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Abstract
A marked increase in hospitalization for patients with AF has previously been noted. Whether this
increase was related to a change in the prevalence of AF, or change in the pattern of practice with
respect to the management of AF remains unclear. To determine the trends in hospital utilization
after first atrial fibrillation (AF) in a community-based setting, Olmsted County, Minnesota
residents diagnosed with first AF during 1980-2000 were identified and followed until 2004. The
primary outcome of interest was hospital admission for cardiovascular reasons. Of a total of 4,498
subjects (73±14 years old, 51% men), 2,503 (56%) were admitted to the hospital for
cardiovascular causes for at least once during a mean follow-up of 5.5±5.0 years. The risk of first
hospitalization was greatest during the first year of AF [cumulative incidence 31%, 95%
confidence interval (CI) 30-32%]. First hospitalization was strongly related to age (P<0.0001), but
not with sex (P=0.38). During 1980-2000, the age-and sex-adjusted rate of first hospitalization
increased, on average, by 2.5% a year (95% CI 1.8-3.2%, P<0.0001), even after multivariable
adjustment for comorbidities. When we excluded all hospital admissions for the purposes of AF
management, the increase in hospitalization was only 0.8% per year (95% CI 0.05-1.6%, P=0.04),
which was no longer significant after multivariable adjustment for comorbidities (P=0.25). In
conclusion, the marked increase in hospitalization after first AF diagnosis during 1980-2000
appeared to be largely driven by the changing practice pattern in AF management.
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Introduction
Based on the National Hospital Discharge Survey, there has been a 3-fold increase in
hospitalization for patients with a diagnosis of atrial fibrillation (AF) over the period 1985
through 1999 1. Similar increases were evident in Canada 2, and in Europe 3-5. Whether the
increase in hospitalization was due to an increase in prevalence of AF, or changes in the
pattern of practice 6,7with respect to AF management remains unclear. The aim of this study
was to determine the trends in incidence of hospital admission after incurring the diagnosis
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of first AF, and the contributing factors for hospital admission for these patients in a
community-based setting.

Methods
Following the approval from the Mayo Foundation Institutional Review Board, we
conducted a community-based study within Olmsted County, Minnesota. In this study,
Olmsted County residents who were diagnosed with first AF in 1980-2000 were identified
and followed to 2004. Olmsted County is well suited for the conduct of studies with long-
term follow-up because of a number of unique features 8. Geographically, the community is
relatively isolated from other urban centers, and medical care is delivered by only a few
health care providers, principally, the Mayo Clinic and its associated hospitals. The majority
of Olmsted County residents return to the Mayo Clinic on a regular basis, allowing capture
of health-related events. A previous study has shown that 96% of Olmsted County women
residents aged 65-74 years returned to the Mayo Clinic within a 3-year period 8. For each
patient at the Mayo Clinic, a unified medical record containing details of all inpatient and
outpatient encounters is maintained. Within each medical record, diagnoses made during
office visits, clinic consultations, emergency room visits, hospital admissions, nursing home
care, autopsy examinations, as well as surgical procedures, are listed on a master sheet and
subsequently coded. Coded diagnoses are electronically entered into a medical diagnostic
index, allowing easy identification of all patients with a diagnosis of interest.

The details with respect to the study population and design, as well as definitions of the
covariates have previously been reported 9. Briefly, the original study population consisted
of persons who were diagnosed with, or documented to have, AF for the first time in
1980-2000. To qualify for the study, the defining AF event had to be verified as the first
documented AF episode for the patient, and the AF event had to be confirmed by a 12-lead
electrocardiogram. For the purpose of this study, persons who died during the initial AF
event in the hospital were excluded. Patients with atrial flutter alone, without any evidence
of AF, were not included in the study population.

“Paroxysmal” AF was defined by i) ECG evidence of AF followed by subsequent ECG
showing sinus rhythm; and ii) clinical documentation by physician as having paroxysmal or
intermittent AF. Persistent/permanent AF (or chronic AF) was defined by the presence of all
the following: i) serial ECGs (at least 2) showing AF only and no interim evidence of sinus
rhythm; ii) documentation by physician as having “chronic” or “permanent” AF from
clinical assessment. Because the definitions for persistent and permanent AF were
established years after the start of the study period 10, the 2 terms were considered
interchangeable for the purpose of this study. Myocardial infarction was defined by at least 2
of the 3 diagnostic criteria: compatible clinical presentation, diagnostic cardiac enzyme
levels, and consistent electrocardiographic changes. Coronary revascularization referred to
coronary artery by-pass grafting or percutaneous coronary intervention. Heart failure was
defined by the presence of 2 major, or 1 major and 2 minor Framingham criteria 11. Valvular
heart disease was defined by presence of a murmur on physical examination, with or without
echocardiographic confirmation. Carotid artery disease was defined by the presence of at
least 50% stenosis based on neurovascular imaging, or prior intervention. Stroke included
development of any type of stroke, as defined by clinical documentation of the diagnosis
with or without confirmatory findings on imaging studies. Systemic hypertension was
defined by a physician's diagnosis, need for antihypertensive therapy, systolic blood
pressure>140 mmHg, or diastolic blood pressure >90 mmHg on at least 2 occasions that
were not associated with acute illness or injury. Diabetes mellitus was defined by physician's
diagnosis, and treatment with insulin or oral hypoglycemic agents. Smoking history was
classified as past (over 6 months prior) or current smoker. Regular alcohol use was defined
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by self-reported consumption of >1 drink per day regularly. Chronic renal disease, chronic
obstructive pulmonary disease, obstructive sleep apnea, and hyperthyroidism were defined
by physician's diagnosis as documented in the medical records.

The primary outcome of interest was hospitalization for any cardiovascular reasons. The
ascertainment of outcomes was accomplished through comprehensive review of the medical
records in addition to cross-referencing the multiple administrative databases for
identification of any inconsistencies. The cardiovascular causes of hospitalization were
broadly classified into the following categories: 1) AF-related, 2) other arrhythmia-related
causes, 3) syncope that cannot be directly attributed to arrhythmic reasons, 4) congestive
heart failure, 5) thromboembolic events, 6) bleeding events, 7) coronary or peripheral
arterial events, and 8) other cardiovascular reasons. AF-related causes included any
admissions related to AF management, such as initiation of antiarrhythmic or
anticoagulation therapy, electrical cardioversion, device therapy (implantation of pacemaker
or cardioverter-defibrillator), or catheter or surgical (MAZE) ablation procedures. Syncope
was considered as the cause for admission if the spell of loss of consciousness was
indeterminate and could not be attributed to arrhythmic reasons. Thromboembolic events
referred to transient ischemic attack, ischemic stroke, or peripheral thromboembolism.
Bleeding events included any bleeding as well as hemorrhagic stroke. Coronary or
peripheral arterial events included angina, myocardial infarction, coronary revascularization
(percutaneous coronary intervention or coronary artery bypass grafting), or events related to
peripheral artery disease, such as claudication and peripheral revascularization.

Baseline characteristics were stratified by four time periods (1980 through 1984, 1985
through 1989, 1990 through 1994, and 1995 through 2000) and summarized by means and
standard deviations or frequency percents. The trends in baseline characteristics across
calendar-year of AF diagnosis were assessed using linear regression analyses for continuous
variables, and logistic regression analyses for binary variables, adjusting for age and sex.
Calendar-year of AF diagnosis was treated as a continuous variable. Only linear or linear
logistic trends in calendar-year of AF diagnosis were considered. The overall cumulative
incidence of first hospitalization after first AF diagnosis was estimated using Kaplan-Meier
method. Incidence of first hospitalization was assessed as a function of age and sex, using
Cox proportional hazards modeling for time to first hospitalization. Calendar-year trends
were assessed by adding calendar-year of AF diagnosis to the proportional hazards model,
as well as all 3 possible 2-way interactions among the 3 variables with only significant
interactions being retained. Cox models based on clinical variables at the time of first AF
were also developed using backward stepwise selection. The clinical covariates considered
included body mass index, systolic blood pressure, diastolic blood pressure, heart rate at AF
diagnosis, type of AF (paroxysmal versus persistent/permanent) at initial diagnosis, history
of myocardial infarction, coronary revascularization, cardiac surgery, valvular heart disease,
congestive heart failure, peripheral or carotid vascular disease, stroke, systemic
hypertension, diabetes mellitus, smoking, regular alcohol use, chronic renal disease, chronic
obstructive pulmonary disease, obstructive sleep apnea, hyperthyroidism, and malignancy.

To assess the temporal changes in the primary indication of hospital admission, we
examined all admissions for cardiovascular causes during the first 3 years of follow-up in all
study subjects. The rate of hospitalization was modeled using Poisson regression on the
number of hospital admissions, using a log link function, and log (follow-up time) as an
offset, with age, sex, calendar-year, and follow-up period (year 1, 2, or 3) as predictor
variables. All tests of significance were two-tailed, and P value<0.05 was considered
statistically significant.
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Results
A total of 4,618 subjects (mean age 73±14 years, 51% men) were confirmed to have
incurred the diagnosis of first AF between 1980 and 2000. Of these, 113 were excluded
because first AF was diagnosed during hospitalization and died during the same admission,
and 7 were excluded from analyses because follow-up data were unavailable after hospital
dismissal. Thus, the study population constituted the remaining 4,498 subjects (mean age
73±14 years; range 18-107 years, 51% men). The baseline characteristics of study
population, stratified by calendar-year of AF diagnosis, are displayed in Table 1.

During a mean follow-up of 5.5±5.0 years, 2,503 subjects (56%; mean age 73±13years, 50%
men) were admitted to the hospital for cardiovascular reasons for at least once after the
initial diagnosis of AF, totaling 6,993 admissions. The likelihood of hospitalization was
greatest during the first year of AF [cumulative incidence 31%, 95% confidence interval
(CI) 30-32%]. The cumulative incidence was 48% (95%CI, 46-49%) at 3 years, and 59%
(95% CI, 57-61%) at 5 years. After adjustment for age and sex, hospital admission was
strongly related to advancing age [hazard ratio (HR) per 10 years, 1.2, 95% CI, 1.1-1.2,
P<0.0001], but did not vary with sex (P=0.38).

The age-and sex-adjusted incidence of first hospital admission for cardiovascular reasons
increased, on average, by 2.5% a year (95% CI 1.8-3.2%, P<0.0001)(Figure 1). The rate of
increase was significant for both men (2.6% per year, 95% CI 1.5-3.6%, P<0.0001) and
women (2.4% per year, 95% CI 1.4-3.4%, P<0.0001), and did not differ between the sexes
(P=0.94). There was a slight, but statistically significant (P=0.018), quantitative interaction
between age and calendar-year of AF diagnosis in the Cox model for the prediction of
hospital admission with older age having a smaller calendar-year-related percent increase
than younger age [the averaged increase in hospitalization was 4.0% per year at age 50
years, versus 2.1% per year at age 80 years). There were no significant interactions in the
model otherwise.

In a multivariable Cox model for the prediction of admission to the hospital, advancing age,
higher body mass index, higher systolic blood pressure, paroxysmal AF (as opposed to
permanent/persistent AF) at initial diagnosis, and history of myocardial infarction, valvular
heart disease, peripheral or carotid artery disease, stroke, systemic hypertension, diabetes
mellitus, chronic renal disease, and chronic obstructive pulmonary disease were all
significant independent predictors. The calendar-year of AF diagnosis remained a significant
positive predictor of hospital admission, even after multivariable adjustment including all
relevant comorbidities (2.1% increase per year on average, 95% CI 1.3-2.9%, P<0.0001)
(Table 2).

To examine the trends in the primary indication for hospital admission following first AF,
we examined all hospital admissions for cardiovascular causes within 3 years of first AF
diagnosis. A total of 3,504 admissions were reported for 4,498 study subjects. The most
common cardiovascular causes listed as the primary indications for hospital admission
within 3 years of first AF diagnosis were 1) AF-related (26.4%), 2) congestive heart failure
(21.7%), 3) coronary or peripheral arterial causes (21.6%), and 4) thromboembolic events
(10.5%). The proportion of AF-related causes increased significantly during the period 1980
to 2000 (16% in 1980-1984 to 36% in 1995-2000, P<0.0001) (Table 3).

To assess the rate of increase in first AF-related hospital admission, we also examined the
Cox proportional hazards model for the prediction of first AF-related hospitalization. Of
4,498 subjects, 920 (20%) were admitted at least once to the hospital for AF-related cause
(totaling 1,633 hospitalization admissions), with an averaged age-and sex-adjusted rate of
7.6% per year (95% CI, 6.3-9.0%, P<0.0001 for trends; P=0.48 for interaction between men
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and women), even after multivariable adjustment including comorbid conditions (7.5%
increase per year, 95% CI 6.0-8.9%, P<0.0001).

We also assessed the impact of changing practice pattern regarding AF management on the
trends of increase in hospitalization. If we excluded AF-related hospitalization (N=1,633),
the increase in hospital admission was only 0.8% per year (95% CI 0.05-1.6%, P=0.04)
(Figure 2), which was no longer significant after multivariable adjustment for age, sex, and
comorbidities (P=0.25).

Discussion
For persons newly diagnosed with AF in our tertiary care center, 1 in 3 was admitted to the
hospital for cardiovascular reasons for at least once within the first year of diagnosis. During
the period of 1980-2000, the age-and sex-adjusted rate of hospital admission for
cardiovascular causes after first AF diagnosis increased significantly in both men and
women, and was comparable for the 2 sexes. The increase in hospital admission appeared to
be largely related to the changing practice pattern with AF management, independent of the
changes over time in the distribution of age, sex, and comorbid conditions.

Several studies have suggested that a high rate of hospitalization for AF patients, exacting a
heavy toll on the healthcare resources 1-5,12,13. Most of these studies did not differentiate
incident versus prevalent AF. Our study is unique in that we have complete longitudinal
follow-up data for a community-based cohort since the first diagnosis of AF was incurred,
which allowed systematic analyses of the pattern for hospital utilization from a common
point of time. For persons incurring the AF diagnosis for the first time in our tertiary care
center, 1 in 3 was admitted to the hospital for at least once within the first year of AF
diagnosis, and nearly half of all patients were hospitalized within 3 years.

Much of this hospital utilization appeared to be related to the changing trends in AF
management. These findings could be explained from the increased availability of
therapeutic options, both in terms of drugs, as well as non-pharmacological interventions6,7.
Over the 21 year study period, we did not see a change in mortality 14, post AF stroke
mortality 15, or heart failure incidence and mortality 16. Yet, the rate of hospital admission
had increased during this time, which appeared to have been driven by the changing practice
in AF management.

This study focused on the experience of AF patients in Olmsted County, and reflected the
practice pattern of a single tertiary care institution, thus limiting the generalizability. It was a
retrospective study with its inherent biases, and misclassification of the primary cause of
hospital admission remained possible. Acknowledging these limitations, we believe that the
data represent the most comprehensive report of the largest study of AF patients followed
from first AF diagnosis, and provide important and new insights into the contributing factors
for the changing trends in hospital use amongst AF patients.
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Figure 1.
Time trends of cumulative incidence of hospitalization for any cardiovascular causes
following first AF in 1980-2000.
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Figure 2.
Time trends of cumulative incidence of hospital admissions for cardiovascular causes,
excluding those related to management of AF, in 1980-2000.
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Table 2
Multivariable Model for the Prediction of Hospitalization after First Atrial Fibrillation
Diagnosis

Hazard ratio

Variable (95% CI) P-value

Calendar-year of AF diagnosis 1.02 (1.01-1.03) <0.0001

Age (per 10 years) 1.08 (1.05-1.12) <0.0001

Male sex 0.98 (0.90-1.07) 0.65

Body mass index (per 5 kg/m2) 1.04 (1.01-1.08) 0.016

Systolic blood pressure (per 5 mmHg) 1.02 (1.01-1.03) 0.003

Paroxysmal AF 1.16 (1.05-1.27) 0.002

Prior myocardial infarction 1.46 (1.33-1.62) <0.0001

Valvular heart disease 1.43 (1.30-1.57) <0.0001

Peripheral artery disease 1.27 (1.13-1.44) <0.001

Carotid artery disease 1.28 (1.06-1.54) 0.010

Stroke history 1.17 (1.02-1.35) 0.026

Systemic hypertension 1.29 (1.14-1.47) <0.0001

Diabetes mellitus 1.18 (1.06-1.31) 0.002

Chronic renal disease 1.31 (1.17-1.47) <0.0001

Chronic obstructive pulmonary disease 1.14 (1.04-1.26) 0.008
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