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Aims Age and sex may impact the efficacy of antiarrhythmic drugs on cardiovascular outcomes and arrhythmia recur-
rences in patients with atrial fibrillation (AF). We report on a post hoc analysis of the ATHENA study
(NCT00174785), which examined cardiovascular outcomes in patients with non-permanent AF treated with drone-
darone vs. placebo.

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

Efficacy and safety of dronedarone were assessed in patients according to age and sex. Baseline characteristics
were comparable across subgroups, except for cardiovascular comorbidities, which were more frequent with in-
creasing age. Dronedarone significantly reduced the risk of cardiovascular hospitalization or death due to any cause
among patients 65–74 [n = 1830; hazard ratio (HR) 0.71, 95% confidence interval (CI) 0.60–0.83; P < 0.0001] and
>_75 (n = 1925; HR 0.75, 95% CI 0.65–0.88; P = 0.0002) years old and among males (n = 2459; HR 0.74, 95% CI
0.64–0.84; P < 0.00001) and females (n = 2169; HR 0.77, 95% CI 0.67–0.89; P¼ 0.0002); outcomes were similar for
time to AF/AFL recurrence. Among patients aged <65 years (n = 873), cardiovascular hospitalization or death due
to any cause with dronedarone vs. placebo was associated with an HR of 0.89 (95% CI 0.71–1.11; P = 0.3). The inci-
dence of all treatment-emergent adverse events (TEAEs) and TEAEs leading to treatment discontinuation was com-
parable among males and females, and increased with increasing age.

...................................................................................................................................................................................................
Conclusions These results support the use of dronedarone for the improvement of clinical outcomes among patients aged

>_65 years and regardless of sex.
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Introduction

Atrial fibrillation (AF) is a common arrhythmia that is more prevalent
with increasing age and is associated with an increased risk of stroke,
heart failure, and death.1,2 The risk of developing AF is 1.5 times
higher in males compared with females; additionally, the prevalence
of AF does not change with age in females, while it increases with ad-
vancing age in males.3 However, females with AF are at a greater risk

for stroke and death and experience a greater burden of symptoms
and a poorer quality of life compared with males.4

Anti-arrhythmic drug therapy is a treatment option for the man-
agement of AF if a rhythm control strategy is warranted.1,5

Dronedarone, an antiarrhythmic drug with characteristics of all four
Vaughan-Williams classes, is indicated to reduce the risk of AF-
related hospitalizations in patients with a history of paroxysmal/per-
sistent AF who are in sinus rhythm.6 In ATHENA (‘A Placebo-
Controlled, Double-Blind, Parallel Arm Trial to Assess the Efficacy of
Dronedarone 400 mg b.i.d. for the Prevention of Cardiovascular
Hospitalization or Death From any Cause in PatiENts with Atrial
Fibrillation/Atrial Flutter’; NCT00174785), the largest placebo-
controlled trial of an antiarrhythmic drug to date, dronedarone dem-
onstrated a significant reduction in the incidence of the primary com-
posite endpoint of first cardiovascular hospitalization or death due to
any cause compared with placebo.7

Antiarrhythmic drugs are associated with a higher risk of proar-
rhythmic events in older populations1 and in females.8,9 However,
dronedarone is generally associated with a lower risk of proar-
rhythmia compared with other antiarrhythmic drugs.10 In this post
hoc analysis of ATHENA, we assessed the efficacy and safety of
dronedarone treatment among subgroups of patients of varying
ages (<65 years, 65–74, and >_75 years), and across males and
females.

Graphical Abstract

Efficacy and safety of dronedarone for atrial fibrillation
across age and sex subgroups 
In this post hoc analysis of ATHENA among patients with nonpermanent atrial fibrillation/flutter (AF/AFL), 
dronedarone significantly reduced the risk of first cardiovascular hospitalization or death due to any 
cause (primary endpoint of ATHENA) compared with placebo  
• Among patients ≥65 years of age and
• Among males and females 

No new safety signals were identified across age and sex subgroups
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• Incidence of dronedarone treatment-emergent adverse events including those leading to treatment discontinuation:
  – Increased with increasing age (a similar trend was also noted among placebo-treated patients)
  – Was comparable among males and females
• QTc interval (Bazett formula) was slightly prolonged with dronedarone, as expected, and was similar across age and sex subgroups

What’s new?

• This post hoc analysis of the ATHENA study in patients with
atrial fibrillation/flutter (AF/AFL) assessed clinical outcomes by
age and sex subgroups.

• Dronedarone significantly reduced the risk of cardiovascular
hospitalization or death and AF/AFL recurrence compared
with placebo among patients aged 65–74 years and >_75 years,
and in both males and females.

• The incidence of all treatment-emergent adverse events,
including events leading to treatment discontinuation, was
comparable among males and females, and increased with
increasing age.
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Methods

Overview of the ATHENA study
ATHENA was a double-blind, placebo-controlled randomized study that
evaluated outcomes among 4628 patients with paroxysmal or persistent
AF/AFL. Patients were enrolled between June 2005 and December 2006
and received dronedarone (400 mg twice daily) or a placebo. The study
design and primary results have been previously reported.7,11 Upon initia-
tion of the study, patients >_70 years of age or those with at least one pre-
specified cardiovascular risk factor were eligible for enrolment. Based on
initial results, the eligibility criteria for ATHENA were amended to limit
enrolment to patients with higher risk, i.e., patients >_70 years of age with
at least one of the pre-specified cardiovascular risk factors or patients
>_75 years of age.7 The composite of first cardiovascular hospitalization or
death due to any cause was assessed as the primary endpoint. First car-
diovascular hospitalization, death due to any cause, and cardiovascular
death were assessed as secondary endpoints. The minimum follow-up
duration was 12 months.

All patients in the ATHENA study provided written informed consent.
The study was approved by independent review boards at participating
sites and was conducted according to the Declaration of Helsinki.

Post hoc analysis
The aim of the current post hoc analysis of the ATHENA study was to as-
sess efficacy and safety outcomes of dronedarone vs. placebo by age
(<65 years, 65–74 years, and >_75 years) and sex subgroups. Efficacy out-
comes included a composite of first cardiovascular hospitalization or
death due to any cause, first cardiovascular hospitalization, death due to
any cause, cardiovascular death, and first AF/AFL recurrence12 (assessed
among patients in sinus rhythm at baseline). Baseline demographic and
cardiovascular disease-related characteristics and descriptive safety data
were summarized.

Statistical analysis
Baseline characteristics and safety data were summarized using descrip-
tive statistics. Efficacy outcomes were assessed in the intent-to-treat pa-
tient population, and safety outcomes were assessed in patients who
received at least one dose of the study drug. Cumulative incidence func-
tions were calculated using the Kaplan–Meier method. For comparison
between treatment groups, hazard ratios (HRs) and 95% confidence
intervals (CIs) were estimated using a Cox regression model with the
treatment group as the only factor. Interaction between age and sex was
assessed using a Cox regression model containing treatment group, sex,
and age as main effects, and an interaction effect for sex and age. For as-
sessment of QTc interval prolongation, the median of each patient’s val-
ues during the course of the study was determined, and the median of
the data of all patients in a subgroup was compared with the baseline
value. Data were analysed with SAS version 9.4 (Cary, NC, USA).

Results

Of 4628 patients who were randomized to dronedarone (n = 2301)
or placebo (n = 2327) in the ATHENA study, 873 (19%), 1830 (40%),
and 1925 (42%) were <65 years, 65–74 years, and >_75 years of age,
respectively; 2459 (53%) were males. Median duration of follow-up
ranged between 18.6 and 23.9 months in the three age subgroups
and between 20.7 (females) and 21.7 (males) months in the sex sub-
groups. Across age and sex subgroups, the proportion of patients

who discontinued treatment during the course of the trial was similar
and ranged from 29.0% to 32.6% in both dronedarone and placebo
arms (Supplementary material online, Table S1).

Baseline characteristics
Overall, baseline characteristics were comparable in the dronedar-
one and placebo treatment arms across age and sex subgroups
(Table 1). The proportion of males and females was balanced be-
tween treatment groups. As expected, CHA2DS2-VASc scores were
higher with increasing age and in females compared with males. The
prevalence of structural heart disease and coronary heart disease in-
creased with increasing age; males had a higher prevalence of coro-
nary heart disease than females. Concomitant use of medications at
baseline was comparable across age and sex subgroups except for
slightly lower use of beta-blocking agents and angiotensin-converting
enzyme inhibitors/angiotensin II receptor antagonists among patients
aged >_75 years compared with younger patients and slightly lower
use of vitamin K antagonists in females vs. males (Supplementary ma-
terial online, Table S2).

Efficacy
Efficacy outcomes by age and sex subgroups are summarized in
Figure 1. Dronedarone vs. placebo significantly reduced the risk of the
composite of first cardiovascular hospitalization or death due to any
cause (Figure 2), driven by first cardiovascular hospitalization, among
patients aged 65–74 (HR 0.71, 95% CI 0.60–0.83; P < 0.0001) and
>_75 (HR 0.75, 95% CI 0.65–0.88; P = 0.0002) years; the risk of first
AF/AFL recurrence was also significantly reduced in these two older
subgroups (HR 0.76, 95% CI 0.68–0.86; P < 0.0001 and HR 0.72, 95%
CI 0.64–0.82; P < 0.0001, respectively). No significant difference was
detected in the above outcomes with dronedarone vs. placebo in the
smaller group of patients <65 years of age, with HR of 0.89 (95% CI
0.71–1.11; P = 0.3) for first cardiovascular hospitalization or death
due to any cause and HR of 0.96 (95% CI 0.82–1.14; P = 0.6) for first
AF/AFL recurrence. In both males and females, dronedarone treat-
ment vs. placebo resulted in a significant reduction in the risk of first
cardiovascular hospitalization or death due to any cause (HR 0.74,
95% CI 0.64–0.84; P < 0.00001 and HR 0.77, 95% CI 0.67–0.89;
P = 0.0002, respectively) (Figure 3), driven by first cardiovascular hos-
pitalization, and first AF/AFL recurrence (HR 0.85, 95% CI 0.77–0.94;
P = 0.0017 and HR 0.71, 95% CI 0.64–0.80; P < 0.0001, respectively).
There was no statistical difference in the risk of death due to any
cause with dronedarone vs. placebo across age and sex subgroups.

A Cox regression interaction analysis identified no significant inter-
action between age and sex subgroups with regard to cardiovascular
hospitalization or death due to any cause. The treatment differences
identified above dominated the results independently for age and sex.

Safety
A summary of treatment-emergent adverse events (TEAEs) is in-
cluded in Table 2. The incidence of TEAEs, including those leading to
treatment discontinuation, increased with increasing age and was
comparable across males and females. Overall, dronedarone was as-
sociated with a numerically higher incidence of TEAEs compared
with placebo. Gastrointestinal disorders (primarily diarrhoea and
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nausea) were the most common TEAEs leading to discontinuation of
dronedarone across age and sex subgroups. While deaths due to any
cause (from first study drug intake up to 10 days after last study drug
intake) were similar with dronedarone vs. placebo across age and sex
subgroups, their incidence was numerically higher with increasing age
and in males compared with females. Median QTc (Bazett formula)
interval prolongation in the dronedarone treatment arms was
þ10 ms, þ10 ms, and þ8 ms, respectively among patients <65, 65–
74, and >_75 years of age, þ8 ms in males and þ9 ms in females.
Treatment discontinuation owing to QT interval prolongation was
<2% in all subgroups [dronedarone vs. placebo: 0.9% vs. 0.7%
(<65 years), 1.3% vs. 0.3% (65–74 years), and 1.8% vs. 0.3%
(>_75 years), 1.5% vs.0.4% (males), and 1.3% vs. 0.4% (females)].

Discussion

ATHENA is the largest clinical trial assessing clinical outcomes with
an antiarrhythmic drug. The majority of patients were aged 65 years

or older. Patients aged <65 years comprised only 19% of the total pa-
tient population, due to amendments in the protocol to enrich the
risk profile of the study population. The proportion of males and
females was comparable in ATHENA. This post hoc analysis is thus
ideally suited to explore differences in efficacy and safety by age and
sex. In this analysis, dronedarone significantly reduced the risk of car-
diovascular hospitalization or death and AF/AFL recurrence among
patients aged 65–74 years and >_75 years, compared with placebo.
Among patients aged <65 years, the point estimate of the HR for car-
diovascular hospitalization or death and AF/AFL recurrence favoured
dronedarone vs. placebo; however, the 95% CI estimates crossed 1.
Younger patients would be expected to have a lower burden of car-
diovascular disease compared with older patients, which, along with a
lower risk associated with younger age, would be reflected in less fre-
quent cardiovascular hospitalizations. To this point, the incidence of
first cardiovascular hospitalization or death due to any cause in the
placebo arms was slightly lower in the <65 years subgroup compared
with older age subgroups. Moreover, this group was only half as large
as the other age subgroups owing to a change in inclusion criteria

1 2 3 4

Number of Patients with Eventb

Dronedarone
n/n (%)

Placebo
n/n (%) HR (95% CI)c P-valued

First cardiovascular hospitalization
or death due to any causea

Female
Male
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<65 years
First cardiovascular hospitalization

Female
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≥75 years
65–74 years

<65 years

Female
Male

≥75 years
65–74 years

<65 years

Death due to any cause

Cardiovascular death

First AF/AFL recurrence

142/431 (32.9) 158/442 (35.7)

134/431 (31.1)

16/431 (3.7)

11/431 (2.6)

280/431 (65.0)

282/923 (30.6)
310/947 (32.7)
356/1170 (30.4)
378/1131 (33.4)

360/907 (39.7)
399/978 (40.8)
494/1289 (38.3)
423/1038 (40.8)
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279/947 (29.5)
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586/907 (64.6)
615/978 (62.9)
836/1289 (64.9)
652/1038 (62.8)

0.89 (0.71–1.11)
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0.75 (0.65–0.88)
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0.77 (0.67–0.89)
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placebo

Figure 1 Efficacy by age and sex subgroups. aPrimary outcome of ATHENA; bMedian time to event was not estimated owing to event rate not
reaching 50%; cHR with dronedarone vs. placebo determined using the Cox regression model; dUnadjusted P-values using the log-rank test. AF, atrial
fibrillation; AFL, atrial flutter; CI, confidence interval; HR, hazard ratio.
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during the trial, as mentioned above. Thus, the power to detect a dif-
ference between the treatment arms was lower in this group, as
reflected in the wider confidence intervals (being almost twice as
wide as those in the other age groups) observed in the efficacy
results.

In this analysis, cardiovascular hospitalization rates were numeri-
cally higher in females than in males. The efficacy of dronedarone
vs. placebo was, however, maintained among both males and
females. Mean age was higher in females and mean CHA2DS2-
VASc scores indicating risk of stroke were higher in females com-
pared with males by more than the expected point for sex.

Nonetheless, the use of vitamin K antagonists such as warfarin was
lower in females. Similar results were reported among patients in
the PINNACLE registry, with a lower proportion of females with
CHA2DS2-VASc scores >_2 receiving oral anticoagulants vs. aspirin
compared with males.13

Treatment-emergent adverse events associated with dronedarone
as well as placebo increased with increasing age and were compara-
ble among males and females. Dronedarone was associated with a
numerically greater incidence of TEAEs compared with placebo. It is
known that treatment with antiarrhythmic drugs leads to a higher
rate of proarrhythmic events in females, including torsade de pointes,
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Figure 2 Kaplan–Meier estimates of time to first cardiovascular hospitalization or death among patients (A) <65 years old, (B) 65–74 years old, and
(C) >_75 years old. BID, twice a day; CI, confidence interval.
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arising from QT interval prolongation.8,9 Older patients are also at
higher risk for proarrhythmia with antiarrhythmic drugs, potentially
because of a lower rate of clearance of the drugs from the body1 and
due to the increased prevalence of chronic kidney disease and con-
comitant structural heart disease.14 In the primary analysis of the
ATHENA trial, dronedarone treatment was associated with prolon-
gation of the QT interval compared with placebo, but only a single
case of torsade de pointes was reported, in a 66-year-old female pa-
tient with multiple comorbidities, who still presented with ventricular
arrhythmias months after dronedarone wash-out (data on file).7 In
the present analysis, as expected, dronedarone treatment was associ-
ated with QT interval prolongation across age and sex subgroups.
The extent of QTc interval (Bazett formula) prolongation was small
overall and comparable across age and sex subgroups. Additionally,
treatment discontinuation due to QT interval prolongation was

relatively rare with dronedarone treatment across age and sex sub-
groups (<2%).

Overall, this analysis adds to evidence that advanced age and fe-
male sex should not be limiting factors for treatment with dronedar-
one among patients with AF/AFL. Indeed, the most recent European
Society of Cardiology (ESC) guidelines for the management of AF
recommend the use of dronedarone (Class I recommendation/Level
of Evidence A) as long-term rhythm control treatment regardless of
patient age or sex.5

Limitations
This was a post hoc analysis, and as such, was not powered to evaluate
outcomes by age and sex subgroups. Therefore, the results of this
analysis should be considered exploratory. In addition, data on the
type of AF/AFL (i.e. paroxysmal vs. persistent) and AF burden at
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Figure 3 Kaplan–Meier unadjusted estimates of time to first cardiovascular hospitalization or death among (A) males and (B) females. BID, twice a
day; CI, confidence interval.
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baseline or thereafter were not available for patients in the ATHENA
study. As previously mentioned, the subgroup including those aged
<65 years was smaller than the other age subgroups and associated
with fewer events, thus reducing the power to detect a change in this
group.

Conclusions

In this post hoc analysis of the ATHENA trial, dronedarone signifi-
cantly reduced the risk of cardiovascular hospitalization or death due
to any cause and AF/AFL recurrence among patients aged 65 years
and older, many of whom had cardiovascular comorbidities such as
coronary heart disease. When examined by sex subgroups, both
males and females demonstrated significant clinical benefit with dro-
nedarone compared with placebo. The safety of dronedarone, in-
cluding QTc interval prolongation, was similar across age and sex
subgroups. Further prospective studies are warranted to confirm the
results of this analysis, which supports the use of dronedarone for im-
provement of clinical outcomes in older patients and regardless of
sex.
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