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The rising burden of atrial fibrillation (AF), in con-
junction with the significant increase in coexisting 
chronic cardiovascular conditions, many of which 

are risk factors for AF, is evidenced by a global upward 
trend in AF hospitalizations.1 Furthermore, the global 
burden-of-disease study recently highlighted an alarm-
ing 2-fold increase in AF-related mortality between 
1990 and 2010.2 Unfortunately, the past decade has 
not matched this with any major advances in the arma-
mentarium to combat AF. Specifically, there has been 
no novel antiarrhythmic drug, and, although catheter 
ablation has been shown to be effective in suppressing 
AF, this procedure remains invasive with the potential 
for serious complications despite improved experience 
and advances in ablation technology.3–5 In addition, fol-
low-up has demonstrated long-term attrition in rhythm 
maintenance after catheter ablation.6 Inadequately 
treated AF risk factors are potentially significant con-
tributors to AF recurrence.5

One approach with largely untapped potential for 
improving AF management is primary prevention.7,8 Ac-
cordingly, there has been increasing focus on the role 
of lifestyle and risk factor modification in the manage-
ment of patients with AF. Several studies have shown 
significant associations between such strategies and ar-
rhythmia-free survival or reduced AF burden both with 
and without rhythm-control therapies.9–13 Therefore, 
targeting modifiable AF risk factors may help turn the 
rising tide of AF-related healthcare use and expenditure. 
Here, we aim to review the following aspects pertain-

ing to AF risk factors: evidence on the contributory role 
of risk factors to the development of the AF substrate; 
the association between risk factors and AF progres-
sion or recurrence; the potential benefits of risk factor 
modification in reducing AF burden or recurrence; and 
the implementation and challenges of lifestyle and risk 
factor modification.

EPIDEMIOLOGICAL EVIDENCE LINKING 
RISK FACTORS AND AF
Several established cardiovascular risk factors are 
known to be independent predictors of AF develop-
ment. Long-term follow-up data of the original Fram-
ingham Heart Study cohort >2 decades ago identified 
aging, hypertension, congestive heart failure, coronary 
artery disease, valvular heart disease, and diabetes 
mellitus as independent risk factors.14 Recent meta-
analysis of 12 cohort and case-control studies dem-
onstrated the independent association between these 
risk factors and AF development (Figure 1A).15 These 
included additional risk factors such as male sex, left 
ventricular hypertrophy, obesity, and excessive alcohol 
use. Intervening on risk factors before AF development 
may be beneficial. For example, in at-risk obese indi-
viduals without AF, bariatric surgery, with nearly 20% 
weight loss, has been shown to reduce the long-term 
risk of incident AF.16 In a separate study on overweight 
and obese individuals with diabetes mellitus, inten-
sive lifestyle intervention with reduced caloric intake 

Figure 1. Association of risk factors with AF development. 
A, Relative risk ratio for developing AF per individual risk factor. B, Stepwise increase in AF risk with increasing number of risk 
components (elevated waist circumference, elevated blood pressure, elevated triglycerides, low HDL cholesterol, and impaired 
fasting glucose) in subjects with metabolic syndrome. Hazard ratio for developing AF was 1.0, 1.7, 2.5, 2.7, 3.1, and 4.4 for 0, 
1, 2, 3, 4 and 5 components, respectively. AF indicates atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; 
CHF, congestive heart failure; CI, confidence interval; DM, diabetes mellitus; HT, hypertension; LVH, left ventricular hypertro-
phy; and RR, relative risk. Figure 1B is reproduced from Chamberlain et al19 with permission of the publisher. Copyright © 
2010, Elsevier.
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ABSTRACT

• Atrial fibrillation is the most common heart
rhythm condition in the UK

• AF prevalence is rapidly increasing due to
accumulation of upstream risk factors

• Risk factor modification programs improve AF
treatment outcomes ⇨ but are not standard of
care

• They will also reduce other major cardiac events
• A holistic, AF prehab treatment model would

deliver these benefits
• Aligns to new models of care: GIRFT

The Scope of the Problem

• The West Midlands faces an obesity
epidemic

• This will increase obesity related
conditions ⇨ increase AF

• This will increase demand for AF
treatments ⇨ but poorer outcomes
and increased cost
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The Fib & Fit program: prehabilitation to improve AF outcomes

Prehab can achieve huge gains

• Targets for risk factor treatment have been defined by
randomized trials

• This optimization journey can begin at the time of
referral

Do we actually need this program?

Audit of 1st time AF ablation undertaken to assess unmet 
need (1408 cases ⇨ 546 AF ablation ⇨ 285 1st time cases)

Approximately 40% have BMI>30 at time of 1st ablation

The concept and progress

Key members of prehab team and costs identified

• Band 7 physiotherapist 1.0 WTE with cover: £54,623

• Band 3 physiotherapy assistant 0.5 WTE:     £12,114

• Band 6 dietician 0.5 WTE: £16,178 

• Cost per patient (50 patients): £1658

• NHS tariff for ablation: £5500 (2 procedures on average for 
persistent AF, therefore £11,000)

• Does not factor additional gains with other obesity related
conditions
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If the same prevalence model were used, the projected
number of adults with AF for the year 2050 would be 12.1
million (95% CI, 11.4 to 12.9) (2.4-fold increase from 2000),
assuming no further increase in age-adjusted AF incidence
beyond 2000. If we assume a continued increase in the
incidence, then the projected number of adults with AF would
be 15.9 million (3-fold increase from 2000) (Figure 2). Of the
potential increase of 10.8 million persons with AF (5.1 in
2000 to 15.9 million in 2050), 3.8 million (35%) would be
attributed to an increase in incidence and 7.0 million (65%) to
increase in population size and shifting of the age distribution
(2.4 million from population expansion and 4.6 million from
increased longevity).

Trends in ECG Use
Linear regression of yearly rates from 1980 to 2000 against
year showed a nonsignificant upward trend in ECG use
(P!0.10). From this linear regression, the fitted proportion of
Olmsted County residents who had an ECG performed was
17.4% in 1980, 18.2% in 1990, and 19.0% in 2000. The rate
of increase in ECG use did not vary by sex. When age-
adjusted AF incidence was regressed against both ECG use
rate and calendar year of AF diagnosis, AF incidence was
associated with calendar year of AF diagnosis (P!0.022) but
not with ECG use rate (P!0.58). Additionally, an increase in
the proportion of silent AF, discovered incidentally, would
have been expected if the increase in AF incidence were
secondary to an increase in ECG use. No such increasing
trend was observed (Table 1). Taken together, ECG use could
not account for the increase in AF incidence.

Obesity Trends and Estimated Impact on the
Increase in AF Incidence
From a pooled analysis of 5 Rochester/Olmsted County
population-based data sets (n!4127; mean age, 60"15 years;
range, 21 to 97 years; 45% men), the estimated adjusted
proportion of the adult population (adjusted to the Olmsted
County 1990 population) whose BMI was !30 kg/m2 in-
creased from 10% to 25% during the study period of 1980 to
2000. In the Framingham study,23 the relative hazard of
incident AF was #1.5 for BMI !30 kg/m2. Therefore, the
15% increase in the proportion of persons with obesity would
be associated with an estimated 7.5% increase in AF inci-

dence. Because our estimated percent increase in AF inci-
dence was 12.6 (95% CI, 2.1 to 23.1), the estimated trend in
obesity could account for #60% (95% CI, 32 to 100) of our
estimated increase in age- and sex-adjusted AF incidence.

Discussion
The principal and new finding of this study was the signifi-
cant increase in age-adjusted incidence of AF in Olmsted
County over the period of 1980 to 2000. Assuming that the
rate of increase in incidence remains unabated and assuming
that these incidence rates can be applied to the entire US
population, the projected number of persons with AF in the
United States could reach 15.9 million by 2050.

Incidence and Time Trends of AF
Our study is unique in that it provides data on incidence of AF
and trends from the recent years in a general population.
Trends of AF incidence were available for very specific
populations. For instance, there was a significant decline in
the incidence of AF complicating myocardial infarction in
1990 to 199726; yet in a different study, a 2-fold increase
in the number of hospital patients diagnosed with AF or
flutter in 1980 to 1999 was observed.27

The incidence rates from our study compare closely with
those reported from the Framingham Heart Study28 and
Cardiovascular Health Study29 (Figure 3) and with those
reported from other countries, including Canada,9 Scotland,30

and the United Kingdom.31 In this community-based study,
the age- and sex-adjusted incidence in the overall cohort
increased significantly, with a relative increase of 12.6% over
21 years. If this rate of increase continues, and with the
changing demographics, we can project an increase in the
number of persons with AF to 15.9 million by 2050.

Projected Burden of AF
The projection of AF burden was greater in our study than
that by Go and colleagues.2 Go et al provided estimates of 2.3
and 5.6 million adults with AF in the United States for years
2000 and 2050, respectively. Our study provided estimates of
5.1 million and 12.1 to 15.9 million for the years 2000 and
2050, respectively, which were 2.2- to 2.8-fold as high as
those of Go et al. Several reasons for the discrepancy were
possible. First, the study setting chosen was different. Go et al

Figure 2. Projected number of persons with AF in
the United States between 2000 and 2050, assum-
ing no further increase in age-adjusted AF inci-
dence (solid curve) and assuming a continued
increase in incidence rate as evident in 1980 to
2000 (dotted curve).
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Additive effect of obesity related conditions on probability
of developing AF.                                 Lau et al, Circ 2017

US data: numbers of patients will increase rapidly
Miyazaka et al, Circ 2006

rhythm monitoring included rhythm transmitters for
at least the first 3 months and different combinations
of additional electrocardiography, Holter monitoring,
and cardiac implantable electronic devices when
applicable. There were 133 participants (45%) who
developed AF recurrence. These participants had
similar baseline body mass index, left atrial di-
mensions, rates of hypertension, obstructive sleep
apnea, cardiac failure, and coronary disease as those
without AF recurrence. Univariate analysis showed
that age, HbA1c, proportion increase in HbA1c, and
blood urea nitrogen were associated with AF recur-
rence and that proportion decrease in HbA1c and
metformin use were associated with decreased AF
recurrence. Multivariate analysis revealed that only
change in HbA1c was important for recurrences, with
proportion increase in HbA1c pre-ablation associated
with an increased risk for AF recurrence (hazard ratio:
1.023; 95% confidence interval: 1.004 to 1.43:
p ¼ 0.019), while proportion decrease in HbA1c pre-
ablation resulted in a decrease in AF recurrence
(hazard ratio: 0.714; 95% confidence interval: 0.623 to
0.817; p < 0.0001).

Notably, the association between changes in HbA1c

and AF recurrence was reported to be independent of
changes in body weight or systolic blood pressure. The
baseline use of oral hypoglycemic agents differed be-
tween those with and without AF recurrence, with
higher metformin use (55% vs. 43%; p ¼ 0.03) in the
latter. Recurrent AF occurred in only 1 of 49 patients
(2%) among those with >10% improvement in HbA1c

prior to ablation compared with 41 of 148 patients
(28%) among those with <10% improvement in HbA1c

and 92 of 101 patients (91%) who had HbA1c worsened.
Although the association between metformin use and
lower AF recurrence was lost following multivariate
analysis, the use of metformin and other oral hypo-
glycemic agents in each of these groups was undis-
closed. Howwould one reconcile the differences in the
HbA1c trajectories in the absence of differences in
associated components of the metabolic syndrome?
Life-style factors such as physical activity levels, di-
etary habits, and alcohol use would need to be taken
into account but could not be teased out in such
retrospective analysis (12). Furthermore, important AF
risk factors such as obstructive sleep apnea may be

FIGURE 1 Risk Factors and Atrial Fibrillation Ablation Outcomes

Multiple modifiable risk factors are associated with the development and progression of atrial fibrillation (AF). Diabetes mellitus is highlighted, with several potential
mechanisms by which this condition leads to AF. The schematic highlights the need for comprehensive management of risk factors to optimize ablation outcomes. It
highlights the potential targets to achieve. BMI ¼ body mass index; HBA1C ¼ glycated hemoglobin.
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AF. In addition, weight reduction was associated with significant
reduction in need for AF ablation; >_10% weight loss was associ-
ated with 45% patients not requiring any ablation and further 37%
requiring only single ablation.

The recognition of AF as a progressive disease, determined by on-
going remodelling consequent to the various underlying risk factors,

calls for early and aggressive weight and risk factor intervention. This
study adds to a growing body of evidence that risk factor manage-
ment to treat the primary cause of the disease halts this vicious cycle
and improves the long-term freedom from AF. Given the rising epi-
demic of obesity and AF, primary and secondary prevention strate-
gies need to be urgently implemented.
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Figure 3 Atrial fibrillation disease progression and reversal. Bar charts showing change in AF type at following weight loss. With green representing
Group 1, blue representing Group 2, and orange representing Group 3. AF, atrial fibrillation; WL, weight loss.
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Figure 2 Change in AF type between groups. Pie graphs demonstrating baseline and follow-up of patients change in AF type. AF, atrial fibrillation;
WL, weight loss.
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• Risk factor modification and weight loss specifically
can improve or resolve symptoms

• The mechanisms that underpin this effect remain the
subject of exciting research

Obesity results in increased low voltage 
(‘scarring’) in the left atrium: the low 
voltage zones are in red and are seen in 
the atrial data from an obese patient

80%

65%

High BMI results in significant reduction in success at 1 year

Referral to AF clinic

Rhythm control decision made

1° care: AF detected

Business case development

Concept discussed at QEH with
key stakeholders; patients,
physiotherapy leaders, surgical
transplant prehab team, cardiac
electrophysiology team

Next step:
Secure the 
funding

Sanders et al, JACC EP 20019

Middeldorp et al, Europace 2018

Mahajan et al, JACC EP 2018

Lau et al. Modifiable risk factors and atrial fibrillation. Circulation 2017; 136: 583-596
Miyazaka et al. Secular trends in incidence of arial fibrillation in Olmsted County. Minnesota, 1980 tp 2000, and 
implications on the projections for future prevalence. Circulation, 2006: 114: 119.125
Sanders et al. Glycemic control in atrial fibrillation: A sweet spot for risk factor modification. JACC EP, 2019; 5(8): 
904-906
Middeldorp et al. Prevention and regressive effect of weight-loss and risk factor modification on atrial fibrillation: 
the REVERSE-AF study. Europace, 2018: 20(12): 1929-1935
Mahajan et al. Electroanatomic remodelling of the atria in obesity. JACC EP, 2018: 4(12): 1529-1540


