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Abstract

BACKGROUND—Contemporary data on temporal trends in incidence and survival after atrial
fibrillation are scarce.

METHODS—OImsted County, MN residents with a first-ever atrial fibrillation or atrial flutter
event between 2000-2010 were identified. Age- and sex-adjusted incidence rates were
standardized to the 2010 US population and the relative risk of AF in 2010 vs. 2000 was
calculated using Poisson regression. Standardized mortality ratios of observed vs. expected
survival were calculated, and time trends in survival were examined using Cox regression.

RESULTS—We identified 3344 incident atrial fibrillation/atrial flutter events (52% male, mean
age 72.6, 95.7% white). Incidence did not change over time (age- and sex-adjusted rate ratio (95%
ClI): 1.01 (0.91-1.13) for 2010 vs. 2000). Within the first 90 days, the risk of all-cause mortality
was greatly elevated compared to individuals of a similar age and sex distribution in the general
population (standardized mortality ratios (95% CI): 19.4 (17.3-21.7) and 4.2 (3.5-5.0) for the first
30 days and 31-90 days after diagnosis, respectively). Survival within the first 90 days did not
improve over the study period (adjusted hazard ratio (HR) (95% CI): 0.96 (0.71-1.32) for 2010 vs.
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2000); likewise, no difference in mortality between 2010 and 2000 was observed among 90 day
survivors (HR (95% CI): 1.05 (0.85-1.31)).

CONCLUSIONS—In the community, atrial fibrillation incidence and survival have remained
constant over the last decade. A dramatic and persistent excess risk of death was observed in the
90 days after atrial fibrillation diagnosis, underscoring the importance of early risk stratification.
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INTRODUCTION

Atrial fibrillation is the most common sustained cardiac arrhythmia, affecting 2.7-6.1
million Americans®: 2 with annual healthcare costs between $6-26 billion.3-> Atrial
fibrillation was designated as a new epidemic near the end of the 20t century.® The aging
population and increased survival after myocardial infarction’~12 and heart failure13-16
amplifies the public health impact of atrial fibrillation. Despite its major clinical and public
health impact, contemporary data on the atrial fibrillation epidemic are scarce. While there
have been reports of an increase in atrial fibrillation incidence between 1980-2000 in
Olmsted County, MN,?2 incidence rates were stable in the Atherosclerosis Risk in
Communities (ARIC) study between 1987-200417 and among Medicare beneficiaries
between 1993-2007.18 In addition, the preferential reliance on hospitalized atrial
fibrillationl” or claims databases'8 may limit the generalizability of previous studies,
underscoring the need for current data to improve our understanding of the atrial fibrillation
epidemic.

The outcomes of atrial fibrillation are of major clinical consequence as atrial fibrillation
causes substantial morbidity and confers an excess risk of death.1® No changes in short-term
or long-term survival were observed after atrial fibrillation from 1980-2000 in Olmsted
County, MN residents?C or between 1993-2007 in Medicare beneficiaries.18 Nevertheless,
whether the risk of death has decreased in more contemporary times among atrial fibrillation
patients of all ages is unknown. Therefore, we undertook this study to provide contemporary
insights into the atrial fibrillation epidemic by examining decade long trends in incidence
and survival of atrial fibrillation in a community study of patients diagnosed with a first
atrial fibrillation or atrial flutter event from 2000 to 2010.

METHODS

Study Population

This study was conducted in Olmsted County, Minnesota, an area relatively isolated from
other urban centers and where only a few providers, mainly Mayo Clinic, Olmsted Medical
Center, and their affiliated hospitals, deliver most health care to local residents. The retrieval
of all health care related events occurring in Olmsted County is made possible by the
records-linkage system of the Rochester Epidemiology Project (REP).2L: 22 This study was
approved by the Mayo Clinic and Olmsted Medical Center Institutional Review Boards.
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Validation of Incident Atrial Fibrillation

International Classification of Diseases, Ninth Revision (ICD-9) codes 427.31 and 427.32
from all providers in the REP, as well as Mayo Clinic electrocardiograms indicating atrial
fibrillation or atrial flutter were obtained from inpatient and outpatient encounters among
adults aged =18 from 2000-2010. Patients with electrocardiographic evidence of atrial
fibrillation or atrial flutter prior to 2000 were considered prevalent and excluded. Among the
possible incident cases, the entire medical record(s) were manually reviewed. First-ever
evidence of atrial fibrillation or atrial flutter on one or more of the following were required
to validate the incident events: 1) on electrocardiogram or rhythm strip, 2) on Holter
monitor, event monitor, or telemetry, 3) on monitor during an emergency department visit or
hospitalization, 4) on the electrocardiogram during an echocardiogram, 5) on pacemaker
interrogation, or 6) a physician diagnosis.

If the first evidence of atrial fibrillation occurred within 30 days of cardiothoracic surgery,
these events were considered post-op and were not counted as incident. For those with post-
op atrial fibrillation, we continued to review the medical record for another episode of atrial
fibrillation not associated with a surgery (or occurring more than 30 days after a surgery); in
this scenario, the episode not associated with surgery was classified as the incident date of
atrial fibrillation. Those with post-op atrial fibrillation but no future atrial fibrillation
unrelated to surgery were exluded.

Ascertainment of All-Cause Mortality

Deaths through June 30, 2013 were obtained from inpatient and outpatient medical records,
death certificates from the state of Minnesota, and obituaries and notices of death in the
local newspapers. The underlying cause of death from the death certificate, when available,
was categorized as cardiovascular or non-cardiovascular based on American Heart
Association classifications.23

Clinical Data Collection

Height, weight, and smoking status (current, former, never) were abstracted at the time of
incident AF. Body mass index was calculated as weight (in kg) divided by height (in meters)
squared. The remaining covariates were ascertained by retrieving ICD-9 codes from
inpatient and outpatient encounters at all providers indexed in the REP (Supplemental Table
1). Two occurrences of a code (either the same or two different codes within the code set for
a given disease) within the 5 years prior to index were required. These code sets and the 2-
hit rule have been validated in cohorts of myocardial infarction and heart failure patients; the
agreement with manually abstracted data was >80% for all variables in myocardial
infarction patients and >90% for all variables in heart failure patients.

Statistical Analysis

Analyses were performed using SAS, version 9.2 (SAS Institute Inc., Cary, NC).
Characteristics of the patients by year of diagnosis (2000-2003, 2004-2007, 2008-2010)
were compared using chi-square tests for categorical variables and analysis of variance
(ANOVA) for continuous variables. Annual incidence rates were calculated using the atrial
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fibrillation events as the numerators and the Olmsted County, MN population aged =18 from
the 2000 and 2010 US census, with linear interpolation for the inter-censal years, as the
denominator. Incidence rates were standardized to the age and sex distribution of the US
2010 population. To assess a temporal trend in the incidence of atrial fibrillation, Poisson
regression was used to calculate the rate ratio (RR) for 2010 vs. 2000 after adjustment for
age and sex. In the Poisson regression model with year, age, and sex, all 2-way and 3-way
interactions were tested and an age*age and age*sex interaction were found to be significant
(both p-values <0.01). Thus, we categorized age into <60 years, 60-69 years, 70-79 years,
and >80 years and ran a Poisson regression model with the age*sex interaction terms to
provide RRs for men compared to women within each age group.

Standardized mortality ratios of observed vs. expected survival were based on the age and
sex of the study population and death rates from the Minnesota life tables. A dramatic
excess risk of death was observed in the first 90 days. Thus, Cox proportional hazards
regression was used to determine the association of year of atrial fibrillation diagnosis with
all-cause mortality within the first 90 days and among 90-day survivors in separate models.
The models were adjusted for age, sex, body mass index, smoking status, and prior
diagnoses of hypertension, diabetes, myocardial infarction, heart failure, peripheral vascular
disease, cerebrovascular disease, chronic pulmonary disease, dementia, rheumatologic
disease, renal disease, liver disease, hemiplegia/paraplegia, malignancy, and metastatic solid
tumor. All 2-way and 3-way interactions involving year of atrial fibrillation diagnosis, age,
and sex were tested in both models. In ancillary analyses, additional adjustment for ischemic
stroke and heart failure as time-dependent variables was conducted. Due to missing data on
covariates in the fully-adjusted models, which was less than 1% for all variables, 3292
individuals were included in the all-cause mortality models. Population attributable fractions
(PAFs) for risk factors of death within 90 days were calculated using the formula
PAF=pd;[(RR;—1)/RR;], where pd; is the proportion of those who died who had the ith
exposure level and RR; is the relative risk in the adjusted model comparing the ith exposure
level to the unexposed.2 PAFs were not calculated for protective factors.

RESULTS

Between 2000-2010, 3344 incident atrial fibrillation patients (52% male, mean (SD) age
72.6 (14.7), 95.7% white) were identified (Figure 1). Among these, 88% had a documented
electrocardiogram with evidence of atrial fibrillation or atrial flutter, 4% had evidence from
a Holter monitor, event monitor, or telemetry, 4% from a monitor during a hospitalization or
emergency department visit, and the remaining patients had evidence on pacemaker
interrogation, on an electrocardiogram during an echocardiogram, or a physician diagnosis
only. An increasing prevalence of hypertension, diabetes, and dementia and decreasing
prevalence of heart failure and chronic pulmonary disease were observed across years of
atrial fibrillation diagnosis (Table 1). A higher proportion of males and slightly higher body
mass index were observed among patients diagnosed with atrial fibrillation in 2008-2010.

The atrial fibrillation incidence rates (95% confidence intervals (CI)) per 1,000 population
standardized to the age and sex distribution of the 2010 US population were 2.99 (2.61-
3.38), 3.23 (2.86-3.60), and 3.23 (2.89-3.58) for 2000, 2005, and 2010, respectively. No
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temporal trend in atrial fibrillation incidence was observed, with an age- and sex-adjusted
RR (95% CI) of 1.01 (0.91-1.13) for 2010 vs. 2000. As expected, the incidence of atrial
fibrillation increased exponentially with increasing age and was higher in men than women
(Figure 2). The relative difference in sex was greatest in the youngest ages, attenuated with
increasing age, and was no longer apparent among those =80 years of age (Table 2). The
incidence of atrial fibrillation was 2.4-fold greater in men compared to women among those
18-59 years of age. Among those 60-69, a nearly two-fold higher rate of atrial fibrillation
was observed in men, whereas among the 70-79 year olds, only a 40% higher incidence of
AF was observed in men.

Over a mean (standard deviation) follow-up of 4.6 (3.5) years, 1615 deaths occurred. A
dramatic excess risk of death was observed within the first 90 days after atrial fibrillation
diagnosis. Standardized mortality ratios (95% CI) comparing the risk of mortality for atrial
fibrillation patients to the Minnesota population of a similar age and sex distribution for the
first 30 days, 31-90 days, and 91-365 days after diagnosis were 19.4 (17.3-21.7), 4.2 (3.5—
5.0), and 1.5 (1.3-1.7), respectively. Atrial fibrillation patients exhibited an elevated risk of
death through 1 year after diagnosis, but no increased mortality thereafter. The dramatic
excess risk of death within the first 90 days was observed for all age groups; however, those
<60 exhibited more than a 4-fold increased risk of death through 2 years after diagnosis
(Figure 3).

Within the first 90 days, 433 deaths occurred. Overall, the risk of death did not differ over
the study period with an adjusted hazard ratio (HR) (95% CI) of 0.96 (0.71-1.32) for 2010
vs. 2000. However, a borderline sex*year of atrial fibrillation diagnosis interaction was
observed (p=0.07). Women exhibited a slightly increased risk of death for 2010 vs. 2000
(HR 1.24, 95% CI 0.82-1.87) while men observed a slightly decreased risk (HR 0.70, 95%
Cl 0.44-1.11), although both estimates were nonsignificant. Results were similar after
further adjustment for ischemic stroke and heart failure as time-dependent covariates
(overall: HR 0.94, 95% CI 0.69-1.28). Predictors of death within 90 days included
increasing age, underweight (body mass index <18.5), current smoking status, prior
myocardial infarction, heart failure, diabetes, chronic pulmonary disease, liver disease,
dementia, hemiplegia/paraplegia, and cancers including metastatic solid tumors (Figure 4).
Risk factors with the largest PAF of death within 90 days were heart failure (15.0%),
malignancy (12.2%), and hypertension (11.4%). For example, assuming a causal
relationship, if heart failure were eliminated, 15% of the deaths within 90 days would have
been avoided.

Among 90-day survivors, the observed difference in all-cause mortality for 2010 vs. 2000
was not significant (HR 1.05, 95% CI 0.85-1.31), and no significant 2-way or 3-way
interactions between year of atrial fibrillation, age, and sex were observed. Results were
similar after further adjustment for time-dependent ischemic stroke and heart failure (HR
1.00, 95% CI 0.79-1.27). Finally, the proportion of deaths due to cardiovascular vs. non-
cardiovascular causes did not vary significantly across year of atrial fibrillation diagnosis,
with 38.2% of all deaths within 90 days and 40.6% of deaths after 90 days attributed to an
underlying cardiovascular cause.
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DISCUSSION

In this geographically-defined community, the incidence of atrial fibrillation remained
constant between 2000-2010. A large excess risk of all-cause mortality was observed in the
first 90 days following diagnosis. Survival has not improved over the study period for the
first 90 days after atrial fibrillation or among 90 day survivors.

Contemporary community data on atrial fibrillation incidence are sparse. In Olmsted
County, MN the incidence of atrial fibrillation increased between 1980-2000, de facto
indicative of a true epidemic.2 Herein, we report the epidemic has leveled off as the
incidence of atrial fibrillation remained constant in this community between 2000-2010.
Our findings are consistent with data from the ARIC study between 1987-200417 and
among Medicare beneficiaries between 1993-2007,18 which reported a constant rate of atrial
fibrillation over time. Our incidence rates are similar to the rates for whites in the ARIC
study,1” despite differences in the populations studied and methods employed for
ascertainment of atrial fibrillation, which relied mainly on hospital discharge diagnoses in
ARIC. In contrast, we observed lower incidence rates compared to Medicare beneficiaries;18
however, the reliance on Medicare claims data likely resulted in an overestimation of atrial
fibrillation incidence since patients may receive diagnostic codes for atrial fibrillation for
rule out and suspect scenarios.

We observed no significant decline in all-cause mortality after atrial fibrillation, and while a
small decrease in mortality was observed over time in the Medicare study,8 our results are
consistent with a prior study in Olmsted County from 1980-2000, which also found no
improvement in survival after atrial fibrillation over time.2% Importantly, our data support
previous findings of a large risk of death early after development of atrial fibrillation18: 20
and a nearly 20-fold increased risk of death within the first 30-days after diagnosis
compared to individuals of similar age and sex in the general population.1® Interestingly, our
data showed that the excess risk of mortality among atrial fibrillation patients was restricted
to the first year after diagnosis and, thereafter, patients who survived the first year
experienced similar mortality compared to the general population. These findings suggest
that improvements in early survival after atrial fibrillation are needed; however, the majority
of atrial fibrillation patients are elderly and have multiple comorbidities, which add
complexity to their clinical management.

Clinical Implications and Future Directions

We have described the burden of atrial fibrillation in the community and shown that no
improvements have been made in incidence or survival over the last decade. This finding
has important clinical relevance given the increased focus on primary prevention of atrial
fibrillation2>: 26 and the many trials implemented over the last decade designed to improve
treatment strategies in atrial fibrillation patients. In fact, no survival differences have been
reported between rate and rhythm control treatment strategies.2’-33 Furthermore, little
survival benefit for the new oral anticoagulants compared to warfarin has been observed.
Compared to warfarin, participants randomized to rivaroxaban in the Rivaroxaban Once
Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for
Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET-AF) trial
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experienced similar mortality,3* and a borderline lower risk of all-cause mortality was
observed among participants in the Apixaban for Reduction In Stroke and Other
ThromboemboL.ic Events in Atrial Fibrillation (ARISTOTLE) trial receiving apixaban (HR
0.89, 95% CI 0.80-0.998).3% A lower risk of mortality was observed among those in the
Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) trial receiving
dabigatran at a dose of 150 mg (HR 0.89, 95% CI 0.79-1.01), but no survival benefit was
observed at a dose of 110 mg.36 Nevertheless, a meta-analysis comparing novel oral
anticoagulants to warfarin found a decrease in mortality for those on the novel agents (odds
ratio (95% ClI): 0.88 (0.82-0.95)).37

Collectively, the lack of improvement in incidence and survival over the last decade and the
limited survival benefit of new therapies suggest the need for continued prevention efforts
and management of atrial fibrillation risk factors. In addition, it is increasingly important to
consider comorbid conditions in the management of patients with atrial fibrillation and to
gain a better understanding of the role comorbidities play in the outcomes of these patients.
Finally, continued research is warranted to identify additional factors associated with early
death after atrial fibrillation and to identify optimal treatment strategies that will improve
survival in these patients.

Limitations and Strengths

Limitations of our study, which are common to all studies on atrial fibrillation, include
potentially missing atrial fibrillation in patients who were asymptomatic or who did not seek
medical care for their symptoms, and misclassification of some prevalent asymptomatic or
paroxysmal atrial fibrillation as incident. We may have missed patients who had their atrial
fibrillation outside of Olmsted County and we may have missed some deaths that occurred
outside of Minnesota. In addition, while the population of Olmsted County, MN is
representative of the state of Minnesota and the Midwest region of the US,38 results may not
be generalizable to the entire US. However, broad disease trends and age- and sex-specific
mortality rates in Olmsted County are similar to national data,38 emphasizing the
applicability of our results. Finally, as in any observational study, causality cannot be
inferred from our results.

Despite these limitations, our study has many strengths, including the defined community
setting, linkage of medical records allowing complete ascertainment from multiple sources
of care, and inclusion of adults of all ages. In addition, following recommendations outlined
by an expert panel to advance the understanding of the epidemiology of atrial fibrillation,2®
our study has identified events occurring in both inpatient and outpatient settings and
rigorous manual validation of each incident atrial fibrillation event was employed.

CONCLUSION

In the community, atrial fibrillation incidence has remained constant over the last decade.

An excess risk of mortality was observed early after atrial fibrillation onset, yet survival did
not improve. Thus, the atrial fibrillation epidemic remains largely unabated. These findings
underscore the importance of management of atrial fibrillation risk factors, identification of
prognostic factors, continued surveillance of outcomes, as well as a better understanding of
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how to optimize the management of atrial fibrillation to reduce the burden of atrial
fibrillation in the community.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2.

Incidence of atrial fibrillation by age and sex strata in Olmsted County, Minnesota between

2000 and 2010.
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Standardized mortality ratios by age group after incident atrial fibrillation Shaded area

indicates 95% confidence intervals.
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Figure 4.

Predictors of death within 90 days after diagnosis of atrial fibrillation Hazard ratios are
adjusted for year of atrial fibrillation diagnosis, age, sex, and all other variables presented.
HR, hazard ratio; Cl, confidence interval; PAF, population attributable fraction
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Characteristics of incident atrial fibrillation patients by year of diagnosis

Table 1

2000-2003 2004-2007 2008-2010

(N=1092) (N=1247) (N=1005)  pvalue
Age, years 72.8(145)  72.7(149) 722 (14.6) 0.61
Male 549 (50.3%) 621 (49.8%) 555 (55.2%)  0.02
Body mass index, kg/m?2 29.1(7.3) 28.9(7.0) 29.9(7.5) <0.01
Smoking status 0.68

Never 532 (49.0%) 597 (48.2%) 459 (45.9%)

Current 113 (10.4%) 124 (10.0%) 108 (10.8%)

Former 441 (40.6%) 518 (41.8%) 432 (43.2%)
Hypertension 686 (63.1%) 857 (69.6%) 715(71.7%)  <0.01
Diabetes 201 (18.5%) 263 (21.4%) 255 (25.6%)  <0.01
Myocardial infarction 148 (13.6%) 150 (12.2%) 123 (12.3%) 0.55
Heart failure 261 (24.0%) 239 (19.4%) 186 (18.7%)  <0.01
Cerebrovascular disease 174 (16.0%) 199 (16.2%) 151 (15.1%) 0.79
Peripheral vascular disease 78 (7.2%) 96 (7.8%) 88 (8.8%) 0.37
Chronic pulmonary disease 212 (19.5%) 177 (14.4%) 119 (11.9%) <0.01
Renal disease 74 (6.8%) 67 (5.4%) 71 (7.1%) 0.22
Liver disease 11 (1.0%) 22 (1.8%) 15 (1.5%) 0.29
Dementia 26 (2.4%) 52 (4.2%) 53 (5.3%)  <0.01
Rheumatologic disease 54 (5.0%) 60 (4.9%) 47 (4.7%) 0.97
Hemiplegia/paraplegia 27 (2.5%) 26 (2.1%) 28 (2.8%) 0.57
Malignancy 225(20.7%) 200 (16.2%) 203 (20.4%)  0.01
Metastatic solid tumor 47 (4.3%) 52 (4.2%) 52 (5.2%) 0.48
CHADS, score 1.8(1.4) 19(14) 1.9(1.3) 0.53

Values are N (%) for categorical variables and mean (SD) for continuous variables.
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Table 2

Age-specific incidence rates and rate ratios for incidence of atrial fibrillation in men compared to women,
2000-2010

Incidence Rates” Rate Ratio (95% CI)
Men Women Men vs. Women
18-59 0.9 (0.8-1.0) 0.4 (0.3-0.4) 2.42 (2.03-2.88)
60-69 7.4 (6.7-8.2) 3.9 (3.4-4.4) 1.90 (1.61-2.23)

70-79 152 (13.9-16.6) 10.7 (9.7-11.8) 1.42 (1.24-1.61)
280  256(23.3-28.1) 234(21.8-251)  1.10(0.98-1.23)

*
Unadjusted incidence rates per 1,000 (95% CI).
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