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Methods—We investigated trends in atrial fibrillation incidence, prevalence, and risk factors,
and in stroke and mortality following its onset in Framingham Heart Study participants (n=9511)
from 1958 to 2007. To accommodate sex differences in atrial fibrillation risk factors and disease
manifestations, sex-stratified analyses were performed.

Findings—During 50 years of observation (202,417 person-years), there were 1,544 new-onset
atrial fibrillation cases (46.8% women). We observed about a fourfold increase in the age-adjusted
prevalence and more than a tripling in age-adjusted incidence of atrial fibrillation (prevalence 20.4
versus 96.2 per 1000 person-years in men; 13.7 versus 49.4 in women; incidence rates in first
versus last decade 3.7 versus 13.4 per 1000 person-years in men; 2.5 versus 8.6 in women,
Ptrend<0.0001).

For atrial fibrillation diagnosed by ECG during routine Framingham examinations, age-adjusted
prevalence increased (12.6versus 25.7 per 1000 person-years in men; 8.1 versus 11.8 in women,
Pirend<0.0001). The age-adjusted incidence increased, but did not achieve statistical significance.
Although the prevalence of most risk factors changed over time, their associated hazards for atrial
fibrillation changed little. Multivariable-adjusted proportional hazards models revealed a 73.5%
decline in stroke and a 25.4% decline in mortality following atrial fibrillation onset (preng=0.0001,
Ptreng=0.003, respectively).

Interpretation—Our data suggest that observed trends of increased incidence of atrial fibrillation
in the community were partially due to enhanced surveillance. Stroke occurrence and mortality
following atrial fibrillation onset declined over the decades, and prevalence increased
approximately fourfold. The hazards for atrial fibrillation risk factors remained fairly constant.
Our data indicate a need for measures to enhance early detection of atrial fibrillation through
increased awareness coupled with targeted screening programs, and risk factor-specific
prevention.

Keywords
atrial fibrillation; secular trends; mortality

Introduction

With the aging of the population an epidemic of atrial fibrillation was predicted with 6-12
million people projected to be affected by the year 2050 in the United States, and 17.9
million in Europe by 2060.1-3 Atrial fibrillation represents a major public health problem
with high comorbidity,* increased mortality risk,® and soaring health care costs.®

The reasons for the observed increase in atrial fibrillation prevalence are incompletely
understood,”-8 but may include enhanced detection, rising incidence, improved survival in
patients with cardiovascular conditions predisposing to atrial fibrillation, and greater
survival following atrial fibrillation onset.? Many prior studies of trends in atrial fibrillation
were based on administrative or hospital databases, which may be subject to ascertainment
biases. They provide evidence for an increase in prevalencel-27:8 and reduced mortality after
atrial fibrillation onset.? Some administrative data suggest increasing incidence of atrial
fibrillation.1® But recent investigations of the incidence and prevalence of atrial fibrillation
have varied widely.19-11 Whereas trends in atrial fibrillation epidemiology have been
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reported to be similar in direction in both sexes, the exact estimates have differed by sex
with higher prevalence in men and variable incidence estimates in women.1:8

Greater awareness of atrial fibrillation and increased use of routine electrocardiograms
(ECG) and extended electrocardiographic monitoring devices enhance the detection of atrial
fibrillation, and thereby may increase the number of identified cases in the community,
resulting in increases in incidence and prevalence due to enhanced surveillance. Long-term
trends for atrial fibrillation prevalence, incidence, risk factors, and in stroke and mortality
following the onset of atrial fibrillation in community-based cohorts have not been
investigated systematically. With routine assessment of atrial fibrillation and its risk factors
as well as cardiovascular outcomes during more than half a century of observation, the
Framingham Heart Study provides a unique resource to monitor long-term trends in atrial
fibrillation prevalence and incidence, risk factors, and outcomes in the community and may
provide insights to guide future prevention strategies.

Study Sample and Oversight

The Framingham Heart Study began in 1948 with enrollment of the Original cohort
(n=5209).12 The Offspring cohort (n=5124), comprising adult children of Original cohort
participants and spouses of offspring, was enrolled in the early 1970s.13 Individuals who
were between the ages of 50 and 89 years at the beginning of follow-up and free of atrial
fibrillation were eligible for analyses (Original cohort n=4420, Offspring cohort n=5091).
Due to small numbers, we did not include atrial fibrillation cases that occurred during the
first decade (1948-1957) of study. Baseline risk factors, follow-up times, and incidence data
were assigned to the decade of the index examination, i.e. the last examination prior to AF
or censoring date but no more than 10 years earlier. Individuals contributed to time periods
if they were free of atrial fibrillation at the beginning of a time period and contributed follow
up during that period. The date of last follow-up was December 31, 2011.

All clinical characteristics were assessed from the index examination, which was identified
for each individual for each time period. Study protocols were approved by the Boston
University Medical Center Institutional Review Board. Participants provided informed
consent.

Clinical Evaluations

During routine periodic Framingham clinic visits (about every two years in the Original
cohort and every four to eight years in the Offspring cohort), participants completed
standardized questionnaires, and a physical examination, and 12-lead ECG were obtained.
Regular health status updates for cardiovascular disease included requests for hospitalization
or outpatient records and ECGs. The diagnosis of atrial fibrillation (or atrial flutter) was
made if at least two Framingham Heart Study cardiologists verified the rhythm abnormality
on a collected ECG including Holter ECGs, telemetry or other monitoring information;
whenever provided the actual tracings were reviewed. Efforts were made to collect outside
ECGs of atrial fibrillation in all participants with the suspicion of the rhythm disorder.
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Stroke was diagnosed as a focal neurologic deficit characterized by a sudden onset and
lasting for a minimum of 24 hours or until death if death occurred within 24 hours of
symptom onset. Methods used to document, diagnose, ascertain, and classify cardiovascular
diseases in the Framingham Heart Study have been published.1* We focused on consistently
reported risk factors for atrial fibrillation that are easily obtainable and have been available
over the total period of observation. We provide detailed information on ascertainment of
other covariates in the Supplement.

Statistical Analysis

Individuals free of atrial fibrillation at the index examination were included in the analyses.
The time periods examined were 1958-1967, 1968-1977, 1978-1987, 1988-1997, and
1998-2007. Age-adjusted period prevalence of atrial fibrillation was calculated using the
number of prevalent atrial fibrillation cases divided by the person-time of follow up during
each respective time period. We tested for statistical significance of trends over time periods
by Poisson regression.1® We used the SAS procedure PROC GENMOD for trend testing.
We calculated incidence rates for each 10-year age group, and for each time period. We
performed sex-stratified analyses to understand possible differences by sex. In each cell, the
incidence rate was calculated by dividing the number of atrial fibrillation events by the
corresponding exposure time. We directly standardized incidence rates using the overall
(sex- and time-pooled) age distribution grouped into 10-year intervals as the constant
reference age distribution. We repeated calculations restricting atrial fibrillation cases to
those diagnosed on routine Framingham clinic visit ECGs to account for potential
ascertainment bias over time.

The distributions of atrial fibrillation risk factors among cases were calculated based on the
last routine clinic visit attended prior to atrial fibrillation onset but no more than 10 years
earlier. For individuals without atrial fibrillation, risk factors were assessed from the last
clinic visit attended prior to the censoring date also within 10 years of the respective time
period; the censoring date was either end of a decade, or last contact date or death date,
whichever came first. The following risk factors were considered: age, current smoking,
alcohol consumption, body mass index, systolic blood pressure, hypertension treatment,
diabetes mellitus, electrocardiographic left ventricular hypertrophy, significant heart
murmur with at least 3/6 systolic or any diastolic murmur, diagnosed heart failure, and
myocardial infarction. For each risk factor a trend test was conducted to determine whether
its prevalence (or mean) increased or decreased over time adjusting for age and sex using
logistic regression models.

Proportional hazards models were applied (separately, for each time period and pooled by
sex) to evaluate the association of each clinical risk factor with the development of atrial
fibrillation after the proportionality assumption was tested and confirmed. We tested for
linear trend over time periods in the log-hazards of risk factors for incident atrial fibrillation
by including an interaction term between risk factor and period in the proportional hazard
model. If the interaction term was significant (p<0.05), we concluded there was a trend in
the log-hazard across decades, and vice versa.

Lancet. Author manuscript; available in PMC 2016 July 11.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schnabel et al.

Page 5

Population attributable risk for each risk factor was calculated using the Rockhill approach
modified for adjusted hazards ratios as outlined in the Supplement. Inputs were age- and
sex-adjusted risk factor prevalence in cases and age- and sex-adjusted risk factor hazards
ratios for atrial fibrillation incidence by time period. Each input was either constant or
allowed to trend over time according to its statistical significance from trend tests mentioned
above. Age- and sex-adjusted and multivariable-adjusted proportional hazards analyses were
used to calculate hazards ratios for mortality after atrial fibrillation onset according to time
period for the total sample and stratified by sex. Survival curves were adjusted for age of
atrial fibrillation diagnosis.1® In secondary analyses we calculated adjusted hazards ratios for
stroke after atrial fibrillation onset according to time period of atrial fibrillation onset. We
used SAS version 9.2 for analyses. A two-tailed p-value of <0.05 was considered to indicate
statistical significance.

Role of the funding source

Results

The funder had no role in the design and conduct of the study; collection, management,

analysis, and interpretation of the data; preparation, review, or approval of manuscript; or
decision to submit the manuscript for publication. EJB, RBS and DL had full access to all
the data in the study and had final responsibility for the decision to submit for publication.

Participant Characteristics

Trends in incidence and prevalence—The 50-year observation period extended from
1958 to 2007 and comprised 202,417 person-years of follow up during which 1544
individuals (n=821 men, n=723 women) experienced new-onset atrial fibrillation ascertained
from routine Framingham clinic visits and outside medical records. Period prevalence and
incidence rates are shown in Table 1. Examining atrial fibrillation ascertained from all
sources there was approximately a fourfold increase in age-adjusted period prevalence from
the first to the last time period, 1958-1967 versus 1998-2007 (20.4 versus 96.2 per thousand
in men; 13.7 versus 49.4 per thousand in women) with a statistically significant trend across
time periods, Pireng<0.0001.

Similarly, the age-adjusted incidence of atrial fibrillation identified from all sources
increased progressively over time (Pireng<0.0001). Age-adjusted incidence was 3.7 in the
first versus 13.4 per 1000 person-years in the most recent time period in men and 2.5 versus
8.5 per 1000 person-years in women, respectively. A visual summary of trends in incidence
and prevalence of atrial fibrillation is provided in Supplementary Figure 1. The sources of
first diagnosis of atrial fibrillation are presented in Supplementary Table 1. Whereas the first
diagnosis on Framingham clinic electrocardiograms decreased, first detection on outside
records markedly increased over decades.

Trends in prevalence and incidence in Framingham clinic ECG diagnosed
atrial fibrillation—In secondary analyses, increases over time in period prevalence were
less pronounced but remained significant when analyses were restricted to atrial fibrillation
detected on Framingham Study clinic visit ECGS (Ptreng=0.0007 in men, pireng=0.009 in
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women) (Table 1). In contrast, trends in incidence of atrial fibrillation also increased but did
not reach statistical significance among cases observed on routine Framingham clinic visit
ECGS (Ptreng=0.06 in men, pireng=0.13 in women).

The age-adjusted prevalence of risk factors at time of atrial fibrillation onset for both sexes
is reported in Table 2. Individuals who had no eligible index clinic visits were excluded
from this analysis (n=179). The admixture of underlying risk factors changed substantially
over the decades. Smoking and heavy alcohol consumption decreased over time. The
prevalence of obesity and diabetes increased. The distribution of hypertension categories
preceding atrial fibrillation cases shifted downward (less hypertensive), whereas rates of
hypertension treatment increased. Prevalence of electrocardiographic left ventricular
hypertrophy, significant murmur, and heart failure declined over time whereas the
proportion of atrial fibrillation cases with prior myocardial infarction remained fairly
constant. Sex-specific results for risk factor prevalence at the start of each time period for
participants with atrial fibrillation are provided in Supplementary Table 2. Women with
atrial fibrillation were older and tended to have a more beneficial risk factor profile except
for blood pressure despite a higher proportion of hypertension treatment. Trends in risk
factors were very similar in both sexes except for smoking which showed a decline in men,
but not in women.

Age- and sex-adjusted hazards ratios for clinical risk factors in relation to atrial fibrillation
incidence by time period are provided in Table 3. Hazards ratios of most risk factors in
relation to their association with atrial fibrillation remained similar across the time periods;
advancing age carried the highest risk of developing atrial fibrillation. The unstable
estimates in the first decades are due to a limited number of atrial fibrillation cases in the
earliest time periods. Over time we observed declining hazards for hypertension, significant
heart murmur and heart failure.

Due to fairly stable hazards ratios over time, trends in population attributable risk largely
reflected changes in prevalence of risk factors (Table 4). We observed increases over time in
population attributable risks for higher body mass index and diabetes. We noted a decrease
in attributable risk for higher blood pressure whereas a substantial increase in population
attributable risk for hypertension treatment was seen. In addition, decreases in
electrocardiographic left ventricular hypertrophy, valvular heart disease, and heart failure.
Among modifiable atrial fibrillation risk factors, body mass index and blood pressure
combined with antihypertensive treatment carried the greatest population attributable risks
in the most recent data.

Mortality after atrial fibrillation onset—Survival following new onset atrial
fibrillationis presented in Figure 1. Improvements over time in age-adjusted survival
following the onset of atrial fibrillation were observed in men and women (p<0.0001 for
both sexes). Risk factor-adjusted hazards ratios for mortality are depicted in Supplementary
Table 4. We observed a 25.4% (hazard ratio from 1.34 to 1.0, p=0.003) decrease over time
in multivariable-adjusted mortality following atrial fibrillation onset comparing the first with
the most current time period. Trends were similar in sex-stratified analyses. Age-adjusted
survival rates for 5 year intervals by decade of atrial fibrillation onset are presented in
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Supplementary Table 5. They showed enhanced survival rates over the observational periods
in both sexes.

Stroke incidence after atrial fibrillation onset—Adjusted hazards ratios for stroke in
20 years after atrial fibrillation onset revealed a decline in stroke riskof 73.5% in the most
recent compared with the earliest time period. (Supplementary Table 6). Multivariable-
adjusted hazards ratios significantly declined from 3.77 in the earliest time period to 1.0 in
the most current time period, p=0.0001. Trends were similar in sex-stratified analyses, but
did not reach statistical significance in men.

Discussion

Over the course of 50 years of observation of a community-based sample, we observed an
increasing prevalence and incidence of atrial fibrillation cases accompanied by improved
survival and lower risk for stroke following its onset. When restricting our analyses to atrial
fibrillation cases detected during routine Framingham Heart Study clinic visits (i.e. uniform
ascertainment), the increase in prevalence of atrial fibrillation persisted, but the trend in
incidence was far less pronounced and did not reach statistical significance. Whereas the
prevalence of atrial fibrillation risk factors has changed over time, their hazards ratios for
atrial fibrillation changed only modestly. We analyzed population attributable risk over time
and observed increases in the attributable risk for atrial fibrillation due to higher body mass
index and diabetes. We found significant declines in the attributable risks due to
electrocardiographic left ventricular hypertrophy, significant heart murmurs, and heart
failure. Trends were similar in both sexes. In addition, we observed an approximately 25.4%
decline in fatality and a 73.5% decline in stroke risk following the onset of atrial fibrillation
in the earliest compared to the most contemporary time period.

Prior investigations have shown an increase in atrial fibrillation prevalence in the
industrialized world from the 1970s to the turn of the 215t century,”-8 and our data suggest
that this trend is continuing. In parallel, hospital admissions and health care utilization due
to atrial fibrillation have risen,® potentially as a result of better awareness of atrial
fibrillation as a life threatening disorder. In addition, prevalence may have increased due to
declining atrial fibrillation case fatality,® with improved therapies for cardiovascular disease
(e.g. myocardial infarction and heart failure),1” and increasing use of anticoagulation’8 in
patients with atrial fibrillation. Despite a limited number of individuals with atrial
fibrillation and secondary stroke in the current sample we demonstrateda decline across
decades in strokes occurring in individuals diagnosed with atrial fibrillation. Our findings
are in line with recently published data on a decline in stroke rates including
thromboembolic strokes during the last few decades.1® These results may indicate that
specific treatment of atrial fibrillation patients may have reduced adverse outcomes
including stroke and mortality.

The dual findings of rising prevalence and longer survival following atrial fibrillation onset
may be attributable, in part, to earlier detection of the disease due to better surveillance

methods (i.e. lead-time bias due to more frequent electrocardiographic monitoring in recent
decades). To account for this potential ascertainment bias, we repeated analyses using only

Lancet. Author manuscript; available in PMC 2016 July 11.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schnabel et al.

Page 8

the ECGs from routine periodic Framingham Heart Study clinic visit ECGs. Routinely
registered ECGs confirmed the increase in prevalence of atrial fibrillation; however, the
trend in incidence rates was no longer statistically significant. Trends in atrial fibrillation
frequency in men were paralleled in women with lower absolute numbers. Similar sex
differences have been reported in recent projections of atrial fibrillation disease
distribution,1:2 In contrast to Icelandic data, in our cohort atrial fibrillation incidence showed
an increase in trend in both, men and women.8 Of note, mortality rates in women with
manifest atrial fibrillation were almost as high as in men consistent with prior
publications.20

Changes in prevalence and hazards of risk factors—We confirmed an approximate
doubling of incidence of atrial fibrillation with each decade of advancing age above 60
years. We observed notable trends in prevalence of several atrial fibrillation risk factors over
time in both sexes; in contrast, the strength of association of risk factors with incidence of
atrial fibrillation changed only modestly over time. Sex differences in classical atrial
fibrillation risk factors known from prior reports persisted during the observational period.21
Early diagnosis and effective treatments for valvular heart disease and heart failure?2:23 may
have contributed to a decrease in the risk of developing atrial fibrillation and a decline in
attributable risk.

The greatest attributable risk of all modifiable risk factors was observed for hypertension
and its treatment. Across the decades of follow up, mean systolic blood pressure levels and
prevalence of electrocardiographic left ventricular hypertrophy, an indicator of hypertensive
target-organ damage, declined, likely due to a doubling in hypertension treatment.24 Such
trends may be a result of better awareness, treatment, and control of hypertension.2®
Observational data indicate that improved blood pressure control is associated with reduced
incidence of atrial fibrillation.26 Clinical trials suggest a decline in atrial fibrillation
incidence with blood pressure control and regression of electrocardiographic left ventricular
hypertrophy.2? But atrial fibrillation was not systematically collected as a primary endpoint
in prior hypertension treatment trials and more randomized data need to be collected to
determine the consequences and optimal levels of blood pressure lowering on atrial
fibrillation prevention. The continuing trend of rising body mass index and diabetes, which
contributed to the increases in population attributable risks for atrial fibrillation, may be a
harbinger of future trends. The extent to which changes in population attributable risk may
explain observed trends in atrial fibrillation prevalence needs to be investigated in larger
data sets.

Limitations and Strengths

The number of atrial fibrillation cases in the first decades of observation was small and may
provide unstable estimates. For low frequency conditions the standard errors of the hazards
ratios were large and we had limited power to detect trends across decades. Different inter-
examination intervals for Original cohort and Offspring participants may be related to the
number of atrial fibrillation cases observed in Framingham clinic ECGs and thus, may have
biased estimates of disease distribution. We did not distinguish between atrial fibrillation
and atrial flutter, or until recent years between atrial fibrillation patterns (e.g. paroxysmal vs.
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persistent), so we cannot comment on temporal trends among these atrial fibrillation subsets.
We acknowledge that our ascertainment of atrial fibrillation may be biased towards longer-
lasting atrial fibrillation and more severely affected individuals; there is increasing
awareness of clinically unrecognized atrial fibrillation.28 Since the Framingham sample used
for this analysis is of European descent, our results may not be representative for other
races/ethnicities. Whereas prior investigations assessing trends in prevalence and incidence
of atrial fibrillation were mainly referral-based or used administrative databases, the
Framingham Heart Study provides a unique setting with continuous data collection and
outcome ascertainment in a community-based sample.

Assessment of variation in the risk factors associated with atrial fibrillation is an important
step in understanding the changes in atrial fibrillation prevalence over time. Increased body
mass index, for example, carries one of the largest attributable risk of all modifiable atrial
fibrillation risk factors and suggests a potential preventive treatment strategy through weight
loss. Public efforts have been successful in reducing the risk factor burden for
cardiovascular disease.2% Lower incidence of coronary heart disease, better control of risk
factors, and evidence-based therapies seem to have effectively lowered hospitalizations for
heart failure.3% Although longer survival following atrial fibrillation onset may indicate
therapeutic successes for atrial fibrillation and its underlying risk factors, the increase in
atrial fibrillation prevalence is indicative of a mounting future burden.

Given the increasing prevalence of atrial fibrillation our study can suggest three major goals
in clinic and public health: The awareness of atrial fibrillation as a serious disease needs to
be further enhanced, efficient screening needs to be implemented, and modifiable risk
factors, before all hypertension and body mass index, should be explored as potential
preventive targets.

In conclusion, our data from a large community-based cohort show that increases in
prevalence of atrial fibrillation in both sexes may be explained by longer survival following
atrial fibrillation onset. In contrast, increasing incidence rates appear to be due, in part, to
changes in awareness, ascertainment, and coding practices over the past 50 years. The
significant trend in increasing prevalence underscores the need for additional research into
better screening and interventions to prevent atrial fibrillation and its adverse consequences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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For over a decade it has become apparent that atrial fibrillation is a disease of increasing
importance in aging populations worldwide.13 Related morbidity and healthcare costs
are substantial.#® However, it is not completely clear why atrial fibrillation prevalence is
increasing. Higher prevalence may be related to increased incidence and lower case
fatality. Over the last years the recognition of atrial fibrillation as a relevant cardiac
disease may have contributed to increased awareness of the problem. Detection of an
often intermittent disease is central for the diagnosis, and the number of identified cases
in the community may have increased due to better screening. Furthermore, survival
following atrial fibrillation manifestation may have improved.®

Most prior reports on trends in atrial fibrillation were based on administrative or hospital
databases, which are subject to ascertainment biases,1"9 leading to a wide variation in
incidence and prevalence estimates.10:11 Whereas the growing burden of atrial fibrillation
has identified in many studies, true long-term trends in atrial fibrillation incidence and
mortality in a community-based cohort have not been investigated systematically.

To target preventive measures, a critical first step is understanding risk factor
associations and their population attributable risk. The population attributable risk of
known risk indicators for atrial fibrillation and the change in that risk over decades have
not been investigated in depth. The community-based Framingham Heart Study provides
a unique setting with continuous risk factor and atrial fibrillation ascertainment over
more than five decades.

Interpretation

Our data reveal several important observations. The likely contribution of improved atrial
fibrillation awareness to trends in incidence and prevalence is suggested by a comparison
of results from all newly diagnosed AF cases versus those detected using routine
ascertainment based on the Framingham clinic visit ECG only. The prevalence of most
modifiable risk factors has changed over time; but the associated hazards for atrial
fibrillation have remained fairly constant. Atrial fibrillation incidence rates are not
declining and survival of patients with AF is longer. Improved outcomes may arise from
successful although often complex and costly treatment of atrial fibrillation and from
earlier detection (lead time) due to heightened awareness and improved surveillance.
Although many AF cases still suffer complications such as stroke and heart failure, based
on the current study we speculate that earlier detection and successful prevention of AF
sequelae may reduce mortality.

The growing burden of AF merits consideration of public health approaches to enhance
early detection through increased awareness coupled with targeted screening programs,
as well as risk factor-specific prevention.
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