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Aims Data on patient characteristics, prevalence, and outcomes of atrial fibrillation (AF) patients without traditional risk
factors, often labelled ‘lone AF’, are sparse.

...................................................................................................................................................................................................
Methods
and results

The RE-LY AF registry included 15 400 individuals who presented to emergency departments with AF in 47 coun-
tries. This analysis focused on patients without traditional risk factors, including age >_60 years, hypertension, coro-
nary artery disease, heart failure, left ventricular hypertrophy, congenital heart disease, pulmonary disease, valve
heart disease, hyperthyroidism, and prior cardiac surgery. Patients without traditional risk factors were compared
with age- and region-matched controls with traditional risk factors (1:3 fashion). In 796 (5%) patients, no traditional
risk factors were present. However, 98% (779/796) had less-established or borderline risk factors, including bor-
derline hypertension (130–140/80–90 mmHg; 47%), chronic kidney disease (eGFR < 60 mL/min; 57%), obesity
(body mass index > 30; 19%), diabetes (5%), excessive alcohol intake (>14 units/week; 4%), and smoking (25%).
Compared with patients with traditional risk factors (n = 2388), patients without traditional risk factors were more
often men (74% vs. 59%, P < 0.001) had paroxysmal AF (55% vs. 37%, P < 0.001) and less AF persistence after 1
year (21% vs. 49%, P < 0.001). Furthermore, 1-year stroke occurrence rate (0.6% vs. 2.0%, P = 0.013) and heart fail-
ure hospitalizations (0.9% vs. 12.5%, P < 0.001) were lower. However, risk of AF-related re-hospitalization was simi-
lar (18% vs. 21%, P = 0.09).

...................................................................................................................................................................................................
Conclusion Almost all patients without traditionally defined AF risk factors have less-established or borderline risk factors.

These patients have a favourable 1-year prognosis, but risk of AF-related re-hospitalization remains high. Greater
emphasis should be placed on recognition and management of less-established or borderline risk factors.
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Introduction

Sixty-five years ago, atrial fibrillation (AF) in the absence of heart dis-
ease was coined ‘lone AF’.1 However, that concept has come under
scrutiny2 as our knowledge of risk factors and their importance is
evolving.2–4 Over the last decade, a re-evaluation of traditional frame-
works for understanding and managing of AF occurred, and focus has
shifted towards optimal treatment of underlying conditions and risk
factors. This includes less-established and borderline risk factors such
as obesity, diabetes, sleep apnoea, borderline hypertension, chronic
kidney disease, smoking, and excessive alcohol intake.2,5

Furthermore, many thresholds for detecting and defining comorbid
conditions have changed, making some conditions such as hyperten-
sion more prevalent.2,4 Due to this improved ascertainment of un-
derlying cardiovascular diseases and risk factors, the reported
proportion of seemingly ‘lone AF’ decreased over the years from
�30% to 3%.2,6,7 Therefore, it has been recommended that use of
the term ‘lone AF’ should be avoided.2 Nevertheless, it still remains
in use today.

Our current understanding of outcomes in AF patients previously
thought to have ‘lone AF’ is largely confined to patients from North
America and Europe.3,6,8,9 This is a major limitation, as we know that
important regional variation exists among the global population of
individuals with AF.10–12 The current analysis aimed to examine pa-
tient characteristics, prevalence of less-established or borderline risk
factors, and outcome in patients without traditional risk factors from
different geographic regions using data from the Randomized
Evaluation of Long-Term Anticoagulation Therapy (RE-LY) AF
registry10,11

Methods

RE-LY AF registry
The methods of the RE-LY AF registry have been described previ-
ously.10,11 Patients from 164 sites in 47 countries, representing all inhab-
ited continents, who presented to an emergency department or
equivalent acute-care setting with AF or atrial flutter (AFL), were in-
cluded in this prospective registry. The atrial rhythm disturbance could

be either the primary reason for their visit or a secondary diagnosis.
Although patients were not consecutive, study sites were encouraged to
enrol patients as rapidly as possible to minimize bias. All patients gave
written informed consent for study participation.

Study population
Between 24 December 2007 and 21 October 2011, 15 400 patients
were enrolled, of whom 97.7% had AF and the rest had AFL. The present
analysis excluded all patients with traditional AF risk factors including ad-
vancing age (>_60 years), myocardial infarction, coronary artery disease,
congenital heart disease, heart failure, left ventricular hypertrophy or sys-
tolic dysfunction, hypertension, rheumatic heart disease, significant valvu-
lar heart disease [defined as moderate to severe (Grade 3) or severe
(Grade 4)], pulmonary disease including emphysema and chronic ob-
structive pulmonary disease, stroke or transient ischaemic attack, hyper-
thyroidism, or recent cardiac surgery. These ‘traditional’ risk factors are
the ones used in the Olmsted Country and Framingham cohorts
(Figure 1),3,9 whose absence used to define ‘lone AF’ The non-traditional
risk factors, and the terminology ‘ less-established and borderline’ are in
line with the 2014 ‘Lone AF does it exist’ paper by Wyse et al.2

Patients with missing variables (n = 10) or patients with secondary pre-
cipitants for AF including acute coronary syndrome, acute pericardial dis-
ease, heart failure, infection, or other acute cerebral-, pulmonary-, or
rheumatic disease were excluded from the current analysis (Figure 2 and
Supplementary material online, Table S1).

Figure 1 Traditional risk factors. The columns show the tradi-
tional risk factors used in the Framingham, Olmsted, and RE-LY
cohorts.3,6,9 aSecondary precipitants for AF were excluded, includ-
ing acute coronary syndrome or arrest, pericarditis or pericardial ef-
fusion (in our cohort mainly caused by tuberculosis and HIV),
myocarditis, pulmonary oedema, cerebrovascular vascular accident,
aortic dissection, ICD shock, or heart failure. bPatients with AF re-
lated to surgery, trauma, or acute medical illness were excluded.
cInsulin dependent diabetes mellitus. AF, atrial fibrillation; BMI, body
mass index; eGFR, estimated glomerular filtration rate; LVH, left
ventricular hypertrophy; TIA, transient ischaemic attack.

What’s new?
• In this sub-analysis of the RE-LY AF registry, we show that al-

most all patients presenting to the emergency department
without traditionally defined atrial fibrillation (AF) risk factors
have less-established or borderline risk factors upon closer
examination.

• These patients without traditional risk factors have seemingly
less severe AF with predominantly paroxysmal episodes, less
AF persistence, and a low 1-year risk of death, stroke, and
heart failure hospitalizations. Nevertheless, their risk of AF-re-
lated re-hospitalization is high.

• Almost all patients without traditional AF risk factors have
other risk factors that require treatment or careful follow-up.
Ultimately, this may facilitate the maintenance of sinus rhythm
and improve cardiovascular outcomes.

Atrial fibrillation without traditional risk factors 871
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We studied the following less-established or borderline risk factors:
borderline hypertension [relative risk (RR) 130–140/80–90 mmHg],
chronic kidney disease (eGFR < 60 mL/min), obesity [body mass index
(BMI) >30], diabetes (oral glucose-lowering drugs and/or insulin), exces-
sive alcohol intake (>14 units/week), smoking, and sleep apnoea
(Figure 1).2 Our aim was to examine patient characteristics, study preva-
lence of less-established or borderline risk factors, and assess outcome.
We compared patients without traditional risk factors to age- and
region-matched controls with traditional risk factors (1:3 fashion) from
the RE-LY AF registry.10,11 Additionally, regional comparisons were per-
formed to provide a global overview of region-specific differences.

Follow-up
Patients were assessed 1 year after attending the emergency department.
The visit occurred either in-person or consisted of a telephone call. The
validated questionnaire for the verification of stroke-free status was ad-
ministered to all patients. Additional required information was collected
from medical records and contact with treating physicians. Clinical data
were collected on the endpoints death, stroke, major bleeding, and sys-
temic embolism, as well as admission to hospital for heart failure, myocar-
dial infarction, AF, or AFL. Data were collected on treatment of AF
during follow-up including cardioversion, ablation, and rate and rhythm
control therapy.

Statistical analysis
Baseline characteristics of patients without traditional risk factors and 1:3
matched subset of patients with traditional risk factors are shown for
both groups overall and the different regions. Patients from North
America, Western Europe, and Australia were used as the reference
population for comparison with patients from South America, Eastern
Europe, the Middle East and Mediterranean crescent (including North
Africa and Turkey), Sub-Saharan Africa, India, China, and Southeast Asia
(participating countries by region were previously published).10 Data are
presented as mean (standard deviation) and median (interquartile range)
for continuous variables and frequency (%) for categorical variables.
Differences between patients were evaluated by the Student’s t-test and
the Mann–Whitney U test, depending on normality of the data. The v2

and Fisher’s exact test were used for comparison of categorical variables.
Comparisons between the regions, with North America, Western
Europe, and Australia as the reference group, were performed using an
analysis of variance or Kruskal–Wallis test for continuous variables and
using Pearson v2 test or Fisher’s exact test for categorical variables.
Outcomes were compared using logistic regression models with RR and
95% confidence interval (CI) reported. Models were subsequently ad-
justed for sex, chronic kidney disease, diabetes mellitus, and anticoagula-
tion/antiplatelet therapy, including warfarin, vitamin K antagonist, or
aspirin. The two-sided significance level was set at 0.005 to adjust for mul-
tiple comparisons. All statistical analyses were performed using SAS 9.4
for UNIX (SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics
Of the 15 400 patients enrolled in the RE-LY AF registry, 796 (5%)
did not have traditionally defined risk factors (Figure 2). Prevalence
differed between the regions: ranging from 2% in Eastern Europe to
15% in the Middle East. Baseline characteristics are listed in Table 1
for patients without and with traditional risk factors. Average age of
patients without traditional risk factors was 45.7 ± 10.1 years, and
74% were men. Compared with patients with traditional risk factors,
patients without traditional risk factors were taller, weighed more,
were more likely to be men, and had slightly better kidney function
(Table 1).

The most common less-established or borderline risk factors
were borderline hypertension (130–140/80–90 mmHg; 47%),
chronic kidney disease (eGFR < 60 mL/min; 57%), obesity (BMI
>30 kg/m2; 19%), and smoking (25%) (Table 1). In total, 779 of 796
(98%) patients had one or more less-established or borderline risk
factors. Less-established or borderline risk factors were present in a
comparable or lower number in patients with traditional risk factors
(Table 1).

Among patients without traditional risk factors, the prevalence of
specific less-established or borderline risk factors differed between
regions (Table 1). In North America and Western Europe, obesity
was common (30%), and in the Middle East, both obesity (25%) and
diabetes mellitus (11%) were frequent. In Eastern Europe, borderline
hypertension (65%), excessive alcohol intake (8%), and smoking
(38%) were often found. In South America (83%) and India (94%),
high percentages of chronic kidney disease were observed, and in
Africa, 22% of patients used large amounts of alcohol.

RE-LY AF registry cohort
N = 15400

Selected patients
Age <60 years

No cardiovascular disease*
No CVA or TIA

No pulmonary disease†

No hyperthyroidism
No recent surgery

Excluded
(missing variables)

N = 10

Screening ED reason
N = 252 with AF as

secondary diagnosis

Excluded
(secondary precipitants)

N = 46

With traditional risk factor
1:3 age & region matched controls

N = 2388

Without traditional risk factors
study population

N = 796

No less-established
or bordeline risk

factors
N = 17

≥1less-established
or bordeline risk

factors
N = 779

Figure 2 A flowchart. aNo myocardial infarction, coronary artery
disease, congenital heart disease, heart failure, left ventricular hyper-
trophy or systolic dysfunction, hypertension, rheumatic heart dis-
ease, or significant valvular disease. bDefined as emphysema or
chronic obstructive pulmonary disease. AF, atrial fibrillation; CVA,
cerebrovascular accident; ED, emergency department; TIA, tran-
sient ischaemic attack.

872 M. Kloosterman et al.
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Type and treatment of atrial fibrillation
Patients without traditional risk factors more often had paroxysmal
AF (55% vs. 37%, P < 0.001) and were more likely to undergo cardio-
version in the emergency department, either spontaneously or
through electrical or chemical cardioversion (P < 0.001)
(Supplementary material online, Table S2.1). Fewer patients without
traditional risk factors left the emergency department in AF com-
pared with patients with traditional risk factors (54% vs. 77%,
P < 0.001). Patients without traditional risk factors received less medi-
cations, including anticoagulation, anti-arrhythmic drugs, beta-
blockade, and diuretics (all P < 0.001) (Supplementary material on-
line, Table S2.1). They experienced more AF recurrences (28% vs.
21%, P < 0.001), but AF persistence was less pronounced after 1 year
(21% vs. 49%, P < 0.001) (Supplementary material online, Table S3.1).

Outcomes
Complete 1-year follow-up was available for 793 (99.6%) patients
without traditional risk factors and 2374 (99.4%) patients with tradi-
tional risk factors (Table 2). Patients without traditional risk factors
suffered less strokes [5 (0.6%) vs. 48 (2%); RR 0.31 (95% CI 0.12–
0.78, P = 0.013)] and had a lower all-cause mortality within 1 year of
initial emergency department visit [13 patients (1.6%) vs. 165 (7%);
RR 0.24 (95% CI 0.14–0.41, P < 0.001)]. Reasons for death in patients
without traditional risk factors included: cancer (n = 5), unknown
(n = 4), heart failure (n = 3), and sudden cardiac death (n = 1). Patients
with traditional risk factors were more frequently hospitalized for
heart failure (13% vs. 0.9%, P < 0.001). Hospitalizations for AF oc-
curred often in both groups (18% in patients without vs. 21% in
patients with traditional risk factors, P = 0.09). The highest rate of
repeat hospital visits for AF was in North America and Western
Europe (27%) (Supplementary material online, Table S4).
Adjustments for sex, chronic kidney disease, diabetes mellitus, and
anticoagulation use did not affect the observation of increased death,

stroke, and heart failure hospitalization risk in patients with traditional
risk factors (Table 2).

Discussion

This observational study shows that almost all patients presenting to
the emergency department without traditionally defined AF risk fac-
tors have less-established or borderline risk factors upon closer ex-
amination. These patients without traditional risk factors have
predominantly paroxysmal episodes, less AF persistence, and a low
1-year risk of death, stroke, and heart failure hospitalizations
(Figure 3). Nevertheless, their risk of AF-related re-hospitalization is
high; with nearly one-fifth returning to the emergency department
within 1 year. Recognition and management of these non-traditional
risk could help improve patient outcomes.13

The term ‘lone AF’ was first used in 1954 to describe patients in
whom ‘subsequent investigation shows that heart disease is absent’.1

In the last few decades, our understanding of AF pathophysiology and
the multitude of systemic aetiologies and risk factors for AF has in-
creased exponentially. We now know that AF without any risk factor
is rare.2 Weijs et al.7 have shown that in clinical practice almost half of
the patients originally diagnosed with idiopathic AF developed cardio-
vascular diseases within 5 years.14 Other long-term follow-up studies
corroborate these findings and show that almost all patients develop
evident cardiovascular risk factors over time.14,15 In the Olmsted
study, all patients who had a cerebrovascular event during long-term
follow-up had developed at least one overt risk factor for thrombo-
embolism.3,9 The high presence of less-established or borderline risk
factors in the RE-LY AF registry (98% had one or more less-estab-
lished or borderline risk factors) underscores the rarity of ‘lone AF’.2

In the current population, different profiles of less-established or bor-
derline risk factors existed across the world, with obesity being com-
mon in North America and Western Europe; borderline

...................................... ......................................

....................................................................................................................................................................................................................

Table 2 Outcomes of patients without traditional risk factors compared with age and region-matched patients with
traditional risk factors

Overall Without

traditional

risk factors

With

traditional

risk factors

Unadjusted Adjusted

Number of complete follow-up visit 3167 793 2374 RR (95% CI) P-value RR (95% CI)a P-value

MACCE, n (%) 235 (7.4) 18 (2.3) 217 (9.1) 0.25 (0.15–0.40) <0.001 0.26 (0.16–0.43) <0.001

Death 178 (5.6) 13 (1.6) 165 (7.0) 0.24 (0.14–0.41) <0.001 0.25 (0.14–0.44) <0.001

Stroke 53 (1.7) 5 (0.6) 48 (2.0) 0.31 (0.12–0.78) 0.013 0.35 (0.14–0.89) 0.027

Systemic embolism 12 (0.4) 0 (0.0) 12 (0.5) 0.00 (–) 1.000 0.00 (–) 1.000

Major bleeding 33 (1.0) 3 (0.4) 30 (1.3) 0.30 (0.09–0.98) 0.046 0.41 (0.12–1.39) 0.154

Hospitalization, n (%) 814 (25.7) 146 (18.4) 668 (28.1) 0.66 (0.56–0.77) <0.001 0.72 (0.61–0.85) <0.001

Hospitalization for heart failure 303 (9.6) 7 (0.9) 296 (12.5) 0.07 (0.03–0.15) <0.001 0.08 (0.04–0.17) <0.001

Hospitalization for MI 23 (0.7) 2 (0.3) 21 (0.9) 0.29 (0.07–1.22) 0.090 0.36 (0.08–1.62) 0.184

Hospitalization for AF 630 (19.9) 141 (17.8) 489 (20.6) 0.87 (0.73–1.02) 0.093 0.94 (0.79–1.13) 0.529

Matching conducted 1:3 on age and region.
AF, atrial fibrillation; IQR, interquartile range; MACCE, major adverse cardiac and cerebrovascular event; MI, myocardial infarction; RR, relative risk; SD, standard deviation.
aAdjusted for sex, chronic kidney disease, diabetes mellitus, and anticoagulation use.
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hypertension in the Middle East and Eastern Europe; and chronic kid-
ney disease in South America and India.

AF in the absence of traditional risk factors is often considered a
benign disease.2 We confirm that our large, global AF population
without traditional risk factors has a low short-term risk of morbidity
and mortality.7,8,14 This can be explained not only by the lack of car-
diovascular conditions in these patients but also by their young age
and low rate of AF persistence,16,17 as both morbidity and mortality
are increased in patients with AF progression.18 Incident heart failure
is common among patients with AF, and many traditional AF risk fac-
tors are also independent clinical predictors of heart failure.
Additionally, prolongation of AF episodes >24 h is associated with a
higher rate of heart failure hospitalizations, and AF type and increased
burden have been found to be associated with a higher risk of ischae-
mic stroke.19

Although patients with AF without traditional risk factors had a
lower risk of death and cardiovascular events, they had a substantial
risk of repeat hospitalizations for AF. This highlights the importance
of initial AF management during the emergency department visit, and
the importance of appropriate follow-up for further optimization of
AF management to prevent recurrent symptoms due to AF.
Additionally, prevention of AF progression and management of new
risk factors that may develop during follow-up of patients with AF
could help to minimize the risk of adverse outcomes, including heart
failure hospitalizations (Figure 3).16,17

Clinical implications
In all patients presenting with AF without an obvious cardiac cause, a
thorough initial search for less-established or borderline risk factors,

which vary between geographic regions, is recommended.4,5,20 In
some cases, no risk factors will be present as AF can occur as a pri-
mary electrical disease; however, in many cases, borderline or non-
traditional risk factors may be found. These patients seem to have
less severe AF and a lower risk of adverse events. However, also
these non-traditional risk factors require treatment or careful follow-
up since they may contribute to progression of AF and the occur-
rence of cardiovascular morbidity and mortality.13

Early identification of less-established or borderline risk factors
with timely, holistic treatment; targeted, tailored, and adjusted over
time according to the individual needs of these patients, may facilitate
the maintenance of sinus rhythm and improve cardiovascular out-
comes.13 Given the complexity of AF management and the heteroge-
neity of patients’ risk factor profiles, integrated AF care by a
multidisciplinary team in specialized AF clinics is recommended.4,5,20

Strengths and limitations
Selection of sites within regions was not random and might have in-
troduced recruitment bias in comparing the regions, making this a
convenience sample. Furthermore, our population without tradi-
tional risk factors is determined not only by definition but also by the
organization of the health care systems, given differences in the ex-
tent of the search for underlying factors, and the robustness of diag-
nostic tools used in the different world regions. It is conceivable that
risk factors or other secondary precipitants have been missed.
Detailed echocardiographic and electrocardiogram data were not
collected in this study. Follow-up was only 1 year, which limits the
comparison of outcomes with low incidence; including stroke and
death. Strengths include the relatively large, matched group of

Figure 3 In the RE-LY AF registry, patients without traditional risk factors seemed to have less severe AF, with more paroxysmal AF (55% vs. 37%,
P < 0.001) and less AF persistence (21% vs. 49%, P < 0.001) compared with matched controls with traditional risk factors. Additionally, their risk of
heart failure hospitalizations (0.9% vs. 12.5%) and MACCE during 1-year follow-up (2.3% vs. 9.1%) was low. However, risk of AF-related re-hospitali-
zation was high, almost 18%, similar to patients with traditional risk factors. AF, atrial fibrillation; HF, heart failure; MACCE, major adverse cardiac or
cerebrovascular events.
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patients and the broad global representation of countries, many of
which have never been included in previous registries or clinical trials
of patients without traditional risk factors of AF.

Conclusion

Almost all patients without traditionally defined AF risk factors have
less-established or borderline risk factors. These patients have a
lower burden of AF and a more favourable 1-year prognosis but their
risk of AF-related re-hospitalization remains high. Greater emphasis
should be placed on the recognition and management of these AF
risk factors, as this could improve patient outcomes.

Supplementary material

Supplementary material is available at Europace online.
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