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IMPORTANCE Obesity is a risk factor for atrial fibrillation. Whether weight reduction and
cardiometabolic risk factor management can reduce the burden of atrial fibrillation is not
known.

OBJECTIVE To determine the effect of weight reduction and management of cardiometabolic
risk factors on atrial fibrillation burden and cardiac structure.

DESIGN, SETTING, AND PATIENTS Single-center, partially blinded, randomized controlled study
conducted between June 2010 and December 2011 in Adelaide, Australia, among overweight
and obese ambulatory patients (N = 150) with symptomatic atrial fibrillation. Patients
underwent a median of 15 months of follow-up.

INTERVENTIONS Patients were randomized to weight management (intervention) or general
lifestyle advice (control). Both groups underwent intensive management of cardiometabolic
risk factors.

MAIN OUTCOMES AND MEASURES The primary outcomes were Atrial Fibrillation Severity Scale
scores: symptom burden and symptom severity. Scores were measured every 3 months from
baseline to 15 months. Secondary outcomes performed at baseline and 12 months were total
atrial fibrillation episodes and cumulative duration measured by 7-day Holter,
echocardiographic left atrial area, and interventricular septal thickness.

RESULTS Of 248 patients screened, 150 were randomized (75 per group) and underwent
follow-up. The intervention group showed a significantly greater reduction, compared with
the control group, in weight (14.3 and 3.6 kg, respectively; P < .001) and in atrial fibrillation
symptom burden scores (11.8 and 2.6 points, P < .001), symptom severity scores (8.4 and 1.7
points, P < .001), number of episodes (2.5 and no change, P = .01), and cumulative duration
(692-minute decline and 419-minute increase, P = .002). Additionally, there was a reduction
in interventricular septal thickness in the intervention and control groups (1.1 and 0.6 mm,
P = .02) and left atrial area (3.5 and 1.9 cm2, P = .02).

CONCLUSIONS AND RELEVANCE In this study, weight reduction with intensive risk factor
management resulted in a reduction in atrial fibrillation symptom burden and severity and in
beneficial cardiac remodeling. These findings support therapy directed at weight and risk
factors in the management of atrial fibrillation.
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A trial fibrillation has been described as the epidemic of
the new millennium,1 with a projection that by 2050
there will be 12 million to 15 million affected individu-

als in the United States.2 In the United States, the direct eco-
nomic cost of atrial fibrillation is estimated at $6 billion
annually.3 Although population aging is regarded as an impor-
tant contributor, obesity may account for a substantial pro-
portion of the increasing prevalence.4

Obesity has been associated with diastolic dysfunction,5

a systemic proinflammatory state,6 autonomic tone
abnormalities,7 and atrial enlargement8—changes known to
promote arrhythmogenesis.9 In addition, fat stores have been
shown to correlate with incident atrial fibrillation.10 A recent
study has demonstrated a direct effect of obesity on the atrial
substrates.11 We therefore evaluated the effect of a struc-
tured weight reduction and risk factor management program
on atrial fibrillation burden in a randomized controlled trial.

Methods
Study Population
Patients were recruited from the Centre for Heart Rhythm Dis-
orders at the University of Adelaide, Adelaide, Australia. In-
clusion criteria were symptomatic paroxysmal or persistent
atrial fibrillation (in sinus rhythm at enrollment); body mass
index (BMI) greater than 27 (calculated as weight in kilo-
grams divided by meters squared); waist circumference greater
than 100 cm (men) or greater than 90 cm (women); and age 21
to 75 years. Exclusion criteria included recent participation
(within 3 months) in a weight loss program; unstable interna-
tional normalized ratio (INR); diabetes necessitating insulin;
significant cardiac valvular disease, and inability to provide
informed consent (details in eTable 1 in Supplement). Pa-
tients were censored if they underwent ablation of atrial fi-
brillation or atrioventricular-node ablation.

All patients provided written informed consent to the study
protocol approved by the human research ethics committee of
the Royal Adelaide Hospital and the University of Adelaide.

Study Protocol and Design
This single-center, partially blinded, randomized controlled
trial, with a median 15-months’ follow-up, randomized pa-
tients to either a physician-led weight loss program (interven-
tion group) or to self-directed general lifestyle measures (con-
trol group). Both groups underwent intensive management of
cardiometabolic risk factors. A software-based obesity man-
agement system (OBEMAN) developed at the University of Ad-
elaide was used to assess and monitor patients undergoing a
tailored weight loss program. Patients were evaluated at
3-month intervals.

Study Blinding
Study coordinators, treating physicians, and other person-
nel, with the exception of weight loss counselors, were blinded
to randomization, and patients were instructed not to dis-
close their status. Patient records contained generic state-
ments without indicating group allocation.

Weight Management

Intervention Group | The 2 phases of the program, weight loss and
weight maintenance, followed a previously described
approach.12

Weight loss was induced over 8 weeks using a modified
very-low-calorie diet (800-1200 kcal/d). Patients were pre-
scribed very-low-calorie meal replacement sachets (Prima
Health Solutions) for 2 of their daily meals. The third meal con-
sisted of calorie-controlled foods with high levels of animal and
plant proteins and low glycemic index. A written exercise plan
prescribed low-intensity exercise (walking or cycling), ini-
tially for 20 minutes 3 times weekly and then increasing to 45
minutes 3 times weekly.

Very low-calorie meals were gradually phased out and re-
placed with low–glycemic index meals, exercise intensity up-
titration, and behavioral modification,13 for the following 13
months. Goal-directed face-to-face clinic visits were sched-
uled every 3 months. Participants scheduled additional visits
as required and were provided 24-hour e-mail and telephone
support.

Participants in the intervention group were required to
maintain a diet, activity, and blood pressure diary.

Control Group | Written and verbal nutrition and exercise ad-
vice was provided at enrollment. Fish oil (3 g/d) was pre-
scribed except for participants taking dual antiplatelet agents
or oral anticoagulants. Completion of a diet and activity diary
was not requested.

Outcomes
The primary outcome was atrial fibrillation symptom burden,
quantified using the Atrial Fibrillation Severity Scale (AFSS)
(eFigure 9 in Supplement). The AFSS is a validated scale (range,
3.25 [single minimally symptomatic episode lasting minutes] to
30 [continuous highly symptomatic episode lasting >48 hours])
that encompasses 3 domains of atrial fibrillation: event fre-
quency (scored 1-10), duration (scored 1.25-10), and global epi-
sode severity (scored 1-10).14 In addition, the AFSS assesses
symptom severity via an associated symptom-specific continu-
ous subscale (range, 0 [no symptoms] to 35 [severe symptom-
atology]). The secondary outcomes were 7-day Holter-derived
atrial fibrillation episode and duration burden, echocardio-
graphic left atrial area, and left ventricular wall thickness.

Anthropometry
A stadiometer and digital scales were used to record height and
weight in light clothing without shoes. Waist circumference
was measured at the midpoint between the iliac crest and the
lowest rib, and BMI was calculated. Anthropometric values
were measured at 3-month intervals.

Management of Cardiometabolic Risk Factors
Hypertension, hyperlipidemia, glucose intolerance, sleep ap-
nea, and alcohol and tobacco use were screened for and man-
aged in both groups.

If fasting glucose level was between 100 mg/dL (5.55
mmol/L) and 125 mg/dL (6.94 mmol/L), a 2-hour oral glucose
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tolerance test was performed. Impaired glucose tolerance was
managed with lifestyle measures. Metformin was added if dia-
betes was present. Patients with poor glycemic control (gly-
cated hemoglobin level >7%) were referred to a diabetes clinic.

Hyperlipidemia was managed by combining lifestyle mea-
sures, HMG-CoA (3-hydroxy-3-methylglutaryl-coenzyme A) re-
ductase inhibitors, and fibrates to achieve target values out-
lined in the National Cholesterol Education Program.15

Patients were asked to measure blood pressure 2 to 3 times
daily at home using an appropriately sized cuff. For each re-
cording, measurements were performed 3 times, and the mean
was recorded. Hypertension was treated using renin-
angiotensin-aldosterone system antagonists preferentially.
Other agents were added to achieve a resting blood pressure
less than 130/90 mm Hg. Ambulatory blood pressure monitor-
ing (24-hour) was performed if home and clinic measure-
ments were discrepant. Changes in pharmacotherapy were re-
corded at each visit. Fasting blood was drawn at enrollment
and follow-up for measurement of serum lipids, C-reactive pro-
tein (CRP), insulin, and glucose levels, using previously de-
scribed methods.16

All patients underwent laboratory-based polysomnogra-
phy, with scoring using standard criteria.17,18 Patients with mod-
erate-severe obstructive sleep apnea (apnea-hypopnea index
>30 episodes/h) were offered continuous positive airway pres-
sure. Those with an apnea-hypopnea index of 15 episodes/h
to 30 episodes/h were offered treatment based on the degree
of hypersomnolence, cardiovascular risk, and nocturnal oxy-
gen desaturation.

Written and verbal counseling was provided for smoking
cessation and alcohol reduction. An ultimate goal of alcohol
reduction (≤30 g/wk) or abstinence was set a priori.

Antiarrhythmic Pharmacotherapy
Antiarrhythmic agents were prescribed for rate control, rhythm
control, or both at the discretion of the treating physician.
Changes were documented at each visit.

Atrial Fibrillation
The AFSS questionnaire was administered at baseline and
3-month intervals. Holter recordings were obtained at base-
line and repeated at 12 months. Analysis was performed by 2
independent scientists blinded to participant randomiza-
tion. Any episode of atrial arrhythmia lasting 30 seconds or lon-
ger was considered atrial fibrillation. Total duration of atrial
fibrillation was the cumulative sum of all discrete episodes.

Cardiac Structure
Transthoracic echocardiography was performed with a 3.5-
MHz probe (Vivid7, GE Medical Systems) at baseline and at 12-
month follow-up to measure left atrial area and left ventricu-
lar wall thickness. Left ventricular mass was calculated from
the posterior wall thickness, septal wall thickness, and left ven-
tricular end-diastolic dimension as recommended by the
American Society of Echocardiography.19 Data were stored digi-
tally and analyzed offline (EchoPac PC version 8 2009, GE
Health Care) by an experienced cardiologist blinded to ran-
domization.

Statistical Analysis

Sample Size Calculation and Study Power
Singh et al20 compared quality of life and atrial fibrillation
symptom burden between rate and rhythm control strate-
gies. A group with sinus rhythm maintenance had a mean
baseline BMI of 30.5 (SD, 5.6) and a mean baseline AFSS
symptom burden score of 13.3 (SD, 7.3); corresponding val-
ues in a group with persistent atrial fibrillation were 32.4
(SD, 6.0) and 13.5 (SD, 6.6), respectively. A mean reduction
of 7.6 in the absolute atrial fibrillation symptom burden
score resulted in clinically meaningful benefits in the
group with sinus rhythm maintenance. Therefore, we esti-
mated a baseline atrial fibrillation burden score of 13 in each
group. In addition, with the anticipation of a worst-case-
scenario 35% attrition rate,21 enrolling 178 patients would
achieve 85% power to detect a 30% difference in atrial
fibrillation symptom burden score between groups at last
follow-up, for a 2-sided α of .05. Eligible patients were ran-
domized in a 1:1 ratio to either group using SPSS version 17
(IBM SPSS Inc).

Data Analysis
Differences in outcomes were determined within each group
and between the 2 study groups on an intention-to-treat ba-
sis. Continuous variables are presented as mean and 95% CI
or mean and standard deviation (SD) when normally distrib-
uted on visual inspection of their histograms and as median
(interquartile range) when not normally distributed. Categori-
cal variables are summarized as count (proportion). For re-
peated-measures analysis of continuous dependent vari-
ables, mixed-effects modeling was used, with patient identity
included as a random effect. Randomization group was en-
tered into the mixed model as part of an interaction term with
patients’ visit time. If this group × time interaction term was
significant, it was retained in the model, implying that the in-
fluence of randomization group on the outcome variable was
time dependent. Post hoc testing was performed to deter-
mine whether the group influence on the dependent variable
was significant at each visit.

For repeated-measures analysis of binary and nonnormal
dependent variables, an analogous approach was adopted using
generalized estimating equations. A binomial probability dis-
tribution with logit link function or a Poisson distribution with
log link function were assumed as appropriate, as was an au-
toregressive correlation structure. Post hoc logistic regres-
sion was used to determine whether group allocation was pre-
dictive of subsequent need for radiofrequency catheter
ablation.

To account for atrial fibrillation ablations performed on
participants, we performed sensitivity analyses, because
these procedures may be regarded as a clinically relevant
outcome and may alter the burden of atrial fibrillation in a
given individual. In the first sensitivity analysis, AFSS scores
and Holter data were imputed to baseline values for the time
points following the ablation. In the second sensitivity
analysis, these variables were imputed to the preablation
value. In the third analysis, those control participants who
underwent ablation of atrial fibrillation were excluded. To

Research Original Investigation Obesity and Burden of Atrial Fibrillation

2052 JAMA November 20, 2013 Volume 310, Number 19 jama.com

Copyright 2013 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a Imperial College London User  on 12/11/2014



Copyright 2013 American Medical Association. All rights reserved.

determine the influence of dropouts on the study findings, a
further sensitivity analysis was performed. For AFSS scores,
differences between final and baseline scores were regressed
against patient randomization group as a predictor variable.
We determined the effect on the regression coefficients of
varying the missing AFSS scores in the intervention group,
the control group, or both. The range of the sensitivity analy-
sis encompassed 1 SD of the AFSS score variable. For Holter
data we used a binary end point of freedom from atrial fibril-
lation.

All statistical tests were 2-sided, and P < .05 was consid-
ered statistically significant. Analyses were performed using
STATA version 12.1 (Stata Corp).

Results
Study Participants, Baseline Characteristics, and Follow-up
Of consecutive patients with a BMI greater than 27 (n = 248),
178 were eligible and provided consent. Of these, 28 (10 in the
intervention group and 18 in the control group) withdrew prior
to the program initiation. The final cohort therefore included
150 patients; 75 in the intervention group and 75 in the con-
trol group (Figure 1). Mean follow-up was 12.9 (95% CI, 12.3-
13.5) months in the intervention group and 12.0 (95% CI, 11.1-
12.9) months in the control group (median, 15 months for both
groups). At 12 months, 109 (73%) had completed the study (57
in the intervention group and 52 in the control group). By 15
months, 81 (54%) remained (42 in the intervention group and
39 in the control group). Of the 69 not completing 15 months’
follow-up, 23 underwent catheter ablation (10 in the interven-
tion group [6 at 12 months and 3 at 15 months] and 14 in the
control group [6 at 9 months, 2 at 12 months, and 6 at 15
months]). One patient in the intervention group underwent
atrioventricular-node ablation and pacemaker implantation at
15 months. Patients undergoing ablation were removed from
further analysis immediately after undergoing the proce-
dure. Baseline characteristics were similar in both groups
(Table 1).

Anthropometrics
Weight, BMI, and waist circumference decreased in both groups
but significantly more in the intervention group (Table 2). Dif-
ferences were evident by 3 months and persisted for the re-
mainder of follow-up; P < .001 for group × time interaction for
all measures (Figure 2 and eFigure 1 in Supplement).

Atrial Fibrillation

Atrial Fibrillation Severity
Atrial fibrillation symptom burden and symptom severity
scores all declined in both the intervention and the control
groups (P ≤ .01, both domains) (Table 2, Figure 3, and eFigure
2 in Supplement). No significant change was observed from
baseline to 3 months in atrial fibrillation symptom burden (in-
tervention group: 21.0 [95% CI, 20.1-21.9] to 19.6 [95% CI, 18.4-
20.9]; control group: 21.6 [95% CI, 20.5-22.7] to 21.0 [95% CI,
19.8-22.3]; P = .21) or symptom severity (intervention group:

15.2 [95% CI, 13.6-16.8] to 14.1 [95% CI, 12.3-15.8]; control group:
16.0 [95% CI, 14.3-17.7] to 15.7 [95% CI, 14.1-17.3]; P = .24) (eTable
2 in Supplement). From 6 months to 15 months the interven-
tion group showed greater decline in both domains, relative
to the control group (burden score, 21.0 [95% CI, 20.1-21.9] to
8.8 [95% CI, 7.6-10.1] for the intervention group and 21.6 [95%
CI, 20.5-22.7] to 18.7 [95% CI, 16.7-20.6] for the control group;
symptom score, 15.2 [95% CI, 13.6-16.8] to 6.7 [95% CI, 5.0-
8.4] for the intervention group and 16.0 [95% CI, 14.3-17.7] for
the control group; group × time interaction for both do-
mains, P < .001) (Figure 3). Secondary analysis for AFSS symp-
tom frequency, duration, and global episode severity scores
showed significantly greater decline in the intervention group
compared with the control group (group × time interaction,
P < .001 for all 3 subscales) (Table 2 and eFigure 2 in Supple-
ment).

Continuous Rhythm Monitoring
Holter recordings were undertaken at baseline and at 12
months among 109 patients (57 in the intervention group, 52
in the control group) (Tables 1 and 2). The mean number of
atrial fibrillation episodes in the intervention group
decreased from 3.3 (95% CI, 1.6-4.9) to 0.62 (95% CI, 0.19-
1.0), and the duration of atrial fibrillation decreased
from 1176 (95% CI, 720-1632) minutes to 491 (95% CI, 159-
822) minutes. In the control group, the mean number of
atrial fibrillation episodes was 2.8 (95% CI, 1.7-4.0) at base-
line and 2.0 (95% CI, 1.1-3.0) at 12 months, and the duration
of atrial fibrillation increased from 1393 (95% CI, 785-1994)
minutes to 1546 (95% CI, 782-2308) minutes. Both measures
showed significant group differences (group × time interac-
tion, P < .001). After adjustment for baseline BMI, duration
of atrial fibrillation disease, longest atrial fibrillation epi-
sode, and atrial fibrillation type, the probability of having 1
or more atrial fibrillation episodes between baseline and
follow-up remained lower in the intervention group (0.6
[95% CI, 0.5-0.7] to 0.2 [95% CI, 0.1-0.3]) compared with the
control group (0.6 [95% CI, 0.5-0.7] to 0.5 [95% CI, 0.4-0.6]),
with a significant group × time interaction (P < .001).

Cardiac Structure
From baseline to 12 months, height-indexed left atrial area de-
creased from 13.5 (95% CI, 12.9-14.1) cm2m-1 to 11.5 (95% CI, 11.0-
12.1) cm2m-1 in the intervention group (P < .001) and from 14.0
(95% CI, 13.4-14.6) cm2m−1 to 12.9 (95% CI, 12.2-13.6) cm2m−1

in the control group (P < .001), with a significant group × time
interaction (P = .01). Height-indexed left atrial volume de-
creased from 39.4 (95% CI, 36.9-41.9) mLm−1 to 34.3 (95% CI,
31.9-36.6) mLm−1) (P < .01) in the intervention group and from
41.5 (95% CI, 38.9-44.1) mLm−1 to 37.7 (95% CI, 34.6-40.9)
mLm−1 in the control group (P = .19), with a group × time in-
teraction of P = .20. Septal thickness decreased in both the in-
tervention group (11.3 [95% CI, 11.0-11.7] mm to 10.2 [95% CI,
9.8-10.6] mm, P < .001) and the control group (11.5 [95% CI, 11.0-
11.9] mm to 10.8 [95% CI, 10.4-11.2] mm, P < .001), with a
group × time interaction of P = .01. Posterior wall thickness also
decreased more in the intervention group (10.3 [95% CI, 10.0-
10.6] mm to 9.2 [95% CI, 8.9-9.4] mm, P < .001) than in the con-
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trol group (10.1 [95% CI, 9.8-10.5] mm to 9.8 [95% CI, 9.5-10.2]
mm, P < .001), with a group × time interaction of P < .001.
Height-indexed left ventricular mass decreased from 1.1 (1.1-
1.2) g−1 to 0.9 (0.9-1.0) g−1 in the intervention group (P < .001)

and from 1.2 (95% CI, 1.1-1.3) g−1 to 1.1 (95% CI, 1.0-1.2) g−1 in
the control group (P = .23), with a group × time interaction of
P < .01. The complete echocardiographic findings are re-
ported in eTable 4 in Supplement.

Figure 1. Patient Recruitment, Attrition, and Retention

28 Excluded (declined further participation)

70 Excluded
26 Declined to participate
44 Met exclusion criteria

36 BMI <27
3 Insulin-dependent diabetes
1 Celiac disease
1 Coronary stent within 3 mo
1 Hyperthyroidism

1 Severe aortic stenosis

1 Participation in commercial weight
loss program within 1 mo

150 Randomized

75 Randomized to weight management plus
intensive management of cardiometabolic
risk factors (intervention)

75 Received intervention as randomized

75 Randomized to general lifestyle advice
plus intensive management of
cardiometabolic risk factors (control)

75 Received intervention as randomized

75 Completed 3-mo follow-up 75 Completed 3-mo follow-up

248 Patients assessed for eligibility

178 Provided informed consent

75 Completed 6-mo follow-up 72 Completed 6-mo follow-up
3 Discontinued (declined further

participation)

73 Completed 9-mo follow-up
2 Discontinued (declined further

participation)

61 Completed 9-mo follow-up
11 Discontinued

6 Ablation of atrial fibrillation
2 Declined further participation
1 Acute coronary syndrome
1 Progressive cardiac failure
1 Severe anemia

57 Completed 12-mo follow-up

16 Discontinued

6 Ablation of atrial fibrillation

3 Gastrointestinal symptoms

2 Thyrotoxicosis

2 Unstable INR

1 Malignancy

1 Lap band surgery

1 Declined further participation

52 Completed 12-mo follow-up

9 Discontinued

4 Declined further participation

2 Ablation of atrial fibrillation

1 Gastric bypass surgery

1 Relocated out of state

1 Thyrotoxicosis

42 Included in primary analysis
33 Excluded (discontinued)

39 Included in primary analysis
36 Excluded (discontinued)

42 Completed 15-mo follow-up

15 Discontinued

4 Declined further participation

3 Ablation of atrial fibrillation

3 Nonadherent to study protocol

1 Atrioventricular-node ablation and
pacemaker implantation

1 Malignancy

1 Progressive cardiac failure

1 Relocated out of state

1 Persistent chest pain of unknown
cause

39 Completed 15-mo follow-up

13 Discontinued

6 Ablation of atrial fibrillation

3 Declined further participation

1 Lap band surgery

1 Acute coronary syndrome

1 Severe hypertension

1 Severe depression

BMI indicates body mass index; INR,
international normalized ratio.
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Table 1. Baseline Characteristics of Study Groups

Characteristic Intervention (n = 75) Control (n = 75)
Age, mean (SD), y 59.8 (9.5) 60.3 (10.3)

Men, No. (%) 51 (68) 50 (67)

Anthropometric measures, mean (SD)

Waist circumference, cm 110.1 (9.5) 112.2 (10.9)

Weight, kg 98.8 (13.1) 101.4 (16.4)

BMIa 32.8 (3.5) 33.8 (4.1)

BSA, m2b 2.1 (0.2) 2.2 (0.2)

Metabolic risk factors, No. (%)

Excess alcohol consumption (>30 g/wk) 26 (35) 26 (35)

Smoker

No 43 (57) 45 (60)

Current 2 (3) 5 (7)

Reformed 30 (40) 25 (33)

Hypertension 62 (83) 65 (87)

Diabetes mellitus/impaired glucose tolerance 18 (24) 21 (28)

Hyperlipidemia 45 (60) 51 (68)

Coronary artery disease 7 (9) 10 (13)

Valvular heart disease 5 (7) 4 (5)

Obstructive sleep apnea 55 (89) 52 (84)

Moderate-severe apnea 30 (48) 32 (52)

AHI (95% CI) 22.8 (19.3-26.3) 23.5 (19.3-27.6)

Medication use, No. (%)

No. of antiarrhythmic agents

0 6 (8) 2 (3)

1 40 (53) 42 (56)

2 29 (39) 31 (41)

No. of antihypertensive agents

0 12 (16) 17 (23)

1 37 (49) 27 (36)

2 17 (23) 17 (23)

3 6 (8) 10 (13)

4 3 (4) 4 (5)

Echocardiographic measures, mean (95% CI)

Left atrial

Area, cm2 23.4 (22.4-24.4) 24.2 (23.1-25.3)

Area indexed, cm2m−1 13.5 (12.9-14.1) 14.0 (13.4-14.5)

Left ventricular

Septum, mm 11.3 (11.0-11.7) 11.5 (11.0-11.9)

Posterior wall, mm 10.3 (10.0-10.6) 10.1 (9.8-10.4)

End-diastolic diameter, mm 48.2 (47.0-49.4) 48.2 (46.9-49.5)

Mass, g 193.0 (183.1-202.8) 194.0 (181.6-206.3)

Mass indexed, g−1 1.1 (1.0-1.2) 1.2 (1.1-1.3)

Paroxysmal AF 44 (59) 42 (56)

AFSS scores, mean (95% CI)c

Symptom burden 21.0 (20.1-21.9) 21.6 (20.5-22.7)

Episode frequency 7.1 (6.6-7.5) 7.4 (6.8-7.9)

Episode duration 7.1 (6.6-7.5) 7.4 (6.8-7.9)

Global episode severity 6.8 (6.3-7.4) 6.9 (6.4-7.4)

Symptom severity 15.2 (13.6-16.8) 16.0 (14.3-17.7)

Duration of AF, mo (95% CI) 72 (57-87) 89 (68-108)

Longest episode, h (95% CI) 79 (40-118) 54 (34-74)

Ambulatory recording (95% CI)

Continuous duration, h 76 (67-84) 77 (67-86)

No. of AF episodes ≥30 sd 3.3 (1.6-4.9) 2.8 (1.7-4.0)

Cumulative AF duration, min 1176 (720-1632) 1394 (795-1994)

Abbreviations: AF, atrial fibrillation;
AFSS, Atrial Fibrillation Severity Scale;
AHI, apnea-hypopnea index; BMI,
body mass index; BSA, body surface
area.
a Calculated as weight in kilograms

divided by height in meters
squared.

b From Mosteller estimation method.
c Ranges of possible scores: 3.25 to

30 for symptom burden; 1 to 10 for
episode frequency; 1.25 to 10 for
episode duration; 1 to 10 for global
episode severity; 0 to 35 for
symptom severity. Symptom
burden score comprises the
arithmetic sum of the 3 subscores.

d Recorded over a 7-day continuous
ambulatory rhythm recording.
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Intervention Uptake, Pharmacotherapy,
and Risk Factor Modification
From enrollment to study conclusion there was an increase in
patients consuming fish oil (controls, 3 to 55), metformin (in-
tervention group, 1 to 15; control group, 2 to 11), and hypolip-
idemic agents (intervention group, 16 to 44; control group, 23
to 44) and an increase in use of continuous positive airway pres-
sure (intervention group, 5 to 21; control group, 7 to 23) (eFig-
ure 3 in Supplement) (P < .001 for all interventions in both
groups). There was a decrease in numbers of patients with el-
evated blood pressure (intervention group, 64 to 16; control
group, 67 to 44), elevated lipid levels (intervention group, 51
to 13; control group, 58 to 30), and alcohol consumption greater
than 30 g/wk (intervention group, 25 to 4; control group, 28
to 16) (P < .001 for all risk factors in both groups).

There was a greater decline in excessive alcohol con-
sumption as defined a priori in the intervention group than
in the control group (P = .01). There was a reduction in sys-
tolic and diastolic blood pressure in the intervention group
(from 136 [95% CI, 134-139] mm Hg systolic and 82 [95% CI,
81-84] mm Hg diastolic at baseline to 133 [95% CI, 130-136]
mm Hg systolic and 80 [95% CI, 78-82] mm Hg diastolic at 15
months, P < .001 for both systolic and diastolic) but little
c h a n g e i n t h e c o n t r o l g r o u p ( f r o m 1 3 7 [ 9 5 % C I ,
133-140] mm Hg systolic and 84 [95% CI, 82-86] mm Hg dia-
stolic at baseline to 136 [95% CI, 132-139] mm Hg systolic and
83 [95% CI, 81-85] mm Hg diastolic at 15 months, P = .05 for
systolic and P = .03 for diastolic), with a significant effect of
group allocation at 15 months (P < .001 for systolic and
P = .02 for diastolic). Use of antihypertensive agents

Table 2. Anthropometric Measures, Serum Biochemistry Values, Blood Pressure, and Atrial Fibrillation Frequency and Duration at Baseline and
Follow-up

Variable

Mean (95% CI)

P Valueb

Intervention Control
Baseline
(n = 75)

Follow-upa

(n = 42)
Baseline
(n = 75)

Follow-upa

(n = 39)
Anthropometric measures

Waist circumference, cm 110 (108 to 112) 92.8 (89.5 to 96.1) 112 (110 to 114) 107 (103 to 111) <.001

Weight, kg 99 (96 to 102) 80 (76 to 84) 101 (97 to 105) 96 (90 to 102) <.001

BMIc 32.8 (32.0 to 33.6) 27.2 (26.3 to 28.1) 33.8 (32.9 to 34.7) 32.5 (31.1 to 33.9) <.001

Serum biochemistry, blood pressure

Glucose, mg/dL 104.9 (99.0 to 110.9) 96.5 (90.5 to 102.6) 103.9 (98.8 to 108.9) 100.4 (94.5 to 106.4) .30

Insulin, μIU/mL 33.9 (29.7 to 38.1) 13.5 (11.6 to 15.5) 33.7 (30.4 to 37.1) 21.2 (17.9 to 24.4) .004

Triglycerides, mg/dL 137 (122 to 150) 115 (99 to 131) 142 (127 to 157) 138 (115 to 161) .08

Total cholesterol, mg/dL 178 (168 to 188) 169 (158 to 179) 188 (177 to 199) 176 (162 to 189) .50

HDL-C, mg/dL 45 (42 to 48) 50 (46 to 54) 46 (43 to 49) 48 (44 to 53) .10

LDL-C, mg/dL 110 (101 to 119) 98 (89 to 107) 118 (108 to 128) 103 (91 to 115) .80

hsCRP, mg/L 2.5 (2.1 to 2.9) 1.3 (1.0 to 1.5) 2.3 (1.9 to 2.6) 1.9 (1.4 to 2.3) <.001

Blood pressure, mm Hg

Systolic 136 (133 to 139) 133 (130 to 135) 137 (133 to 140) 136 (132 to 139) <.001

Diastolic 82 (81 to 84) 80 (78 to 81) 84 (82 to 86) 83 (81 to 85) .02

AFSS score, change from baseline to last follow-upd

Symptom burden 11.8 (10.0 to 13.6) 2.6 (0.8 to 4.3) <.001

Episode frequency score 3.4 (2.8 to 4.0) 0.7 (0.2 to 1.2) <.001

Episode duration score 5.0 (4.3 to 5.7) 0.8 (−0.1 to 1.8) <.001

Global episode severity score 3.4 (2.6 to 4.2) 1.0 (0.3-1.8) <.001

Symptom severity score 8.4 (5.9 to 10.9) 1.7 (−0.5 to 3.9) <.001

Atrial fibrillation detected by 7-d continuous ambulatory rhythm recording

n = 75 n = 57 n = 75 n = 52

≥1 episode, No. (%) 49 (65) 9 (21) 43 (57) 22 (56) <.001

No. of episodes 3.3 (1.6 to 4.9) 0.62 (0.19 to 1.0) 2.8 (1.7 to 4.0) 2.0 (1.1 to 3.0) <.001

Total duration, min 1176 (720 to 1632) 491 (159 to 822)) 1394 (795 to 1994) 1546 (782 to 2308) <.001

Abbreviations: AFSS, Atrial Fibrillation Severity Scale; BMI, body mass index;
hsCRP, high-sensitivity C-reactive protein; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol.

SI conversion factors: To convert glucose values to mmol/L, multiply by 0.0555;
insulin values to pmol/L, multiply by 6.945; triglyceride values to mmol/L,
multiply by 0.0113; total cholesterol, HDL-C, and LDL-C values to mmol/L,
multiply by 0.0259; and CRP values to nmol/L, multiply by 9.524.
a Median follow-up, 15 months for both groups.

b P value refers to between group differences over time (group × time
interaction).

c Calculated as weight in kilograms divided by height in meters squared.
d Ranges of possible scores: 3.25 to 30 for symptom burden; 1 to 10 for episode

frequency; 1.25 to 10 for episode duration; 1 to 10 for global episode severity; 0
to 35 for symptom severity. Symptom burden score comprises the arithmetic
sum of the 3 subscores.
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decreased in the intervention group (from 1.3 [95% CI, 1.1-
1.5] at baseline to 1.2 [95% CI, 0.9-1.5] at 15 months, P = .03)
and increased in the control group (from 1.4 [95% CI, 1.2-1.6]
at baseline to 1.7 [95% CI, 1.4-2.0] at 15 months, P = .02)
(eFigure 1 in Supplement), with significant effect of group
allocation at 15 months (P < .001). Levels of serum glucose
(P < .001), insulin (P < .001), CRP (P < .001), and total and
low-density lipoprotein cholesterol (P < .001) decreased and
of high-density lipoprotein cholesterol (P < .001) increased
in both groups. Levels of serum triglycerides decreased only
in the intervention group (P < .001). Levels of insulin

(P < .001) and CRP (P < .001) decreased more in the inter-
vention group than in the control group (Table 2).

Safety
Adverse events are outlined in eTable 7 in Supplement. Instabil-
ity in INR was observed, with 1 patient withdrawn for a persis-
tent INR less than 2.0 and another for an INR greater than 4. No
serious bleeding was observed in either group. Postural symp-
toms,whichfrequentlyoccurredwithsystolicbloodpressureless
than 100 mm Hg or a postural decrease greater than 10 mm Hg,
resolved with reduction in use of antihypertensive agents.

Figure 3. Changes in Atrial Fibrillation Symptom Scale (AFSS) Scores Over Study Follow-up
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Figure 2. Changes in Waist Circumference and Body Mass Index From Baseline (Enrollment) to 15 Months’ Follow-up
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Catheter Ablation Management of Atrial Fibrillation
Catheter ablation was undertaken in 14 patients in the con-
trol group (all ablation of atrial fibrillation) compared with 10
in the intervention group (9 ablation of atrial fibrillation and 1
atrioventricular-node ablation). There was no significant re-
duction in the need for ablation in the intervention group (odds
ratio, 0.67 [95% CI, 0.28-1.6]; P = .41); however, this study was
not designed or powered to examine the effects on need for
catheter ablation. To address the effects of catheter ablation
on atrial fibrillation, sensitivity analyses were performed for
the primary outcomes following the exclusion of controls who
underwent ablation of atrial fibrillation and indicated un-
changed study findings (eTable 3 in Supplement). Given the
differential timing as well as likelihood of catheter ablation in
each group and that in many cases ablation likely repre-
sented treatment failure, sensitivity analyses were con-
ducted treating catheter ablation as a treatment failure. A mod-
erately conservative approach would be to impute return to
baseline symptoms score. The least conservative approach
would be to impute last measured symptom score before ab-
lation. In the first analysis, atrial fibrillation symptom burden
score, symptom severity score, episode frequency score, epi-
sode duration score, and global episode severity score, as well
as atrial fibrillation cumulative duration (of all episodes on
Holter recording) and the occurrence of any atrial fibrillation
episode (≥30 seconds on Holter recording) were imputed as
baseline values from the time of any procedure for ablation of
atrial fibrillation (eFigure 7 in Supplement). This did not change
the significance of the difference between the intervention and
the control groups.

In the second analysis we imputed the last AFSS score prior
to the ablation (eFigure 8 in Supplement). This analysis simi-
larly did not alter the finding of a significant benefit in favor
of the intervention group.

Patient Dropout and Sensitivity Analysis
Descriptive analysis of the dropout population is shown in
eTable 5 and eTable 6 in Supplement. For AFSS frequency, de-
partures of ±2 points could be tolerated and for AFSS episode
severity, departures of ±1 point could be tolerated, without loss
of advantage in the intervention group in these subscales. For
AFSS duration, the intervention group’s advantage was main-
tained for all departures from missing at random tested. For
AFSS symptom severity subscale, departures from missing at
random up to ±3 points among either the intervention or the
control group could be tolerated before coefficient 95% con-
fidence limits crossed zero and statistically significant advan-
tage of the treatment group allocation was lost. The out-
comes of this sensitivity analysis are shown in eFigure 6A-F
in Supplement. For ambulatory rhythm monitoring, at all tested
values of informatively missing odds ratios from 0 to 1, this re-
sult remained consistently in favor of the treatment group. Fur-
thermore, in addition to the reduction in the number of atrial
fibrillation episodes and their duration on ambulatory rhythm
recording, in the intervention group there was a reduction in
the proportion of patients experiencing at least 1 episode. This
observation is in keeping with the results of the atrial fibrilla-
tion severity scores and unlikely to represent a skewed effect

from a subgroup of the cohort. In addition, the patient’s de-
cision to undergo a catheter ablation (a study censorship cri-
terion) was symptom driven.

Discussion
In this study, a structured weight management program for
highly symptomatic patients with atrial fibrillation reduced
symptom burden and severity and reduced antiarrhythmic use
when compared with attempts to optimally manage risk fac-
tors alone. The beneficial effects may be attributable to de-
crease in left atrial area and ventricular wall thickness, thereby
reducing the left atrial hypertension that is a common find-
ing in obese patients.22

Epidemiologic data suggest a 4% to 5% increased risk of
developing atrial fibril lation with each 1-unit BMI
increment.23,24 The greater reduction in BMI of 3.5 units in the
intervention group was accompanied by improvement in other
risk factors. Obesity, hypertension, impaired glucose toler-
ance or diabetes mellitus, and obstructive sleep apnea are
closely interrelated conditions previously identified as inde-
pendent risk markers for atrial fibrillation. As observed in the
current and prior studies, an active intervention directed pri-
marily at weight loss has a favorable effect on all of these con-
ditions.

Hypertension is estimated to increase the risk of atrial fi-
brillation by 70% to 80%.25 The effect of hypertension man-
agement on atrial fibrillation outcomes has been previously
evaluated in different patient groups. Most, but not all,26 stud-
ies suggest a modest preventive effect on atrial fibrillation when
renin-angiotensin active agents27 are used in the presence of
structural heart disease,28 including left ventricular hypertro-
phy, or following cardioversion.29 These studies have not ex-
amined the concurrent management of comorbid conditions
often seen in patients with hypertension, such as sleep apnea
and alcohol consumption.30 Furthermore, the influence of al-
cohol consumption on risk of atrial fibrillation was estimated
by Kodama et al31 as 8% per 10-g daily consumption incre-
ment, without a safe consumption threshold. Sparse mecha-
nistic studies have suggested atrial conduction abnormalities
with low-dose alcohol,32 thus warranting its consideration as
an independent risk factor associated with atrial fibrillation.
Therefore, individually and in association, hypertension and
alcohol consumption may represent modifiable risk factors im-
parting a substantial risk of atrial fibrillation.

Although no significant association between insulin re-
sistance and atrial fibrillation has been defined,33 diabetes
mellitus has been shown to increase the risk of new-onset atrial
fibrillation by 50%.34 This may be the result of the effects of
plasma insulin and an obesogenic diet on myocardial energet-
ics and function.35 Additionally, an independent association
between CRP level and atrial fibrillation has been estab-
lished, with a 36% increased risk with each CRP-level tertile
increment.36 In our cohort, we observed a 20.26-μIU/mL (95%
CI, 16.22-24.29) (140.71 [95% CI, 112.65-168.62] pmol/L) reduc-
tion in serum insulin levels and a 1.54-mg/L (95% CI, 1.07-
2.02) (14.67 [95% CI, 10.19-19.24] nmol/L) reduction in serum
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CRP levels, corresponding to a 60% and 48% reduction, re-
spectively, in the intervention group, as might be expected in
response to the weight loss.

Obesity, hypertension, and obstructive sleep apnea have
been independently associated with atrial dilatation, which has
been demonstrated to influence initiation, maintenance, and
progression of atrial fibrillation.24,37,38 Atrial dilatation can be
reversed to a variable extent with aggressive management of risk
factors.39 Importantly, a reduction in left atrial size through man-
agement of hypertension has been shown to have a favorable
effect on risk of new-onset atrial fibrillation.40 It is likely that
the improvement in each of the risk factors, particularly hyper-
tension, contributed to the observed reduction in left atrial size,
similar to observations reported by Gottdiener et al.41

Study Limitations
Although the study did not achieve the desired sample size,
the randomization of 150 participants provided at least 80%
power to meet the study’s primary end point. The recruit-
ment shortfall was offset by the magnitude of weight loss and
reduction in the atrial fibrillation symptom burden scores in
the intervention group. The study was conducted at a single
center, with a highly motivated predominantly white male
(67%) population. There were a number of dropouts, but they
were similar between groups, and sensitivity analysis indi-
cates that our findings in favor of the intervention group are
robust, even in the face of imbalanced participant dropout. The

use of the AFSS to assess the atrial fibrillation symptom bur-
den has the potential to underestimate the true arrhythmia bur-
den, and periodic assessment with 7-day continuous Holter
monitoring may miss episodes during the nonmonitored pe-
riod. An implanted loop recorder may provide a more accu-
rate assessment of arrhythmia burden. However, the combi-
nation of 7-day continuous ambulatory recording and a
validated questionnaire may have wider clinical applicability
in an ambulatory setting, combining objective and subjective
parameters. Last, the weight loss program counselors could not
be blinded to the patient allocation. Although we believe other
clinical care providers and study coordinators were unaware
of patient group allocation, this was not formally assessed.

Conclusions
Atrial fibrillation significantly affects quality of life and
survival.42 Our results suggest that weight reduction and im-
provement of multiple cardiometabolic risk factors benefited
cardiac structure, reduced atrial fibrillation events observed
on ambulatory rhythm recordings, and reduced atrial fibrilla-
tion symptom burden. The lifestyle and comprehensive meta-
bolic risk factor management program was feasible to de-
liver, effective, associated with a limited risk of serious adverse
events, and resulted in a substantial reduction in the symp-
tom burden and symptom severity of atrial fibrillation.
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