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Abstract
Background: Assessment of potential geographic variation in quality indicators of atrial fibrillation care may identify opportunities for
improvement in the quality of atrial fibrillation care. The objective of this study was to assess for potential geographic variation in the
quality of atrial fibrillation care in Alberta, Canada.
Methods: In a population-based cohort of adults (age ≥ 18 yr) with incident nonvalvular atrial fibrillation (NVAF) diagnosed between
Apr. 1, 2008, and Mar. 31, 2016, in Alberta, we investigated the variation in national quality indicators of atrial fibrillation care developed by the Canadian Cardiovascular Society. Specifically, we assessed the geographic and temporal variation in the proportion of
patients with initiation of oral anticoagulant therapy, persistence with therapy, ischemic stroke and major bleeding outcomes 1 year
after atrial fibrillation diagnosis using linked administrative data sets. We defined stroke risk using the CHADS2 score. We assessed
geographic variation using small-area variation statistics and geospatial data analysis.
Results: Of the 64 093 patients in the study cohort (35 019 men [54.6%] and 29 074 women [45.4%] with a mean age of 69 [standard
deviation 15.9] yr), 36 199 were at high risk for stroke and 14 411 were at moderate risk. Within 1 year of NVAF diagnosis,
20 180 patients (55.7%) in the high-risk group and 6448 patients (44.7%) in the moderate-risk group were prescribed anticoagulation. A
total of 2187 patients (3.4%) had an ischemic stroke, and 2996 patients (4.7%) experienced a major bleed. There was substantial regional
variation observed in initiation of oral anticoagulant therapy but not in the proportion of patients with ischemic stroke or major bleeding.
Among the 64 Health Status Areas in Alberta, therapy initiation rates ranged from 22.6% to 71.2% among patients at high stroke risk and
from 22.7% to 55.8% among those at moderate stroke risk, with clustering of lower therapy initiation rates in rural northern regions.
Interpretation: The rate of initiation of oral anticoagulant therapy among adults with incident atrial fibrillation was less than 60% in
patients in whom oral anticoagulant therapy would be considered guideline-appropriate care. The large geographic variation in oral
anticoagulant prescribing warrants additional study into patient, provider and health care system factors that contribute to variation
and drive disparities in high-quality, equitable atrial fibrillation care.

A

trial fibrillation is the most common sustained cardiac rhythm disorder and is a critical public health
issue.1 An estimated 33.5 million people worldwide
and more than 350 000 Canadians live with atrial fibrillation.1,2 In the context of an aging population and increasing
concomitant cardiovascular risk factors, the prevalence is rising rapidly and is expected to triple over the next 3 decades.2–4
The clinical and economic consequences of atrial fibrillation are substantial. The disorder is associated with a fivefold
increased risk of ischemic stroke and twofold risk of death.5
The estimated annual health care costs associated with atrial
fibrillation in Canada are more than $800 million from hospital admissions alone, after accounting for inflation.6
High-quality evidence guides atrial fibrillation management, including use of oral anticoagulants to reduce the risk
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of ischemic stroke.7 Yet, despite multiple guideline documents disseminated by major cardiovascular societies,8–10 the
uptake of evidence-based atrial fibrillation therapies into
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routine clinical practice is less than optimal. For example,
among people with atrial fibrillation at high risk for stroke,
the rate of initiation of oral anticoagulant treatment is less
than 60% despite strong guideline recommendations based
on high-quality evidence.11,12 The consequences of inappropriate care are substantial and include higher rates of stroke,
disability and death.5
Prior studies have focused on patient-level factors influencing oral anticoagulant use.13–15 However, potential contributors to variation in oral anticoagulant prescribing are multifactorial and include physician-level characteristics and
characteristics at the level of the regional health care system.16,17 These factors may include availability of laboratory
monitoring for warfarin, access to primary care and specialty
consultation, and regional socioeconomic barriers that may
limit the uptake of direct oral anticoagulants. Analyses of
small-area practice variation have shown unwarranted variation, or medical practice variation across regions or provider
groups that is not explained by illness, patient risk factors or
patient preferences.18,19 Thus, analyses of variation in care may
help facilitate targeted interventions to change practice, promote adherence to guideline-based care, identify health care
disparities and improve patient outcomes.
The objective of this study was to assess for potential geographic variation in the quality of atrial fibrillation care in
Alberta, Canada, with the use of national quality indicators
defined by the Canadian Cardiovascular Society.

Methods
Setting and study design

We conducted a population-based cohort study of adults with
incident atrial fibrillation between Apr. 1, 2008, and Mar. 31,
2016, in Alberta, a province of 4.2 million people at the end of
201620 served by a single health care system. All Alberta residents except for members of the military, federal inmates,
people who opt out of the Alberta Health Care Insurance
Plan and members of the Royal Canadian Mounted Police21
are eligible for public health insurance.

Data sources

We used deidentified data from the Interdisciplinary Chronic
Disease Collaboration Data Repository, which includes provincial laboratory and linked patient-level administrative
health data (including demographic characteristics, vital statistics, physician claims, dispensed prescription medications, hospital admissions, and emergency department and ambulatory
visits) of Albertans eligible for public health insurance. More
than 99% of Alberta residents participate in the governmentsponsored insurance plan.22 Each resident is assigned a personal health number, which acts as a unique lifetime identifier
that enables linkage of administrative health data maintained
by Alberta Health.23
We used the Pampalon deprivation index (Appendix 1,
available at www.cmajopen.ca/content/10/3/E702/suppl/
DC1) as a comprehensive indicator of socioeconomic
status. We obtained deprivation scores from the Institut

national de santé publique du Québec and assigned them to
people in the Alberta cohort based on postal code.24

Study cohort

The study cohort included all adults (age ≥ 18 yr) with incident nonvalvular atrial fibrillation (NVAF) in Alberta between
Apr. 1, 2008, and Mar. 31, 2016. Patients with an atrial fibrillation diagnosis were identified if they had 1 hospital admission for atrial fibrillation or 2 physician claims for atrial fibrillation at least 30 days apart, as determined with previously
validated algorithms using administrative codes (sensitivity
84%, specificity 98%25–27) (Appendix 1, Table S1).
Exclusion criteria included prior atrial fibrillation diagnosis
(defined as any atrial fibrillation claim within a 2-year window
before index atrial fibrillation date) or valvular heart disease.12
To be consistent with the quality indicators for atrial fibrillation developed and updated by the Canadian Cardiovascular
Society 28,29 (Appendix 1, Table S2), we did not exclude
patients at high bleeding risk from the study.

Outcomes

Study outcomes were based on the quality indicators for atrial
fibrillation care developed by the Canadian Cardiovascular
Society.28,29 The primary outcome was the proportion of
patients with NVAF at high stroke risk who filled any oral
anticoagulant prescription (i.e., initiation of oral anticoagulant
therapy), with either vitamin K antagonist or direct oral anticoagulant, within 1 year of NVAF diagnosis. Secondary outcomes included the proportion of any filled oral anticoagulant
prescriptions (i.e., initiation of oral anticoagulant therapy)
within 1 year among patients with incident NVAF at moderate risk for stroke, the proportion of patients with ischemic
stroke within 1 year of NVAF diagnosis, and the proportion
of patients with major hemorrhage within 1 year of NVAF
diagnosis. Consistent with national quality indicators and for
the purposes of this analysis, we defined stroke risk using the
CHADS2 score,30 where patients at high risk were those aged
75 years or more or with a CHADS2 score of 2 or higher,28
and patients at moderate risk were those aged 65–74 years
with a CHADS2 score of 0 or 1.8
We also determined the proportion of patients who persisted with oral anticoagulant treatment at 1 year. We
defined persistence as a minimum of 6 months of ongoing
prescription fills of any oral anticoagulant (including warfarin and direct oral anticoagulants [dabigatran, rivaroxaban,
apixaban and edoxaban]). As the introduction of direct oral
anticoagulants may have influenced rates of initiation of
and persistence with oral anticoagulant therapy, we also
assessed in a post hoc analysis the regional patterns of filled
prescriptions for direct oral anticoagulants among patients
who initiated oral anticoagulant treatment. We ascertained
initiation of and persistence with oral anticoagulant treatment among patients who were alive beyond 90 days after
NVAF diagnosis.
The administrative codes used to identify study outcomes
and baseline comorbidities for calculation of the CHADS2
score are listed in Appendix 1, Table S2.
CMAJ OPEN, 10(3)
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Geographic regions

We reported the primary and secondary outcomes by geographic region using household postal codes. People included
in the study cohort were assigned to 1 of the 64 Health Status
Areas (HSAs) in Alberta.31 The boundaries for each HSA are
based on community likeness, travel patterns and shared public services, with a population goal of 25 000–55 000 people.

generalized least squares random effects model a priori with
the random effect as the HSA; we tested this assumption
using a Hausman test for model misspecification.45
Statistical significance was set at a 2-sided p value < 0.05.
We performed all statistical analyses using Stata IC 15.1
(StataCorp). We used ArcGIS 10.7.1 (Esri) to perform geospatial analyses.

Statistical analysis

Ethics approval

We presented continuous variables as means and standard
deviations (SDs), and reported categoric variables as proportions, or medians and interquartile ranges (IQRs). We
assessed temporal trends in each outcome using the Mann–
Kendall test for monotonic trends.32,33
For the geographic variation analysis, we reported outcomes by geographic area, and calculated age- and sexadjusted proportions per year by direct standardization, using
the entire atrial fibrillation cohort as the reference population.
We used the age- and sex-adjusted proportions to estimate
geographic variation using small-area variation statistics,
including the extremal quotient (EQ), weighted coefficient of
variation, χ2 statistic and systematic component of variation
(SCV).34–36 The EQ describes the largest relative difference in
rates by taking a ratio of the highest and lowest rates of use.
The weighted CV is the standard deviation of the rates
divided by the mean rate, weighted by the population of each
area. The SCV accounts for both random and nonrandom
variation, and is considered a more robust method to quantify
differences in rates among regions.35,37 The SCV is calculated
with the following formula:
SCV = (1/k) [Σ ((Oi – Ei)2/Ei2) – Σ (1/Ei)]
where O is the number of observed events in HSA region i,
and E is the number of expected events given age- and
sex-specific rates for k number of HSAs. Values of SCV
between 3 and 5.4, between 5.5 and 10, and greater than 10
are considered to represent moderate, high and very high
variation, respectively.38,39 Under the null hypothesis of
homogeneity of outcomes across all regions, the SCV
would be 0.
To better visualize potential variation across the province,
we performed geospatial analysis using the global Moran’s
I40,41 and hot-spot analysis using the Getis–Ord Gi* statistic
with fixed-distance spatial weights.42,43 Moran’s I is a measurement of spatial autocorrelation, where the null hypothesis is
that the distribution of outcomes per HSA follows a random
pattern across the province without clustering of outcomes.44
We used hot-spot analysis to detect spatial patterns of clustered high or low rates in the study outcomes.
To examine the association between regional patterns in
the proportion of direct oral anticoagulant prescriptions, and
in initiation of and persistence with oral anticoagulant therapy, we conducted a panel data analysis to control for all
unobserved and time-invariant individual heterogeneity
within HSAs. Since regional differences across HSAs may
influence stroke or major bleeding outcomes, we chose a
E704
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Ethics approval was obtained from the University of Calgary
Conjoint Health Research Ethics Board. Informed consent
was waived owing to the use of deidentified data.

Results
The study cohort included 64 093 adults (35 019 men
[54.6%] and 29 074 women [45.4%] with a mean age of 69
[SD 15.9] yr) with an incident diagnosis of NVAF between
Apr. 1, 2008, and Mar. 31, 2016 (Appendix 1, Figure S1). The
baseline characteristics of the cohort are presented in Table 1.
The median CHADS2 score was 2 (IQR 1–3). Hypertension
(40 849 patients [63.7%]), age 75 years or more (26 390
[41.2%] and diabetes (14 718 [23.0%]) were the most prevalent risk factors.
A total of 3035 patients (4.7%) were excluded before
ascertainment of initiation of or persistence with oral anticoagulant therapy as they died within 90 days of NVAF diagnosis. Of the 64 093 included patients who survived beyond the
90-day exclusion period, 6565 (10.2%) died within 1 year,
and 394 (0.6%) emigrated out of the province and were lost
to follow-up.

Oral anticoagulant prescribing and temporal trends

Of the 64 093 patients in the study cohort, 36 199 were at
high risk for stroke and 14 411 were at moderate risk. Within
1 year of NVAF diagnosis, 20 180 patients (55.7%) in the
high-risk group and 6448 patients (44.7%) in the moderate-risk
group were prescribed anticoagulation. The median duration
of continuous oral anticoagulant treatment in the 12 months
after therapy initiation was 8.8 (IQR 4.8–10.6) months in
the high-risk group and 8.4 (IQR 3.4–10.3) months in the
moderate-risk group.
Between 2008/09 and 2015/16, the annual unadjusted proportions of patients in whom oral anticoagulant therapy was
initiated ranged from 51.3% to 65.5% among patients at high
stroke risk, and 39.2% to 51.6% among those at moderate
stroke risk (Table 2; Appendix 1, Figure S2). Over the study
period, 12 486 patients (61.9%) at high stroke risk and 3546
(55.0%) at moderate stroke risk met the criteria for persistence with treatment.
Among patients at high risk for stroke, there was an
increase in the rate of initiation of anticoagulation therapy
over the study period (Mann–Kendall p = 0.02). However,
persistence with therapy remained stable (Mann–Kendall
p = 0.1). There was no change in either outcome in the
moderate-risk cohort (Mann–Kendall p = 0.4 and p = 0.9,
respectively).
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Table 1 (part 1 of 2): Baseline characteristics of patients with nonvalvular atrial fibrillation by stroke risk and oral
anticoagulant use
No. (%) of patients*
High stroke risk†
n = 36 199

Characteristic
Age, mean ± SD, yr

Moderate stroke risk†
n = 14 411

Entire cohort
n = 64 093

Oral
anticoagulant
n = 20 180

No oral
anticoagulant
n = 16 019

Oral
anticoagulant
n = 6448

No oral
anticoagulant
n = 7963

69.0 ± 15.9

76.9 ± 10.3

77.0 ± 12.3

64.9 ± 8.4

61.3 ± 11.0

Age group, yr
18–64

22 720 (35.4)

2694 (13.3)

2671 (16.7)

2464 (38.2)

3997 (50.2)

65–74

14 983 (23.4)

3874 (19.2)

2618 (16.3)

3984 (61.8)

3966 (49.8)

≥ 75

26 390 (41.2)

13 612 (67.4)

10 730 (67.0)

0 (0.0)

0 (0.0)

Sex
Female

29 074 (45.4)

9710 (48.1)

8024 (50.1)

2414 (37.4)

3406 (42.8)

Male

35 019 (54.6)

10 470 (51.9)

7995 (49.9)

4034 (62.6)

4557 (57.2)

Calgary

21 391 (33.4)

6824 (33.8)

4695 (29.3)

2150 (33.3)

2568 (32.2)

Central

9424 (14.7)

3116 (15.4)

2591 (16.2)

1035 (16.0)

1047 (13.1)

Health care zone

Edmonton

21 076 (32.9)

6268 (31.1)

5675 (35.4)

2027 (31.4)

2830 (35.5)

North

6806 (10.6)

1851 (9.2)

1756 (11.0)

682 (10.6)

976 (12.3)

South

5396 (8.4)

2121 (10.5)

1302 (8.1)

554 (8.6)

542 (6.8)

Urban

54 707 (85.4)

17 247 (85.5)

13 648 (85.2)

5356 (83.1)

6754 (84.8)

Rural

9272 (14.5)

2906 (14.4)

2345 (14.6)

1077 (16.7)

1186 (14.9)

114 (0.2)

27 (0.1)

26 (0.2)

15 (0.2)

23 (0.3)

5 (most deprived)

13 100 (20.4)

4142 (20.5)

3409 (21.3)

1390 (21.6)

1659 (20.8)

4

13 434 (21.0)

4328 (21.4)

3283 (20.5)

1378 (21.4)

1653 (20.8)
1490 (18.7)

Residence

Missing
Pampalon deprivation index score
Material deprivation

3

11 354 (17.7)

3492 (17.3)

2591 (16.2)

1190 (18.5)

2

10 054 (15.7)

3094 (15.3)

2368 (14.8)

1031 (16.0)

1305 (16.4)

1 (least deprived)

10 631 (16.6)

3116 (15.4)

2458 (15.3)

1109 (17.2)

1432 (18.0)

5520 (8.6)

2008 (10.0)

1910 (11.9)

350 (5.4)

424 (5.3)

Not defined
Social deprivation
5 (most deprived)

17 147 (26.8)

5594 (27.7)

4492 (28.0)

1390 (21.6)

1659 (20.8)

4

14 473 (22.6)

4740 (23.5)

3582 (22.4)

1378 (21.4)

1653 (20.8)

3

10 851 (16.9)

3332 (16.5)

2573 (16.1)

1190 (18.5)

1490 (18.7)

2

7384 (11.5)

2189 (10.9)

1588 (9.9)

1031 (16.0)

1305 (16.4)

1 (least deprived)

8718 (13.6)

2317 (11.5)

1874 (11.7)

1109 (17.2)

1432 (18.0)

Not defined

5520 (8.6)

2008 (10.0)

1910 (11.9)

350 (5.4)

424 (5.3)

Outpatient

52 969 (82.6)

16 886 (83.7)

11 460 (71.5)

5979 (92.7)

6786 (85.2)

Inpatient

11 124 (17.4)

3294 (16.3)

4559 (28.5)

469 (7.3)

1177 (14.8)

Location of initial atrial fibrillation diagnosis

No. of comorbidities
0

9088 (14.2)

746 (3.7)

616 (3.8)

771 (12.0)

846 (10.6)

1

12 628 (19.7)

2447 (12.1)

1786 (11.1)

2402 (37.2)

2974 (37.3)

2

13 407 (20.9)

4600 (22.8)

3333 (20.8)

1819 (28.2)

2132 (26.8)

≥3

28 970 (45.2)

12 387 (61.4)

10 284 (64.2)

1456 (22.6)

2011 (25.2)
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Table 1 (part 2 of 2): Baseline characteristics of patients with nonvalvular atrial fibrillation by stroke risk and oral
anticoagulant use
No. (%) of patients*
High stroke risk†
n = 36 199

Characteristic

Entire cohort
n = 64 093

Oral
anticoagulant
n = 20 180

No oral
anticoagulant
n = 16 019

Moderate stroke risk†
n = 14 411
Oral
anticoagulant
n = 6448

No oral
anticoagulant
n = 7963

Comorbidities
Heart failure

12 219 (19.1)

6470 (32.1)

4803 (30.0)

526 (8.2)

420 (5.3)

Hypertension

40 849 (63.7)

17 453 (86.5)

13 536 (84.5)

4305 (66.8)

5555 (69.8)

Diabetes

14 718 (23.0)

7682 (38.1)

6070 (37.9)

415 (6.4)

551 (6.9)

Ischemic stroke or TIA

11 334 (17.7)

6307 (31.2)

5027 (31.4)

0 (0.0)

0 (0.0)

Chronic kidney disease

30 843 (48.1)

13 062 (64.7)

10 118 (63.2)

2124 (32.9)

2224 (27.9)

Pulmonary disease

15 861 (24.7)

6014 (29.8)

5098 (31.8)

1174 (18.2)

1464 (18.4)

4593 (7.2)

1872 (9.3)

1631 (10.2)

341 (5.3)

352 (4.4)

Acute myocardial infarction
Cancer

5066 (7.9)

1715 (8.5)

1513 (9.4)

376 (5.8)

602 (7.6)

Peripheral artery disease

2702 (4.2)

1126 (5.6)

926 (5.8)

146 (2.3)

165 (2.1)

Thyroid disease

9667 (15.1)

3672 (18.2)

3075 (19.2)

722 (11.2)

960 (12.1)

348 (0.5)

53 (0.3)

117 (0.7)

25 (0.4)

58 (0.7)

Cirrhosis
CHADS2 score‡
0

13 959 (21.8)

0 (0.0)

0 (0.0)

1454 (22.5)

1867 (23.4)

1

15 155 (23.6)

168 (0.8)

162 (1.0)

4994 (77.4)

6096 (76.6)

2

15 831 (24.7)

10 024 (49.7)

8304 (51.8)

0 (0.0)

0 (0.0)

3

9381 (14.6)

4932 (24.4)

3745 (23.4)

0 (0.0)

0 (0.0)

4

6044 (9.4)

3259 (16.1)

2300 (14.4)

0 (0.0)

0 (0.0)

5

2888 (4.5)

1403 (7.0)

1179 (7.4)

0 (0.0)

0 (0.0)

6

835 (1.3)

394 (2.0)

329 (2.0)

0 (0.0)

0 (0.0)

2 (1–3)

2 (2–4)

2 (2–3)

1 (1–1)

1 (1–1)

CHADS2 score, median (IQR)

Note: IQR = interquartile range, SD = standard deviation, TIA = transient ischemic attack.
*Except where noted otherwise.
†Excludes patients who died within 90 days of nonvalvular atrial fibrillation diagnosis.
‡A score of 0 = low risk of stroke, a score of 1 or 0 and age 65–74 years = moderate risk of stroke, and any score above 1 = high risk of stroke.

Geographic variation in oral anticoagulant
prescribing
An interactive map depicting the geographic variation in atrial
fibrillation quality indicators and socioeconomic characteristics by HSA is available online (https://bit.ly/3fOXJq3).
The crude rates of initiation of oral anticoagulant therapy
among patients at high stroke risk and those at moderate
stroke risk by HSA over the 8-year study period are shown in
Figure 1 and Figure 2, respectively. Therapy initiation rates
ranged from 22.6% (95% confidence interval [CI] 14.6%–
30.5%) to 71.2% (95% CI 60.0%–82.3%) among patients at
high stroke risk, and from 22.7% (95% CI 13.2%–32.2%) to
55.8% (95% CI 47.2%–64.3%) among those at moderate
stroke risk. Rates of persistence with therapy ranged from
9.7% (95% CI 6.3%–13.1%) to 48.1% (95% CI 40.5%–
55.6%) among patients at high stroke risk and from 12.7%
E706
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(95% CI 10.9%–14.5%) to 33.6% (95% CI 27.6%–39.7%)
among patients at moderate stroke risk (Appendix 1, Figures S3 and S4).
Large variation was observed in initiation of therapy across
HSAs in each study year (Table 3; Appendix 1, Figure S5).
Among patients at high stroke risk, the median EQ over the
study period was 5.5, indicating at least a fivefold difference
between the regions with the highest and lowest rates of therapy initiation. For the moderate-risk group, the median EQ
was 7.6. The corresponding median SCV values were 20.3
and 28.7. Practice variation (as quantified by the SCV) in initiation of therapy in patients at high stroke risk appeared to
decrease over the study period (Mann–Kendall p = 0.04).
There was also substantial variation in persistence with therapy across the province, in both the high-risk and moderaterisk cohorts.
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Table 2: Crude outcomes at 1 year
Year
Outcome

2008/09

2009/10

2010/11

2011/12

2012/13

2013/14

2014/15

2015/16

p value*

Overall cohort

n = 7070

n = 8128

n = 8763

n = 8690

n = 7203

n = 7353

n = 8315

n = 8571

Ischemic stroke

310 (4.4)

298 (3.7)

280 (3.2)

302 (3.5)

232 (3.2)

234 (3.2)

263 (3.2)

268 (3.1)

0.01

Major bleeding

359 (5.1)

341 (4.2)

379 (4.3)

395 (4.5)

351 (4.9)

341 (4.6)

408 (4.9)

422 (4.9)

0.3

High stroke risk

n = 4084

n = 4401

n = 4838

n = 5184

n = 4087

n = 4217

n = 4676

n = 4712

Initiation of oral
anticoagulant
therapy within 1 yr

2095 (51.3)

2258 (51.3)

2483 (51.3)

2944 (56.8)

2420 (59.2)

2217 (52.6)

2678 (57.3)

3085 (65.5)

0.02

Persistence with oral
anticoagulant
therapy

1283 (31.4)

1355 (30.8)

1500 (31.0)

1920 (37.0)

1607 (39.3)

1373 (32.6)

1472 (31.5)

1976 (41.9)

0.1

Moderate stroke
risk

n = 1519

n = 1697

n = 1960

n = 1797

n = 1675

n = 1655

n = 2033

n = 2075

Initiation of oral
anticoagulant
therapy within 1 yr

680 (44.8)

670 (39.5)

769 (39.2)

899 (50.0)

828 (49.4)

676 (40.8)

855 (42.1)

1071 (51.6)

0.4

Persistence with oral
anticoagulant
therapy

380 (25.0)

356 (21.0)

422 (21.5)

538 (29.9)

488 (29.1)

375 (22.7)

392 (19.3)

595 (28.7)

0.9

*Mann–Kendall test for monotonic trends.

To further assess variation, we conducted geospatial analysis of regional rates of initiation of oral anticoagulant therapy.
There was spatial heterogeneity in the adjusted rates for both
the high-risk group and the moderate-risk group across the
64 HSAs (global Moran’s I p < 0.001 and p = 0.005, respectively). In the hot-spot analysis, relatively lower therapy initiation rates tended to be clustered among HSAs in northern
rural Alberta as opposed to the HSAs comprising urban centres and HSAs located in southern Alberta.
The proportion of direct oral anticoagulant prescriptions
among patients at high stroke risk (Appendix 1, Figure S6) and
moderate stroke risk (Appendix 1, Figure S7) ranged from 12%
to 38% and from 19% to 49%, respectively. In the panel data
analysis limited to the study years in which direct oral anticoagulants were on the provincial formulary (2010/11 to 2015/16),
there was a significant association between the proportion of
direct oral anticoagulant prescriptions and initiation of oral
anticoagulant therapy (p < 0.001) and persistence with oral anticoagulant therapy (p < 0.001) in the high-risk cohort. In the
moderate-risk cohort, direct oral anticoagulant initiation and
oral anticoagulant prescription did not appear to be associated.

Ischemic stroke and major bleeding

During the study period, 2187 patients (3.4%) had an ische
mic stroke and 2996 patients (4.7%) experienced a major
bleed within 1 year of NVAF diagnosis. Over the 8-year study
period, the proportion of patients who experienced a stroke
varied between 3.1% and 4.4%, and the proportion with a
major bleed varied between 4.2% and 5.1% (Table 2; Appendix 1, Figure S2). There was a reduction in the incidence of
ischemic stroke over the study period (Mann–Kendall p =

0.01) but not in the incidence of major bleeding (Mann–
Kendall p = 0.3).
The proportion of patients with ischemic stroke at 1 year
varied among HSAs, from 1.5% (95% CI 1.1%–1.9%) to
4.9% (95% CI 4.3%–5.4%) (Appendix 1, Figure S8). For
major bleeding, the regional proportions ranged from 1.9%
(95% CI 1.8%–2.1%) to 7.0% (95% CI 6.4%–7.6%) (Appendix 1, Figure S9). Across all HSAs, there was no significant
regional variation in either ischemic stroke or major bleeding,
as indicated by SCV values less than 1 and nonsignificant χ2
tests (Table 3). However, the EQ and weighted coefficient of
variation for these outcomes were considered less reliable, as
they are susceptible to outlier values with outcomes that occur
infrequently.37

Interpretation
In this population-based study of more than 64 000 adults
with newly diagnosed atrial fibrillation in Alberta, we found
that less than 60% of eligible patients filled an oral anticoagulant prescription within 1 year of atrial fibrillation diagnosis.
Rates of initiation of oral anticoagulant therapy increased significantly over the 8-year study period among patients at high
stroke risk but not among those at moderate stroke risk. We
noted substantial practice variation (as quantified by the SCV)
in therapy initiation across the 64 HSAs, with lower initiation
rates clustered in northern, rural regions, where a larger proportion of the population identify as Indigenous peoples than
in other regions of the province.46 Interestingly, we did not
observe significant variation in the age- and sex-adjusted risks
of ischemic stroke or major bleeding.
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Figure 1: Crude rates of initiation of oral anticoagulant therapy among patients with nonvalvular atrial fibrillation at high risk for stroke by Health
Status Area, April 2008 to March 2016. Online map available at https://bit.ly/3fOXJq3.
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Figure 2: Crude rates of initiation of oral anticoagulant therapy among patients with nonvalvular atrial fibrillation at moderate risk for stroke by
Health Status Area, April 2008 to March 2016. Online map available at https://bit.ly/3fOXJq3.
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Table 3: Small-area variation analysis*
Year
Outcome; statistic

2008/09

2009/10

2010/11

2011/12

2012/13

2013/14

2014/15

2015/16

p value†

24.0

10.3

4.7

6.2

3.2

10.0

3.7

2.8

0.04

CV × 100

23.3

20.0

15.6

22.1

18.6

22.5

21.3

18.5

0.5

SCV × 100

175.1

44.0

28.0

12.8

14.3

26.1

14.5

12.1

0.04

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

–

Initiation of oral
anticoagulant therapy
High stroke risk
EQ

p value‡
Moderate stroke risk
EQ

16.9

5.8

7.5

8.3

7.7

6.9

3.9

14.9

0.7

CV × 100

31.0

31.5

30.2

28.0

25.9

31.4

29.2

30.8

0.5

SCV × 100

41.6

33.0

36.0

35.9

17.3

19.9

18.3

24.3

0.1

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

–

p value‡
Persistence with oral
anticoagulant therapy
High stroke risk
EQ

19.8

4.0

9.1

6.9

12.8

4.8

5.7

2.3

0.2

CV × 100

27.5

24.9

23.2

21.5

23.6

26.6

26.9

19.2

0.5

SCV × 100

24.1

11.2

25.7

2.8

21.9

7.0

6.6

7.0

0.2

p value‡

0.008

< 0.001

0.004

0.09

< 0.001

< 0.001

< 0.001

< 0.001

–

EQ

16.2

14.2

8.4

7.0

17.9

17.1

8.5

23.2

0.5

CV × 100

45.0

47.2

39.5

40.1

38.1

44.7

53.5

41.8

1.00

Moderate stroke risk

SCV × 100
p value‡

302.7

329.0

166.4

424.2

180.4

196.4

204.9

254.7

1.00

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

–

Ischemic stroke
EQ

9.3

16.5

31.6

14.5

8.7

39.1

13.5

10.9

0.9

CV × 100

49.5

53.0

48.7

48.2

62.5

61.8

57.7

52.2

0.7

SCV × 100

<1

<1

<1

<1

<1

<1

<1

<1

0.4

p value‡

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

–

EQ

32.3

27.5

7.3

12.7

12.5

19.8

16.6

7.0

0.2

CV × 100

51.0

51.3

38.5

49.5

55.5

44.7

47.0

41.8

0.4

6

<1

<1

10.9

7.1

<1

<1

<1

0.06

0.9

1.0

1.0

0.8

1.0

1.0

1.0

1.0

–

Major bleeding

SCV × 100
p value‡

Note: CV = coefficient of variation, EQ = extremal quotient, SCV = systematic component of variation.
*Applied to age- and sex- standardized outcomes.
†Mann–Kendall test for monotonic trends.
‡χ2 test for small-area variation in outcomes.

Our study provides a contemporary assessment of geographic variability in the quality of atrial fibrillation care in
Canada. Previous work was conducted more than 2 decades
ago by the Canadian Cardiovascular Outcomes Research
Team, who described regional variation in rates of hospital
admission for atrial fibrillation between 1997 and 2000.47 The
current study builds on this prior work and reports regional
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variation in the national patient-relevant quality indicators for
atrial fibrillation care, including oral anticoagulant prescribing
and incidence of ischemic stroke and major bleeding among
patients with a new diagnosis of atrial fibrillation in outpatient
or inpatient settings in Alberta.28 The large geographic variation in oral anticoagulant prescribing among patients with
atrial fibrillation at high stroke risk implies the need for

Research
further study into the reasons for variation to ensure the population is receiving high-quality and equitable atrial fibrillation care.
Our findings are consistent with those of prior studies on
practice variation in atrial fibrillation care from the United
States, Europe and Japan.48–50 In a study of Medicare beneficiaries with newly diagnosed atrial fibrillation in the US,
there was high practice variation in initiation of oral anticoagulant therapy (coefficient of variation = 14.16), with the
probability of therapy initiation ranging from 32.4% to
71.9% among hospital referral regions.49 Similarly, Christesen
and colleagues48 reported substantial variation in rates of initiation of oral anticoagulant therapy across administrative
regions in Denmark. Among patients with newly diagnosed
atrial fibrillation at high risk for stroke (defined as a
CHADS2-VASc score ≥ 251), rates of oral anticoagulant initiation varied from 49.5% to 62.4%. Importantly, higher
regional rates of therapy initiation were significantly associated with higher rates of persistence with therapy beyond
1 year, and with lower rates of ischemic stroke and major
bleeding. Finally, Inoue and colleagues50 found variation in
warfarin use across geographic regions across Japan and that
region was an independent risk for thromboembolism in
multivariable analysis.
Geographic variation in health care delivery is increasingly
recognized as an important aspect of appraising high-value,
high-quality care.17,52 Although some practice variation is
expected, as it reflects a patient-centred approach to care
(i.e., “good variation”),53 the overall low absolute rates of initiation of oral anticoagulant therapy among patients at high
stroke risk in the present study suggest a gap in atrial fibrillation care, and that some of the observed practice variation in
therapy initiation rates may be due to inadequate implementation of clinical guidelines.
Reasons for unwarranted variation are multifactorial and
may reflect the interplay among geographic, provider and
patient factors.54–56 At the provider level, regional quality of
atrial fibrillation care may reflect the limits of professional
knowledge and failures in its application,57,58 such as overestimating bleeding risk despite the wide availability of risk–
benefit scores to guide oral anticoagulant prescribing.59 In
addition, geographic distribution of specialty care may contribute to the practice variation that we observed. For example, access to laboratory services for International Normalized
Ratio monitoring may have contributed to the lower rates of
initiation of oral anticoagulant therapy in northern Alberta.
Although the availability of direct oral anticoagulants would
be expected to obviate inequities in access to International
Normalized Ratio monitoring, administrative and coverage
barriers may have limited uptake of oral anticoagulant prescribing.60 Notably, we found that HSAs with increased use of
direct oral anticoagulants were associated with higher rates of
both initiation of therapy and persistence with therapy among
patients at high risk for stroke. However, we did not observe
this relation among patients at moderate stroke risk, which
suggests that additional factors are involved in the observed
geographic variation in oral anticoagulant prescribing.

The observation that lower rates of initiation of oral anticoagulant therapy were clustered in northern Alberta point to
the need to understand the intersectional factors that influence atrial fibrillation care, such as racial or ethnic disparities,
and access to both primary and specialty care. Although
patients across Alberta who received and did not receive oral
anticoagulants appeared to have similar socioeconomic status,
regional socioeconomic disparities may also have contributed
to the observed variation.

Limitations

Our study did not identify an “optimal” threshold for appropriate initiation of or persistence with oral anticoagulant therapy since we did not have patient-level data regarding the
bleeding risk profile, contraindications to anticoagulation,
ability to adhere to treatment or information as to who was
offered anticoagulation but declined treatment. However, the
substantial regional variation in rates of initiation of and persistence with oral anticoagulant therapy suggest a component
of unwarranted practice variation and suboptimal atrial fibrillation care.
Evolving clinical practice guidelines may contribute to
variation in rates of oral anticoagulant prescribing. In our primary analysis, we reported rates of oral anticoagulant prescribing in patients with atrial fibrillation with a CHADS2
score of 2 or higher, which has historically been considered a
population at high risk for stroke regardless of changes in clinical practice guidelines.61,62 We found greater practice variation among patients at moderate stroke risk (i.e., CHADS2
score of 1, or CHADS2 score 0 and age 65–74 yr), which may
reflect the introduction and adoption of the CHA2DS2-VASc
score and CHADS-65 algorithm in clinical practice guideline
updates.63,64 Nevertheless, we based our methodology and outcome definitions on the national recommendations for defining quality indicators in atrial fibrillation.28
That we did not detect geographic variation in ischemic
stroke or major bleeding may be partially attributable to the
administrative definitions used to identify study outcomes.
Consistent with the national quality indicator definitions, we
reported 1-year ischemic stroke risk for all patients with incident atrial fibrillation regardless of CHADS2 score. The
1-year assessment of stroke outcome may not be long enough
to identify the downstream effects of the observed variation in
initiation of oral anticoagulant therapy. Other potential reasons for the discrepancy between process (oral anticoagulant
prescribing) and outcome measure may be the small number
of clinical events in some of the HSAs, regional differences in
coding practices, and unmeasured clinical practice factors
such as improved management of atrial fibrillation comorbidities that interact with stroke and bleeding risk. Furthermore,
we did not collect data on concomitant use of antiplatelet
agents, which may influence stroke and bleeding risk.
We included a cohort of patients with incident atrial fibrillation until Mar. 31, 2016, based on the availability of linked
administrative data sets at the time of analysis. Although we
were unable to include the most recent years of incident atrial
fibrillation, to our knowledge, geographic variation in initiation
CMAJ OPEN, 10(3)
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of oral anticoagulant therapy has not been reported in Alberta
previously, and there have been no provincial initiatives to
address this need. We do not expect practice variation to have
improved substantially in more recent years without policy and
health care system interventions.

Conclusion

Between 2008/09 and 2015/16, the rate of initiation of oral
anticoagulant therapy within 1 year of new atrial fibrillation
diagnosis was less than 60% in patients in whom oral anticoagulant treatment would be considered guideline-appropriate
care. There was substantial practice variation in therapy initiation across geographic areas in Alberta, with clustering of
lower initiation rates in northern regions. The large geographic variation in oral anticoagulant prescribing warrants
additional study into patient, provider and health care system
factors that contribute to variation and drive disparities in
high-quality, equitable atrial fibrillation care.
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