrected AF episodes
were visualized by a custom-made software using Microsoft Visual Basic.
Initially, assessment of AF progression was done visually by six physicians
(B.O.N; L.CV.G,;V.W,; MR; D.L; HJ.G.M.C)). Atrial fibrillation progression
was defined as 1 the development of persistent or permanent AF during
follow-up or 2 an increase of >3% AF burden over the first 6 months or
total follow-up as explained before.” The duration of monitoring for cur-
rent analysis lasted until 1 May 2020, until the last available rhythm monitor-
ing for patients that died after >1 year of continuous rhythm monitoring,
until the date of PVI, or in case of a successful PVI.

Statistical analysis

Baseline characteristics are presented as mean =+ standard deviation (SD) for
normally distributed data, as median and interquartile range for non-normally
distributed continuous data. Categorical data are presented as numbers with
percentages. Whether there is a difference in characteristics, treatment or
outcome between the three groups with vagal, adrenergic, and mixed trigger
will be analysed by one-way ANOVA in normally distributed data, Kruskal—
Wallis test in non-normally distributed data, or X* in categorical data.
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Logistic regression was used to study the association of time of onset (noctur-
nal, daytime, and mixed onset of AF) and AF progression. Four different mod-
els were performed: (1) univariately, (2) sex adjusted, (3) sex and age adjusted,
and (4) RACE V clinical risk (which was developed to predict AF progression
including PR interval, female sex, waist circumference, mitral valve regurgita-
tion, and left atrial strain).” Hosmer and Lemeshow tests were used to assess
the model’s goodness of fit. Analyses were performed using software Rv 3.3.3
(R Foundation for Statistical Computing, Vienna, Austria).

Results

Circadian atrial fibrillation pattern and

clinical characteristics

Of a total of 417 patients, 278 had >3 AF episodes; all other 139 pa-
tients had <3 AF episodes and were excluded from the present analysis
(Graphical Abstract). The median age was 66 (59-71) years, and 117
(42%) were women (Table 1). The median follow-up of continuous
rhythm monitoring was 2.2 (1.6—2.8) years. Nocturnal AF onset was
observed in 40 (14%) patients and daytime AF onset in 43 (15%) pa-
tients, and 195 (70%) patients had onset of AF episodes throughout
the day without a clear diurnal pattern (mixed type). Nocturnal AF pa-
tients had on average 124 AF episodes in the first year, daytime AF pa-
tients had 317 AF episodes, and the AF patients without a clear diurnal
pattern had on average 323 AF episodes. The distribution of each group
is displayed in Figure 2.

Patients with predominantly nocturnal or daytime AF onset had less
comorbidities compared to that of mixed AF onset patients (median 2
vs. 2 vs. 3, respectively, P = 0.012). Patients with predominantly noctur-
nal or daytime AF onset had a slightly better estimated glomerular fil-
tration rate as compared to that of the mixed AF group (median 84
vs. 82 vs. 78 mL/min*1.73m2 in the nocturnal and daytime groups vs.
mixed, respectively, P=0.018), and diabetes was more common
(12% vs. 5% vs. 0% in the mixed vs. the nocturnal vs. daytime AF onset
groups, respectively, P=0.031). Obesity was most often present in
nocturnal AF onset patients (38% vs. 12% vs. 27%, in the nocturnal
vs. daytime vs. mixed AF onset patients, respectively P=0.028)
(Table 1).

There is a significant association between daily AF pattern and Class |
antiarrhythmic drugs with nocturnal vs. mixed odds ratio (OR) 3.3 (95%
Cl 1.6-7.1 P=0.001) and daytime vs. mixed OR 3.0 (95% Cl 1.5-6.2
P =0.003)

Circadian atrial fibrillation pattern and

atrial fibrillation progression

In the total group, AF progression occurred in 51 cases (19%). Atrial
fibrillation progression rates in the nocturnal vs. daytime vs. mixed
AF onset groups were 5% vs. 5% vs. 24%, respectively (P =0.013 noc-
turnal vs. mixed and P = 0.008 daytime vs. mixed groups, respectively)
(Figure 3). Atrial fibrillation progression in the nocturnal group occurred
in two (5%) patients, in one due to self-terminating AF burden increase
and in the other one because of progression to permanent AF. Atrial
fibrillation progression in the daytime group also occurred in two
(5%) patients, in both cases because of an increase of AF burden whilst
still having paroxysmal AF. Atrial fibrillation progression in the mixed AF
onset group without a clear diurnal pattern occurred in 47 (24%) pa-
tients, in 13 (5%) patients due to paroxysmal AF with an increase in
AF burden whilst still having paroxysmal AF, in 12 patients due to pro-
gression to persistent AF, and in 22 patients due to progression to per-
manent AF (Figure 4). Univariate analysis revealed that patients with
either nocturnal or daytime AF onset had a lower risk of AF progres-
sion vs. those with mixed onset of AF. When adjusting for age and
seX, the association between time of onset and AF progression per-
sisted. When adjusted for the RACE V clinical risk prediction model

for AF progression, the OR for the nocturnal vs. mixed was 0.20
(0.05-0.89); the OR for daytime vs. mixed was 0.18 (0.04-0.79)
(Table 2).

Discussion

The aim of this study was to assess the role of time of onset of AF on
clinical profile and AF progression in patients with self-terminating AF
included in the RACE V trial. First, we showed that patients with pre-
dominant nocturnal and daytime onset of AF had less comorbidities
as compared to the that of the mixed AF onset group. Second, and
in line with the latter observation, patients with either nocturnal or day-
time onset of AF had lower progression rates as compared to that of
the mixed AF onset group.

Circadian pattern of atrial fibrillation
onset, comorbidities, and atrial fibrillation

progression

Previous studies proposed a circadian pattern of AF episodes and
showed that in patients with frequent self-terminating AF, most AF epi-
sodes originated during the night.">"® This is in contrast with our data
based on continuous rhythm monitoring. Although part of our patients
had a predominant nocturnal onset of AF, the majority, however, had
AF episodes starting throughout the day. It may well be that time of on-
set may differ between studies depending on the clinical phenotype of
the patients and the severity of the atrial cardiomyopathy, but also de-
pending on the type of rhythm monitoring.

We observed that patients in the mixed AF onset group had more
comorbidities in comparison to that of those in the nocturnal and day-
time AF onset groups. In line with the presence of more comorbidities,
the mixed AF onset patients showed the highest AF progression rates.
Multiple factors are associated with AF progression as outlined by many
studies including atherosclerosis, inflammation, and hypercoagubility.®”
The more comorbidities are present, the worse the outcome."”
Therefore, early identification and treatment of risk factors and co-
morbidities in order to improve sinus rhythm maintenance and out-
come are essential.*”®

It is well known that AF almost never comes alone and is connected
with comorbidities. The development of atrial remodelling and atrial
cardiomyopathy occurs due to these comorbidities and to AF itself.®
During time and depending on the number of comorbidities and pro-
gression of AF, atrial remodelling becomes more severe.

The reason why in the presence of more comorbidities patients de-
teriorate into a profile of having both nocturnal as well as daytime start
of AF episodes is difficult to explain. It may well be that due to a more
severe atrial cardiomyopathy, AF develops more often due to structural
conditions present throughout the day. In contrast, AF episodes in pa-
tients with predominant nocturnal or daytime AF patterns may be
more likely triggered by intermittent arrhythmogenic factors not re-
lated to permanent structural atrial alterations transiently increasing
AF risk predominantly during day or night-time in line with a dynamic
AF substrate."” Treating comorbidities is important for improving car-
diovascular outcome in AF patients.*%?'

Antiarrhythmic drugs were more often instituted in patients in the
daytime and night-time groups in comparison to the mixed group.
Since institution of antiarrhythmic drugs was left to the discretion of
the treating physician, it is difficult to exactly know the reason for
this; however, patients in the night-time and daytime groups may
have been more suitable for starting Class | antiarrhythmic drugs be-
cause of the lower number of comorbidities. As we learned only re-
cently, rate—control drugs may affect AF progression.”?

There is a need to categorize AF patients based on their phenotypes,
for differentiating treatment options and personalized medicine.'*??
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Table 1 Patient characteristics

Characteristic Total population Nocturnal AF Daytime AF Mixed AF P value
(n=278) (n=40) (n=43) (n=195)
Age (years) 66 (59-71) 64 (58-70) 67 (61-72) 66 (59-71) 0.383
Female sex 117 (42%) 21 (52%) 7 (39%) 79 (41%) 0.351
Total history AF (years) 6 (0.8-5.0) 3.1 (14-5.1) 2.5 (0.9-47) 2.5 (0.7-5.0) 0.559
HFrEF 7 (3%) 1(3%) 0 (0%) 6 (3%) 0.506
HFpEF 49 (18%) 7 (18%) (2 %) 31 (16%) 0.618
Hypertension 227 (82%) 34 (85%) 7 (86%) 156 (80%) 0.546
Diabetes mellitus 25 (9%) 2 (5%) 0 (0‘7) 23 (12%) 0.031
Coronary artery disease 36 (13%) 3 (8%) 5 (12%) 28 (14%) 0.481
Atherosclerosis* 134 (48%) 22 (55%) 22 (51%) 90 (46%) 0.544
Ischemic stroke 11 (4%) 0 (0%) 3 (7%) 8 (4%) 0.260
Number of comorbidities** 3(2-3) 2(2-3) 2 (2-3) 324 0.012
CHA,DS,-VASc score 3(24) 2 (2-3) 2 (2-3) 3(24) 0.328
EHRA class 0.879
| 28 (10%) 2 (5%) 5 (12%) 21 (11%)
lla 87 (31%) 12 (30%) 12 (28%) 63 (32%)
Ib 112 (4 %) 20 (50%) 19 (44%) 73 (37%)
Il 0 (18%) 6 (15%) 7 (16%) 37 (19%)
\% 1 (0%) 0 (0%) 0 (0%) 1(1%)
BMI (kg/m?) 27 (24-30) 27 (24-32) 26 (24-28) 27 (25-30) 0.157
Obesity (BMI > 30) 72 (26%) 15 (38%) 5 (12%) 52 (27%) 0.028
Waist circumference (cm) 102 (94-110) 97 (86—113) 101 (89-105) 102 (95-110) 0.072
Systolic blood pressure (mmHg) 135 (127-146) 136 (130-146) 135 (130-146) 135 (125-147) 0.687
Diastolic blood pressure (mmHg) 80 (73-86) 80 (75-88) 80 (74-86) 80 (73-85) 0.369
eGFR (mL/min*1.73m?) 79 (68-88) 84 (73-90) 82 (71-95) 78 (67-87) 0.018
PR interval (ms) 168 (152-189) 164 (153-178) 160 (146-182) 172 (154-192) 0.073
Left atrial volume indexed (mL/m?) 30 (25-38) 30 (25-38) 28 (25-37) 31 (24-39) 0.729
Left ventricular ejection fraction (%) 59 (8) 58 (5) 59 (6) 59 (6) 0.448
Class | antiarrhythmic drugs 63 (23%) 16 (40%) 6 (37%) 31 (16%) < 0.001
Class Il antiarrhythmic drugs 5 (5%) 1 (3%) 0 (0%) 14 (7%) 0.113
B-blocker 146 (53%) 19 (48%) 23 (54%) 104 (54%) 0.775
Verapamil/diltiazem 53 (19%) 8 (20%) 2 (28%) 33 (17%) 0.256
Digoxin 5 (2%) 0 (0%) 0 (0%) 5 (3%) 0.336
ACE-inhibitor 52 (19%) 6 (15%) 4 (9%) 42 (22%) 0.138
Angiotensin receptor blocker 58 (21%) 11 (28%) 10 (23%) 37 (19%) 0.452
Statin 105 (38%) 17 (43%) 16 (37%) 72 (37%) 0.811
Diuretic 45 (16%) 5 (13%) 8 (19%) 32 (17%) 0.742
Vitamin K antagonist 35 (13%) 6 (15%) 1(2%) 28 (14%) 0.086
NOAC 165 (60%) 23 (58%) 30 (70%) 112 (58%) 0.333

Data are presented as mean =+ standard deviation, number of patients (%), or median (interquartile range).

Abbreviations: ACE = angiotensin-converting enzyme; BMI = body mass index; EHRA = European Heart Rhythm Association; eGFR = estimated glomerular filtration rate; HFpEF = heart
failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; NOAC = non-vitamin K anticoagulation.

*Atherosclerosis is defined as the presence of history of myocardial infarction, percutaneous coronary intervention, coronary artery bypass graft, ischemic cerebral infarction, peripheral
vascular disease, Agatston score > 400 or plaque.

**The number of comorbidities was calculated by awarding 1 point for the presence of hypertension, heart failure, age > 65 years, diabetes mellitus, coronary artery disease, BMI > 25 kg/
m2, moderate or severe mitral valve regurgitation, and kidney dysfunction (eGFR < 60).

The EAST-AFNET 4 showed early rhythm control improved cardio- with a first episode of AF had a higher risk of hospitalization and acute
vascular outcome regardless of AF pattern classification based on the coronary syndrome.?* Early approaches to AF rhythm management can
first episode of AF, paroxysmal AF, or persistent. Nevertheless, patients improve outcomes in patients with AF2* Perhaps an improved
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phenotype classification, including diurnal distribution of AF episodes,
may contribute to improving outcome in AF patients.

Strengths and limitations

Our study has several strengths, which include the extensively pheno-
typed patients and the long-term continuous rhythm monitoring all pa-
tients received. However, there are also a few limitations that need to

be considered. First, in the RACE V study, treatment was at the discre-
tion of the treating physician, which may have influenced AF progres-
sion. Sample size with 278 patients is modest and therefore limits
statistical power. Moreover, patients were classified based on the onset
of AF, but no information was recorded on whether the patients were
actual sleeping or whether they were post-prandial or at rest during the
day. We did not assess temporary conditions which could have a proar-
rhythmic effect, and this could impact AF progression numbers. Lastly,
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Table 2 Logistic regression

Odds ratio  95% ClI P value
Time of onset® Nocturnal 017 0.04-0.71 0.02
Daytime 0.15 0.04-0.66  0.01
Time of onset®  Nocturnal ~ 0.18 0.04-0.76  0.02
Daytime 0.15 0.03-0.65 0.01
Time of onset® Nocturnal ~ 0.18 0.04-0.79  0.02
Daytime 0.15 0.03-0.65 0.01
Time of onset?  Nocturnal ~ 0.20 0.05-0.89 0.04
Daytime 0.18 0.04-0.79  0.02
Time of onset®  Nocturnal ~ 0.18 0.04-0.78  0.02
Daytime 0.16 0.04-0.70  0.02

*Univariatly adjusted.

5Sex adjusted.

Sex and age adjusted.

9RACE V clinical score (PR time, female sex, waist circumference, mitral valve
regurgitation, and left atrial strain) adjusted.

€Antiarrhythmic drug use adjusted. Mixed onset of AF is used as a reference.

as is the case in clinical trials, the RACE V population is a selective popu-
lation, in this case relatively healthy AF patients. Therefore, real-world
data could be different.

Conclusions

We assessed the role of time of AF onset on clinical differences and AF
progression in patients with self-terminating AF included in the RACE V
trial. Our main findings include that the nocturnal and daytime AF onset
groups had less AF progression as compared to that of those patients
who suffered from AF both starting at night and during daytime. This
may be associated with the presence of less comorbidities being pre-
sent in those two groups. Whether knowledge on time of onset will im-
pact clinical decision-making needs further study.
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