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BACKGROUND: Limited studies have evaluated population-level temporal trends in mortality and cause of death in patients with
contemporary managed atrial fibrillation. This study reports the temporal trends in 1-year overall and cause-specific mortality
in patients with incident atrial fibrillation.

METHODS AND RESULTS: Patients with incident atrial fibrillation presenting to an emergency department or hospitalized in
Ontario, Canada, were identified in population-level linked administrative databases that included data on vital statistics and
cause of death. Temporal trends in 1-year all-cause and cause-specific mortality was determined for individuals identified
between April 1, 2007 (fiscal year [FY] 2007) and March 31, 2016 (FY 2015). The study cohort consisted of 110 302 individuals,
69+15 years of age with a median congestive heart failure, hypertension, age (>75 years), diabetes mellitus, stroke (2 points),
vascular disease, age (=65 years), sex category (female) score of 2.8. There was no significant decline in the adjusted 1-year
all-cause mortality between the first and last years of the study period (adjusted mortality: FY 2007, 8.0%; FY 2015, 7.8%; P
for trend=0.68). Noncardiovascular death accounted for 61% of all deaths; the adjusted 1-year noncardiovascular mortality
rate rose from 4.5% in FY 2007 to 5.2% in FY 2015 (P for trend=0.007). In contrast, the 1-year cardiovascular mortality rate
decreased from 3.5% in FY 2007 to 2.6% in FY 2015 (P for trend=0.01).

CONCLUSIONS: Overall 1-year all-cause mortality in individuals with incident atrial fibrillation has not improved despite a sig-
nificant reduction in the rate of cardiovascular death. These findings highlight the importance of recognizing and managing
concomitant noncardiovascular conditions in patients with atrial fibrillation.
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studies have evaluated

in use of evidence-based pharmacological and

nonpharmacological treatments for cardiovascu-
lar disease, which has resulted in declining mortality
in patients who experience myocardial infarction' and
congestive heart failure.? Improvements in the care of
patients with atrial fibrillation (AF) have also occurred
during this time, including the development of stroke
and bleeding risk calculators®* and confirmation of
the benefits of oral anticoagulation on stroke and sur-
vival.>8 It is not known whether the evolution of AF care
has also been associated with declining mortality as
observed with other cardiac conditions.

The past 2 decades have witnessed an increase

Few population-level
trends in mortality in unselected AF cohorts. The
Framingham Heart Study reported a 25% reduction
in all-cause mortality in a community cohort of pa-
tients with new-onset AF between 1958 and 2007."
The Danish National Patient Registry reported a 40%
reduction in all-cause mortality in hospital-diagnosed
patients with new-onset AF between 1983 and 2012.8
However, a paucity of data on trends in all-cause
mortality in patients with AF exists in the contempo-
rary era, with available reports providing conflicting
results.®"" Furthermore, changes in cause-specific
death in patients with AF has not been reported. At
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CLINICAL PERSPECTIVE

What Is New?

e Despite improvements in the care of patients
with atrial fibrillation, this retrospective popula-
tion-level study of contemporary managed pa-
tients with new-onset atrial fibrillation in Ontario,
Canada, between 2007 and 2015 demon-
strated no change in the overall 1-year all-cause
mortality.

e The reduction in cardiovascular deaths at 1 year
observed in the study population was accom-
panied with an increase in noncardiovascular
death, thereby resulting in no change in overall
1-year mortality.

What Are the Clinical Implications?

e Noncardiovascular death is eroding the benefits
of improvements in cardiovascular care of pa-
tients with atrial fibrillation.

e Strategies to manage noncardiovascular co-
morbidities in patients with new-onset atrial fi-
prillation should be optimized to improve overall
survival in this patient population.

Nonstandard Abbreviations and Acronyms

FY fiscal year

a population level, this knowledge is imperative as
it provides insight into the possible influence of ad-
vances in medical care on survival in patients with
AF and also suggests areas where the deployment
of resources may improve the overall survival in
this patient population. This is a critically important
consideration as the prevalence of AF is expected
to increase 250% by 2050."” At a patient level, this
knowledge is also important as it will allow for in-
formed shared decision-making when planning indi-
vidual care. Accordingly, the objective of this study
was to describe changes in overall and cause-spe-
cific mortality in a contemporary AF cohort.

METHODS

The data set from this study is held securely in coded
form at ICES. Although data-sharing agreements pro-
hibit ICES from making the data set publicly available,
access may be granted to those who meet prespeci-
fied criteria for confidential access, available at http:/
www.ices.on.ca/DAS. The full data set creation plan
and underlying analytic code are available from the
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authors upon request, understanding that the com-
puter programs may rely on coding templates or mac-
ros that are unique to ICES and are therefore either
inaccessible or may require modification.

Data Sources

Ontario is Canada’s most populous province with
14.3 million individuals who have access to universal
healthcare through a single-payer healthcare system.
Population-level administrative databases at ICES
capture details of hospital-based care and physi-
cian services of all Ontarians. These databases were
linked using unique coded identifiers and analyzed at
ICES, thereby protecting patient confidentiality and
allowing the creation of patient cohorts and long-
term follow-up. The Canadian Institute for Health
Information Discharge Abstract Database provided
data on hospitalizations and patient comorbidities.
The National Ambulatory Care Reporting Service da-
tabase provided data on hospital-based ambulatory
care including emergency department (ED) visits. The
Ontario Health Insurance Plan database was used to
ascertain physician claims. The Registered Persons
Database reported sex and birth and death dates.
The Office of the Register General Deaths Registry
provided information on cause of death determined
from death certificates completed by treating physi-
cians or the coroner. Statistics Canada postal code
data were used to ascertain income quintile and
rurality. The Ontario Drug Benefit prescription data-
base was used to determine prescription drug use
for patients > 66 years of age. Information on pa-
tient demographics, clinical characteristics, and drug
and other medical intervention use was available until
March 31, 2018; mortality data until March 31, 2017;
and cause of death until March 31, 2016. The use of
data in this project was authorized under section 45
of Ontario’s Personal Health Information Protection
Act, which does not require individual consent or re-
search ethics board review.

Study Cohort

We identified Ontario residents between 18 and
105 years of age possessing a valid Ontario Health
Insurance Plan number who presented to any
Ontario ED or were hospitalized between April 1,
2007, and March 31, 2018, with a main diagnosis
of AF (International Classification of Diseases, Tenth
Revision [ICD-10], diagnostic code 1480.XX). This ap-
proach has previously been validated to identify the
diagnosis of AF in the ED with a sensitivity of 96.6%
and positive predictive value of 93%."® Based on ex-
pert recommendation, a look back period of 5 years
before the index event was used to exclude individu-
als with a prior diagnosis of AF recorded with any
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prior ED visit or hospitalization to minimize misclas-
sification of prevalent AF cases as incident AF cases,
thereby allowing us to create a cohort of presumed
new-onset AF."* In addition, individuals residing within
chronic care facilities were excluded to ensure the
cohort consisted of community-dwelling individuals
with AF.

Baseline clinical characteristics of the cohort
were determined using a 5-year look back period
and, where applicable, ICES-derived validated dis-
ease-specific registries (hypertension, diabetes mel-
litus, obstructive lung disease, and dementia). The
use of cardiovascular procedures (echocardiography,
angiography) within 1 year after the index event was
determined. For the subset of the cohort >66 years
of age, cardiovascular medications (statin, angioten-
sin converting enzyme inhibitor/angiotensinogen I
receptor blocker, [(3-blockers, oral anticoagulation,
digoxin, and antiarrhythmic drugs [amiodarone, sota-
lol, dronaderone, flecainide, and propafenone]) were
also determined.

Outcomes

The primary outcome was 1-year mortality. Deaths
were subsequently classified as attributed to a car-
diovascular cause (all cardiovascular, ICD-70: 100-178;
ischemic heart disease, 120-125; heart failure, 150;
sudden death, 146-147; ischemic stroke, 163-164; hem-
orrhagic stroke, 160-161; other) or noncardiovascular
cause (cancer, C00-D48; respiratory failure, JO0-J99;
trauma, V01-V98; infection, AOO-B99; other).

Statistical Analysis

Summary statistics were provided for the overall co-
hort and for each fiscal year (FY; April 1 to March 31)
during the study period. Continuous variables were
reported as mean+SD, and categorical variables
were reported as frequencies and percentages. The
Cochran—-Armitage test for trend was used to deter-
mine the presence of linear temporal trends in patient
characteristics, use of cardiovascular procedures and
medications, and mortality (all-cause, cardiovascular,
noncardiovascular).

To account for the association of changing patient
characteristics with mortality, risk-adjusted mortality
rates stratified by FY and adjusted for age, sex, prior
stroke or transient ischemic attack, heart failure, hyper-
tension, coronary artery disease, and peripheral vascu-
lar disease were determined by use of logistic regression
models. The Cls of risk-adjusted rates were computed
based on the normal approximation to the binomial dis-
tribution.’® Testing for time trends in adjusted mortality
rates was conducted by computing Kendall’s tb cor-
relation coefficient and associated P value for trend.
Statistical significance was defined by a 2-tailed P-value
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0f<0.05. Statistical analysis was performed using SAS
software, version 9.4 (SAS Institute, Cary, NC).

RESULTS

Study Cohort

The study cohort was composed of 144 668 Ontarians
aged 18 to 105 who presented to an ED and were
either discharged or hospitalized with a main di-
agnosis of AF from April 1, 2007 to March 31, 2018
(Figure 1). Exclusions because of a prior history of AF
(n = 31 140) and residence within a long-term care
facility (n = 3226) resulted in an overall study cohort
of 110 302 individuals with presumed new-onset AF.

Cohort Characteristics

The demographics and clinical characteristics of the
cohort are summarized in Table 1. Between FY 2007
and FY 2017 the number of AF individuals increased
from 8988/year to 10 713/year. The average age was
69+15 years, and the average congestive heart failure,
hypertension, age (>75 years), diabetes mellitus, stroke
(2 points), vascular disease, age (>65 years), sex cat-
egory (female) score was 2.8. Hypertension was pre-
sent in 69.7% of the cohort. A minority of individuals
had other cardiovascular and stroke risk factors such
as heart failure (19.9%), diabetes mellitus (24.2%), prior
myocardial infarction (3.6%), and stroke (1.4%). Risks
for bleeding including renal failure (2.1%) and a prior
history of bleeding (3.2%) were also infrequent. Of the
study cohort, 39.7% was admitted to the hospital with
the index event.

All-Cause Mortality

The crude all-cause mortality rate was 7.8% in FY 2007
and 7.9% in FY 2015 (P for trend = 0.44) (Figure 2). All-
cause mortality did not significantly change during the
study period after adjustment for age, sex, prior stroke
or transient ischemic attack, heart failure, hyperten-
sion, coronary artery disease, and peripheral vascular
disease (adjusted mortality FY 2007, 8.0%; FY 2017,
7.8%; P for trend = 0.68).

Noncardiovascular Causes of Death

Of all deaths during the study period, 61% were noncar-
diovascular. The 1-year noncardiovascular mortality rate
increased during the study period (adjusted noncardio-
vascular mortality, FY 2007, 4.5%; FY 2017, 5.2%; P for
trend = 0.007). Cancer was the most common cause
of death overall, accounted for 30% of all deaths, and
remained unchanged during the study period (FY 2007,
27.9%; FY 2015, 31.1%; P for trend = 0.99; Figure 3).
Respiratory failure was the second most common non-
cardiovascular cause of death, contributed to 10% of all
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Emergency department visit or hospitalization for AF
April 1%t 2007-March 315t 2018 (n=144,990)

Age <18 or >105

A 4

n=136

Non-Ontario residents

A 4

N=176

Invalid data

A 4

N=10

Prior AF

A 4

N=31,140

Long-term care placement

7

A 4

N=3,226

AF cohort

n=110,302

April 1% 2007-March 315 2018

s

n=88,885

AF sub-cohort with 1-year follow-up for cause of death
April 1%t 2007-March 315t 2016

Figure 1. Cohort creation.
AF indicates atrial fibrillation.

deaths, and increased during the study period (FY 2007,
7.7%; FY 2015, 11.8%; P for trend < 0.0001).

Cardiovascular Causes of Death
Cardiovascular mortality comprised 39% of all deaths
during the study period. Cardiovascular mortality de-
clined during the study period (adjusted mortality,
FY 2007, 3.5%; FY 2015, 2.6%; P for trend = 0.01).
Ischemic heart disease was the most common cause
of cardiovascular death, contributed to 16% of all
deaths (Figure 3), and declined during the study period
(FY 2007, 20.8%; FY 2015, 10.8%; P for trend < 0.001).
Heart failure was the second most common cause of
cardiovascular death, contributed to 3.8% of all deaths,
and increased during the study period (FY 2007, 2.6%;
FY 2015, 4.2%; P for trend < 0.001). Hemorrhagic and
ischemic stroke deaths were infrequent (0.7% and
2.7% of all deaths, respectively).

Cardiovascular Drug and Test Use

Table 2 summarizes the use of cardiovascu-
lar medications and tests during the study period.
Anticoagulation use increased in frequency during
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the study period (FY 2007, 65.2%; FY 2017, 72.7%; P
for trend<0.001) with a progressive decline in warfa-
rin when direct oral anticoagulants became clinically
available in Ontario and subsequently covered by
the provincial health insurance drug plan. 3-blocker
and statin use also increased during the study pe-
riod, whereas angiotensinogen converting enzyme
inhibitor/angiotensin receptor blocker, antiarrhythmic
drug, and digoxin use declined during the study pe-
riod. Cardiac testing with echocardiography, stress
testing, and coronary angiography was performed in
59%, 32%, and 7.0% of the cohort and increased
during the study period.

DISCUSSION

This observational study highlights a lack of improve-
ment in 1-year all-cause mortality within the past
decade in patients with contemporary managed inci-
dent AF who presented to the ED. Although the de-
cline in cardiovascular mortality is encouraging, the
overall prognosis after a new diagnosis of AF has not
improved because of increasing noncardiovascular
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Figure 2. One-year all mortality fiscal years 2007 to 2015.
All-cause mortality (black), cardiovascular mortality (red), and noncardiovascular mortality (blue) from
fiscal years 2007 to 2015. Dashed line indicates unadjusted mortality, and solid lines indicate adjusted

mortality. CV indicates cardiovascular.

death. These findings highlight the importance of care
beyond stroke reduction for patients with AF.

The 1-year mortality in patients with incident
AF observed in Ontario, Canada, is similar to that

reported in other jurisdictions. Specifically, mor-
tality 1 year after a new diagnosis of AF was 7.5%
in the EURObservational Research Programme-
Atrial Fibrillation General Registry,'”® 16.1% the
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Figure 3. Causes of death fiscal years 2007 to 2015.

CV indicates cardiovascular.
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Table 2. Use of Cardiovascular Medications and Testing

Cause of Death in AF

‘2007‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘ 2015 ‘ 2016 ‘ 2017 ‘ P for Trend
Drug therapy
Number of individuals* ‘ 5681 ‘ 5812 ‘ 6032 ‘ 6313 ‘ 6406 ‘ 6631 ‘ 6368 ‘ 6776 ‘ 6867 ‘ 6997 ‘ 6957 ‘
OACT
Any OAC (%) 65.2 | 64.6 61.1 59.1 58.6 67.4 73.3 67.9 69.0 70.9 72.7 <0.0001
Warfarin (%) 65.2 | 64.6 61.0 58.8 47.3 38.8 29.3 21.6 16.4 12.0 9.1 <0.0001
DOAC (%) 0 0 0 0.3 18.6 38.6 52.0 51.6 56.7 62.2 66.4 <0.0001
B-blocker (%) 65.5 | 64.0 65.7 64.3 66.5 67.1 68.7 68.4 70.1 70.2 70.9 <0.0001
Anti-arrhythmic drug* (%) 19.8 | 189 177 17.4 17.7 16.6 15.5 17.4 15.8 15.5 15.4 <0.0001
Digoxin (%) 257 | 251 23.4 224 21.3 19.3 19.1 18.2 16.4 14.0 13.3 <0.0001
Statin (%) 49.3 | 4941 53.0 53.1 54.7 55.0 53.6 52.7 53.8 541 54.5 <0.0001
ACEI/ARB (%) 60.4 | 58.8 59.0 57.8 57.5 57.2 57.5 56.1 54.5 54.3 50.2 <0.0001
Cardiac testing
Number of individuals® 8988 | 9076 | 9625 | 9895 | 10110 | 10369 | 9951 | 10353 | 10518 | 10704 | 10713
Echocardiography (%) 52.2 | 541 56.9 57.6 58.5 57.2 57.6 61.3 61.7 63.2 64.3 <0.0001
Stress test (%) 30.8 | 30.0 30.7 31.6 327 32.2 33.0 33.0 33.0 33.4 34.4 <0.0001
Coronary angiography (%) 6.5 5.9 6.7 6.7 6.9 7.2 7.7 7.2 7.3 7.7 7.4 <0.0001

Year is fiscal year (April 1 to March 31). ACEI/ARB indicates angiotensin converting enzyme inhibitor/angiotensinogen Il receptor blocker; DOAC, direct oral

anticoagulant; and OAC, oral anticoagulant.
*Drug use determined for the portion of the cohort > 66 years of age.

TAny OAC reflects any individual who received any OAC prescription during the 1-year follow-up period and may be less than the sum of the percentage
of individuals who received warfarin and DOAC as some individuals may have received a prescription for both warfarin or DOAC during the follow-up period.
*Antiarrhythmic drugs included amiodarone, dronaderone, sotalol, flecainide, and propafenone.

SCardiac testing was determined using the entire cohort.

Geisenger Health System in Pennsylvania,® and
19.5% in Medicare beneficiaries >65 years of age."”
Furthermore, our observation that noncardiovascular
deaths comprise the majority of all deaths in patients
with AF is consistent with the findings from recent
contemporary real-world cohorts of unselected pa-
tients with AF. For example, the XANTUS (Xarelto for
Prevention of Stroke in Atrial Fibrillation) observational
study'® and the GARFIELD-AF (Global Anticoagulant
Registry in the FIELD—-Atrial Fibrillation) observational
study'® reported primary noncardiac deaths in 58.5%
and 59.5% of individuals, respectively, a proportion
similar to that observed in our cohort from Ontario,
Canada.

The causal pathway explaining the increasing rate of
noncardiovascular death is not fully apparent, but may
be related to the presence of multiple comorbidities in
patients with AF.2° Of the individuals in our cohort, 20%
with new-onset AF had at least 2 important comorbid-
ities as reflected by a Charlson score>2, a finding not
surprising as AF typically occurs in the elderly. Prior
work has highlighted that in the presence of a chronic
condition, other chronic conditions are generally less
likely to be treated.?! Furthermore, in the setting of AF
the prognosis with other medical conditions is gener-
ally worse.??-?% Further work to understand the methods
to reduce noncardiovascular death in patients with AF
must be a priority given the anticipated epidemic of AF.'?

J Am Heart Assoc. 2020;9:e016810. DOI: 10.1161/JAHA.120.016810

The clinically important reduction in the rate of car-
diovascular death observed in this cohort of patients
is laudable, however, primarily related to the manage-
ment of coronary artery disease rather than AF-specific
care; the increasing rates of use of statins, stress test-
ing, coronary angiography, and the 50% decline in
death attributed to ischemic heart disease during the
study period is supportive of this. Indeed, this finding is
consistent with prior studies evaluating integrative care
for patients with AF demonstrating a prominent reduc-
tion in cardiovascular death and resultant improvement
in overall survival.’6?” Integrated care has been iden-
tified as a priority for the care of patients with AF.?8:29
However, the current constructs of integrated care for
patients with AF primarily focus on overall cardiovas-
cular care and do not provide guidance on screening
and managing concomitant noncardiovascular condi-
tions, which if not optimally managed will erode gains
achieved with the provision of optimal cardiovascular
care.

The increasing rate of noncardiovascular death ob-
served in this study should encourage AF researchers
to evaluate care pathways for managing a concomitant
noncardiovascular condition in patients with AF and
stimulate AF guidelines writers to highlight the impor-
tance of multimorbidity care in patients with AF beyond
stroke and cardiovascular risk reduction. Our findings
also have potential implications for AF trial design.
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Specifically, clinical trialists need to be mindful of the fact
that therapies aimed at reducing cardiovascular events
in patients with AF may not be associated with a long-
term reduction in all-cause mortality as a result of com-
peting noncardiac death. Careful patient selection and
choice of appropriate trial end points may be necessary
when assessing the utility of AF-specific therapies.

Important limitations of this study must be acknowl-
edged. First, as administrative databases have limited
ability to identify patients with AF receiving care in an
outpatient setting, this cohort was confined to patients
with AF who presented to the ED or hospital. Although
this approach has been validated and allows for the
identification of patients with symptomatic AF, it may not
be applicable to patients with AF solely receiving care in
an outpatient setting. In addition, this approach may not
identify all patients at the time of the first diagnosis of AF
as some may patients may have been diagnosed as an
outpatient before the initial ED visit. Second, ascertaining
important clinical characteristics associated with mortal-
ity in patients with AF including type of AF (paroxysmal,
persistent, or permanent), presence of left ventricular hy-
pertrophy, and QRS duration is not possible in adminis-
trative databases. In addition, we are unable to exclude
underreporting of comorbidities within administrative
databases. Third, cause of death data were obtained
from death certificate data, which may be prone to mis-
coding. Completion by physicians and classification of
deaths in broader categories such as cardiovascular
and noncardiovascular minimizes this misclassification
error. Despite this, we suggest caution when interpret-
ing specific cause of death data given the known dis-
crepancies between cause of death reported on death
certificates and that when adjudicated by a panel of phy-
sicians.®® Fourth, it is possible that the logistic regres-
sion model used in this study may have inadequately
adjusted for clinical factors associated with death during
the study period. The strengths of this work include the
decade-long longitudinal population-based design of a
contemporary AF cohort with nearly complete availability
of care and survival status. This approach eliminates se-
lection biases associated with randomized clinical trials
and single-center and registry work.

In conclusion, despite a decline in cardiovascular
mortality in individuals with incident AF, 1-year overall
survival has not improved as a result of increasing non-
cardiovascular death. Strategies to manage noncar-
diovascular comorbidities in patients with AF should
be optimized.
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