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AF and Risk for Stroke
● The annual rate of ischemic stroke is approximately 5% among 

people with nonvalvular AF, 2 to 7 times that of people without AF

● The rate of brain ischemia (TIAs and "silent" strokes) exceeds 7%

● Long-term follow-up studies:

— In the Framingham study, people with rheumatic heart disease and AF had a 17-fold 
increase in stroke risk compared with age-matched controls and a 5-fold increase 
compared with those who had nonrheumatic AF

— Risk increases with age: in the Framingham cohort, annual attributable stroke risk was 
1.5% for participants aged 50 to 59 years, 23.5% for those aged 80 to 89 years

Fuster V, et al. Circulation. 2006;114:257-354.
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Stroke Rates in Placebo-Treated Patients 
With AFa
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Hart et al. Ann Intern Med. Ann Intern Med. 2007;146:857-867.
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Stroke Rates by Age in Patients With AF in 
Untreated Control Groups
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The CHADS2 Index Stroke Risk Score for AF
Score (points) Prevalence (%)

Prior stroke or TIA 2 10

Age >75 years 1 28

Hypertension 1 65

Diabetes mellitus 1 18

Heart failure 1 32

High risk ≥3 22

Moderate risk 1-2 33-50

Low risk 0-1 18-51

van Walraven et al. Arch Intern Med. 2003;163:936-943; Nieuwlaat et al. Euro Heart Survey. Eur Heart J. 2006 (Epub).
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Risk Factors for Stroke and Systemic
Embolism in Patients With Nonvalvular AF  

●  Age <75 yr and no risk factors, stroke risk = 1% annually
●  Age <75 yr with hypertension or diabetes, risk 2.5% annually
●  Age >75 yr with hypertension, risk 7.5% annually
●  Age >75 yr with history of TIA or stroke, risk 13% annually

Ziv O, Choudhary G. Prim Care. 2005; 32:1083-1107.

*Relative risk in comparison with patients with AF without these risk factors.

Risk Factors Relative Risk*

Previous stroke or TIA
History of hypertension
CHF
Advanced age (continuous, per decade)
Diabetes mellitus
Coronary artery disease

2.5
1.6
1.4
1.4
1.7
1.5
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*If patient has a mechanical valve, target INR is >2.5.
INR = international normalized ratio; LV = left ventricular; TIA = transient ischemic attack.

Fuster V, et al. Circulation. 2006;114:e257-354.

Risk CategoryRisk Category Recommended TherapyRecommended Therapy

No risk factors
One moderate-risk factor

Any high-risk factor or more than 
1 moderate-risk factor

No risk factors
One moderate-risk factor

Any high-risk factor or more than 
1 moderate-risk factor

Aspirin, 81 to 325 mg/d
Aspirin, 81-325 mg/d, or warfarin 

(INR 2.0-3.0, target 2.5)
Warfarin (INR 2.0-3.0, target 2.5)*

Aspirin, 81 to 325 mg/d
Aspirin, 81-325 mg/d, or warfarin 

(INR 2.0-3.0, target 2.5)
Warfarin (INR 2.0-3.0, target 2.5)*

Less Validated or 
Weaker Risk Factors Moderate-Risk FactorsModerate-Risk Factors High-Risk Factors

Female sex
Age 65-74 y
Coronary artery 

disease
Thyrotoxicosis

Age ≥75 y
Hypertension
Heart failure

LV ejection fraction ≤35%
Diabetes mellitus

Age ≥75 y
Hypertension
Heart failure

LV ejection fraction ≤35%
Diabetes mellitus

Previous stroke, TIA, 
or embolism

Mitral stenosis
Prosthetic heart valve

Antithrombotic Therapy for Patients With AF
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Stroke Risk Stratification
CHAD2 criteria and score: 2 points for prior stroke or TIA; 1 point each for

age >75 years, hypertension, diabetes mellitus, and heart failure.

*Patients not treated with anticoagulation. Adjusted stroke rate derived from multivariate analysis
assuming no aspirin use. Data are from van Walraven WC, et al. Arch Intern Med. 2003;163:936-943;
and Gage BF, et al. JAMA. 2001;285:2864-2870.
CHADS2 = cardiac failure, hypertension, age, diabetes, and stroke (doubled).
Adapted from Fuster V, et al. Circulation. 2006;114:257-354.

Stroke Risk of Patients With Nonvalvular AF According to CHADS2 Score*Stroke Risk of Patients With Nonvalvular AF According to CHADS2 Score*Stroke Risk of Patients With Nonvalvular AF According to CHADS2 Score*

CHADS2 Score Patients (N = 1733) Adjusted Stroke Rate (%/y) (95% CI)

0 120 1.9 (1.2 to 3.0)

1 463 2.8 (2.0 to 3.8)

2 523 4.0 (3.1 to 5.1)

3 337 5.9 (4.6 to 7.3)

4 220 8.5 (6.3 to 11.1)

5 65 12.5 (8.2 to 17.5)

6 5 18.2 (10.5 to 27.4)
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► Risk factors included in various stroke risk 
stratification schemes and published guidelines

More recent, large ‘real-world’ cohort studies have examined
stroke risk factors in multiple independent AF populations. The
various studies—including both old and new, as well as trial
and non-trial cohorts—have recently been the subject of a
detailed systematic review by Pisters et al.,4 which complements
other summaries of stroke risk factors in AF.6,7 From their sys-
tematic review on stroke risk factors, Pisters et al.4 found that
a prior stroke or transient ischaemic attack [15 of 16 studies
positive, risk ratio (RR) 2.86], hypertension (11 of 20 studies
positive, RR 2.27), ageing (9 of 13 studies positive, RR 1.46 per
decade increase), structural heart disease (9 of 13 studies posi-
tive, RR 2.0), and diabetes (9 of 14 studies positive, RR 1.62)
were found to be good independent predictors of stroke. Add-
itional supportive evidence was found for female gender (8 of 22
studies positive, RR 1.67), vascular disease (6 of 17 studies posi-
tive, RR 2.61), and heart failure (7 of 18 studies positive,
RR 1.85).

Despite stroke risk in AF being a continuum, the older stroke
risk stratification schemes have been used to ‘artificially’ categorize
patients into ‘low-’, ‘moderate-’, and ‘high-’risk stroke strata, so that
the AF patients at highest risk can be identified for vitamin K antag-
onist (VKA, e.g. warfarin) therapy, which was—until recently—the
only type of oral anticoagulant available for thromboprophylaxis.
Vitamin K antagonist was an ‘inconvenient’ drug with the need
for regular monitoring to keep within a narrow therapeutic
range [international normalized ratio (INR) 2.0–3.0] and was asso-
ciated with a significant risk of bleeding (especially intracranial

haemorrhage) particularly in the early period following its initi-
ation.8 Thus, if anyone was to be targeted for VKA therapy,
those at ‘high risk’ would be the patient group targeted.

The categorization into low-, moderate-, and high-risk strata is
an oversimplification (and artificial)—and clinically, this was prob-
lematic, as the predictive value of such a focus on identifying ‘high-
risk’ patients was modest at best, when evaluated using the
c-statistic (most had a c-statistic of !0.6, where 0.5 is by chance
and 1.0 is the perfect predictive value).9 Nonetheless, the c-statistic
may also not be the best way to assess the value of a score, with
reclassification now being the preferred option; thus, comparisons
of risk scores should also include the net reclassification improve-
ment and integrated discrimination improvement.10,11 In addition,
c-statistics in one published study should not be compared with
another given the heterogeneity between study populations and
stroke risk profiles. Furthermore, prescribing of oral anticoagulants
has little relationship to the low-, moderate-, and high-risk strata, as
the proportions being prescribed VKAs are broadly similar in all
three strata.12–14

The ‘moderate-’risk category was also problematic as older
guidelines recommended ‘warfarin or aspirin’ in these patients,15

and schemes that categorized a large proportion of patients
within this category were less useful, as clinicians were left with
the uncertainty over whether ‘aspirin or warfarin’ should be pre-
scribed. In the study by Fang et al.,9 some stroke risk stratification
scores classified up to 61% of patients into this ‘moderate-risk’
category.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Risk factors included in various stroke risk stratification schemes and published guidelines

Risk stratification schemes Risk factor

Age Female Prior stroke
or TE event

Hypertension Heart
failure

Diabetes Vascular
disease

SPAF116 1999 .75a
pa p p

–
p

–

AF Investigators117 1994 65–75; .75 –
p p

–
p

–

CHADS2
42 2001 "75 –

p p p p
–

Framingham63 2003
p p p p

–
p

–

van Walraven118 2003 – –
p p

–
p p

Rietbrock45 2008
p p p

– –
p

–

CHA2DS2-VASc
71 2009 65–74; "75

p p p p p p

Guidelines and consensus statements

ACCP6 2012 65–74; .75
p p p p p p

Canadian Guidelines119 2010 "75 –
p p p p

–

ESC1,78 2010, 2012 65–74; "75
p p p p p p

RCPE consensus statement120 2012 65–74; "75
p p p p p p

Canadian Guidelines focused
update27

2012 65–74; "75
p p p p p p

ACCP, American College of Chest Physicians; AFI, Atrial Fibrillation Investigators; CHADS2, C—congestive heart failure, H—hypertension, A—age "75, D—diabetes mellitus,
S—previous stroke/TIA; CHA2DS2-VASc, C—congestive heart failure or left ventricular dysfunction, H—hypertension, A2—age"75, D—diabetes mellitus, S—previous stroke/
TIA/systemic embolism, V—vascular disease, A—age 65–74, Sc—sex category female; ESC, European Society of Cardiology; RCPE, Royal College of Physicians of Edinburgh;
SPAF, Stroke Prevention in Atrial Fibrillation.
aAge and female gender combined are a single risk factor.
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► assessed the predictive ability of 
these 5 risk stratification schemes 
when applied to a large, independent, 
community cohort of patients with AF.

FOCUS ISSUE: ATRIAL FIBRILLATION Clinical Research

Atrial Fibrillation and Embolism

Comparison of Risk Stratification
Schemes to Predict Thromboembolism
in People With Nonvalvular Atrial Fibrillation
Margaret C. Fang, MD, MPH,* Alan S. Go, MD,*† Yuchiao Chang, PHD,‡ Leila Borowsky, MPH,‡
Niela K. Pomernacki, RD,† Daniel E. Singer, MD,‡ for the ATRIA Study Group

San Francisco and Oakland, California; and Boston, Massachusetts

Objectives We assessed 5 risk stratification schemes for their ability to predict atrial fibrillation (AF)–related thromboembo-
lism in a large community-based cohort.

Background Risk schemes can help target anticoagulant therapy for patients at highest risk for AF–related thromboembo-
lism. We tested the predictive ability of 5 risk schemes: the Atrial Fibrillation Investigators, Stroke Prevention in
Atrial Fibrillation, CHADS2 (Congestive heart failure, Hypertension, Age ! 75 years, Diabetes mellitus, and prior
Stroke or transient ischemic attack) index, Framingham score, and the 7th American College of Chest Physi-
cians Guidelines.

Methods We followed a cohort of 13,559 adults with AF for a median of 6.0 years. Among non-warfarin users, we identi-
fied incident thromboembolism (ischemic stroke or peripheral embolism) and risk factors from clinical data-
bases. Each scheme was divided into low, intermediate, and high predicted risk categories and applied to the
cohort. Annualized thromboembolism rates and c-statistics (to assess discrimination) were calculated for each
risk scheme.

Results We identified 685 validated thromboembolic events that occurred during 32,721 person-years off warfarin ther-
apy. The risk schemes had only fair discriminating ability, with c-statistics ranging from 0.56 to 0.62. The propor-
tion of patients assigned to individual risk categories varied widely across the schemes. The proportion catego-
rized as low risk ranged from 11.7% to 37.1% across schemes, and the proportion considered high risk ranged
from 16.4% to 80.4%.

Conclusions Current risk schemes have comparable, but only limited, overall ability to predict thromboembolism in persons
with AF. Recommendations for antithrombotic therapy may vary widely depending on which scheme is applied
for individual patients. Better risk stratification is crucially needed to improve selection of AF patients for antico-
agulant therapy. (J Am Coll Cardiol 2008;51:810–5) © 2008 by the American College of Cardiology
Foundation

Nonvalvular atrial fibrillation (AF) is a major risk factor for
thromboembolism, causing approximately 15% of the isch-
emic strokes in the U.S. (1). Anticoagulant therapy with
vitamin K antagonists such as warfarin sodium can substan-

tially reduce the risk of AF–related thromboembolism, but
at the risk of incurring more hemorrhagic complications (2).
Accurate stratification of patients with AF by thromboem-
bolism risk should ideally target the use of warfarin for
patients at highest risk of thromboembolism and reduce the
exposure of low-risk patients to the complications of war-
farin (3–5).

See page 816

Several prominent risk stratification schemes have been
developed to help distinguish those patients with AF who
are at high risk for ischemic stroke and other systemic
thromboembolism from those with a risk sufficiently low
that anticoagulation might not be beneficial when consid-

From the *Department of Medicine, University of California at San Francisco, San
Francisco, California; †Division of Research, Kaiser Permanente of Northern Cali-
fornia, Oakland, California; and the ‡Clinical Epidemiology Unit, Massachusetts
General Hospital, Boston, Massachusetts. This study was supported by Public Health
Services research grant AG15478 from the National Institute on Aging, the Eliot B.
and Edith C. Shoolman Fund of Massachusetts General Hospital (Boston, Massa-
chusetts), a Hartford Geriatrics Health Outcomes Research Scholars Award from the
American Geriatrics Society Foundation for Health in Aging (New York, New York),
and a Paul B. Beeson Career Development Award in Aging from the National
Institute on Aging (K23 AG28978).

Manuscript received July 2, 2007; revised manuscript received September 11, 2007,
accepted September 17, 2007.

Journal of the American College of Cardiology Vol. 51, No. 8, 2008
© 2008 by the American College of Cardiology Foundation ISSN 0735-1097/08/$34.00
Published by Elsevier Inc. doi:10.1016/j.jacc.2007.09.065
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Several prominent risk stratification schemes have been
developed to help distinguish those patients with AF who
are at high risk for ischemic stroke and other systemic
thromboembolism from those with a risk sufficiently low
that anticoagulation might not be beneficial when consid-
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Published by Elsevier Inc. doi:10.1016/j.jacc.2007.09.065

assessed the predictive ability of these 5 risk 
stratification schemes when applied to a large, 
independent, community cohort of patients with AF.
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assessed the predictive ability of these 5 risk 
stratification schemes when applied to a large, 
independent, community cohort of patients with AF.

The ATRIA (AnTicoagulation and Risk Factors In Atrial Fibrillation) 
study is a cohort of 13,559 adults with diagnosed nonvalvular AF 
who received care within Kaiser Permanente of Northern California
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ering the associated bleeding risks (2,6–9). Two schemes
were developed from multivariable analyses of pooled data
from randomized trial participants: the Atrial Fibrillation
Investigators (AFI) and the Stroke Prevention in Atrial
Fibrillation (SPAF) risk schemes (2,6). The CHADS2
(Congestive heart failure, Hypertension, Age ! 75 years,
Diabetes mellitus, and prior Stroke or transient ischemic
attack) index, named for a combination of clinical risk
factors, was subsequently developed from an amalgamation
of the AFI and SPAF schemes and validated using data
from a registry of hospitalized Medicare beneficiaries with
AF (7). A risk score based on the Framingham Heart Study
cohort was developed to predict 5-year risk of stroke, but it
has yet to be validated in other community settings (8).
Finally, a guideline from the 7th American College of Chest
Physicians Conference on Antithrombotic and Thrombo-
lytic Therapy (ACCP) was developed through expert opin-
ion and review of the available evidence (9).

Although many of the clinical variables overlap among
the different risk schemes, there are differences in how
specific variables are coded (e.g., age as a continuous variable
as opposed to a dichotomous variable), combined, and
weighted. Because these variations may lead to significant
differences in whether patients are categorized as being at
low or high risk for thromboembolism, the choice of
guideline could potentially influence the recommendation of
warfarin for individual patients. We assessed the predictive
ability of these 5 risk stratification schemes when applied to
a large, independent, community cohort of patients with
AF.

Methods

The ATRIA (AnTicoagulation and Risk Factors In Atrial
Fibrillation) study is a cohort of 13,559 adults with diag-
nosed nonvalvular AF who received care within Kaiser
Permanente of Northern California, a large integrated

health care delivery system. De-
tails of the cohort assembly have
been described previously
(10,11). We identified patients
with a diagnosis of AF between
July 1, 1996, and December 31,
1997, by searching automated
inpatient, outpatient, and elec-
trocardiographic databases for
physician-assigned International
Classification of Diseases-Ninth
Revision-Clinical Modification
(ICD-9-CM) diagnosis of AF
(427.31). The cohort was fol-
lowed up through September
2003, a median follow-up of 6.0
years (interquartile range 3.1 to
6.7 years). To specifically address
nonvalvular AF, we excluded pa-
tients with diagnoses of mitral
stenosis, documented valvular re-
pair or replacement, transient post-operative AF, or con-
current hyperthyroidism. Warfarin exposure among patients
was determined from computerized records from pharmacy,
laboratory, and ambulatory visits using previously described
and validated methods (10). The analyses for our study were
restricted to the 10,932 patients who had periods of time
when they appeared not to be taking warfarin.
Patient characteristics and risk stratification schemes for
thromboembolism. Each of the 5 risk stratification
schemes (Table 1) was constructed to assign patients to low,
intermediate, and high thromboembolism risk categories,
consistent with previous studies (3–5). The specific risk
factors included age, gender, history of ischemic stroke,
diagnosed heart failure, diagnosed hypertension, and diabe-
tes mellitus. Data for individual medical conditions were

5 Risk Stratification Schemes Used to Predict Thromboembolism in Persons With Nonvalvular Atrial Fibrillation*

Table 1 5 Risk Stratification Schemes Used to Predict Thromboembolism in Persons With Nonvalvular Atrial Fibrillation*

Risk Scheme Low Risk Intermediate Risk High Risk

AFI Age !65 yrs and no risk factors Age "65 yrs and no other risk factors Prior ischemic stroke or transient ischemic
attack, history of hypertension, history of
diabetes mellitus

SPAF No risk factors History of hypertension Prior stroke, women older than 75 yrs,
recent clinical heart failure, left
ventricular fractional shortening "25%
on echocardiography

CHADS2† Score 0 Score 1 to 2 Score 3 to 6

Framingham‡ Score 0 to 7 Score 8 to 15 Score 16 to 31

7th ACCP Age !65 yrs and no other risk
factors

Age 65 to 75 yrs and no other risk factors Prior ischemic stroke, age "75 yrs,
moderate to severe left ventricular
dysfunction, history of hypertension,
diabetes mellitus

*The AFI, SPAF, CHADS2, and Framingham schemes were developed to predict atrial fibrillation–related ischemic stroke, not ischemic stroke plus peripheral embolism. †The CHADS2 index is a point system
that assigns 1 point each for Congestive heart failure, Hypertension, Age 75 years or older, and Diabetes mellitus and 2 points for prior Stroke or transient ischemic attack (7). ‡The Framingham score is
a point system based on the following clinical factors: age (0 to 10 points), female gender (6 points), systolic blood pressure (0 to 4 points), diabetes mellitus (5 points), and prior ischemic stroke or transient
ischemic attack (6 points) (8).

ACCP # American College of Chest Physicians Conference on Antithrombotic and Thrombolytic Therapy guidelines (9); AFI # Atrial Fibrillation Investigators (2); CHADS2 # Congestive heart failure,
Hypertension, Age !75 years, Diabetes mellitus, and prior Stroke or transient ischemic attack; SPAF # Stroke Prevention in Atrial Fibrillation (6).
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ering the associated bleeding risks (2,6–9). Two schemes
were developed from multivariable analyses of pooled data
from randomized trial participants: the Atrial Fibrillation
Investigators (AFI) and the Stroke Prevention in Atrial
Fibrillation (SPAF) risk schemes (2,6). The CHADS2
(Congestive heart failure, Hypertension, Age ! 75 years,
Diabetes mellitus, and prior Stroke or transient ischemic
attack) index, named for a combination of clinical risk
factors, was subsequently developed from an amalgamation
of the AFI and SPAF schemes and validated using data
from a registry of hospitalized Medicare beneficiaries with
AF (7). A risk score based on the Framingham Heart Study
cohort was developed to predict 5-year risk of stroke, but it
has yet to be validated in other community settings (8).
Finally, a guideline from the 7th American College of Chest
Physicians Conference on Antithrombotic and Thrombo-
lytic Therapy (ACCP) was developed through expert opin-
ion and review of the available evidence (9).

Although many of the clinical variables overlap among
the different risk schemes, there are differences in how
specific variables are coded (e.g., age as a continuous variable
as opposed to a dichotomous variable), combined, and
weighted. Because these variations may lead to significant
differences in whether patients are categorized as being at
low or high risk for thromboembolism, the choice of
guideline could potentially influence the recommendation of
warfarin for individual patients. We assessed the predictive
ability of these 5 risk stratification schemes when applied to
a large, independent, community cohort of patients with
AF.

Methods

The ATRIA (AnTicoagulation and Risk Factors In Atrial
Fibrillation) study is a cohort of 13,559 adults with diag-
nosed nonvalvular AF who received care within Kaiser
Permanente of Northern California, a large integrated

health care delivery system. De-
tails of the cohort assembly have
been described previously
(10,11). We identified patients
with a diagnosis of AF between
July 1, 1996, and December 31,
1997, by searching automated
inpatient, outpatient, and elec-
trocardiographic databases for
physician-assigned International
Classification of Diseases-Ninth
Revision-Clinical Modification
(ICD-9-CM) diagnosis of AF
(427.31). The cohort was fol-
lowed up through September
2003, a median follow-up of 6.0
years (interquartile range 3.1 to
6.7 years). To specifically address
nonvalvular AF, we excluded pa-
tients with diagnoses of mitral
stenosis, documented valvular re-
pair or replacement, transient post-operative AF, or con-
current hyperthyroidism. Warfarin exposure among patients
was determined from computerized records from pharmacy,
laboratory, and ambulatory visits using previously described
and validated methods (10). The analyses for our study were
restricted to the 10,932 patients who had periods of time
when they appeared not to be taking warfarin.
Patient characteristics and risk stratification schemes for
thromboembolism. Each of the 5 risk stratification
schemes (Table 1) was constructed to assign patients to low,
intermediate, and high thromboembolism risk categories,
consistent with previous studies (3–5). The specific risk
factors included age, gender, history of ischemic stroke,
diagnosed heart failure, diagnosed hypertension, and diabe-
tes mellitus. Data for individual medical conditions were
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Table 1 5 Risk Stratification Schemes Used to Predict Thromboembolism in Persons With Nonvalvular Atrial Fibrillation*

Risk Scheme Low Risk Intermediate Risk High Risk

AFI Age !65 yrs and no risk factors Age "65 yrs and no other risk factors Prior ischemic stroke or transient ischemic
attack, history of hypertension, history of
diabetes mellitus

SPAF No risk factors History of hypertension Prior stroke, women older than 75 yrs,
recent clinical heart failure, left
ventricular fractional shortening "25%
on echocardiography

CHADS2† Score 0 Score 1 to 2 Score 3 to 6

Framingham‡ Score 0 to 7 Score 8 to 15 Score 16 to 31

7th ACCP Age !65 yrs and no other risk
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Age 65 to 75 yrs and no other risk factors Prior ischemic stroke, age "75 yrs,
moderate to severe left ventricular
dysfunction, history of hypertension,
diabetes mellitus

*The AFI, SPAF, CHADS2, and Framingham schemes were developed to predict atrial fibrillation–related ischemic stroke, not ischemic stroke plus peripheral embolism. †The CHADS2 index is a point system
that assigns 1 point each for Congestive heart failure, Hypertension, Age 75 years or older, and Diabetes mellitus and 2 points for prior Stroke or transient ischemic attack (7). ‡The Framingham score is
a point system based on the following clinical factors: age (0 to 10 points), female gender (6 points), systolic blood pressure (0 to 4 points), diabetes mellitus (5 points), and prior ischemic stroke or transient
ischemic attack (6 points) (8).
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from randomized trial participants: the Atrial Fibrillation
Investigators (AFI) and the Stroke Prevention in Atrial
Fibrillation (SPAF) risk schemes (2,6). The CHADS2
(Congestive heart failure, Hypertension, Age ! 75 years,
Diabetes mellitus, and prior Stroke or transient ischemic
attack) index, named for a combination of clinical risk
factors, was subsequently developed from an amalgamation
of the AFI and SPAF schemes and validated using data
from a registry of hospitalized Medicare beneficiaries with
AF (7). A risk score based on the Framingham Heart Study
cohort was developed to predict 5-year risk of stroke, but it
has yet to be validated in other community settings (8).
Finally, a guideline from the 7th American College of Chest
Physicians Conference on Antithrombotic and Thrombo-
lytic Therapy (ACCP) was developed through expert opin-
ion and review of the available evidence (9).

Although many of the clinical variables overlap among
the different risk schemes, there are differences in how
specific variables are coded (e.g., age as a continuous variable
as opposed to a dichotomous variable), combined, and
weighted. Because these variations may lead to significant
differences in whether patients are categorized as being at
low or high risk for thromboembolism, the choice of
guideline could potentially influence the recommendation of
warfarin for individual patients. We assessed the predictive
ability of these 5 risk stratification schemes when applied to
a large, independent, community cohort of patients with
AF.

Methods

The ATRIA (AnTicoagulation and Risk Factors In Atrial
Fibrillation) study is a cohort of 13,559 adults with diag-
nosed nonvalvular AF who received care within Kaiser
Permanente of Northern California, a large integrated

health care delivery system. De-
tails of the cohort assembly have
been described previously
(10,11). We identified patients
with a diagnosis of AF between
July 1, 1996, and December 31,
1997, by searching automated
inpatient, outpatient, and elec-
trocardiographic databases for
physician-assigned International
Classification of Diseases-Ninth
Revision-Clinical Modification
(ICD-9-CM) diagnosis of AF
(427.31). The cohort was fol-
lowed up through September
2003, a median follow-up of 6.0
years (interquartile range 3.1 to
6.7 years). To specifically address
nonvalvular AF, we excluded pa-
tients with diagnoses of mitral
stenosis, documented valvular re-
pair or replacement, transient post-operative AF, or con-
current hyperthyroidism. Warfarin exposure among patients
was determined from computerized records from pharmacy,
laboratory, and ambulatory visits using previously described
and validated methods (10). The analyses for our study were
restricted to the 10,932 patients who had periods of time
when they appeared not to be taking warfarin.
Patient characteristics and risk stratification schemes for
thromboembolism. Each of the 5 risk stratification
schemes (Table 1) was constructed to assign patients to low,
intermediate, and high thromboembolism risk categories,
consistent with previous studies (3–5). The specific risk
factors included age, gender, history of ischemic stroke,
diagnosed heart failure, diagnosed hypertension, and diabe-
tes mellitus. Data for individual medical conditions were
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Risk Scheme Low Risk Intermediate Risk High Risk
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attack, history of hypertension, history of
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CHADS2† Score 0 Score 1 to 2 Score 3 to 6

Framingham‡ Score 0 to 7 Score 8 to 15 Score 16 to 31
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moderate to severe left ventricular
dysfunction, history of hypertension,
diabetes mellitus

*The AFI, SPAF, CHADS2, and Framingham schemes were developed to predict atrial fibrillation–related ischemic stroke, not ischemic stroke plus peripheral embolism. †The CHADS2 index is a point system
that assigns 1 point each for Congestive heart failure, Hypertension, Age 75 years or older, and Diabetes mellitus and 2 points for prior Stroke or transient ischemic attack (7). ‡The Framingham score is
a point system based on the following clinical factors: age (0 to 10 points), female gender (6 points), systolic blood pressure (0 to 4 points), diabetes mellitus (5 points), and prior ischemic stroke or transient
ischemic attack (6 points) (8).
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warfarin therapy, for an overall rate of 2.1 per 100 person-
years. The observed rates in all risk schemes increased
monotonically from low- to high-risk categories, but the
thromboembolic event rates in individual risk categories
varied across the risk stratification schemes (Fig. 1). The
group of patients categorized as low risk using the 7th
ACCP guidelines had an observed annualized thromboem-
bolism rate of 0.13% (95% CI 0.05% to 0.32%). In com-
parison, the group of patients categorized as low risk using
the Framingham risk scheme had an observed thromboem-
bolism rate of 0.81% (95% CI 0.66% to 0.99%). The
high-risk patients of the 7th ACCP guidelines had an
observed thromboembolism rate of 2.5% (95% CI 2.3% to
2.7%), whereas the Framingham risk scheme high-risk
patients had an observed rate of 3.9% (95% CI 3.4% to
4.5%).

All risk schemes had only a fair ability to separate patients
into risk categories that corresponded to different rates of

thromboembolism, which was reflected in c-statistics rang-
ing from 0.56 for the AFI and 7th ACCP risk schemes to
0.62 for the Framingham risk scheme (Table 3). These
results did not change materially in the subgroup analysis of
patients with continuous follow-up off warfarin for 12
months (Table 3). Patients with and without thromboem-
bolism had highly overlapping risk category distributions;
these results are illustrated for the CHADS2 index in Figure
2. As shown in Figure 3, all 5 risk schemes have roughly
comparable receiver-operating characteristic curves and dis-
criminating ability that is only moderately better than the
45° line of no information (12).

In additional sensitivity analyses, the c-statistic for the
Framingham score was essentially unchanged when the
diagnosis of hypertension was reassigned a point score of 2
or 4. A scoring system for the CHADS2 and Framingham
risk schemes that used their full range of possible values
resulted in only marginally better c-statistics than when
three categories of risk were used: 0.60 using a continuous
score versus 0.58 using a 3-category score for the CHADS2
index, and 0.64 versus 0.62 for the Framingham score.
Finally, restricting the analyses to primary prevention pa-
tients (i.e., those without a history of prior stroke) did not
change our results materially.

Discussion

Among the 5 major risk stratification schemes commonly
used to predict thromboembolism in patients with nonval-
vular AF, no one risk scheme seemed to be superior.
Furthermore, all 5 schemes had at best only fair discrimi-
nating ability when applied to this cohort, with c-statistics
ranging from 0.56 to 0.62, far from the ideal c-statistic
target of 1. Although these risk categories were labeled as
low, intermediate, and high, the absolute rates of thrombo-

Figure 2 Proportion of ATRIA Cohort Off Warfarin and Categorized
by CHADS2 Scores, Stratified by Development of TE

The distribution of person-years contributed by patients not sustaining a TE is
in blue and the distribution of person-years contributed by patients sustaining
a TE is in yellow. Abbreviations as in Figure 1.

Proportion of ATRIA Cohort Categorized by 5 RiskStratification Schemes Used to Predict AtrialFibrillation–Related Thromboembolism andDiscriminatory Ability of Risk Schemes (c-Statistics)

Table 3

Proportion of ATRIA Cohort Categorized by 5 Risk
Stratification Schemes Used to Predict Atrial
Fibrillation–Related Thromboembolism and
Discriminatory Ability of Risk Schemes (c-Statistics)

Risk for Thromboembolism (%) c-Statistic

Low Intermediate High All Patients Subgroup*

AFI 13.1 24.7 62.3 0.56 0.61

SPAF 27.7 28.5 43.8 0.60 0.65

CHADS2 18.8 61.2 20.1 0.58 0.67

Framingham 37.1 46.6 16.4 0.62 0.69

7th ACCP 11.7 7.9 80.4 0.56 0.60

*Subgroup of 5,588 patients not on warfarin at baseline and with continuous follow-up off of
warfarin for at least 12 months.

Abbreviations as in Table 1.

Figure 1 Annual TE Rates Across Risk Groups Using 5 Risk
Stratification Schemes Used to Predict AF-Related TE

The double-barred lines represent 95% confidence intervals. ACCP ! American
College of Chest Physicians Conference on Antithrombotic and Thrombolytic
Therapy; AF ! atrial fibrillation; AFI ! Atrial Fibrillation Investigators; CHADS2

! congestive heart failure, hypertension, age !75 years, diabetes mellitus,
and prior stroke or transient ischemic attack; SPAF ! stroke prevention in
atrial fibrillation; TE ! thromboembolism.
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warfarin therapy, for an overall rate of 2.1 per 100 person-
years. The observed rates in all risk schemes increased
monotonically from low- to high-risk categories, but the
thromboembolic event rates in individual risk categories
varied across the risk stratification schemes (Fig. 1). The
group of patients categorized as low risk using the 7th
ACCP guidelines had an observed annualized thromboem-
bolism rate of 0.13% (95% CI 0.05% to 0.32%). In com-
parison, the group of patients categorized as low risk using
the Framingham risk scheme had an observed thromboem-
bolism rate of 0.81% (95% CI 0.66% to 0.99%). The
high-risk patients of the 7th ACCP guidelines had an
observed thromboembolism rate of 2.5% (95% CI 2.3% to
2.7%), whereas the Framingham risk scheme high-risk
patients had an observed rate of 3.9% (95% CI 3.4% to
4.5%).

All risk schemes had only a fair ability to separate patients
into risk categories that corresponded to different rates of

thromboembolism, which was reflected in c-statistics rang-
ing from 0.56 for the AFI and 7th ACCP risk schemes to
0.62 for the Framingham risk scheme (Table 3). These
results did not change materially in the subgroup analysis of
patients with continuous follow-up off warfarin for 12
months (Table 3). Patients with and without thromboem-
bolism had highly overlapping risk category distributions;
these results are illustrated for the CHADS2 index in Figure
2. As shown in Figure 3, all 5 risk schemes have roughly
comparable receiver-operating characteristic curves and dis-
criminating ability that is only moderately better than the
45° line of no information (12).

In additional sensitivity analyses, the c-statistic for the
Framingham score was essentially unchanged when the
diagnosis of hypertension was reassigned a point score of 2
or 4. A scoring system for the CHADS2 and Framingham
risk schemes that used their full range of possible values
resulted in only marginally better c-statistics than when
three categories of risk were used: 0.60 using a continuous
score versus 0.58 using a 3-category score for the CHADS2
index, and 0.64 versus 0.62 for the Framingham score.
Finally, restricting the analyses to primary prevention pa-
tients (i.e., those without a history of prior stroke) did not
change our results materially.

Discussion

Among the 5 major risk stratification schemes commonly
used to predict thromboembolism in patients with nonval-
vular AF, no one risk scheme seemed to be superior.
Furthermore, all 5 schemes had at best only fair discrimi-
nating ability when applied to this cohort, with c-statistics
ranging from 0.56 to 0.62, far from the ideal c-statistic
target of 1. Although these risk categories were labeled as
low, intermediate, and high, the absolute rates of thrombo-
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The distribution of person-years contributed by patients not sustaining a TE is
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Proportion of ATRIA Cohort Categorized by 5 Risk
Stratification Schemes Used to Predict Atrial
Fibrillation–Related Thromboembolism and
Discriminatory Ability of Risk Schemes (c-Statistics)

Risk for Thromboembolism (%) c-Statistic

Low Intermediate High All Patients Subgroup*

AFI 13.1 24.7 62.3 0.56 0.61

SPAF 27.7 28.5 43.8 0.60 0.65

CHADS2 18.8 61.2 20.1 0.58 0.67

Framingham 37.1 46.6 16.4 0.62 0.69

7th ACCP 11.7 7.9 80.4 0.56 0.60

*Subgroup of 5,588 patients not on warfarin at baseline and with continuous follow-up off of
warfarin for at least 12 months.

Abbreviations as in Table 1.

Figure 1 Annual TE Rates Across Risk Groups Using 5 Risk
Stratification Schemes Used to Predict AF-Related TE

The double-barred lines represent 95% confidence intervals. ACCP ! American
College of Chest Physicians Conference on Antithrombotic and Thrombolytic
Therapy; AF ! atrial fibrillation; AFI ! Atrial Fibrillation Investigators; CHADS2

! congestive heart failure, hypertension, age !75 years, diabetes mellitus,
and prior stroke or transient ischemic attack; SPAF ! stroke prevention in
atrial fibrillation; TE ! thromboembolism.
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warfarin therapy, for an overall rate of 2.1 per 100 person-
years. The observed rates in all risk schemes increased
monotonically from low- to high-risk categories, but the
thromboembolic event rates in individual risk categories
varied across the risk stratification schemes (Fig. 1). The
group of patients categorized as low risk using the 7th
ACCP guidelines had an observed annualized thromboem-
bolism rate of 0.13% (95% CI 0.05% to 0.32%). In com-
parison, the group of patients categorized as low risk using
the Framingham risk scheme had an observed thromboem-
bolism rate of 0.81% (95% CI 0.66% to 0.99%). The
high-risk patients of the 7th ACCP guidelines had an
observed thromboembolism rate of 2.5% (95% CI 2.3% to
2.7%), whereas the Framingham risk scheme high-risk
patients had an observed rate of 3.9% (95% CI 3.4% to
4.5%).

All risk schemes had only a fair ability to separate patients
into risk categories that corresponded to different rates of

thromboembolism, which was reflected in c-statistics rang-
ing from 0.56 for the AFI and 7th ACCP risk schemes to
0.62 for the Framingham risk scheme (Table 3). These
results did not change materially in the subgroup analysis of
patients with continuous follow-up off warfarin for 12
months (Table 3). Patients with and without thromboem-
bolism had highly overlapping risk category distributions;
these results are illustrated for the CHADS2 index in Figure
2. As shown in Figure 3, all 5 risk schemes have roughly
comparable receiver-operating characteristic curves and dis-
criminating ability that is only moderately better than the
45° line of no information (12).

In additional sensitivity analyses, the c-statistic for the
Framingham score was essentially unchanged when the
diagnosis of hypertension was reassigned a point score of 2
or 4. A scoring system for the CHADS2 and Framingham
risk schemes that used their full range of possible values
resulted in only marginally better c-statistics than when
three categories of risk were used: 0.60 using a continuous
score versus 0.58 using a 3-category score for the CHADS2
index, and 0.64 versus 0.62 for the Framingham score.
Finally, restricting the analyses to primary prevention pa-
tients (i.e., those without a history of prior stroke) did not
change our results materially.

Discussion

Among the 5 major risk stratification schemes commonly
used to predict thromboembolism in patients with nonval-
vular AF, no one risk scheme seemed to be superior.
Furthermore, all 5 schemes had at best only fair discrimi-
nating ability when applied to this cohort, with c-statistics
ranging from 0.56 to 0.62, far from the ideal c-statistic
target of 1. Although these risk categories were labeled as
low, intermediate, and high, the absolute rates of thrombo-
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warfarin for at least 12 months.
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warfarin therapy, for an overall rate of 2.1 per 100 person-
years. The observed rates in all risk schemes increased
monotonically from low- to high-risk categories, but the
thromboembolic event rates in individual risk categories
varied across the risk stratification schemes (Fig. 1). The
group of patients categorized as low risk using the 7th
ACCP guidelines had an observed annualized thromboem-
bolism rate of 0.13% (95% CI 0.05% to 0.32%). In com-
parison, the group of patients categorized as low risk using
the Framingham risk scheme had an observed thromboem-
bolism rate of 0.81% (95% CI 0.66% to 0.99%). The
high-risk patients of the 7th ACCP guidelines had an
observed thromboembolism rate of 2.5% (95% CI 2.3% to
2.7%), whereas the Framingham risk scheme high-risk
patients had an observed rate of 3.9% (95% CI 3.4% to
4.5%).

All risk schemes had only a fair ability to separate patients
into risk categories that corresponded to different rates of

thromboembolism, which was reflected in c-statistics rang-
ing from 0.56 for the AFI and 7th ACCP risk schemes to
0.62 for the Framingham risk scheme (Table 3). These
results did not change materially in the subgroup analysis of
patients with continuous follow-up off warfarin for 12
months (Table 3). Patients with and without thromboem-
bolism had highly overlapping risk category distributions;
these results are illustrated for the CHADS2 index in Figure
2. As shown in Figure 3, all 5 risk schemes have roughly
comparable receiver-operating characteristic curves and dis-
criminating ability that is only moderately better than the
45° line of no information (12).

In additional sensitivity analyses, the c-statistic for the
Framingham score was essentially unchanged when the
diagnosis of hypertension was reassigned a point score of 2
or 4. A scoring system for the CHADS2 and Framingham
risk schemes that used their full range of possible values
resulted in only marginally better c-statistics than when
three categories of risk were used: 0.60 using a continuous
score versus 0.58 using a 3-category score for the CHADS2
index, and 0.64 versus 0.62 for the Framingham score.
Finally, restricting the analyses to primary prevention pa-
tients (i.e., those without a history of prior stroke) did not
change our results materially.

Discussion

Among the 5 major risk stratification schemes commonly
used to predict thromboembolism in patients with nonval-
vular AF, no one risk scheme seemed to be superior.
Furthermore, all 5 schemes had at best only fair discrimi-
nating ability when applied to this cohort, with c-statistics
ranging from 0.56 to 0.62, far from the ideal c-statistic
target of 1. Although these risk categories were labeled as
low, intermediate, and high, the absolute rates of thrombo-

Figure 2 Proportion of ATRIA Cohort Off Warfarin and Categorized
by CHADS2 Scores, Stratified by Development of TE

The distribution of person-years contributed by patients not sustaining a TE is
in blue and the distribution of person-years contributed by patients sustaining
a TE is in yellow. Abbreviations as in Figure 1.

Proportion of ATRIA Cohort Categorized by 5 RiskStratification Schemes Used to Predict AtrialFibrillation–Related Thromboembolism andDiscriminatory Ability of Risk Schemes (c-Statistics)

Table 3

Proportion of ATRIA Cohort Categorized by 5 Risk
Stratification Schemes Used to Predict Atrial
Fibrillation–Related Thromboembolism and
Discriminatory Ability of Risk Schemes (c-Statistics)

Risk for Thromboembolism (%) c-Statistic

Low Intermediate High All Patients Subgroup*

AFI 13.1 24.7 62.3 0.56 0.61

SPAF 27.7 28.5 43.8 0.60 0.65

CHADS2 18.8 61.2 20.1 0.58 0.67

Framingham 37.1 46.6 16.4 0.62 0.69

7th ACCP 11.7 7.9 80.4 0.56 0.60

*Subgroup of 5,588 patients not on warfarin at baseline and with continuous follow-up off of
warfarin for at least 12 months.

Abbreviations as in Table 1.

Figure 1 Annual TE Rates Across Risk Groups Using 5 Risk
Stratification Schemes Used to Predict AF-Related TE

The double-barred lines represent 95% confidence intervals. ACCP ! American
College of Chest Physicians Conference on Antithrombotic and Thrombolytic
Therapy; AF ! atrial fibrillation; AFI ! Atrial Fibrillation Investigators; CHADS2

! congestive heart failure, hypertension, age !75 years, diabetes mellitus,
and prior stroke or transient ischemic attack; SPAF ! stroke prevention in
atrial fibrillation; TE ! thromboembolism.
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warfarin therapy, for an overall rate of 2.1 per 100 person-
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thromboembolic event rates in individual risk categories
varied across the risk stratification schemes (Fig. 1). The
group of patients categorized as low risk using the 7th
ACCP guidelines had an observed annualized thromboem-
bolism rate of 0.13% (95% CI 0.05% to 0.32%). In com-
parison, the group of patients categorized as low risk using
the Framingham risk scheme had an observed thromboem-
bolism rate of 0.81% (95% CI 0.66% to 0.99%). The
high-risk patients of the 7th ACCP guidelines had an
observed thromboembolism rate of 2.5% (95% CI 2.3% to
2.7%), whereas the Framingham risk scheme high-risk
patients had an observed rate of 3.9% (95% CI 3.4% to
4.5%).

All risk schemes had only a fair ability to separate patients
into risk categories that corresponded to different rates of

thromboembolism, which was reflected in c-statistics rang-
ing from 0.56 for the AFI and 7th ACCP risk schemes to
0.62 for the Framingham risk scheme (Table 3). These
results did not change materially in the subgroup analysis of
patients with continuous follow-up off warfarin for 12
months (Table 3). Patients with and without thromboem-
bolism had highly overlapping risk category distributions;
these results are illustrated for the CHADS2 index in Figure
2. As shown in Figure 3, all 5 risk schemes have roughly
comparable receiver-operating characteristic curves and dis-
criminating ability that is only moderately better than the
45° line of no information (12).

In additional sensitivity analyses, the c-statistic for the
Framingham score was essentially unchanged when the
diagnosis of hypertension was reassigned a point score of 2
or 4. A scoring system for the CHADS2 and Framingham
risk schemes that used their full range of possible values
resulted in only marginally better c-statistics than when
three categories of risk were used: 0.60 using a continuous
score versus 0.58 using a 3-category score for the CHADS2
index, and 0.64 versus 0.62 for the Framingham score.
Finally, restricting the analyses to primary prevention pa-
tients (i.e., those without a history of prior stroke) did not
change our results materially.

Discussion

Among the 5 major risk stratification schemes commonly
used to predict thromboembolism in patients with nonval-
vular AF, no one risk scheme seemed to be superior.
Furthermore, all 5 schemes had at best only fair discrimi-
nating ability when applied to this cohort, with c-statistics
ranging from 0.56 to 0.62, far from the ideal c-statistic
target of 1. Although these risk categories were labeled as
low, intermediate, and high, the absolute rates of thrombo-

Figure 2 Proportion of ATRIA Cohort Off Warfarin and Categorized
by CHADS2 Scores, Stratified by Development of TE

The distribution of person-years contributed by patients not sustaining a TE is
in blue and the distribution of person-years contributed by patients sustaining
a TE is in yellow. Abbreviations as in Figure 1.

Proportion of ATRIA Cohort Categorized by 5 RiskStratification Schemes Used to Predict AtrialFibrillation–Related Thromboembolism andDiscriminatory Ability of Risk Schemes (c-Statistics)

Table 3

Proportion of ATRIA Cohort Categorized by 5 Risk
Stratification Schemes Used to Predict Atrial
Fibrillation–Related Thromboembolism and
Discriminatory Ability of Risk Schemes (c-Statistics)

Risk for Thromboembolism (%) c-Statistic

Low Intermediate High All Patients Subgroup*

AFI 13.1 24.7 62.3 0.56 0.61

SPAF 27.7 28.5 43.8 0.60 0.65

CHADS2 18.8 61.2 20.1 0.58 0.67

Framingham 37.1 46.6 16.4 0.62 0.69

7th ACCP 11.7 7.9 80.4 0.56 0.60

*Subgroup of 5,588 patients not on warfarin at baseline and with continuous follow-up off of
warfarin for at least 12 months.

Abbreviations as in Table 1.

Figure 1 Annual TE Rates Across Risk Groups Using 5 Risk
Stratification Schemes Used to Predict AF-Related TE

The double-barred lines represent 95% confidence intervals. ACCP ! American
College of Chest Physicians Conference on Antithrombotic and Thrombolytic
Therapy; AF ! atrial fibrillation; AFI ! Atrial Fibrillation Investigators; CHADS2

! congestive heart failure, hypertension, age !75 years, diabetes mellitus,
and prior stroke or transient ischemic attack; SPAF ! stroke prevention in
atrial fibrillation; TE ! thromboembolism.

813JACC Vol. 51, No. 8, 2008 Fang et al.
February 26, 2008:810–5 Risk Stratification for AF

Annual TE Rates Across Risk Groups Using 5 
Risk Stratification Schemes Used to Predict AF-
Related TE

Low risk?

Wednesday, October 23, 2013



embolism across these ordered categories increased by only
small degrees. The 7th ACCP guideline’s categories of
low-risk, intermediate-risk, and high-risk categories, for
example, corresponded to absolute thromboembolism rates
of 0.13%, 0.89%, and 2.5% per year, only a modest revision
of the absolute risks. These low absolute event rates dictate
that the majority of patients, even those predicted to be at
high risk for thromboembolism, will not sustain a throm-
boembolic event. Better ways to predict thromboembolism
are clearly needed to optimize the use of anticoagulant
therapy in patients with AF, both to prevent the overuse of
anticoagulants in patients with low absolute risks of throm-
boembolism and to target the use of highly effective anti-
coagulant therapy to those patients who would most greatly
benefit.

Additional independent risk factors for AF–related
thromboembolism may not be included in current risk
schemes. Women, for example, seem to have a higher risk
for thromboembolism in the setting of atrial fibrillation
independent of other clinical risk factors (14). Other clinical
features and more novel biomarkers, including genetic
factors, may emerge as independent incremental risk factors
as well (15–17). However, it is unknown whether the
incorporation of such risk factors will meaningfully improve
the discrimination of current risk schemes. In other situa-
tions, such as in predicting coronary events or stroke, the
addition of new risk factors has resulted in only small
improvements in the discriminatory ability of risk schemes
as compared with conventional risk factors alone (18–21).
Future validation studies are clearly needed to assess the
marginal utility of additional novel risk factors. Although
there are concerns that the c-statistic is not an optimal

summary measure of the value of a prediction scheme (22),
c-statistics in the range we observed clearly indicate rela-
tively poor discriminating ability.

Thromboembolic risk stratification for AF has some
challenging features. Anticoagulant therapy is highly effec-
tive in reducing the risk of thromboembolism in AF.
Because the consequences of ischemic stroke can be devas-
tating, treatment thresholds for anticoagulation can be set at
fairly low absolute risks. Yet unlike many other cardiovas-
cular preventive therapies, warfarin is associated with po-
tentially life-threatening complications, drug–drug interac-
tions, and burdensome monitoring and dose adjustment
(23–25). This dilemma highlights the importance of im-
proving current methods of predicting thromboembolism. It
also highlights the need for better ways to risk stratify
patients for major hemorrhage, in particular intracranial
hemorrhage, which leads to most of the disability and death
from warfarin toxicity (26).

There are several limitations to our study. The ATRIA
cohort lacked data on individual patients’ systolic blood
pressure and left ventricular systolic function. However,
most applications of the widely cited CHADS2 index also
do not use such information, and in the original models of
the Framingham risk score, systolic blood pressure was not
independently statistically significant despite its being in-
corporated into the final risk scheme (8). The rates of
ischemic stroke and other systemic embolism observed in
the ATRIA cohort are somewhat lower than those observed
in the early randomized trials and in cohorts assembled from
hospitalized patients with AF (2,7). The low thromboem-
bolism rates observed in the ATRIA study may reflect the
fact that our cohort was assembled primarily from ambula-
tory settings or perhaps because stroke risk factors were
better managed in this more contemporary set of patients
(27); other contemporary studies of patients with AF report
thromboembolism rates similar to the ATRIA study
(28,29). Aspirin use was unavailable in our study because
nonprescription aspirin would not be recorded in the pharmacy
database. Widespread aspirin use among nonanticoagulated
patients may have contributed to somewhat lower rates of
thromboembolism overall. The c-statistics reported in our
study are quite consistent with the results obtained from the
pooled trial populations and the Framingham cohort, and it is
unlikely that our study limitations materially affect the validity
of our core findings regarding the discriminating ability of
standard risk schemes (8).

Conclusions

Current risk stratification schemes used to predict throm-
boembolism in persons with nonvalvular AF have similar
discriminatory ability, but the ability is relatively poor. Until
better means of risk stratification are available, a large
proportion of patients with AF who would not have
developed thromboembolism may be exposed to the risks
associated with warfarin therapy. In addition, differences

Figure 3 ROC Curves for 5 Risk Stratification Schemes
Used to Predict AF-Related Thromboembolism

The 45° dotted line represents the line of no information. ROC !
receiver-operating characteristic; other abbreviations as in Figure 1.
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trial !brillation (AF) is the most common sustained 
arrhythmia1 and confers an independent risk of stroke 
and death.2 The individual AF patient’s risk of stroke 

depends on the presence of other demographic, clinical, bio-
chemical and echocardiographic risk factors.3,4 Oral anticoagu-
lation (OAC) with vitamin K antagonists (VKAs) reduces the 
incidence of stroke by 64% and mortality by 26% compared 
to control or placebo, and is superior compared to the protec-
tion offered by antiplatelet agents.5 Recently, three novel OACs, 
1 oral direct thrombin inhibitor (dabigatran) and 2 oral factor 
Xa inhibitors (rivaroxaban, apixaban), have been proven to 
match or even surpass the already impressive stroke risk re-
duction of VKAs.6–8

Transforming the data on stroke risk factors in AF patients 
into a user-friendly format that would be suitable for every-
day clinical practice has been the rationale behind the develop-
ment of the many risk strati!cation models (RSMs). RSMs 
initially aimed to classify patients into clinically relevant stroke 

risk categories (high-, intermediate- and low-risk) that could 
subsequently facilitate the choice of the most appropriate anti-
thrombotic treatment. However, in clinical practice this trans-
lated into identifying the ‘high-risk’ AF patients who could be 
targeted for the ‘inconvenient’ VKAs, whereas all other AF 
patients could be treated with the less effective therapy, aspi-
rin (ie, low- and intermediate-risk patients, or those who re-
fuse VKAs) or no therapy.9–11

Over the past few years, a growing body of evidence has 
emerged to demonstrate that OAC, including VKAs, is bene!-
cial even in patients with a ‘moderate’ stroke risk, including 
those with 1 stroke risk factor.12,13 Improvements in warfarin 
control, with a high percentage of time in therapeutic range 
(TTR), have contributed to lower bleeding rates (as well as low 
stroke rates).14

Thus, there has been a paradigm shift towards identi!cation 
of ‘truly low risk’ individuals with AF who do not need any 
antithrombotic therapy, and those with !1 stroke risk factors 
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Stroke and Thromboembolism in Atrial Fibrillation
– Systematic Review of Stroke Risk Factors and  

Risk Strati!cation Schema –
Ron Pisters, MD, PhD; Deirdre A. Lane, PhD; Francisco Marin, MD, PhD;  

A. John Camm, MD; Gregory Y. H. Lip, MD

REVIEW

The present analysis aimed to systematically review 
(a) the independent risk factors for stroke in AF patients, 
(b) the published RSMs and
 (c) the published cost-effectiveness data of (new) oral anticoagulant and 
antiplatelet agents for stroke prevention in AF patients
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diovascular disease as risk factors for stroke. Of these, 2 stud-
ies failed to !nd that being a smoker was an independent risk 
factor for stroke.4,23 Obesity was considered in 3 studies and 
only to be found predictive of stroke in one. One study con-
sidered alcohol abuse and hyperlipidaemia, but neither was 
found to be independent stroke risk factor.23

Nine studies found diabetes mellitus to be an independent 
risk factor for stroke.4,21,25,28,30,34,36 Five other studies, 1 in a 
general population,15 1 in patients with atrial "utter,42 1 in an 
elderly cohort38 and 2 in low-risk AF patients,27,32 failed to !nd 
that diabetes mellitus was an independent stroke risk factor.

Hormone replacement therapy was found to independently 
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predict the risk of stroke in AF patients in 1 study,28 but not 
another.39

One population-based prospective study investigating wheth-
er or not the blood coagulation markers, von Willebrand fac-
tor, soluble P-selectin and !brinogen were independent pre-
dictors of stroke and cardiovascular mortality in AF patients 
failed to demonstrate an independent risk for stroke associated 
with any of these parameters.45 Another study identi!ed C-
reactive protein as a predictor risk of stroke.25

AF Type  Paroxysmal vs. non-paroxysmal clinical type of 
AF was not found to independently predict stroke in any of the 
3 studies that considered it.18,33,46 In only 1 study was a longer 
history of AF found to be an independent stroke risk factor.24

Stroke Risk Strati!cation Models
The same 3,154 abstracts were used for the systematic review 
of RSMs. The abstract and full text information led to the 
exclusion of 3,135 studies and inclusion of 19 studies. A gen-
eral overview of all included studies in the systematic review 
of RSMs is shown in Table 6A.

First, the incorporation of independent risk factors of stroke 
derived from the systematic review of stroke risk factors into 
the RSMs was checked (Table 6B). The risk factors used in 
all RSMs were acknowledged to be independent risk factors 
of stroke by at least one of the studies from the systematic 
review, except for 2.47,48 These RSMs were both based on ex-
pert consensus. Although some de!nition of hypertension could 
be found in all RSMs, this was not the case for the strongest 
independent risk factor of stroke: prior stroke or thromboem-

Table 4.
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►  the strongest, independent predictors of stroke are
► 1.a prior stroke or TIA, 
► 2.age >75 years, 
► 3.hypertension, 
► 4.diabetes mellitus and 
► 5.structural heart disease. 

► Sex, heart failure and vascular disease cause more 
discussion because the available evidence favoring 
thier use as risk factors in AF per se is not as 
convincing
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categorization and recommended a risk factor-based approach to
stroke risk assessment, with the CHA2DS2-VASc score used to
complement the CHADS2 score.78 The guideline treatment algo-
rithm used the CHA2DS2-VASc risk factors to further refine
stroke risk stratification in those with a CHADS2 score 0–1.

The 2012 ACCP guidelines recommend stroke risk assessment
initially using the CHADS2 score, where oral anticoagulation is
recommended for CHADS2 score of !1, and then considering
age 65–74, female gender, and vascular disease as additional
‘non-CHADS2 risk factors’, as the presence of multiple
‘non-CHADS2 risk factors’ would again merit anticoagulation.6

The 2012 focussed update of the Canadian Cardiovascular
Society guidelines recommends the use of oral anticoagulation
for a CHADS2 score!1, and amongt those with a CHADS2
score ! 0, the consideration of age 65–74, female gender, and vas-
cular disease, where the absence of all these risk factors merited
‘no antithrombotic therapy’.27 The ACC/AHA/HRS guidelines
and the UK NICE guidelines are still being updated from their
full 2006 text that discusses stroke risk stratification, although a
focused update of the American guidelines incorporated sections
on new drugs, such as dabigatran and dronaderone, into a 2011
limited update.50

The 2012 focused update of the ESC guideline only recom-
mends the CHA2DS2-VASc score for stroke risk assessment.1

Very importantly, this guideline strongly recommended a clinical
practice shift towards more focus on identification of ‘truly
low-risk’ patients with AF, instead of trying to focus on identifying
‘high-risk’ patients. These ‘truly low-risk’ patients were defined as
‘age ,65 years and lone AF (irrespective of gender) or CHA2DS2-
VASc score ! 0’, and these do not need any antithrombotic
therapy. Oral anticoagulation (whether as well-controlled VKA
or a NOAC) is recommended for patients with a CHA2DS2-VASc
score !2 (Class I recommendation), while oral anticoagulation
should be considered for patients with a CHA2DS2-VASc
score ! 1 (Class IIa recommendation) (Figure 2).

In the setting of ablation, stroke risk assessment is recom-
mended when deciding on whether oral anticoagulation can be

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Stroke and bleeding risk stratification with the CHA2DS2-VASc and HAS-BLED schemas

CHA2DS2-VASc Score HAS-BLED Score

Congestive heart failure/LV dysfunction 1 Hypertension, i.e. uncontrolled BP 1

Hypertension 1 Abnormal renal/liver function 1 or 2

Age !75 years 2 Stroke 1

Diabetes mellitus 1 Bleeding tendency or predisposition 1

Stroke/TIA/TE 2 Labile INRs (if on warfarin) 1

Vascular disease (prior MI, PAD, or aortic plaque) 1 Age (e.g. .65, frail condition) 1

Aged 65–74 years 1 Drugs (e.g. concomitant aspirin or NSAIDs) or alcohol excess/abuse 1

Sex category (i.e. female gender) 1

Maximum score 9 9

CHA2DS2-VASc, C—congestive heart failure or left ventricular dysfunction, H—hypertension, A2—age!75, D—diabetes mellitus, S2—previous stroke/TIA/systemic embolism,
V—vascular disease, A—age 65–74, Sc—sex category female; HAS-BLED, Hypertension (i.e. uncontrolled blood pressure), Abnormal renal/liver function, Stroke, Bleeding
history or predisposition, Labile INR (if on warfarin), Elderly (e.g. age. 65, frail condition), Drugs (e.g. aspirin, NSAIDs)/alcohol concomitantly; LV, left ventricular; BP, blood
pressure; INR, international normalized ratio; TIA/TE, ; MI, myocardial infarction; PAD, peripheral artery disease; NSAIDs, non-steroidal anti-inflammatory drugs.

Figure 2 Flow diagram from the 2012 European Society of
Cardiology focused update guideline on atrial fibrillation. Initial
focus on identification of ‘truly low risk’, i.e. age ,65 and lone
atrial fibrillation (irrespective of gender) or CHA2DS2-VASc
score ! 0. Female patients who are aged ,65 and have lone
atrial fibrillation (but still have a CHA2DS2-VASc ! 1 by virtue
of their gender) are at low risk and no antithrombotic therapy
should be considered.
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Atrial !brillation is a major risk factor
for stroke and systemic embolism, and
strong evidence supports the use of the

anticoagulant warfarin to reduce this risk.1–3

However, warfarin has a narrow therapeutic
range and requires regular monitoring of the
international normalized ratio to optimize its
effectiveness and minimize the risk of hemor-
rhage.4,5 Although rates of major hemorrhage
reported in trials of warfarin therapy typically
range between 1% and 3% per person-year,6–11

observational studies suggest that rates may be
considerably higher when warfarin is pre-
scribed outside of a clinical trial setting,12–15

approaching 7% per person-year in some stud-
ies.13–15 The different safety pro!les derived
from clinical trials and observational data may
re"ect the careful selection of patients, precise
de!nitions of bleeding and close monitoring in
the trial setting. Furthermore, although a few
observational studies suggest that hemorrhage

rates are higher than generally appreciated,
these studies involve small numbers of patients
who received care in specialized settings.14–16

Consequently, the generalizability of their re -
sults to general practice may be limited.

More information regarding hemorrhage rates
during warfarin therapy is particularly important
in light of the recent introduction of new oral
anticoagulant agents such as dabigatran, rivarox-
aban and apixaban, which may be associated
with different outcome pro!les.17–19 There are
currently no large studies offering real-world,
population-based estimates of hemorrhage rates
among patients taking warfarin, which are
needed for future comparisons with new antico-
agulant agents once they are widely used in rou-
tine clinical practice.20

We sought to describe the risk of incident
hemorrhage in a large population-based cohort
of patients with atrial !brillation who had re -
cently started warfarin therapy.
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Background: Although warfarin has been
extensively studied in clinical trials, little is
known about rates of hemorrhage attribut-
able to its use in routine clinical practice. Our
objective was to examine incident hemor-
rhagic events in a large  population-based
cohort of patients with atrial !brillation who
were starting treatment with warfarin.

Methods: We conducted a population-based
cohort study involving residents of Ontario
(age ! 66 yr) with atrial !brillation who started
taking warfarin between Apr. 1, 1997, and Mar.
31, 2008. We de!ned a major hemorrhage as
any visit to hospital for hemorrage. We deter-
mined crude rates of hemorrhage during war-
farin treatment, overall and strati!ed by CHADS2

score (congestive heart failure, hypertension,
age ! 75 yr, diabetes mellitus and prior stroke,
transient ischemic attack or thromboembolism).

Results: We included 125 195 patients with
atrial !brillation who started treatment with
warfarin during the study period. Overall, the

rate of hemorrhage was 3.8% (95% con!dence
interval [CI] 3.8%–3.9%) per person-year. The
risk of major hemorrhage was highest during
the !rst 30 days of treatment. During this
period, rates of hemorrhage were 11.8% (95%
CI 11.1%–12.5%) per person-year in all patients
and 16.7% (95% CI 14.3%–19.4%) per person-
year among patients with a CHADS2 scores of 4
or greater. Over the 5-year follow-up, 10 840
patients (8.7%) visited the hospital for hemor-
rhage; of these patients, 1963 (18.1%) died in
hospital or within 7 days of being discharged.

Interpretation: In this large cohort of older
patients with atrial !brillation, we found that
rates of hemorrhage are highest within the
!rst 30 days of warfarin therapy. These rates
are considerably higher than the rates of 1%–
3% reported in randomized controlled trials
of warfarin therapy. Our study provides timely
estimates of warfarin-related adverse events
that may be useful to clinicians, patients and
policy-makers as new options for treatment
become available.
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Warfarin exposure
Because the maximum duration of a prescription
eligible for funding by the Ontario Public Drug
Program is 100 days, we de!ned ongoing war-
farin therapy by successive re!lls of a prescription
within 180 days to allow for periodic adjustments
to doses, lapses in adherence and variable timing
of re!lls. If more than 180 days elapsed between
successive prescriptions, patients were deemed to
have stopped treatment; such patients were fol-
lowed for 100 days from the date of the last pre-
scription to identify instances of hemorrhage that
may have precipitated the end of  treatment.

Risk of hemorrhage
A major hemorrhage was de!ned as a visit to an
emergency department or an admission to hospital
for hemorrhage during warfarin therapy. We fol-
lowed patients until 1 of the following events
occurred: a visit to hospital for hemorrhage, the
end of warfarin therapy, death, 5 years of follow-
up or the end of the study period (Mar. 31, 2010).
We strati!ed hemorrhage anatomically as upper
gastrointestinal, lower gastrointestinal, intracranial
or other (principally consisting of hemorrhage
involving the genitourinary tract or respiratory sys-
tem). De tailed ICD-9 and ICD-10 codes for these
de!nitions are provided in Appendix 1 (available
at www .cmaj .ca /lookup /suppl /doi :10 .1503 /cmaj
.121218 /-/DC1), and are based on a validation
study that found these codes to have 94% sensitiv-
ity and 83% speci!city in de!ning major hemor-
rhage events.28 If a patient had multiple admissions
for hemorrhage during warfarin therapy, we in -
cluded only the !rst such event.

Patient characteristics
We determined the following baseline character-
istics for members of the study cohort: age, sex,
estimated socioeconomic status (based on neigh-
bourhood income quintile),29 residence in a long-
term care facility, rural residence and receipt of
prescriptions for antiplatelet drugs (acetylsali-
cylic acid [ASA], clopidogrel, dipyridamole or
ticlopidine) or nonsteroidal anti-in"ammatory
drugs (NSAIDs) in the 120 days preceding entry
to the cohort. We de!ned several indicators of
comorbidity in the preceding 3 years, including
the Charlson comorbidity index,30,31 the total
number of drugs for which patients had received
a prescription in the previous year, admission to
hospital for renal disease, liver disease, alco-
holism or dementia, and previous admissions to
hospital involving hemorrhage.

Although we did not have access to labora-
tory data to assess the quality of anticoagulation,
we performed 2 analyses to explore the fre-
quency of international normalized ratio testing

in our population. In the !rst analysis, we re -
stricted our cohort to those patients receiving
warfarin for at least 365 days, and measured the
average number of prothrombin time tests per
person during the !rst year of follow-up. The
second analysis assessed the prevalence of a pro-
thrombin time test in the 7 and 14 days before
hemorrhage as a surrogate measure of the ade-
quacy of monitoring the international normalized
ratio. To create a comparator group, we ran-
domly assigned index dates to patients without a
hemorrhage during the 5-year follow-up that fol-
lowed the same temporal distribution as the hem-
orrhage dates. For each patient with a hemor-
rhage, a patient who did not have a hemorrhage
was randomly selected, and the prevalence of a
prothrombin time test was assessed for the
period before his or her index date.
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Table 1 (part 2 of 2): Baseline characteristics of people starting warfarin 
therapy after atrial fibrillation was diagnosed 

Characteristic 

Patients, 
no. (%)* 

n = 125 195 

Medication use (past 120 d)  

Acetylsalicylic acid and clopidogrel      557   (0.4) 

Acetylsalicylic acid and dipyridamole      817   (0.7) 

Other nonsteroidal anti-inflammatory drugs 20 671 (16.5) 

Clopidogrel   4 151   (3.3) 

Ticlopidine   1 092   (0.9) 

Time to starting warfarin therapy, d, median (IQR) 7 (2–22) 

0 21 573 (17.2) 

1–7 41 278 (33.0) 

8–14 21 090 (16.8) 

15–30 16 976 (13.6) 

31–100 24 278 (19.4) 

CHADS2 score (components)  

Congestive heart failure 44 011 (35.2) 

Hypertension 94 063 (75.1) 

Age > 75 yr 78 408 (62.6) 

Diabetes 30 437 (24.3) 

Previous stroke 26 661 (21.3) 

CHADS2 score   

0   8 655   (6.9) 

1 30 108 (24.0) 

2 44 716 (35.7) 

3 29 713 (23.7) 

4   9 599   (7.7) 

5   1 860   (1.5) 

6      544   (0.4) 

Note: IQR = interquartile range. 
*Unless otherwise indicated. 
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Although we did not have access to labora-
tory data to assess the quality of anticoagulation,
we performed 2 analyses to explore the fre-
quency of international normalized ratio testing

in our population. In the !rst analysis, we re -
stricted our cohort to those patients receiving
warfarin for at least 365 days, and measured the
average number of prothrombin time tests per
person during the !rst year of follow-up. The
second analysis assessed the prevalence of a pro-
thrombin time test in the 7 and 14 days before
hemorrhage as a surrogate measure of the ade-
quacy of monitoring the international normalized
ratio. To create a comparator group, we ran-
domly assigned index dates to patients without a
hemorrhage during the 5-year follow-up that fol-
lowed the same temporal distribution as the hem-
orrhage dates. For each patient with a hemor-
rhage, a patient who did not have a hemorrhage
was randomly selected, and the prevalence of a
prothrombin time test was assessed for the
period before his or her index date.
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Table 1 (part 2 of 2): Baseline characteristics of people starting warfarin 
therapy after atrial fibrillation was diagnosed 

Characteristic 

Patients, 
no. (%)* 

n = 125 195 

Medication use (past 120 d)  

Acetylsalicylic acid and clopidogrel      557   (0.4) 

Acetylsalicylic acid and dipyridamole      817   (0.7) 

Other nonsteroidal anti-inflammatory drugs 20 671 (16.5) 

Clopidogrel   4 151   (3.3) 

Ticlopidine   1 092   (0.9) 

Time to starting warfarin therapy, d, median (IQR) 7 (2–22) 

0 21 573 (17.2) 

1–7 41 278 (33.0) 

8–14 21 090 (16.8) 

15–30 16 976 (13.6) 

31–100 24 278 (19.4) 

CHADS2 score (components)  

Congestive heart failure 44 011 (35.2) 

Hypertension 94 063 (75.1) 

Age > 75 yr 78 408 (62.6) 

Diabetes 30 437 (24.3) 

Previous stroke 26 661 (21.3) 

CHADS2 score   

0   8 655   (6.9) 

1 30 108 (24.0) 

2 44 716 (35.7) 

3 29 713 (23.7) 

4   9 599   (7.7) 

5   1 860   (1.5) 

6      544   (0.4) 

Note: IQR = interquartile range. 
*Unless otherwise indicated. 
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Warfarin exposure
Because the maximum duration of a prescription
eligible for funding by the Ontario Public Drug
Program is 100 days, we de!ned ongoing war-
farin therapy by successive re!lls of a prescription
within 180 days to allow for periodic adjustments
to doses, lapses in adherence and variable timing
of re!lls. If more than 180 days elapsed between
successive prescriptions, patients were deemed to
have stopped treatment; such patients were fol-
lowed for 100 days from the date of the last pre-
scription to identify instances of hemorrhage that
may have precipitated the end of  treatment.

Risk of hemorrhage
A major hemorrhage was de!ned as a visit to an
emergency department or an admission to hospital
for hemorrhage during warfarin therapy. We fol-
lowed patients until 1 of the following events
occurred: a visit to hospital for hemorrhage, the
end of warfarin therapy, death, 5 years of follow-
up or the end of the study period (Mar. 31, 2010).
We strati!ed hemorrhage anatomically as upper
gastrointestinal, lower gastrointestinal, intracranial
or other (principally consisting of hemorrhage
involving the genitourinary tract or respiratory sys-
tem). De tailed ICD-9 and ICD-10 codes for these
de!nitions are provided in Appendix 1 (available
at www .cmaj .ca /lookup /suppl /doi :10 .1503 /cmaj
.121218 /-/DC1), and are based on a validation
study that found these codes to have 94% sensitiv-
ity and 83% speci!city in de!ning major hemor-
rhage events.28 If a patient had multiple admissions
for hemorrhage during warfarin therapy, we in -
cluded only the !rst such event.

Patient characteristics
We determined the following baseline character-
istics for members of the study cohort: age, sex,
estimated socioeconomic status (based on neigh-
bourhood income quintile),29 residence in a long-
term care facility, rural residence and receipt of
prescriptions for antiplatelet drugs (acetylsali-
cylic acid [ASA], clopidogrel, dipyridamole or
ticlopidine) or nonsteroidal anti-in"ammatory
drugs (NSAIDs) in the 120 days preceding entry
to the cohort. We de!ned several indicators of
comorbidity in the preceding 3 years, including
the Charlson comorbidity index,30,31 the total
number of drugs for which patients had received
a prescription in the previous year, admission to
hospital for renal disease, liver disease, alco-
holism or dementia, and previous admissions to
hospital involving hemorrhage.

Although we did not have access to labora-
tory data to assess the quality of anticoagulation,
we performed 2 analyses to explore the fre-
quency of international normalized ratio testing

in our population. In the !rst analysis, we re -
stricted our cohort to those patients receiving
warfarin for at least 365 days, and measured the
average number of prothrombin time tests per
person during the !rst year of follow-up. The
second analysis assessed the prevalence of a pro-
thrombin time test in the 7 and 14 days before
hemorrhage as a surrogate measure of the ade-
quacy of monitoring the international normalized
ratio. To create a comparator group, we ran-
domly assigned index dates to patients without a
hemorrhage during the 5-year follow-up that fol-
lowed the same temporal distribution as the hem-
orrhage dates. For each patient with a hemor-
rhage, a patient who did not have a hemorrhage
was randomly selected, and the prevalence of a
prothrombin time test was assessed for the
period before his or her index date.
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Table 1 (part 2 of 2): Baseline characteristics of people starting warfarin 
therapy after atrial fibrillation was diagnosed 

Characteristic 

Patients, 
no. (%)* 

n = 125 195 

Medication use (past 120 d)  

Acetylsalicylic acid and clopidogrel      557   (0.4) 

Acetylsalicylic acid and dipyridamole      817   (0.7) 

Other nonsteroidal anti-inflammatory drugs 20 671 (16.5) 

Clopidogrel   4 151   (3.3) 

Ticlopidine   1 092   (0.9) 

Time to starting warfarin therapy, d, median (IQR) 7 (2–22) 

0 21 573 (17.2) 

1–7 41 278 (33.0) 

8–14 21 090 (16.8) 

15–30 16 976 (13.6) 

31–100 24 278 (19.4) 

CHADS2 score (components)  

Congestive heart failure 44 011 (35.2) 

Hypertension 94 063 (75.1) 

Age > 75 yr 78 408 (62.6) 

Diabetes 30 437 (24.3) 

Previous stroke 26 661 (21.3) 

CHADS2 score   

0   8 655   (6.9) 

1 30 108 (24.0) 

2 44 716 (35.7) 

3 29 713 (23.7) 

4   9 599   (7.7) 

5   1 860   (1.5) 

6      544   (0.4) 

Note: IQR = interquartile range. 
*Unless otherwise indicated. 

Warfarin exposure
Because the maximum duration of a prescription
eligible for funding by the Ontario Public Drug
Program is 100 days, we de!ned ongoing war-
farin therapy by successive re!lls of a prescription
within 180 days to allow for periodic adjustments
to doses, lapses in adherence and variable timing
of re!lls. If more than 180 days elapsed between
successive prescriptions, patients were deemed to
have stopped treatment; such patients were fol-
lowed for 100 days from the date of the last pre-
scription to identify instances of hemorrhage that
may have precipitated the end of  treatment.

Risk of hemorrhage
A major hemorrhage was de!ned as a visit to an
emergency department or an admission to hospital
for hemorrhage during warfarin therapy. We fol-
lowed patients until 1 of the following events
occurred: a visit to hospital for hemorrhage, the
end of warfarin therapy, death, 5 years of follow-
up or the end of the study period (Mar. 31, 2010).
We strati!ed hemorrhage anatomically as upper
gastrointestinal, lower gastrointestinal, intracranial
or other (principally consisting of hemorrhage
involving the genitourinary tract or respiratory sys-
tem). De tailed ICD-9 and ICD-10 codes for these
de!nitions are provided in Appendix 1 (available
at www .cmaj .ca /lookup /suppl /doi :10 .1503 /cmaj
.121218 /-/DC1), and are based on a validation
study that found these codes to have 94% sensitiv-
ity and 83% speci!city in de!ning major hemor-
rhage events.28 If a patient had multiple admissions
for hemorrhage during warfarin therapy, we in -
cluded only the !rst such event.

Patient characteristics
We determined the following baseline character-
istics for members of the study cohort: age, sex,
estimated socioeconomic status (based on neigh-
bourhood income quintile),29 residence in a long-
term care facility, rural residence and receipt of
prescriptions for antiplatelet drugs (acetylsali-
cylic acid [ASA], clopidogrel, dipyridamole or
ticlopidine) or nonsteroidal anti-in"ammatory
drugs (NSAIDs) in the 120 days preceding entry
to the cohort. We de!ned several indicators of
comorbidity in the preceding 3 years, including
the Charlson comorbidity index,30,31 the total
number of drugs for which patients had received
a prescription in the previous year, admission to
hospital for renal disease, liver disease, alco-
holism or dementia, and previous admissions to
hospital involving hemorrhage.

Although we did not have access to labora-
tory data to assess the quality of anticoagulation,
we performed 2 analyses to explore the fre-
quency of international normalized ratio testing

in our population. In the !rst analysis, we re -
stricted our cohort to those patients receiving
warfarin for at least 365 days, and measured the
average number of prothrombin time tests per
person during the !rst year of follow-up. The
second analysis assessed the prevalence of a pro-
thrombin time test in the 7 and 14 days before
hemorrhage as a surrogate measure of the ade-
quacy of monitoring the international normalized
ratio. To create a comparator group, we ran-
domly assigned index dates to patients without a
hemorrhage during the 5-year follow-up that fol-
lowed the same temporal distribution as the hem-
orrhage dates. For each patient with a hemor-
rhage, a patient who did not have a hemorrhage
was randomly selected, and the prevalence of a
prothrombin time test was assessed for the
period before his or her index date.
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Table 1 (part 2 of 2): Baseline characteristics of people starting warfarin 
therapy after atrial fibrillation was diagnosed 

Characteristic 

Patients, 
no. (%)* 

n = 125 195 

Medication use (past 120 d)  

Acetylsalicylic acid and clopidogrel      557   (0.4) 

Acetylsalicylic acid and dipyridamole      817   (0.7) 

Other nonsteroidal anti-inflammatory drugs 20 671 (16.5) 

Clopidogrel   4 151   (3.3) 

Ticlopidine   1 092   (0.9) 

Time to starting warfarin therapy, d, median (IQR) 7 (2–22) 

0 21 573 (17.2) 

1–7 41 278 (33.0) 

8–14 21 090 (16.8) 

15–30 16 976 (13.6) 

31–100 24 278 (19.4) 

CHADS2 score (components)  

Congestive heart failure 44 011 (35.2) 

Hypertension 94 063 (75.1) 

Age > 75 yr 78 408 (62.6) 

Diabetes 30 437 (24.3) 

Previous stroke 26 661 (21.3) 

CHADS2 score   

0   8 655   (6.9) 

1 30 108 (24.0) 

2 44 716 (35.7) 

3 29 713 (23.7) 

4   9 599   (7.7) 

5   1 860   (1.5) 

6      544   (0.4) 

Note: IQR = interquartile range. 
*Unless otherwise indicated. 

Majority had CHADS 2-3
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Statistical analysis
We calculated the crude rate of hemorrhage in
each 30-day interval after the start of warfarin
therapy. The rate was calculated as the total
number of people with a visit to hospital for a
hemorrhage divided by the number of people
taking warfarin, alive and event-free, at the
beginning of the interval. All rates were
expressed as a percentage per person-year of
 follow-up. We strati!ed analyses by CHADS2

score. We used the Cochrane–Armitage test to
identify differences in hemorrhage rates among
groups. In a sensitivity analysis, we strati!ed
hemorrhage rates by age (< 75 yr and ! 75 yr) to
align with typical inclusion criteria in random-
ized controlled trials. This strati!cation is impor-
tant, because patients aged 75 years and older
typically have a higher burden of atrial !brilla-
tion, greater frailty and  greater propensity for
hemorrhagic outcomes than younger patients.
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Table 2: Rates of hemorrhage by length of time since starting warfarin therapy 

  Rate of hemorrhage, % per person-year (95% CI) 

Characteristic 

Hemorrhages during  
5-yr follow-up, 

no. (%)* First 30 d 
Remainder of 5-yr 

follow-up Overall 

Overall, no. 10 840 11.8 (11.1–12.4) 3.4 (3.4–3.5) 3.8 (3.8–3.9) 

CHADS2 score        

0    382   (3.5) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 845 (17.0) 7.3 (6.3–8.4) 2.3 (2.2–2.4) 2.5 (2.4–2.6) 

2–3 7 053 (65.1) 13.3 (12.5–14.3) 3.8 (3.7–3.9) 4.3 (4.2–4.4) 

4–6 1 560 (14.4) 16.7 (14.3–19.4) 6.0 (5.7–6.3) 6.7 (6.3–7.0) 

Type of hemorrhage        

Intracranial    549   (5.1) 0.4 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 2 829 (26.1) 4.0 (3.8–4.2) 0.9 (0.8–0.9) 1.0 (1.0–1.0) 

Lower gastrointestinal 3 956 (36.5) 4.6 (4.4–4.9) 1.2 (1.2–1.3) 1.4 (1.4–1.4) 

Other 4 190 (38.7) 4.7 (4.5–5.0) 1.3 (1.3–1.3) 1.5 (1.5–1.5) 

Age !!!! 75 yr, no. 3684 9.2 (8.4–10.2) 2.6 (2.5–2.7) 2.9 (2.8–3.0) 

CHADS2 score        

0    382 (10.4) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 204 (32.7) 6.8 (5.7–8.1) 2.0 (1.9–2.2) 2.3 (2.1–2.4) 

2–3 1 881 (51.1) 12.1 (10.6–13.9) 3.4 (3.3–3.6) 3.9 (3.7–4.0) 

4–6    217   (5.9) 13.1 (8.2–20.7) 5.5 (4.8–6.4) 6.0 (5.3–6.9) 

Type of hemorrhage        

Intracranial    194   (5.3) 0.4 (0.3–0.4) 0.1 (0.1–0.1) 0.2 (0.1–0.2) 

Upper gastrointestinal 1 055 (28.6) 3.9 (3.5–4.3) 0.7 (0.7–0.7) 0.8 (0.8–0.9) 

Lower gastrointestinal 1 268 (34.4) 3.5 (3.2–3.9) 0.9 (0.9–0.9) 1.0 (1.0–1.0) 

Other 1 406 (38.2) 3.3 (3.0–3.7) 1.0 (1.0–1.0) 1.1 (1.1–1.1) 

Age > 75 yr, no. 7 156 13.7 (12.7–14.6) 4.1 (4.0–4.2) 4.6 (4.5–4.7) 

CHADS2 score        

0        0  (0.0) — — — 

1    641  (9.0) 8.5 (6.6–10.9) 2.8 (2.6–3.1) 3.1 (2.9–3.4) 

2–3 5 172 (72.3) 13.8 (12.8–15.0) 4.0 (3.9–4.1) 4.5 (4.4–4.6) 

4–6 1 343 (18.8) 17.3 (14.6–20.3) 6.1 (5.7–6.4) 6.8 (6.4–7.1) 

Type of hemorrhage        

Intracranial    355   (5.0) 0.5 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 1 774 (24.8) 4.1 (3.8–4.3) 1.0 (1.0–1.0) 1.1 (1.1–1.2) 

Lower gastrointestinal 2 688 (37.6) 5.5 (5.1–5.9) 1.5 (1.5–1.6) 1.7 (1.7–1.8) 

Other 2 784 (38.9) 5.7 (5.3–6.1) 1.6 (1.5–1.6) 1.8 (1.8–1.8) 

Note: CI = confidence interval. 
*Unless otherwise indicated 
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Statistical analysis
We calculated the crude rate of hemorrhage in
each 30-day interval after the start of warfarin
therapy. The rate was calculated as the total
number of people with a visit to hospital for a
hemorrhage divided by the number of people
taking warfarin, alive and event-free, at the
beginning of the interval. All rates were
expressed as a percentage per person-year of
 follow-up. We strati!ed analyses by CHADS2

score. We used the Cochrane–Armitage test to
identify differences in hemorrhage rates among
groups. In a sensitivity analysis, we strati!ed
hemorrhage rates by age (< 75 yr and ! 75 yr) to
align with typical inclusion criteria in random-
ized controlled trials. This strati!cation is impor-
tant, because patients aged 75 years and older
typically have a higher burden of atrial !brilla-
tion, greater frailty and  greater propensity for
hemorrhagic outcomes than younger patients.
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Table 2: Rates of hemorrhage by length of time since starting warfarin therapy 

  Rate of hemorrhage, % per person-year (95% CI) 

Characteristic 

Hemorrhages during  
5-yr follow-up, 

no. (%)* First 30 d 
Remainder of 5-yr 

follow-up Overall 

Overall, no. 10 840 11.8 (11.1–12.4) 3.4 (3.4–3.5) 3.8 (3.8–3.9) 

CHADS2 score        

0    382   (3.5) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 845 (17.0) 7.3 (6.3–8.4) 2.3 (2.2–2.4) 2.5 (2.4–2.6) 

2–3 7 053 (65.1) 13.3 (12.5–14.3) 3.8 (3.7–3.9) 4.3 (4.2–4.4) 

4–6 1 560 (14.4) 16.7 (14.3–19.4) 6.0 (5.7–6.3) 6.7 (6.3–7.0) 

Type of hemorrhage        

Intracranial    549   (5.1) 0.4 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 2 829 (26.1) 4.0 (3.8–4.2) 0.9 (0.8–0.9) 1.0 (1.0–1.0) 

Lower gastrointestinal 3 956 (36.5) 4.6 (4.4–4.9) 1.2 (1.2–1.3) 1.4 (1.4–1.4) 

Other 4 190 (38.7) 4.7 (4.5–5.0) 1.3 (1.3–1.3) 1.5 (1.5–1.5) 

Age !!!! 75 yr, no. 3684 9.2 (8.4–10.2) 2.6 (2.5–2.7) 2.9 (2.8–3.0) 

CHADS2 score        

0    382 (10.4) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 204 (32.7) 6.8 (5.7–8.1) 2.0 (1.9–2.2) 2.3 (2.1–2.4) 

2–3 1 881 (51.1) 12.1 (10.6–13.9) 3.4 (3.3–3.6) 3.9 (3.7–4.0) 

4–6    217   (5.9) 13.1 (8.2–20.7) 5.5 (4.8–6.4) 6.0 (5.3–6.9) 

Type of hemorrhage        

Intracranial    194   (5.3) 0.4 (0.3–0.4) 0.1 (0.1–0.1) 0.2 (0.1–0.2) 

Upper gastrointestinal 1 055 (28.6) 3.9 (3.5–4.3) 0.7 (0.7–0.7) 0.8 (0.8–0.9) 

Lower gastrointestinal 1 268 (34.4) 3.5 (3.2–3.9) 0.9 (0.9–0.9) 1.0 (1.0–1.0) 

Other 1 406 (38.2) 3.3 (3.0–3.7) 1.0 (1.0–1.0) 1.1 (1.1–1.1) 

Age > 75 yr, no. 7 156 13.7 (12.7–14.6) 4.1 (4.0–4.2) 4.6 (4.5–4.7) 

CHADS2 score        

0        0  (0.0) — — — 

1    641  (9.0) 8.5 (6.6–10.9) 2.8 (2.6–3.1) 3.1 (2.9–3.4) 

2–3 5 172 (72.3) 13.8 (12.8–15.0) 4.0 (3.9–4.1) 4.5 (4.4–4.6) 

4–6 1 343 (18.8) 17.3 (14.6–20.3) 6.1 (5.7–6.4) 6.8 (6.4–7.1) 

Type of hemorrhage        

Intracranial    355   (5.0) 0.5 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 1 774 (24.8) 4.1 (3.8–4.3) 1.0 (1.0–1.0) 1.1 (1.1–1.2) 

Lower gastrointestinal 2 688 (37.6) 5.5 (5.1–5.9) 1.5 (1.5–1.6) 1.7 (1.7–1.8) 

Other 2 784 (38.9) 5.7 (5.3–6.1) 1.6 (1.5–1.6) 1.8 (1.8–1.8) 

Note: CI = confidence interval. 
*Unless otherwise indicated 

Hemorrhage 
4.3%
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Statistical analysis
We calculated the crude rate of hemorrhage in
each 30-day interval after the start of warfarin
therapy. The rate was calculated as the total
number of people with a visit to hospital for a
hemorrhage divided by the number of people
taking warfarin, alive and event-free, at the
beginning of the interval. All rates were
expressed as a percentage per person-year of
 follow-up. We strati!ed analyses by CHADS2

score. We used the Cochrane–Armitage test to
identify differences in hemorrhage rates among
groups. In a sensitivity analysis, we strati!ed
hemorrhage rates by age (< 75 yr and ! 75 yr) to
align with typical inclusion criteria in random-
ized controlled trials. This strati!cation is impor-
tant, because patients aged 75 years and older
typically have a higher burden of atrial !brilla-
tion, greater frailty and  greater propensity for
hemorrhagic outcomes than younger patients.
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Table 2: Rates of hemorrhage by length of time since starting warfarin therapy 

  Rate of hemorrhage, % per person-year (95% CI) 

Characteristic 

Hemorrhages during  
5-yr follow-up, 

no. (%)* First 30 d 
Remainder of 5-yr 

follow-up Overall 

Overall, no. 10 840 11.8 (11.1–12.4) 3.4 (3.4–3.5) 3.8 (3.8–3.9) 

CHADS2 score        

0    382   (3.5) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 845 (17.0) 7.3 (6.3–8.4) 2.3 (2.2–2.4) 2.5 (2.4–2.6) 

2–3 7 053 (65.1) 13.3 (12.5–14.3) 3.8 (3.7–3.9) 4.3 (4.2–4.4) 

4–6 1 560 (14.4) 16.7 (14.3–19.4) 6.0 (5.7–6.3) 6.7 (6.3–7.0) 

Type of hemorrhage        

Intracranial    549   (5.1) 0.4 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 2 829 (26.1) 4.0 (3.8–4.2) 0.9 (0.8–0.9) 1.0 (1.0–1.0) 

Lower gastrointestinal 3 956 (36.5) 4.6 (4.4–4.9) 1.2 (1.2–1.3) 1.4 (1.4–1.4) 

Other 4 190 (38.7) 4.7 (4.5–5.0) 1.3 (1.3–1.3) 1.5 (1.5–1.5) 

Age !!!! 75 yr, no. 3684 9.2 (8.4–10.2) 2.6 (2.5–2.7) 2.9 (2.8–3.0) 

CHADS2 score        

0    382 (10.4) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 204 (32.7) 6.8 (5.7–8.1) 2.0 (1.9–2.2) 2.3 (2.1–2.4) 

2–3 1 881 (51.1) 12.1 (10.6–13.9) 3.4 (3.3–3.6) 3.9 (3.7–4.0) 

4–6    217   (5.9) 13.1 (8.2–20.7) 5.5 (4.8–6.4) 6.0 (5.3–6.9) 

Type of hemorrhage        

Intracranial    194   (5.3) 0.4 (0.3–0.4) 0.1 (0.1–0.1) 0.2 (0.1–0.2) 

Upper gastrointestinal 1 055 (28.6) 3.9 (3.5–4.3) 0.7 (0.7–0.7) 0.8 (0.8–0.9) 

Lower gastrointestinal 1 268 (34.4) 3.5 (3.2–3.9) 0.9 (0.9–0.9) 1.0 (1.0–1.0) 

Other 1 406 (38.2) 3.3 (3.0–3.7) 1.0 (1.0–1.0) 1.1 (1.1–1.1) 

Age > 75 yr, no. 7 156 13.7 (12.7–14.6) 4.1 (4.0–4.2) 4.6 (4.5–4.7) 

CHADS2 score        

0        0  (0.0) — — — 

1    641  (9.0) 8.5 (6.6–10.9) 2.8 (2.6–3.1) 3.1 (2.9–3.4) 

2–3 5 172 (72.3) 13.8 (12.8–15.0) 4.0 (3.9–4.1) 4.5 (4.4–4.6) 

4–6 1 343 (18.8) 17.3 (14.6–20.3) 6.1 (5.7–6.4) 6.8 (6.4–7.1) 

Type of hemorrhage        

Intracranial    355   (5.0) 0.5 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 1 774 (24.8) 4.1 (3.8–4.3) 1.0 (1.0–1.0) 1.1 (1.1–1.2) 

Lower gastrointestinal 2 688 (37.6) 5.5 (5.1–5.9) 1.5 (1.5–1.6) 1.7 (1.7–1.8) 

Other 2 784 (38.9) 5.7 (5.3–6.1) 1.6 (1.5–1.6) 1.8 (1.8–1.8) 

Note: CI = confidence interval. 
*Unless otherwise indicated 

Hemorrhage 
4.3%

Rate of Hemorrhage

Wednesday, October 23, 2013



Statistical analysis
We calculated the crude rate of hemorrhage in
each 30-day interval after the start of warfarin
therapy. The rate was calculated as the total
number of people with a visit to hospital for a
hemorrhage divided by the number of people
taking warfarin, alive and event-free, at the
beginning of the interval. All rates were
expressed as a percentage per person-year of
 follow-up. We strati!ed analyses by CHADS2

score. We used the Cochrane–Armitage test to
identify differences in hemorrhage rates among
groups. In a sensitivity analysis, we strati!ed
hemorrhage rates by age (< 75 yr and ! 75 yr) to
align with typical inclusion criteria in random-
ized controlled trials. This strati!cation is impor-
tant, because patients aged 75 years and older
typically have a higher burden of atrial !brilla-
tion, greater frailty and  greater propensity for
hemorrhagic outcomes than younger patients.

Research

4 CMAJ

Table 2: Rates of hemorrhage by length of time since starting warfarin therapy 

  Rate of hemorrhage, % per person-year (95% CI) 

Characteristic 

Hemorrhages during  
5-yr follow-up, 

no. (%)* First 30 d 
Remainder of 5-yr 

follow-up Overall 

Overall, no. 10 840 11.8 (11.1–12.4) 3.4 (3.4–3.5) 3.8 (3.8–3.9) 

CHADS2 score        

0    382   (3.5) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 845 (17.0) 7.3 (6.3–8.4) 2.3 (2.2–2.4) 2.5 (2.4–2.6) 

2–3 7 053 (65.1) 13.3 (12.5–14.3) 3.8 (3.7–3.9) 4.3 (4.2–4.4) 

4–6 1 560 (14.4) 16.7 (14.3–19.4) 6.0 (5.7–6.3) 6.7 (6.3–7.0) 

Type of hemorrhage        

Intracranial    549   (5.1) 0.4 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 2 829 (26.1) 4.0 (3.8–4.2) 0.9 (0.8–0.9) 1.0 (1.0–1.0) 

Lower gastrointestinal 3 956 (36.5) 4.6 (4.4–4.9) 1.2 (1.2–1.3) 1.4 (1.4–1.4) 

Other 4 190 (38.7) 4.7 (4.5–5.0) 1.3 (1.3–1.3) 1.5 (1.5–1.5) 

Age !!!! 75 yr, no. 3684 9.2 (8.4–10.2) 2.6 (2.5–2.7) 2.9 (2.8–3.0) 

CHADS2 score        

0    382 (10.4) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 204 (32.7) 6.8 (5.7–8.1) 2.0 (1.9–2.2) 2.3 (2.1–2.4) 

2–3 1 881 (51.1) 12.1 (10.6–13.9) 3.4 (3.3–3.6) 3.9 (3.7–4.0) 

4–6    217   (5.9) 13.1 (8.2–20.7) 5.5 (4.8–6.4) 6.0 (5.3–6.9) 

Type of hemorrhage        

Intracranial    194   (5.3) 0.4 (0.3–0.4) 0.1 (0.1–0.1) 0.2 (0.1–0.2) 

Upper gastrointestinal 1 055 (28.6) 3.9 (3.5–4.3) 0.7 (0.7–0.7) 0.8 (0.8–0.9) 

Lower gastrointestinal 1 268 (34.4) 3.5 (3.2–3.9) 0.9 (0.9–0.9) 1.0 (1.0–1.0) 

Other 1 406 (38.2) 3.3 (3.0–3.7) 1.0 (1.0–1.0) 1.1 (1.1–1.1) 

Age > 75 yr, no. 7 156 13.7 (12.7–14.6) 4.1 (4.0–4.2) 4.6 (4.5–4.7) 

CHADS2 score        

0        0  (0.0) — — — 

1    641  (9.0) 8.5 (6.6–10.9) 2.8 (2.6–3.1) 3.1 (2.9–3.4) 

2–3 5 172 (72.3) 13.8 (12.8–15.0) 4.0 (3.9–4.1) 4.5 (4.4–4.6) 

4–6 1 343 (18.8) 17.3 (14.6–20.3) 6.1 (5.7–6.4) 6.8 (6.4–7.1) 

Type of hemorrhage        

Intracranial    355   (5.0) 0.5 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 1 774 (24.8) 4.1 (3.8–4.3) 1.0 (1.0–1.0) 1.1 (1.1–1.2) 

Lower gastrointestinal 2 688 (37.6) 5.5 (5.1–5.9) 1.5 (1.5–1.6) 1.7 (1.7–1.8) 

Other 2 784 (38.9) 5.7 (5.3–6.1) 1.6 (1.5–1.6) 1.8 (1.8–1.8) 

Note: CI = confidence interval. 
*Unless otherwise indicated 

Hemorrhage 
4.3%

Rate of Hemorrhage

Wednesday, October 23, 2013



Statistical analysis
We calculated the crude rate of hemorrhage in
each 30-day interval after the start of warfarin
therapy. The rate was calculated as the total
number of people with a visit to hospital for a
hemorrhage divided by the number of people
taking warfarin, alive and event-free, at the
beginning of the interval. All rates were
expressed as a percentage per person-year of
 follow-up. We strati!ed analyses by CHADS2

score. We used the Cochrane–Armitage test to
identify differences in hemorrhage rates among
groups. In a sensitivity analysis, we strati!ed
hemorrhage rates by age (< 75 yr and ! 75 yr) to
align with typical inclusion criteria in random-
ized controlled trials. This strati!cation is impor-
tant, because patients aged 75 years and older
typically have a higher burden of atrial !brilla-
tion, greater frailty and  greater propensity for
hemorrhagic outcomes than younger patients.

Research

4 CMAJ

Table 2: Rates of hemorrhage by length of time since starting warfarin therapy 

  Rate of hemorrhage, % per person-year (95% CI) 

Characteristic 

Hemorrhages during  
5-yr follow-up, 

no. (%)* First 30 d 
Remainder of 5-yr 

follow-up Overall 

Overall, no. 10 840 11.8 (11.1–12.4) 3.4 (3.4–3.5) 3.8 (3.8–3.9) 

CHADS2 score        

0    382   (3.5) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 845 (17.0) 7.3 (6.3–8.4) 2.3 (2.2–2.4) 2.5 (2.4–2.6) 

2–3 7 053 (65.1) 13.3 (12.5–14.3) 3.8 (3.7–3.9) 4.3 (4.2–4.4) 

4–6 1 560 (14.4) 16.7 (14.3–19.4) 6.0 (5.7–6.3) 6.7 (6.3–7.0) 

Type of hemorrhage        

Intracranial    549   (5.1) 0.4 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 2 829 (26.1) 4.0 (3.8–4.2) 0.9 (0.8–0.9) 1.0 (1.0–1.0) 

Lower gastrointestinal 3 956 (36.5) 4.6 (4.4–4.9) 1.2 (1.2–1.3) 1.4 (1.4–1.4) 

Other 4 190 (38.7) 4.7 (4.5–5.0) 1.3 (1.3–1.3) 1.5 (1.5–1.5) 

Age !!!! 75 yr, no. 3684 9.2 (8.4–10.2) 2.6 (2.5–2.7) 2.9 (2.8–3.0) 

CHADS2 score        

0    382 (10.4) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 204 (32.7) 6.8 (5.7–8.1) 2.0 (1.9–2.2) 2.3 (2.1–2.4) 

2–3 1 881 (51.1) 12.1 (10.6–13.9) 3.4 (3.3–3.6) 3.9 (3.7–4.0) 

4–6    217   (5.9) 13.1 (8.2–20.7) 5.5 (4.8–6.4) 6.0 (5.3–6.9) 

Type of hemorrhage        

Intracranial    194   (5.3) 0.4 (0.3–0.4) 0.1 (0.1–0.1) 0.2 (0.1–0.2) 

Upper gastrointestinal 1 055 (28.6) 3.9 (3.5–4.3) 0.7 (0.7–0.7) 0.8 (0.8–0.9) 

Lower gastrointestinal 1 268 (34.4) 3.5 (3.2–3.9) 0.9 (0.9–0.9) 1.0 (1.0–1.0) 

Other 1 406 (38.2) 3.3 (3.0–3.7) 1.0 (1.0–1.0) 1.1 (1.1–1.1) 

Age > 75 yr, no. 7 156 13.7 (12.7–14.6) 4.1 (4.0–4.2) 4.6 (4.5–4.7) 

CHADS2 score        

0        0  (0.0) — — — 

1    641  (9.0) 8.5 (6.6–10.9) 2.8 (2.6–3.1) 3.1 (2.9–3.4) 

2–3 5 172 (72.3) 13.8 (12.8–15.0) 4.0 (3.9–4.1) 4.5 (4.4–4.6) 

4–6 1 343 (18.8) 17.3 (14.6–20.3) 6.1 (5.7–6.4) 6.8 (6.4–7.1) 

Type of hemorrhage        

Intracranial    355   (5.0) 0.5 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 1 774 (24.8) 4.1 (3.8–4.3) 1.0 (1.0–1.0) 1.1 (1.1–1.2) 

Lower gastrointestinal 2 688 (37.6) 5.5 (5.1–5.9) 1.5 (1.5–1.6) 1.7 (1.7–1.8) 

Other 2 784 (38.9) 5.7 (5.3–6.1) 1.6 (1.5–1.6) 1.8 (1.8–1.8) 

Note: CI = confidence interval. 
*Unless otherwise indicated 

Age <75 Years
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Statistical analysis
We calculated the crude rate of hemorrhage in
each 30-day interval after the start of warfarin
therapy. The rate was calculated as the total
number of people with a visit to hospital for a
hemorrhage divided by the number of people
taking warfarin, alive and event-free, at the
beginning of the interval. All rates were
expressed as a percentage per person-year of
 follow-up. We strati!ed analyses by CHADS2

score. We used the Cochrane–Armitage test to
identify differences in hemorrhage rates among
groups. In a sensitivity analysis, we strati!ed
hemorrhage rates by age (< 75 yr and ! 75 yr) to
align with typical inclusion criteria in random-
ized controlled trials. This strati!cation is impor-
tant, because patients aged 75 years and older
typically have a higher burden of atrial !brilla-
tion, greater frailty and  greater propensity for
hemorrhagic outcomes than younger patients.

Research

4 CMAJ

Table 2: Rates of hemorrhage by length of time since starting warfarin therapy 

  Rate of hemorrhage, % per person-year (95% CI) 

Characteristic 

Hemorrhages during  
5-yr follow-up, 

no. (%)* First 30 d 
Remainder of 5-yr 

follow-up Overall 

Overall, no. 10 840 11.8 (11.1–12.4) 3.4 (3.4–3.5) 3.8 (3.8–3.9) 

CHADS2 score        

0    382   (3.5) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 845 (17.0) 7.3 (6.3–8.4) 2.3 (2.2–2.4) 2.5 (2.4–2.6) 

2–3 7 053 (65.1) 13.3 (12.5–14.3) 3.8 (3.7–3.9) 4.3 (4.2–4.4) 

4–6 1 560 (14.4) 16.7 (14.3–19.4) 6.0 (5.7–6.3) 6.7 (6.3–7.0) 

Type of hemorrhage        

Intracranial    549   (5.1) 0.4 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 2 829 (26.1) 4.0 (3.8–4.2) 0.9 (0.8–0.9) 1.0 (1.0–1.0) 

Lower gastrointestinal 3 956 (36.5) 4.6 (4.4–4.9) 1.2 (1.2–1.3) 1.4 (1.4–1.4) 

Other 4 190 (38.7) 4.7 (4.5–5.0) 1.3 (1.3–1.3) 1.5 (1.5–1.5) 

Age !!!! 75 yr, no. 3684 9.2 (8.4–10.2) 2.6 (2.5–2.7) 2.9 (2.8–3.0) 

CHADS2 score        

0    382 (10.4) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 204 (32.7) 6.8 (5.7–8.1) 2.0 (1.9–2.2) 2.3 (2.1–2.4) 

2–3 1 881 (51.1) 12.1 (10.6–13.9) 3.4 (3.3–3.6) 3.9 (3.7–4.0) 

4–6    217   (5.9) 13.1 (8.2–20.7) 5.5 (4.8–6.4) 6.0 (5.3–6.9) 

Type of hemorrhage        

Intracranial    194   (5.3) 0.4 (0.3–0.4) 0.1 (0.1–0.1) 0.2 (0.1–0.2) 

Upper gastrointestinal 1 055 (28.6) 3.9 (3.5–4.3) 0.7 (0.7–0.7) 0.8 (0.8–0.9) 

Lower gastrointestinal 1 268 (34.4) 3.5 (3.2–3.9) 0.9 (0.9–0.9) 1.0 (1.0–1.0) 

Other 1 406 (38.2) 3.3 (3.0–3.7) 1.0 (1.0–1.0) 1.1 (1.1–1.1) 

Age > 75 yr, no. 7 156 13.7 (12.7–14.6) 4.1 (4.0–4.2) 4.6 (4.5–4.7) 

CHADS2 score        

0        0  (0.0) — — — 

1    641  (9.0) 8.5 (6.6–10.9) 2.8 (2.6–3.1) 3.1 (2.9–3.4) 

2–3 5 172 (72.3) 13.8 (12.8–15.0) 4.0 (3.9–4.1) 4.5 (4.4–4.6) 

4–6 1 343 (18.8) 17.3 (14.6–20.3) 6.1 (5.7–6.4) 6.8 (6.4–7.1) 

Type of hemorrhage        

Intracranial    355   (5.0) 0.5 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 1 774 (24.8) 4.1 (3.8–4.3) 1.0 (1.0–1.0) 1.1 (1.1–1.2) 

Lower gastrointestinal 2 688 (37.6) 5.5 (5.1–5.9) 1.5 (1.5–1.6) 1.7 (1.7–1.8) 

Other 2 784 (38.9) 5.7 (5.3–6.1) 1.6 (1.5–1.6) 1.8 (1.8–1.8) 

Note: CI = confidence interval. 
*Unless otherwise indicated 

Intracranial Hemorrhage 5%

Age <75 Years
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Statistical analysis
We calculated the crude rate of hemorrhage in
each 30-day interval after the start of warfarin
therapy. The rate was calculated as the total
number of people with a visit to hospital for a
hemorrhage divided by the number of people
taking warfarin, alive and event-free, at the
beginning of the interval. All rates were
expressed as a percentage per person-year of
 follow-up. We strati!ed analyses by CHADS2

score. We used the Cochrane–Armitage test to
identify differences in hemorrhage rates among
groups. In a sensitivity analysis, we strati!ed
hemorrhage rates by age (< 75 yr and ! 75 yr) to
align with typical inclusion criteria in random-
ized controlled trials. This strati!cation is impor-
tant, because patients aged 75 years and older
typically have a higher burden of atrial !brilla-
tion, greater frailty and  greater propensity for
hemorrhagic outcomes than younger patients.

Research

4 CMAJ

Table 2: Rates of hemorrhage by length of time since starting warfarin therapy 

  Rate of hemorrhage, % per person-year (95% CI) 

Characteristic 

Hemorrhages during  
5-yr follow-up, 

no. (%)* First 30 d 
Remainder of 5-yr 

follow-up Overall 

Overall, no. 10 840 11.8 (11.1–12.4) 3.4 (3.4–3.5) 3.8 (3.8–3.9) 

CHADS2 score        

0    382   (3.5) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 845 (17.0) 7.3 (6.3–8.4) 2.3 (2.2–2.4) 2.5 (2.4–2.6) 

2–3 7 053 (65.1) 13.3 (12.5–14.3) 3.8 (3.7–3.9) 4.3 (4.2–4.4) 

4–6 1 560 (14.4) 16.7 (14.3–19.4) 6.0 (5.7–6.3) 6.7 (6.3–7.0) 

Type of hemorrhage        

Intracranial    549   (5.1) 0.4 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 2 829 (26.1) 4.0 (3.8–4.2) 0.9 (0.8–0.9) 1.0 (1.0–1.0) 

Lower gastrointestinal 3 956 (36.5) 4.6 (4.4–4.9) 1.2 (1.2–1.3) 1.4 (1.4–1.4) 

Other 4 190 (38.7) 4.7 (4.5–5.0) 1.3 (1.3–1.3) 1.5 (1.5–1.5) 

Age !!!! 75 yr, no. 3684 9.2 (8.4–10.2) 2.6 (2.5–2.7) 2.9 (2.8–3.0) 

CHADS2 score        

0    382 (10.4) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 204 (32.7) 6.8 (5.7–8.1) 2.0 (1.9–2.2) 2.3 (2.1–2.4) 

2–3 1 881 (51.1) 12.1 (10.6–13.9) 3.4 (3.3–3.6) 3.9 (3.7–4.0) 

4–6    217   (5.9) 13.1 (8.2–20.7) 5.5 (4.8–6.4) 6.0 (5.3–6.9) 

Type of hemorrhage        

Intracranial    194   (5.3) 0.4 (0.3–0.4) 0.1 (0.1–0.1) 0.2 (0.1–0.2) 

Upper gastrointestinal 1 055 (28.6) 3.9 (3.5–4.3) 0.7 (0.7–0.7) 0.8 (0.8–0.9) 

Lower gastrointestinal 1 268 (34.4) 3.5 (3.2–3.9) 0.9 (0.9–0.9) 1.0 (1.0–1.0) 

Other 1 406 (38.2) 3.3 (3.0–3.7) 1.0 (1.0–1.0) 1.1 (1.1–1.1) 

Age > 75 yr, no. 7 156 13.7 (12.7–14.6) 4.1 (4.0–4.2) 4.6 (4.5–4.7) 

CHADS2 score        

0        0  (0.0) — — — 

1    641  (9.0) 8.5 (6.6–10.9) 2.8 (2.6–3.1) 3.1 (2.9–3.4) 

2–3 5 172 (72.3) 13.8 (12.8–15.0) 4.0 (3.9–4.1) 4.5 (4.4–4.6) 

4–6 1 343 (18.8) 17.3 (14.6–20.3) 6.1 (5.7–6.4) 6.8 (6.4–7.1) 

Type of hemorrhage        

Intracranial    355   (5.0) 0.5 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 1 774 (24.8) 4.1 (3.8–4.3) 1.0 (1.0–1.0) 1.1 (1.1–1.2) 

Lower gastrointestinal 2 688 (37.6) 5.5 (5.1–5.9) 1.5 (1.5–1.6) 1.7 (1.7–1.8) 

Other 2 784 (38.9) 5.7 (5.3–6.1) 1.6 (1.5–1.6) 1.8 (1.8–1.8) 

Note: CI = confidence interval. 
*Unless otherwise indicated 

Intracranial Hemorrhage 5%

Age <75 Years

0.2%   ICH

Wednesday, October 23, 2013



Statistical analysis
We calculated the crude rate of hemorrhage in
each 30-day interval after the start of warfarin
therapy. The rate was calculated as the total
number of people with a visit to hospital for a
hemorrhage divided by the number of people
taking warfarin, alive and event-free, at the
beginning of the interval. All rates were
expressed as a percentage per person-year of
 follow-up. We strati!ed analyses by CHADS2

score. We used the Cochrane–Armitage test to
identify differences in hemorrhage rates among
groups. In a sensitivity analysis, we strati!ed
hemorrhage rates by age (< 75 yr and ! 75 yr) to
align with typical inclusion criteria in random-
ized controlled trials. This strati!cation is impor-
tant, because patients aged 75 years and older
typically have a higher burden of atrial !brilla-
tion, greater frailty and  greater propensity for
hemorrhagic outcomes than younger patients.

Research

4 CMAJ

Table 2: Rates of hemorrhage by length of time since starting warfarin therapy 

  Rate of hemorrhage, % per person-year (95% CI) 

Characteristic 

Hemorrhages during  
5-yr follow-up, 

no. (%)* First 30 d 
Remainder of 5-yr 

follow-up Overall 

Overall, no. 10 840 11.8 (11.1–12.4) 3.4 (3.4–3.5) 3.8 (3.8–3.9) 

CHADS2 score        

0    382   (3.5) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 845 (17.0) 7.3 (6.3–8.4) 2.3 (2.2–2.4) 2.5 (2.4–2.6) 

2–3 7 053 (65.1) 13.3 (12.5–14.3) 3.8 (3.7–3.9) 4.3 (4.2–4.4) 

4–6 1 560 (14.4) 16.7 (14.3–19.4) 6.0 (5.7–6.3) 6.7 (6.3–7.0) 

Type of hemorrhage        

Intracranial    549   (5.1) 0.4 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 2 829 (26.1) 4.0 (3.8–4.2) 0.9 (0.8–0.9) 1.0 (1.0–1.0) 

Lower gastrointestinal 3 956 (36.5) 4.6 (4.4–4.9) 1.2 (1.2–1.3) 1.4 (1.4–1.4) 

Other 4 190 (38.7) 4.7 (4.5–5.0) 1.3 (1.3–1.3) 1.5 (1.5–1.5) 

Age !!!! 75 yr, no. 3684 9.2 (8.4–10.2) 2.6 (2.5–2.7) 2.9 (2.8–3.0) 

CHADS2 score        

0    382 (10.4) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 204 (32.7) 6.8 (5.7–8.1) 2.0 (1.9–2.2) 2.3 (2.1–2.4) 

2–3 1 881 (51.1) 12.1 (10.6–13.9) 3.4 (3.3–3.6) 3.9 (3.7–4.0) 

4–6    217   (5.9) 13.1 (8.2–20.7) 5.5 (4.8–6.4) 6.0 (5.3–6.9) 

Type of hemorrhage        

Intracranial    194   (5.3) 0.4 (0.3–0.4) 0.1 (0.1–0.1) 0.2 (0.1–0.2) 

Upper gastrointestinal 1 055 (28.6) 3.9 (3.5–4.3) 0.7 (0.7–0.7) 0.8 (0.8–0.9) 

Lower gastrointestinal 1 268 (34.4) 3.5 (3.2–3.9) 0.9 (0.9–0.9) 1.0 (1.0–1.0) 

Other 1 406 (38.2) 3.3 (3.0–3.7) 1.0 (1.0–1.0) 1.1 (1.1–1.1) 

Age > 75 yr, no. 7 156 13.7 (12.7–14.6) 4.1 (4.0–4.2) 4.6 (4.5–4.7) 

CHADS2 score        

0        0  (0.0) — — — 

1    641  (9.0) 8.5 (6.6–10.9) 2.8 (2.6–3.1) 3.1 (2.9–3.4) 

2–3 5 172 (72.3) 13.8 (12.8–15.0) 4.0 (3.9–4.1) 4.5 (4.4–4.6) 

4–6 1 343 (18.8) 17.3 (14.6–20.3) 6.1 (5.7–6.4) 6.8 (6.4–7.1) 

Type of hemorrhage        

Intracranial    355   (5.0) 0.5 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 1 774 (24.8) 4.1 (3.8–4.3) 1.0 (1.0–1.0) 1.1 (1.1–1.2) 

Lower gastrointestinal 2 688 (37.6) 5.5 (5.1–5.9) 1.5 (1.5–1.6) 1.7 (1.7–1.8) 

Other 2 784 (38.9) 5.7 (5.3–6.1) 1.6 (1.5–1.6) 1.8 (1.8–1.8) 

Note: CI = confidence interval. 
*Unless otherwise indicated 
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Statistical analysis
We calculated the crude rate of hemorrhage in
each 30-day interval after the start of warfarin
therapy. The rate was calculated as the total
number of people with a visit to hospital for a
hemorrhage divided by the number of people
taking warfarin, alive and event-free, at the
beginning of the interval. All rates were
expressed as a percentage per person-year of
 follow-up. We strati!ed analyses by CHADS2

score. We used the Cochrane–Armitage test to
identify differences in hemorrhage rates among
groups. In a sensitivity analysis, we strati!ed
hemorrhage rates by age (< 75 yr and ! 75 yr) to
align with typical inclusion criteria in random-
ized controlled trials. This strati!cation is impor-
tant, because patients aged 75 years and older
typically have a higher burden of atrial !brilla-
tion, greater frailty and  greater propensity for
hemorrhagic outcomes than younger patients.

Research

4 CMAJ

Table 2: Rates of hemorrhage by length of time since starting warfarin therapy 

  Rate of hemorrhage, % per person-year (95% CI) 

Characteristic 

Hemorrhages during  
5-yr follow-up, 

no. (%)* First 30 d 
Remainder of 5-yr 

follow-up Overall 

Overall, no. 10 840 11.8 (11.1–12.4) 3.4 (3.4–3.5) 3.8 (3.8–3.9) 

CHADS2 score        

0    382   (3.5) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 845 (17.0) 7.3 (6.3–8.4) 2.3 (2.2–2.4) 2.5 (2.4–2.6) 

2–3 7 053 (65.1) 13.3 (12.5–14.3) 3.8 (3.7–3.9) 4.3 (4.2–4.4) 

4–6 1 560 (14.4) 16.7 (14.3–19.4) 6.0 (5.7–6.3) 6.7 (6.3–7.0) 

Type of hemorrhage        

Intracranial    549   (5.1) 0.4 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 2 829 (26.1) 4.0 (3.8–4.2) 0.9 (0.8–0.9) 1.0 (1.0–1.0) 

Lower gastrointestinal 3 956 (36.5) 4.6 (4.4–4.9) 1.2 (1.2–1.3) 1.4 (1.4–1.4) 

Other 4 190 (38.7) 4.7 (4.5–5.0) 1.3 (1.3–1.3) 1.5 (1.5–1.5) 

Age !!!! 75 yr, no. 3684 9.2 (8.4–10.2) 2.6 (2.5–2.7) 2.9 (2.8–3.0) 

CHADS2 score        

0    382 (10.4) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 204 (32.7) 6.8 (5.7–8.1) 2.0 (1.9–2.2) 2.3 (2.1–2.4) 

2–3 1 881 (51.1) 12.1 (10.6–13.9) 3.4 (3.3–3.6) 3.9 (3.7–4.0) 

4–6    217   (5.9) 13.1 (8.2–20.7) 5.5 (4.8–6.4) 6.0 (5.3–6.9) 

Type of hemorrhage        

Intracranial    194   (5.3) 0.4 (0.3–0.4) 0.1 (0.1–0.1) 0.2 (0.1–0.2) 

Upper gastrointestinal 1 055 (28.6) 3.9 (3.5–4.3) 0.7 (0.7–0.7) 0.8 (0.8–0.9) 

Lower gastrointestinal 1 268 (34.4) 3.5 (3.2–3.9) 0.9 (0.9–0.9) 1.0 (1.0–1.0) 

Other 1 406 (38.2) 3.3 (3.0–3.7) 1.0 (1.0–1.0) 1.1 (1.1–1.1) 

Age > 75 yr, no. 7 156 13.7 (12.7–14.6) 4.1 (4.0–4.2) 4.6 (4.5–4.7) 

CHADS2 score        

0        0  (0.0) — — — 

1    641  (9.0) 8.5 (6.6–10.9) 2.8 (2.6–3.1) 3.1 (2.9–3.4) 

2–3 5 172 (72.3) 13.8 (12.8–15.0) 4.0 (3.9–4.1) 4.5 (4.4–4.6) 

4–6 1 343 (18.8) 17.3 (14.6–20.3) 6.1 (5.7–6.4) 6.8 (6.4–7.1) 

Type of hemorrhage        

Intracranial    355   (5.0) 0.5 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 1 774 (24.8) 4.1 (3.8–4.3) 1.0 (1.0–1.0) 1.1 (1.1–1.2) 

Lower gastrointestinal 2 688 (37.6) 5.5 (5.1–5.9) 1.5 (1.5–1.6) 1.7 (1.7–1.8) 

Other 2 784 (38.9) 5.7 (5.3–6.1) 1.6 (1.5–1.6) 1.8 (1.8–1.8) 

Note: CI = confidence interval. 
*Unless otherwise indicated 
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Statistical analysis
We calculated the crude rate of hemorrhage in
each 30-day interval after the start of warfarin
therapy. The rate was calculated as the total
number of people with a visit to hospital for a
hemorrhage divided by the number of people
taking warfarin, alive and event-free, at the
beginning of the interval. All rates were
expressed as a percentage per person-year of
 follow-up. We strati!ed analyses by CHADS2

score. We used the Cochrane–Armitage test to
identify differences in hemorrhage rates among
groups. In a sensitivity analysis, we strati!ed
hemorrhage rates by age (< 75 yr and ! 75 yr) to
align with typical inclusion criteria in random-
ized controlled trials. This strati!cation is impor-
tant, because patients aged 75 years and older
typically have a higher burden of atrial !brilla-
tion, greater frailty and  greater propensity for
hemorrhagic outcomes than younger patients.

Research

4 CMAJ

Table 2: Rates of hemorrhage by length of time since starting warfarin therapy 

  Rate of hemorrhage, % per person-year (95% CI) 

Characteristic 

Hemorrhages during  
5-yr follow-up, 

no. (%)* First 30 d 
Remainder of 5-yr 

follow-up Overall 

Overall, no. 10 840 11.8 (11.1–12.4) 3.4 (3.4–3.5) 3.8 (3.8–3.9) 

CHADS2 score        

0    382   (3.5) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 845 (17.0) 7.3 (6.3–8.4) 2.3 (2.2–2.4) 2.5 (2.4–2.6) 

2–3 7 053 (65.1) 13.3 (12.5–14.3) 3.8 (3.7–3.9) 4.3 (4.2–4.4) 

4–6 1 560 (14.4) 16.7 (14.3–19.4) 6.0 (5.7–6.3) 6.7 (6.3–7.0) 

Type of hemorrhage        

Intracranial    549   (5.1) 0.4 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 2 829 (26.1) 4.0 (3.8–4.2) 0.9 (0.8–0.9) 1.0 (1.0–1.0) 

Lower gastrointestinal 3 956 (36.5) 4.6 (4.4–4.9) 1.2 (1.2–1.3) 1.4 (1.4–1.4) 

Other 4 190 (38.7) 4.7 (4.5–5.0) 1.3 (1.3–1.3) 1.5 (1.5–1.5) 

Age !!!! 75 yr, no. 3684 9.2 (8.4–10.2) 2.6 (2.5–2.7) 2.9 (2.8–3.0) 

CHADS2 score        

0    382 (10.4) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 204 (32.7) 6.8 (5.7–8.1) 2.0 (1.9–2.2) 2.3 (2.1–2.4) 

2–3 1 881 (51.1) 12.1 (10.6–13.9) 3.4 (3.3–3.6) 3.9 (3.7–4.0) 

4–6    217   (5.9) 13.1 (8.2–20.7) 5.5 (4.8–6.4) 6.0 (5.3–6.9) 

Type of hemorrhage        

Intracranial    194   (5.3) 0.4 (0.3–0.4) 0.1 (0.1–0.1) 0.2 (0.1–0.2) 

Upper gastrointestinal 1 055 (28.6) 3.9 (3.5–4.3) 0.7 (0.7–0.7) 0.8 (0.8–0.9) 

Lower gastrointestinal 1 268 (34.4) 3.5 (3.2–3.9) 0.9 (0.9–0.9) 1.0 (1.0–1.0) 

Other 1 406 (38.2) 3.3 (3.0–3.7) 1.0 (1.0–1.0) 1.1 (1.1–1.1) 

Age > 75 yr, no. 7 156 13.7 (12.7–14.6) 4.1 (4.0–4.2) 4.6 (4.5–4.7) 

CHADS2 score        

0        0  (0.0) — — — 

1    641  (9.0) 8.5 (6.6–10.9) 2.8 (2.6–3.1) 3.1 (2.9–3.4) 

2–3 5 172 (72.3) 13.8 (12.8–15.0) 4.0 (3.9–4.1) 4.5 (4.4–4.6) 

4–6 1 343 (18.8) 17.3 (14.6–20.3) 6.1 (5.7–6.4) 6.8 (6.4–7.1) 

Type of hemorrhage        

Intracranial    355   (5.0) 0.5 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 1 774 (24.8) 4.1 (3.8–4.3) 1.0 (1.0–1.0) 1.1 (1.1–1.2) 

Lower gastrointestinal 2 688 (37.6) 5.5 (5.1–5.9) 1.5 (1.5–1.6) 1.7 (1.7–1.8) 

Other 2 784 (38.9) 5.7 (5.3–6.1) 1.6 (1.5–1.6) 1.8 (1.8–1.8) 

Note: CI = confidence interval. 
*Unless otherwise indicated 
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categorization and recommended a risk factor-based approach to
stroke risk assessment, with the CHA2DS2-VASc score used to
complement the CHADS2 score.78 The guideline treatment algo-
rithm used the CHA2DS2-VASc risk factors to further refine
stroke risk stratification in those with a CHADS2 score 0–1.

The 2012 ACCP guidelines recommend stroke risk assessment
initially using the CHADS2 score, where oral anticoagulation is
recommended for CHADS2 score of !1, and then considering
age 65–74, female gender, and vascular disease as additional
‘non-CHADS2 risk factors’, as the presence of multiple
‘non-CHADS2 risk factors’ would again merit anticoagulation.6

The 2012 focussed update of the Canadian Cardiovascular
Society guidelines recommends the use of oral anticoagulation
for a CHADS2 score!1, and amongt those with a CHADS2
score ! 0, the consideration of age 65–74, female gender, and vas-
cular disease, where the absence of all these risk factors merited
‘no antithrombotic therapy’.27 The ACC/AHA/HRS guidelines
and the UK NICE guidelines are still being updated from their
full 2006 text that discusses stroke risk stratification, although a
focused update of the American guidelines incorporated sections
on new drugs, such as dabigatran and dronaderone, into a 2011
limited update.50

The 2012 focused update of the ESC guideline only recom-
mends the CHA2DS2-VASc score for stroke risk assessment.1

Very importantly, this guideline strongly recommended a clinical
practice shift towards more focus on identification of ‘truly
low-risk’ patients with AF, instead of trying to focus on identifying
‘high-risk’ patients. These ‘truly low-risk’ patients were defined as
‘age ,65 years and lone AF (irrespective of gender) or CHA2DS2-
VASc score ! 0’, and these do not need any antithrombotic
therapy. Oral anticoagulation (whether as well-controlled VKA
or a NOAC) is recommended for patients with a CHA2DS2-VASc
score !2 (Class I recommendation), while oral anticoagulation
should be considered for patients with a CHA2DS2-VASc
score ! 1 (Class IIa recommendation) (Figure 2).

In the setting of ablation, stroke risk assessment is recom-
mended when deciding on whether oral anticoagulation can be

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Stroke and bleeding risk stratification with the CHA2DS2-VASc and HAS-BLED schemas

CHA2DS2-VASc Score HAS-BLED Score

Congestive heart failure/LV dysfunction 1 Hypertension, i.e. uncontrolled BP 1

Hypertension 1 Abnormal renal/liver function 1 or 2

Age !75 years 2 Stroke 1

Diabetes mellitus 1 Bleeding tendency or predisposition 1

Stroke/TIA/TE 2 Labile INRs (if on warfarin) 1

Vascular disease (prior MI, PAD, or aortic plaque) 1 Age (e.g. .65, frail condition) 1

Aged 65–74 years 1 Drugs (e.g. concomitant aspirin or NSAIDs) or alcohol excess/abuse 1

Sex category (i.e. female gender) 1

Maximum score 9 9

CHA2DS2-VASc, C—congestive heart failure or left ventricular dysfunction, H—hypertension, A2—age!75, D—diabetes mellitus, S2—previous stroke/TIA/systemic embolism,
V—vascular disease, A—age 65–74, Sc—sex category female; HAS-BLED, Hypertension (i.e. uncontrolled blood pressure), Abnormal renal/liver function, Stroke, Bleeding
history or predisposition, Labile INR (if on warfarin), Elderly (e.g. age. 65, frail condition), Drugs (e.g. aspirin, NSAIDs)/alcohol concomitantly; LV, left ventricular; BP, blood
pressure; INR, international normalized ratio; TIA/TE, ; MI, myocardial infarction; PAD, peripheral artery disease; NSAIDs, non-steroidal anti-inflammatory drugs.

Figure 2 Flow diagram from the 2012 European Society of
Cardiology focused update guideline on atrial fibrillation. Initial
focus on identification of ‘truly low risk’, i.e. age ,65 and lone
atrial fibrillation (irrespective of gender) or CHA2DS2-VASc
score ! 0. Female patients who are aged ,65 and have lone
atrial fibrillation (but still have a CHA2DS2-VASc ! 1 by virtue
of their gender) are at low risk and no antithrombotic therapy
should be considered.
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categorization and recommended a risk factor-based approach to
stroke risk assessment, with the CHA2DS2-VASc score used to
complement the CHADS2 score.78 The guideline treatment algo-
rithm used the CHA2DS2-VASc risk factors to further refine
stroke risk stratification in those with a CHADS2 score 0–1.

The 2012 ACCP guidelines recommend stroke risk assessment
initially using the CHADS2 score, where oral anticoagulation is
recommended for CHADS2 score of !1, and then considering
age 65–74, female gender, and vascular disease as additional
‘non-CHADS2 risk factors’, as the presence of multiple
‘non-CHADS2 risk factors’ would again merit anticoagulation.6

The 2012 focussed update of the Canadian Cardiovascular
Society guidelines recommends the use of oral anticoagulation
for a CHADS2 score!1, and amongt those with a CHADS2
score ! 0, the consideration of age 65–74, female gender, and vas-
cular disease, where the absence of all these risk factors merited
‘no antithrombotic therapy’.27 The ACC/AHA/HRS guidelines
and the UK NICE guidelines are still being updated from their
full 2006 text that discusses stroke risk stratification, although a
focused update of the American guidelines incorporated sections
on new drugs, such as dabigatran and dronaderone, into a 2011
limited update.50

The 2012 focused update of the ESC guideline only recom-
mends the CHA2DS2-VASc score for stroke risk assessment.1

Very importantly, this guideline strongly recommended a clinical
practice shift towards more focus on identification of ‘truly
low-risk’ patients with AF, instead of trying to focus on identifying
‘high-risk’ patients. These ‘truly low-risk’ patients were defined as
‘age ,65 years and lone AF (irrespective of gender) or CHA2DS2-
VASc score ! 0’, and these do not need any antithrombotic
therapy. Oral anticoagulation (whether as well-controlled VKA
or a NOAC) is recommended for patients with a CHA2DS2-VASc
score !2 (Class I recommendation), while oral anticoagulation
should be considered for patients with a CHA2DS2-VASc
score ! 1 (Class IIa recommendation) (Figure 2).

In the setting of ablation, stroke risk assessment is recom-
mended when deciding on whether oral anticoagulation can be
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Table 2 Stroke and bleeding risk stratification with the CHA2DS2-VASc and HAS-BLED schemas

CHA2DS2-VASc Score HAS-BLED Score

Congestive heart failure/LV dysfunction 1 Hypertension, i.e. uncontrolled BP 1

Hypertension 1 Abnormal renal/liver function 1 or 2

Age !75 years 2 Stroke 1

Diabetes mellitus 1 Bleeding tendency or predisposition 1

Stroke/TIA/TE 2 Labile INRs (if on warfarin) 1

Vascular disease (prior MI, PAD, or aortic plaque) 1 Age (e.g. .65, frail condition) 1

Aged 65–74 years 1 Drugs (e.g. concomitant aspirin or NSAIDs) or alcohol excess/abuse 1

Sex category (i.e. female gender) 1

Maximum score 9 9

CHA2DS2-VASc, C—congestive heart failure or left ventricular dysfunction, H—hypertension, A2—age!75, D—diabetes mellitus, S2—previous stroke/TIA/systemic embolism,
V—vascular disease, A—age 65–74, Sc—sex category female; HAS-BLED, Hypertension (i.e. uncontrolled blood pressure), Abnormal renal/liver function, Stroke, Bleeding
history or predisposition, Labile INR (if on warfarin), Elderly (e.g. age. 65, frail condition), Drugs (e.g. aspirin, NSAIDs)/alcohol concomitantly; LV, left ventricular; BP, blood
pressure; INR, international normalized ratio; TIA/TE, ; MI, myocardial infarction; PAD, peripheral artery disease; NSAIDs, non-steroidal anti-inflammatory drugs.

Figure 2 Flow diagram from the 2012 European Society of
Cardiology focused update guideline on atrial fibrillation. Initial
focus on identification of ‘truly low risk’, i.e. age ,65 and lone
atrial fibrillation (irrespective of gender) or CHA2DS2-VASc
score ! 0. Female patients who are aged ,65 and have lone
atrial fibrillation (but still have a CHA2DS2-VASc ! 1 by virtue
of their gender) are at low risk and no antithrombotic therapy
should be considered.
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Patients taking the NOACs may present with an acute coronary
syndrome (ACS) and/or undergo percutaneous coronary interven-
tion (PCI). Concomitant use of antiplatelet therapy with the
NOACs significantly increases bleeding risk,96 as is the case with
combining any OAC with antiplatelet therapy. In AF patients at
risk of stroke, and irrespective of HAS-BLED score, OAC still
confers benefit (reduced mortality and major adverse cardiac
events) but with more bleeds.97 In the absence of robust data, in
AF patients with an ACS or PCI/stenting, recommendations
based on expert consensus on the management of such patients
should be followed, as found within the 2010 ESC Guidelines or
current European or North American consensus documents.98–100

Thus, a period of triple therapy is needed (OAC plus aspirin plus
clopidogrel), followed by the combination OAC plus single antipla-
telet drug and, after one year, management can be with OAC
alone in stable patients, where OAC can be adjusted-dose VKA

therapy or probably a NOAC.Notably, the only trial where clopido-
grel use was not contraindicated was RE-LY, so the data on triple
therapy with a NOAC (when given at stroke prevention doses in
AF patients) are limited.

A patient taking dabigatran may present with an ACS and, given
the non-significant but small numerical increase in MI events with
dabigatran compared with warfarin,71,72 the concerned clinician
may consider the use of a VKA or an alternative NOAC (e.g. riv-
aroxaban or apixaban). There is little evidence to support this, as
the relative effects of dabigatran vs. warfarin on myocardial ischae-
mic events were consistent in patients with or without a baseline
history of MI or coronary artery disease. Although twice-daily
low-dose rivaroxaban (2.5 mg or 5 mg b.i.d.) has been used with
some benefit in ACS,101 there are no data on ACS relating to
the dose of rivaroxaban used for anticoagulation in AF (20 mg
o.d.). Apixaban, used in the stroke prevention dose (5 mg b.i.d.)
in the ACS setting in combination with aspirin plus clopidogrel,
was associated with no reduction in cardiovascular events but an
excess of major bleeding.102 Patients with AF and stable vascular
disease (i.e. no acute events or revascularization for .12
months, whether coronary or peripheral artery disease) can be

Antiplatelet therapy with aspirin plus clopidogrel, or—less effectively—aspirin 
only, should be considered in patients who refuse any OAC, or cannot tolerate 
anticoagulants for reasons unrelated to bleeding. If there are contraindications to 
OAC or antiplatelet therapy, left atrial appendage occlusion, closure or excision 
may be considered.
Colour: CHA2DS2-VASc; green = 0, blue = 1, red !2. 
Line: solid = best option; dashed = alternative option.
AF = atrial fibrillation; CHA2DS2-VASc = see text; HAS-BLED = see text; 
NOAC = novel oral anticoagulant; OAC = oral anticoagulant;  
VKA = vitamin K antagonist.
aIncludes rheumatic valvular disease and prosthetic valves.

Valvular AFa

<65 years and lone AF (including females)

Oral anticoagulant therapy

Assess bleeding risk
(HAS-BLED score)

Consider patient values
and preferences

NOAC VKANo antithrombotic
therapy

Assess risk of stroke
(CHA2DS2-VASc score)

No

No (i.e., non-valvular AF)

0 1 2

Yes

Yes

Atrial fibrillation

Figure 1 Choice of anticoagulant.

aPTT = activated partial thromboplastin time; NOAC = novel oral anticoagulant; 
PCC = prothrombin complex concentrate; PT = prothrombin time;
rFVIIa = activated recombinant factor VII.
aWith dabigatran.

Check haemodynamic status, basic coagulation tests
to assess anticoagulation effect (e.g. aPTT for 
dabigatran, PT or anti Xa activity for rivaroxaban),
renal function, etc.

Minor

Moderate–severe

Very severe

Delay next dose or
discontinue treatment

Symptomatic/supportive
treatment

Mechanical compression

Fluid replacement

Blood transfusion

Oral charcoal if recently
ingesteda

Consider
rFVIIa or PCC

Charcoal filtrationa/
haemodialysisa

Patient on NOAC presenting with bleeding

Figure 2 Management of bleeding in patients taking novel oral
anticoagulants.
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