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Abstract

BACKGROUND—O®besity is a risk factor for atrial fibrillation, which in turn is associated with
stroke, heart failure and increased all-cause mortality.

OBJECTIVE—We investigated whether weight loss through bariatric surgery may reduce the risk
of new-onset atrial fibrillation.

METHODS—Swedish Obese Subjects (SOS) is a prospective matched cohort study conducted at
25 surgical departments and 480 primary healthcare centers in Sweden. The cohort was recruited
between 1987 and 2001. Among 4021 obese individuals with sinus rhythm and no history of atrial
fibrillation, 2000 underwent bariatric surgery (surgery group), and 2021 matched obese controls
received usual care (control group). The outcome, first-time atrial fibrillation, was ascertained by
crosschecking the SOS database with the Swedish National Patient Register on inpatient and
outpatient diagnosis codes.

RESULTS—During a median follow-up of 19 years, first time atrial fibrillation occurred in 247
patients (12.4 %) in the surgical group, and in 340 (16.8 %) controls. The risk of developing atrial
fibrillation was 29 % lower in the surgery group versus the control group (HR 0.71; 95 % ClI
0.60-0.83; p < 0.001). Younger individuals benefited more from surgical intervention than those
who were older (p-value for interaction 0.001). Also, those with a high diastolic blood pressure
benefitted more from surgery than did those with a low diastolic blood pressure (p-value for
interaction 0.028).
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CONCLUSION—Compared with usual care, weight loss through bariatric surgery reduced the
risk of atrial fibrillation among persons being treated for severe obesity. The risk reduction was
more apparent in younger people and in those with higher blood pressure.
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Introduction

Methods

Obesity is an increasing concern worldwide, with a global prevalence of 13 % (1). A high
BMI is associated with hypertension, dyslipidemia and diabetes, and increases the risk of
cardiovascular morbidity and mortality (2). Atrial fibrillation (AF) occurs in around 1 % of
the adult population and is the most common type of cardiac arrhythmia requiring medical
care (3). The consequences of AF are serious and include stroke, heart failure and increased
all-cause mortality (4).

Large epidemiological studies have repeatedly demonstrated that obesity is a risk factor for
AF (5,6). A meta-analysis of 16 studies found that a BMI above 30 kg/m? increased the
lifetime risk of developing AF by 49 % (7). It is likely that some of the increased morbidity
and mortality attributed to excess body weight is mediated by this arrhythmia. Given the
current global trends for obesity, the incidences of AF and related complications are likely to
rise.

It is plausible to speculate that significant weight reduction would reduce the risk of new-
onset AF, but there is little evidence to support such a belief. A clinically significant weight
loss is difficult to achieve with lifestyle interventions and the results are often temporary. In
comparison, bariatric surgery is an effective and safe treatment option resulting in large
weight losses able to be maintained over time (8).

The Swedish Obese Subjects (SOS) study is an ongoing controlled intervention trial that
compares the effects of bariatric surgery and conventional obesity care on morbidity and
mortality (9). SOS has found that bariatric surgery, as a primary preventive strategy, reduces
cardiovascular morbidity (10) and mortality (11) in obesity. The purpose of this report is to
describe the effect of bariatric surgery on the incidence of AF.

The ongoing prospective controlled SOS intervention study comparing the effects of weight
loss by bariatric surgery and conventional obesity care has previously been described in
greater detail (12). In brief, 4047 obese participants were enrolled at 25 surgical departments
and at 480 primary health care centers between September 1, 1987 and January 31, 2001.
The surgery group was made up of 2010 individuals who expressed a preference for
treatment with bariatric surgery. A matched control group of 2037 participants was created
using an automatic matching program and 18 matching variables (sex, age, weight, height,
waist-hip ratio, blood pressure, serum cholesterol and triglycerides, smoking, diabetes,
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menopause, 4 psychosocial variables associated with risk for death, and personality traits
related to treatment preferences).

Eligible patients were 37 to 60 years of age and had a BMI = 34 kg/m? for men = 38 kg/m?
for women. Patients were excluded if they had a history of AF at baseline, gastric surgery,
ongoing malignancy, recent myocardial infarction, a bulimic eating pattern, alcohol/drug
abuse, or psychiatric problems likely to impair study compliance. The bariatric surgical
procedures used in the study included vertical banded gastroplasty (68%) gastric banding
(19%), and gastric bypass (13%). The conventional treatment offered to control subjects was
not predefined; instead it adhered to local routines of the health care centers. Seven regional
ethics review boards in Sweden approved the study protocol. All participants gave written or
oral consent.

Body weight was measured with electronic or calibrated scales at baseline and during
follow-up at: 0.5, 1, 2, 3, 4, 6, 8, 10, 15, and 20 years. Blood samples were analyzed by the
Central Laboratory at Sahlgrenska University Hospital (accredited according to European
Norm EN45001). Self-reported information on previous cardiovascular disease, medication,
smoking, and alcohol intake was obtained through a baseline questionnaire. Hypertension
was defined as systolic pressure >140 mmHg, or diastolic pressure > 90 mmHg, or self-
reported use of anti-hypertensive medication. Diabetes was defined as a fasting blood
glucose level of at least 6.1 mmol/L (110 mg/dL) or self-reported use of a prescribed anti-
diabetic medication. Sleep apnea was determined using a validated 8-item sleep
questionnaire as described previously (13). All patients underwent a standard 12-lead ECG
at baseline, which was read by a cardiologist.

Information regarding AF previous to baseline and during follow-up was obtained from the
Swedish National Patient Register (NPR), which has been shown to be a valid and powerful
tool to study health related outcomes in the Swedish population (14,15). The NPR has
collected information on diagnoses for all inpatients in Sweden since 1987 and from all
hospital-based outpatient visits since 2001. Primary care, however, is not included in the
NPR. Every Swedish citizen has a unique Personal Identity Number (PIN), and almost all of
all Swedish health care is included in the national public health care system. For public
hospitals, reporting to the NPR is mandatory and the coverage is 99 % (15). Registrations
consist of a principal diagnosis and up to 5 secondary diagnoses coded according to the
International Classification of Diseases (ICD) system. We identified a first-time principal or
secondary diagnosis of atrial fibrillation by cross-checking the SOS database with the NPR
for the following diagnosis codes: 427D (ICD-9 until 1996) and 148 (ICD-10 from 1997).

Statistical Analysis

Patients who had a history of AF at baseline (n = 26) were excluded from all data analyses.
Data is presented as mean values with standard deviations or as percentages. Comparisons
between treatment groups used t-tests for continuous variables and a logistic-regression
model for dichotomous variables. Participants were followed until the first diagnosis of AF,
emigration or December 31, 2013 (the date on which the NPR was complete and the
registers were linked). Cumulative incidence of AF was estimated with competing-risks
regression models, in which deaths without AF were treated as competing events. Persons
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without AF who emigrated or were alive at the end of follow-up were treated as censored
observations. Univariable and multivariable models were applied to obtain relative-risk
estimates expressed as subhazard ratios. The treatment effect in the bariatric-surgery group
compared to the control group was evaluated in a primary unadjusted analysis with a single
covariate for treatment group (surgery or control) and in a secondary analysis that was
adjusted for preselected baseline risk factors considered traditional for AF. The intention-to-
treat principle was applied for all calculations. All statistical tests were 2-tailed and P-values
< 0.05 were considered statistically significant.

Results

Baseline Characteristics and Changes in BMI during follow-up

Among the 4047 patients in the SOS study, 4021 (99.4 %) had sinus rhythm and no history
of AF at baseline and were included in the present analysis. Of these, 2000 underwent
bariatric surgery (surgery group) and 2021 were treated conventionally (control group).
Although the 2 study groups were fairly well balanced with respect to baseline
characteristics, BMI was higher and several cardiovascular risk factors were less favorable in
the surgery group (Table 1). The differences are likely explained by disparate weight
changes occurring in the 2 groups during a delay between matching and baseline
measurements caused by a long waiting time for bariatric surgery (> 1 year on average).
Bariatric surgery lowered the mean weight of 121 kg by 25 % at year 1, by 20 % at year 4,
by 17 % at year 10, and by 18 % at year 20, whereas the mean weight of 115 kg in the
control group remained largely unchanged during follow-up (Figure 1).

Incidence of AF

During a median follow-up of 19 years, first time AF diagnosed during inpatient hospital
admission or hospital-based outpatient consultations occurred in 247 (12.4 %) patients in the
surgery group and in 340 (16.8 %) patients in the control group (Central Illustration).
Patients treated with bariatric surgery had a 29 % lower risk for being diagnosed with first
time AF than patients in the control group (HR 0.71; 95% CI1 0.60 to 0.83; p < 0.001)

Multivariate Analyses

After multivariable adjustments for selected baseline conditions, weight loss by bariatric
surgery remained associated with reduced incidence of AF (adjusted HR 0.69; 95% CI 0.58
to 0.82; p < 0.001) (Table 2). Baseline conditions that were independently associated with
increased risk of AF included advancing age, greater height, increasing BMI, hypertension,
increasing thyroxin levels, and higher alcohol intake.

Interaction Analysis of Subgroups

The effect of bariatric surgery on AF across subgroups is shown in Figure 2. Age and
diastolic blood pressure at baseline influenced the treatment benefit of bariatric surgery.
Younger individuals benefitted more from surgery than did those who were older (p-value
for interaction 0.002). Also, those with high diastolic blood pressure benefitted more from
surgery than those with low diastolic blood pressure (p-value for interaction 0.024).
Otherwise, there were no significant interactions between treatment and subgroups.
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Adverse Events

Adverse events in the SOS study have been described previously (9). Bariatric procedures
were performed with open surgery in 89 % of cases. There were 5 individuals (0.2%) in the
surgery group and 2 (0.1%) in the control group who died within 90 days of surgery/
inclusion. In the surgery group, 151 (13.0 %) of the participants had 193 postoperative
complications. Of these, 46 persons, (2.8 %) needed additional surgery.

Discussion

Among persons with severe obesity, those treated with bariatric surgery had a lower rate of
new-onset AF than did those receiving usual care. The risk of AF was reduced by 29 % in
the surgery group, despite a less favorable cardiovascular risk factor profile at baseline. The
benefit took several years to become apparent and was more pronounced in younger patients
and in those with higher blood pressure.

To our knowledge, this is the first time weight loss has been reported as reducing the risk of
new-onset AF among persons with obesity. In this respect, it is important to emphasize that
the findings relate to men with BMI = 34 kg/m? and to women with BMI > 38 kg/m? treated
with bariatric surgery. The Look AHEAD (Action for HEAIth in Diabetes) trial (16) is a
large randomized study of lifestyle intervention in overweight and obese people with type 2
diabetes. In a recent report (17), the Look AHEAD investigators found that a modest weight
reduction (8.6% in year 1 and 6.0 % in year 9) did not reduce the risk of AF, which suggests
that larger weight losses are necessary to attain a primary preventive anti-arrhythmic effect.
This is consistent with observations from the SOS study, in which long-standing risk factor
improvements required weight reductions that are larger and more sustainable than those
typically seen after life style intervention (18). On the other hand, non-surgical weight
management treatment has been shown to lower symptomatic arrhythmia burden among
obese persons with established AF (19,20), implying that lifestyle modification can be
successful as a secondary preventive measure.

The present findings support the causal role of obesity in the development of AF. The
mechanism by which obesity is likely to increase the risk for AF includes hypertension (21),
left ventricular diastolic dysfunction (22) and left atrial enlargement (23). Other probable
pathways involve diabetes (24), obstructive sleep apnea (25) and systemic inflammation
(26). We speculate that weight loss related alleviation of various hemodynamic, metabolic
and inflammatory stimuli (9) may affect cardiac geometry (27) and function (28) in such a
favorable way that the risk of arrhythmia is lowered. Weight reduction has also been shown
to improve cardiac autonomic function (29), which would be expected to be protective. The
beneficial effect of bariatric surgery on development of AF appeared late in the trial, with a
separation of the cumulative incidence curves only after 6 years. This is not unexpected
considering that SOS is essentially a primary prevention study for middle-aged persons, of
whom only 3% had cardiovascular disease at inclusion.

After adjusting for baseline conditions, bariatric surgery remained significantly associated
with a reduced risk for AF (HR 0.69; 95 % CI, 0.58-0.82; p < 0.001). The associations of
baseline characteristics with risk of AF were similar to those observed in other populations
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(30) and included: advancing age, greater height, increasing BMI, hypertension, and higher
alcohol intake. We also observed that higher free thyroxin was independently associated
with risk for AF, suggesting that subclinical hyperthyroidism may be of importance with
respect to the development of supraventricular arrhythmia in obesity.

Younger obese individuals and those with a higher diastolic blood pressure appeared to
benefit more from surgical obesity treatment than those who were older and had lower
diastolic blood pressure. This is reasonable, since obesity-related changes in cardiac
structure and function are expected to be more reversible in younger patients with a shorter
duration of obesity. Similarly, the antihypertensive effect of weight loss (31) is likely to be
more advantageous among those with high blood pressure at baseline. Otherwise the effect
of surgical obesity treatment was consistent across subgroups. Hence, bariatric surgery did
not show a greater benefit among patients with a higher BMI at baseline as compared to
those with a lower number. The finding that the obesity level does not influence the
treatment advantage of bariatric surgery has been consistent throughout the SOS study and
applies to both risk factors and cardiovascular events (9).

AF is a growing public health concern, not least due to its relationship to comorbidities and
death (3). The rising prevalence of AF can, at least in part, be attributed to the continuing
increase in obesity (30). A high BMI is among the largest modifiable risk factors for this
arrhythmia and weight reduction has been proposed as a potential preventive measure (32).
In this context, the findings of the present study are important. The successful prevention of
AF through obesity surgery suggests that this treatment may have a positive impact on
arrhythmia related complications and health care utilization.

Although the SOS study has several strengths there are also certain limitations. Allocation to
surgical treatment was not random. Swedish ethical review boards did not approve this
design, because of a high postoperative mortality in the 1980s. Therefore, the surgery group
was made up of individuals who expressed a preference for treatment with bariatric surgery.
Also, the matching procedure used here resulted in 2 slightly different study groups at
baseline. However, the risk profile for AF was, if anything, less advantageous in the surgery
group. AF was not a pre-specified endpoint of the trial and the diagnosis was collected by
crosslinking the SOS database with the National Patient Register on inpatient and outpatient
diagnosis codes. Still, ascertainment of newly diagnosed AF using the NPR has shown high
validity with a sensitivity and positive predictive value exceeding 95% (14). Although the
NPR does not cover primary care, it is unlikely that we missed many cases; in Sweden
persons with newly diagnosed AF are customarily referred to a hospital for diagnostic work-

up.

Conclusions

Surgically induced weight loss in severe obesity is associated with a reduced incidence of
new-onset AF during long-term follow-up. The benefit is more pronounced in younger
individuals and in those with higher blood pressure. Primary prevention of AF by bariatric
surgery is likely to decrease arrhythmia related cardiovascular morbidity and mortality.
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Perspectives
Competency in Patient Care

Patients with severe obesity undergoing bariatric surgery develop atrial fibrillation less
often than comparably obese patients managed without surgery.

Translational Outlook

Further studies are needed to understand the underlying mechanisms contributing to atrial
fibrillation in obese patients and identify the amount of weight loss necessary to reduce
risk of this type of arrhythmia.
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Figure 1. Relative weight changes in the two study groups
Bariatric surgery lowered the mean weight of 121 in the surgery group kg by 25 % at year 1,

by 20 % at year 4, by 17 % at year 10, and by 18 % at year 20, whereas the mean weight of
115 kg in the control group remained largely unchanged during follow-up
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Variable No. of subjects No. (%) with AF Hazard ratio P-Value for
of interest Surgery Control Surgery  Control 95 % Cl interaction
All subjects
2000 2021 247 (12) 340 (17) -
Age 0.001
<47.7 years 1098 913 73(7) 113(12) ——
>47.7 years 902 1108 174 (19) 227(20) —
Sex 0.893
Male 585 582 110 (19) 148 (25) ——
Female 1415 1439 137 (10) 192 (13) ==
BMI 0.753
<40.8 kg/m? 791 1220 97 (12) 201 (16) ——
240.8 kg/m? 1209 801 150 (12) 139 (17) ==
Waist 0.531
<122cm 806 1203 77 (10) 173 (14) —_—
>122 cm 1189 818 170(14) 167 (20) ——
Systolic blood pressure 0.335
< 140 mmHg 1011 1299 92(9) 170 (13) ——
2140 mmHg 984 718 154 (16) 169 (24) ==
Diastolic blood pressure 0.028
< 88 mmHg 829 1213 90 (11) 158 (13) —
> 88 mmHg 1165 801 157(13) 181 (23) ——
Cholesterol 0.089
< 5.7 mmol/L 905 1113 106 (12)  153(14) —
2 5.7 mmol/L 1091 906 140 (13) 187 (21) ==
Triglycerides 0.490
< 1.8 mmol/L 899 1114 106 (12)  173(16) ——
2 1.8 mmolL/L 1097 905 140 (13) 167 (18) ==
Glucose 0.124
<4.5 mmol/L 928 1086 95(10) 183 (17) ——
24.5 mmol/L 1064 931 152 (14) 157 (17) ®
Insulin 0.777
<17 mU/L 861 1148 99 (11)  178(16) ——
217 mU/L 1130 870 147(13) 162 (19) R
Urinary albumin excretion 0.081
<8.2 pg/min 921 1070 106 (12) 167 (16) ——
2 8.2 ug/min 1057 933 139 (13) 171 (18) -
Free thyroxin 0.280
<15.3 pmol/L 999 1006 120 (12) 154 (15) ——
215.3 pmol/L 993 1012 126 (13) 185 (18) ==
Smoking 0.790
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Figure 2. Hazard ratios for the risk of atrial fibrillation in subgroups
A reduced risk of atrial fibrillation following bariatric surgery was more pronounced in

younger subjects (HR 0.52; 95 % CI 0.39-0.70) as compared to older (HR 0.91, 95 % ClI
0.74-1.10) and also more apparent in individuals with higher diastolic blood pressure (HR
0.57; 95 % CI 0.46-0.70) as compared to those with lower (HR 0.82; 95 % CI 0.64-1.06).
Otherwise, there were no significant interactions between treatment and subgroups.
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Central Illustration. Bariatric Surgery and the Risk of Atrial Fibrillation
Cumulative incidence estimates of first time atrial fibrillation in the surgery and control

groups showing reduced risk of atrial fibrillation following weight loss through bariatric
surgery.

JAm Coll Cardiol. Author manuscript; available in PMC 2017 December 13.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Jamaly et al.

Baseline characteristics of study participants

Table 1

Surgery group | Control group

(n =2000) (n=2021) p-Value
Age (yrs.) 472459 486+6.2 <0.001
Female sex (%) 70.7 71.2 0.755
Height (cm) 169 +9.1 169 +9.2 0.688
Weight (kg) 121 +17 115+ 16 <0.001
Body mass index (kg/m?2) 424+45 40.1+4.7 <0.001
Waist circumference (cm) 126 + 11 120+ 11 <0.001
Waist/Hip ratio 0.99 £ 0.08 0.98 £0.07 <0.001
Systolic blood pressure (mmHg) 145+ 19 138+ 18 <0.001
Diastolic blood pressure (mmHg) 90+ 11 85+ 11 <0.001
Total cholesterol (mmol/L) 5.86+1.12 5.61 +1.06 <0.001
Apo B/ Apo Al ratio 0.94£0.28 0.91+0.28 <0.001
Blood glucose (mmol/L) 5.18 +2.01 493+1.82 <0.001
Insulin (mU/L) 21.5+13.7 180+11.4 | <0.001
Creatinine (umo/L) 69.2 +8.8 69.5+9.6 0.245
Urinary albumin excretion (ug/min) 47.8 297 37.1+220 0.185
Free thyroxin (pmol/L) 15.6 £3.7 157+3.6 0.812
Thyroid-stimulating hormone (mIU/L) 20+24 20427 0.657
Hypertension (%6) 78.3 63.6 <0.001
Diabetes (%0) 17.2 12.7 <0.001
Sleep apnea (%) 244 21.7 0.047
Smoking (%) 25.8 20.9 <0.001
Alcohol intake (g/daily) 52+73 53+79 0.699
Prevalent cardiovascular disease (%6) 3.0 29 0.853

Values are means + standard deviation or percentages.
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Association of bariatric surgery and selected baseline characteristics with risk of atrial fibrillation™

Table 2

Hazard ratio | 95% CI | p-Value
Surgery 0.69 0.58-0.82 | <0.001
Age per 5 years 1.52 1.42-1.64 | <0.001
Sex (male vs. female) 1.26 0.95-1.68 0.105
Height per 10 cm 1.19 1.10-1.28 | <0.001
Body mass index per 5 kg/m? 1.33 1.14-155 | <0.001
Waist circumference per 5 cm 0.97 0.90-1.03 0.282
Hypertension 1.57 1.25-1.98 | <0.001
Total cholesterol per mmol/L 0.98 0.90-1.06 0.604
Apo B/ Apo Al ratio 1.17 0.82-1.67 0.378
Diabetes 1.12 0.90-1.38 0.305
Urinary albumin excretion per 100 pg/min 1.01 0.00-1.03 0.145
Free thyroxin per 5 pmol/L 1.18 1.07-1.29 0.001
Smoking 0.86 0.70-1.06 0.170
Alcohol intake per 10 g/daily 1.12 1.02-1.24 0.016
Presence of cardiovascular disease 1.02 0.67-1.56 0.914

*
Hazards ratios were estimated with a multivariate competing-risks regression model.
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