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ABSTRACT 

Stroke is a leading cause of adult disability and the third leading cause of mortality in 

developed countries. Atrial fibrillation is a major risk factor for ischaemic stroke, 

associated with a five-fold increase in risk. When patients with atrial fibrillation suffer 

an ischaemic stroke, they have a two-fold increased risk of subsequent disability and 

death, compared to patients without atrial fibrillation. Oral anticoagulants (e.g. 

warfarin) reduce the risk of ischaemic stroke in patients with atrial fibrillation by two-

thirds. However, they also increase bleeding risk, most importantly intracerebral 

haemorrhage.  

Employing a number of approaches to statistical analyses, this thesis addresses 

the following areas: 1) the comparative importance of risk factors for ischaemic stroke 

and intracerebral haemorrhage in patients with stroke and atrial fibrillation, with a 

particular emphasis on risk factors common to both stroke types, 2) the natural history 

of acute ischaemic stroke in patients with atrial fibrillation and the clinical factors 

which explain the association between atrial fibrillation and increased mortality and 

disability following acute ischaemic stroke, and 3) the association between different 

antithrombotic regimens on discharge and risk of major vascular events and bleeding 

in patients with atrial fibrillation following acute ischaemic stroke, with a particular 

focus on patients with severe stroke and those with coronary artery disease. This 

thesis also evaluates the association between participation in Heartwatch, a risk factor 

modification program for the secondary prevention of cardiovascular disease, and 

subsequent risk of stroke and other major vascular events in patients with prior stroke 

or coronary artery disease.  

This content provides novel information which furthers our understanding of 

the association between atrial fibrillation and poor stroke outcomes, helps to optimise 

selection of antithrombotic therapy in patients with atrial fibrillation, and investigates 

the potential of Heartwatch as a primary-care based programme for the secondary 

prevention of stroke and cardiovascular disease.  
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Stroke is a leading cause of acquired adult disability, and the third leading cause of 

mortality in developed countries
1, 2

. Atrial fibrillation, the most common cardiac 

arrhythmia, is a major risk factor for ischaemic stroke, associated with a five-fold 

increase in risk
3
. The prevalence of atrial fibrillation increases with age and with an 

ageing population, it is becoming much more common
4, 5

. It affects approximately 1% 

of people under the age of 60 and up to 10% of people over the age of 80
4
. In Ireland, 

one-in-three strokes are related to atrial fibrillation
6
. 

 

Comparative Importance of Risk Factors for Ischaemic Stroke and 

Intracerebral Haemorrhage in Patients with Atrial Fibrillation (Chapter 3) 

Oral anticoagulants (e.g. warfarin) reduce the risk of ischaemic stroke in patients with 

atrial fibrillation by two-thirds
7, 8

. However, oral anticoagulants also increase the risk 

of bleeding, of which intracerebral haemorrhage is the most clinically important 

subtype
7
. For optimal prescribing of oral anticoagulants, clinicians need to be able to 

estimate the competing risks of ischaemic stroke and intracerebral haemorrhage. 

However, current clinical prediction rules for estimating bleeding risk consider the 

risk of major bleeding
9-13

 rather than intracerebral haemorrhage specifically, despite 

the fact that intracerebral haemorrhage is the most clinically relevant harm when 

evaluating the trade-off between the benefits and risks of treatment. Furthermore, a 

number of key risk factors for ischaemic stroke are also risk factors for intracerebral 

haemorrhage (e.g. age and hypertension), and some are common to risk scores for 

major bleeding and ischaemic stroke {e.g. CHADS2 [Cardiac Failure, Hypertension, 

Age, Diabetes Mellitus, Stroke] or CHA2DS2VASc [Cardiac Failure, Hypertension, 

Age 75, Diabetes Mellitus, Stroke, Vascular Disease, Age 65–74 and Sex Category 

(female)]}
14, 15

 and major bleeding {e.g. HAS-BLED [Hypertension, Abnormal 

Renal/Liver Function, Stroke, Bleeding History or Predisposition, Labile International 

Normalised Ratio (INR), Elderly, Drugs/Alcohol]}
16

. It is unclear how these ‘shared’ 

risk factors should influence therapeutic decisions. Chapter 3 describes a cross 

sectional analysis of a prospective cohort, to determine the comparative importance of 

risk factors for ischaemic stroke and intracerebral haemorrhage in patients with acute 

stroke and atrial fibrillation, with a particular emphasis on risk factors common to 

both stroke types. 
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Natural History of Acute Ischaemic Stroke in Patients with Atrial Fibrillation 

and Association between Atrial Fibrillation and Increased Mortality and 

Disability following Acute Ischaemic Stroke (Chapter 4) 

When patients with atrial fibrillation suffer an ischaemic stroke, they have a two-fold 

increased risk of subsequent death and disability, compared to patients without atrial 

fibrillation
17, 18

. This association has been attributed to a number of factors, including 

increased stroke severity
18-20

, a higher prevalence of co-morbidities that confound the 

association
21

, and an increased risk of in-hospital medical complications
21

, in patients 

with atrial fibrillation compared to those without. Some studies have reported that 

patients with ischaemic stroke and atrial fibrillation may also receive a lower quality 

of in-patient care, compared to patients without atrial fibrillation
22

, which is an 

important, potentially modifiable, factor. 

However, previous studies failed to include each of these factors in a single 

large study of consecutive patients presenting with acute ischaemic stroke and atrial 

fibrillation, making it difficult to determine the individual contribution of these factors 

to the increased mortality and disability of ischaemic stroke in this population. 

Chapter 4 details the natural history of acute ischaemic stroke in a prospective cohort 

of consecutive patients with atrial fibrillation, with a particular focus on age, sex, co-

morbidities, level of access to care and in-hospital complications. Chapter 4 also 

describes the contribution of individual factors (e.g. age, sex, co-morbidities, stroke 

severity and quality of care) to the association between atrial fibrillation and increased 

mortality and disability of ischaemic stroke. 

 

Antithrombotic Regimens on Discharge and Risk of Major Vascular Events and 

Bleeding in Patients with Atrial Fibrillation following Ischaemic Stroke (Chapter 

5) 

Patients with atrial fibrillation and recent ischaemic stroke are at a particularly high 

risk of recurrent ischaemic stroke and other major vascular events
23

. Current 

antithrombotic therapy guidelines recommend oral anticoagulant therapy alone for the 

secondary prevention of ischaemic stroke in this population
24, 25

. However, these 

guidelines are largely based on evidence from primary prevention trials
26-31

 and the 

risk-benefit ratio of oral anticoagulant therapy in a population with recent ischaemic 

stroke may differ. In particular, clinicians may consider using combination oral 

anticoagulant and antiplatelet therapy in patients with co-existing cardiac disease, or 



  Introduction 

 7 

patients who had a stroke while on therapeutic anticoagulation. Alternatively, in other 

patients, clinicians may avoid oral anticoagulant therapy because of concerns 

regarding an increased risk of major bleeding.  

Other than the European Atrial Fibrillation Trial (EAFT), all randomised 

controlled trials evaluating antithrombotic therapy in patients with atrial fibrillation 

included primary prevention populations
26-31

. Moreover, the EAFT trial does not 

inform the management of patients with severe stroke, as these patients were excluded 

from the trial, and it did not evaluate the safety and efficacy of combination oral 

anticoagulant therapy and antiplatelet therapy
31

. Chapter 5 describes the pattern of use 

of antithrombotic therapy regimens in consecutive patients with atrial fibrillation 

discharged from hospital following acute ischaemic stroke, and evaluates the 

association between antithrombotic regimen on discharge and subsequent risk of 

major vascular events and major bleeding.  

 

Participation in Heartwatch and Risk of Major Vascular Events in Patients with 

Prior Stroke or Other Cardiovascular Disease (Chapter 6) 

Patients with previous stroke or other cardiovascular disease are at an increased risk 

of subsequent major vascular events, such as stroke, myocardial infarction and 

cardiovascular death
32

. Previous studies have reported that sustained use of effective 

secondary preventative medications, such as antihypertensive, antiplatelet, and lipid-

lowering therapies, is low in patients with previous stoke or coronary artery disease
33-

35
. In the PURE study, an epidemiological survey on the uptake of secondary 

preventative drugs in patients with previous stroke or coronary artery disease, 38% of 

patients from high-income countries were not receiving aspirin, 26% were not 

receiving statin therapy and 60% were not receiving -blocker therapy
33

. Moreover, a 

number of studies have reported that warfarin is not used in approximately 30-60% of 

eligible patients with known atrial fibrillation
36-38

, while approximately half of the 

patients who start warfarin will discontinue it within three to five years
39

. Thus, there 

is a need for more effective strategies to increase sustained uptake of proven effective 

secondary preventative therapies in this high-risk population. 

Heartwatch is a structured, primary-care delivered, risk-factor modification 

programme for the secondary prevention of cardiovascular disease in Ireland
40

. 

Previous studies evaluating Heartwatch have reported significant improvements in 
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blood pressure, smoking habits, plasma lipids, and uptake of secondary preventative 

therapies in participating patients
41, 42

. However, it is not known whether Heartwatch-

related improvements in vascular risk factors translate into significant reductions in 

the risk of major vascular events. To complement and build upon the findings of the 

earlier studies included in this thesis, chapter 6 describes a prospective cohort study to 

determine the association between participation in Heartwatch and future risk of 

major vascular events in patients with a history of stroke or coronary artery disease. 

This study evaluates the potential of Heartwatch as a risk-factor modification 

programme for the secondary prevention of stroke and coronary artery disease in 

routine clinical practice. 
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Study Design 

Chapter 3: Cross sectional study 

Chapters 4-5: Prospective registry 

Chapter 6: Prospective cohort study  

 

Population:  

Chapters 3-5: The Registry of the Canadian Stroke Network (RCSN) is a prospective 

registry of consecutive patients with acute stroke or transient ischaemic attack 

presenting to the emergency department or admitted to hospital, in 12 regional stroke 

centres in Ontario, Canada
1
. The RCSN is one of the largest stroke registries in the 

world, including over 35,000 consecutive patients with acute stroke. The RCSN is a 

“prescribed registry” under the Ontario Personal Health Information Protection Act, 

thus, permitting the collection of patient data without consent and ensuring inclusion 

of consecutive patients (100% participation rate)
2
. This minimises selection biases 

inherent in samples requiring informed consent, such as volunteer bias (patients who 

volunteer to be included in studies are often healthier than non-volunteers, thus the 

characteristics of the actual sample differ from that of the intended sample), 

authorization bias (patients who can be enrolled in a registry are often different from 

those who cannot, e.g. patients with cognitive impairment following a severe stroke 

would be unable to refuse or give consent to participate in the registry, and so would 

be disproportionately excluded), and spectrum bias (when the spectrum of the 

condition in the sample differs from that in the population, for example fatal strokes 

would be disproportionately excluded due to difficulties obtaining informed consent 

from relatives, very mild strokes would also be disproportionately excluded due to 

non-admission or earlier discharge from hospital, and thus a reduced opportunity to 

obtain consent from these patients, compared to patients with a longer length of 

inpatient stay). Data from Phase 3 of the RCSN were used for chapters 3-5. 

 

Chapter 6: The study sample consisted of a cohort of patients with cardiovascular 

disease identified in 2000-2002 via stratified random sampling of general practices in 

the West of Ireland. In May 2000, lists of all general practices in the North Western 

and Western Health boards regions were obtained from the Health Board Primary 

Care Units. Cardiovascular disease was defined according to Heartwatch eligibility 
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criteria
3
: history of myocardial infarction, history of angina pectoris or a previous 

cardiac revascularisation procedure, to include percutaneous coronary intervention 

and coronary artery bypass grafting. General practices on these lists were randomly 

organised using a computer-generated list of random numbers. Practices were 

stratified according to location (rural or urban) and practice type (single-handed or 

partnership). Practices were systematically contacted according to the position on the 

list and invited to participate. If a general practice declined to participate, the next 

practice on the list was selected and invited to participate, until a total of 35 practices 

agreed to participate. In total, 58 general practices were invited to participate in the 

study, 23 practices declined to participate, giving a practice response rate of 60% 

(figure I). In each practice, patients with cardiovascular disease were identified using 

general practice disease registers, patient database searches, prescription records, 

systematic search of medical charts, prospective recording of patient attendance in the 

three months prior to the researcher’s visit and, opportunistic General Practitioner 

recall. Patients aged over 80 years of age, terminally ill, housebound due to a serious 

comorbidity, and those whose Heartwatch participation status was unknown, were 

excluded from the study. 

 

Ethical Approval 

Chapters 3-5: For all three studies, a detailed study protocol was reviewed and 

approved by the RCSN Publications Review Committee and by the Research Ethics 

Board of Sunnybrook Health Sciences Centre, University of Toronto, Canada. 

Chapter 6: Ethical approval for this study was granted by the Irish College of General 

Practitioners. 

 

Data Collection  

Chapters 3-5: Detailed clinical data on consecutive patients with acute stroke were 

systematically collected by medical chart abstraction performed during and after the 

hospital admission, by experienced neurology research nurses using custom software 

and laptop computers. Chart re-abstraction studies have shown excellent agreement 

within the RCSN database, with  scores of >0.8 for key variables such as age, sex, 

stroke type, and co-morbidities
1
. Information on post-stroke mortality and other 

patient outcomes after discharge was available through linkages to the Ontario 
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Registered Persons Database (out of hospital mortality) and Discharge Abstract 

Database (hospital readmissions and in-hospital mortality). Linkages were done using 

unique encrypted identifiers that ensured privacy and confidentiality of data. 

Chapter 6: Detailed clinical data on all patients with cardiovascular disease was 

systematically collected by medical chart abstraction performed by two experienced 

research nurses. Heartwatch participation status was based on documentary evidence 

in the medical chart. Data on mortality were collected through searching practice 

records and the General Register Office, which is the central civil repository for 

records relating to births, marriages and deaths in the Republic of Ireland.  

 

 

Outcome Measures 

Chapter 3: The primary outcome measure was risk of ischaemic relative to the risk of 

intracerebral haemorrhage.  

Chapter 4: Outcome measures included a modified Rankin score of 4-5 at discharge 

(measure of severe disability), 30-day mortality and 1-year mortality.  

Chapter 5: The primary outcome was the composite of death or admission for 

recurrent stroke, myocardial infarction or major bleeding. Secondary outcomes 

included individual components of this composite. 

Chapter 6: The primary outcome measure was time to occurrence of the composite of 

cardiovascular death, non-fatal myocardial infarction, new onset heart failure and 

non-fatal stroke. Secondary outcomes included cardiovascular mortality and all-cause 

mortality. 

 

Rationale for Variable Selection and Definition of Variables 

For all studies, variables were selected for inclusion based on 1) clinical significance, 

i.e. the apriori clinical probability of an association between the variable and the 

relevant stroke outcome, based on a clear biological rationale (e.g. increased age is 

associated with an increased risk of atrial fibrillation as well as an increased risk of 

mortality; hypertension is associated with an increased risk of major vascular events 

such as recurrent stroke, hypertension is also associated with an increased risk of 

atrial fibrillation secondary to cardiac structural remodelling) , 2) probability of 

confounding the association between atrial fibrillation and the relevant stroke 

outcome, based on the P-value for the association between the independent variable 
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and the relevant stroke outcome on univariate analysis (a criterion value of P<0.1 was 

chosen to indicate significance), 3) prevalence of the risk factor within the population 

included in the study (including rare predictor variables in the model would be of 

limited utility), and 4) a conservative rule-of-thumb of having a minimum of ten 

outcome events for every one predictor variable adjusted for in the multivariable 

analyses. Including a large number of independent variables in multivariable models 

in the presence of only a small number of outcome events can result in imprecise 

estimates of association (greater variability indicated by large standard errors with 

wide confidence intervals) and unreliable and potentially misleading models, which 

have poor generalizability to the general population)
5-7

. 

 

Chapter 3: Baseline variables which were consistent with those included in two 

contemporary risk stratification schemes for patients with atrial fibrillation were 

included in the analyses: CHA2DS2VASc
8
 {Cardiac failure, Hypertension, Age 75, 

Diabetes Mellitus, Stroke, Vascular Disease, Age 65–74 and Sex Category (female)}, 

which quantifies the risk of ischaemic stroke in patients not receiving anticoagulant 

therapy, and HAS-BLED
9
 (Hypertension, Abnormal Renal/Liver Function, Stroke, 

Bleeding History or Predisposition, Labile International Normalised Ratio (INR), 

Elderly, Drugs/Alcohol), which quantifies the risk of major bleeding in patients 

receiving anticoagulant therapy. Baseline risk factors were divided into; a) those 

previously reported to be risk factors for both ischaemic stroke and major bleeding, 

including intracerebral haemorrhage (termed ‘shared’ risk factors), which included 

age (per decade), current alcohol intake (units per day), history of hypertension, 

history of diabetes mellitus, renal impairment (defined as history of renal dialysis or 

creatinine >120 mol/L in males or >110 mol/L in females on admission) prior 

stroke or transient ischaemic attack, and preadmission dementia; and b) other risk 

factors previously reported to be associated with either stroke subtype, which included 

sex, history of congestive heart failure, history of cardiac disease (defined as 

myocardial infarction, peripheral vascular disease, percutaneous coronary intervention 

or coronary artery bypass grafting), history of hepatic impairment (defined as 

previous cirrhosis), history of gastrointestinal bleeding, admission antiplatelet 

therapy, and admission INR. Categorisation of variables was based on a review of 

prior literature
8, 10-16

. For the purposes of this study, atrial fibrillation was defined as a 
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previous history of atrial fibrillation. The definition of variables in the RCSN differed 

from those used in the CHA2DS2VASc and HAS-BLED scores. However, these 

definitions were matched as closely as possible. Age was included as a nominal 

variable in the CHA2DS2VASc and HAS-BLED scores, (75 years, 65-74 years, <65 

years) and (>65 years, <65 years), respectively, and as an ordinal variable in the 

RCSN (by decade). Hypertension was defined as resting blood pressure >140mmHg 

systolic and/or >90mmHg diastolic on at least 2 occasions or current antihypertensive 

pharmacologic treatment in the CHA2DS2VASc score, uncontrolled hypertension or 

blood pressure >160 mmHg systolic in the HAS-BLED score, and as a previous 

history of hypertension in the RCSN. Previous stroke or transient ischaemic stroke 

included previous stroke, transient ischaemic attack or thromboembolism in the 

CHA2DS2VASc score; previous stroke alone in the HAS-BLED score; and previous 

stroke or transient ischaemic attack in the RCSN. Vascular disease was defined as 

prior myocardial infarction, peripheral artery diseases or aortic plaque in the 

CHA2DS2VASc score; and as myocardial infarction, peripheral vascular disease, 

percutaneous coronary intervention or coronary artery bypass grafting in the RCSN. 

Diabetes mellitus was defined as fasting plasma glucose 7.0mmol/L or treatment 

with oral hypoglycaemic agent and/or insulin in the CHA2DS2VASc score, and as a 

history of diabetes mellitus in the RCSN. Heart failure was defined as the presence of 

signs and symptoms of right and/or left ventricular failure confirmed by objective 

measurements in the CHA2DS2VASc score, and as a history of heart failure in the 

RCSN. Renal impairment was defined as chronic dialysis, renal transplantation or 

serum creatinine 200 mol/L in the HAS-BLED score; and as a history of renal 

dialysis or creatinine >120 mol/L in males or >110 mol/L in females on admission, 

in the RCSN. Hepatic dysfunction was defined as chronic hepatic disease (e.g., 

cirrhosis) or biochemical evidence of significant hepatic derangement (e.g., bilirubin 

>2 X upper limit of normal, in association with aspartate aminotransferase/alanine 

aminotransferase/alkaline phosphatase >3 upper limit normal) in the HAS-BLED 

score, and as a history of cirrhosis in the RCSN. Bleeding was defined as a history of 

bleeding or bleeding predisposition (e.g. anaemia) in the HAS-BLED score, and as a 

history of a previous gastrointestinal bleed or intracranial bleed in the RCSN. Labile 

INR was defined as <60% of time spent in therapeutic range in the HAS-BLED score, 

and as an INR >3 on admission in the RCSN. Drugs/alcohol was defined as 
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concomitant use of drugs (antiplatelet agents, nonsteroidal anti-inflammatory drugs) 

or alcohol in the HAS-BLED score, and as use of antiplatelet therapy on admission, 

current alcohol intake of >2 drinks/day or >14 drinks/week in the RCSN. As blood 

pressure measurements and laboratory results prior to the stroke event are not 

routinely collected in the RCSN, they were not included in the variable definitions. 

Thus, the initial INR value recorded during the index event was used, in place of 

labile INR.  

 

Chapters 4 and 5: Baseline variables that have previously been reported to be 

associated with poor outcomes after ischaemic stroke were included. Both simple 

confounders, and variables which are part of the causal pathway (e.g. stroke severity 

and medical complications) between atrial fibrillation and poor stroke outcomes, were 

included
17-20

. Variables included: 1) preadmission factors, including age, sex, history 

of preadmission dependence or dementia, atrial fibrillation (defined as: a previous 

history of atrial fibrillation, atrial fibrillation diagnosed in the emergency room, or 

new-onset atrial fibrillation detected during hospitalisation), prior stroke, history of 

hypertension, history of congestive heart failure, history of coronary artery disease, 

history of peripheral vascular disease, diabetes mellitus (defined as history of diabetes 

mellitus or glucose 7.5mmol/L on admission), history of cirrhosis, history of cancer, 

history of valvular heart disease or valve replacement, history of peptic ulcer disease, 

history of deep venous thrombosis or pulmonary embolism, prior gastrointestinal 

bleed, prior intracranial bleed, haemoglobin (Hgb) <11.5g/dL in females or <13g/dL 

in males on admission, platelets <100 x 10
9
/L on admission, and renal impairment; 2) 

treatment variables, including pre-admission oral anticoagulant therapy and acute 

intravenous thrombolysis; 3) Stroke severity, assessed on admission using the 

Canadian Neurological Scale (CNS)
21

; 4) medical complications occurring during 

hospitalisation, including recurrent ischaemic stroke, haemorrhagic stroke, pulmonary 

embolism or deep venous thrombosis, myocardial infarction, pneumonia, urinary tract 

infection, and seizure; 5) measures of multidisciplinary inpatient care, including 

physiotherapy, occupational therapy, speech therapy, stroke team assessment, and 

admission to an organised stroke unit; and 6) discharge variables, including mRankin 

score on discharge (0-1, 2-3, 4-5), antithrombotic therapy on discharge (oral 

anticoagulant therapy alone, no antithrombotic therapy, antiplatelet therapy alone, oral 
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anticoagulant plus antiplatelet therapy) and use of statin therapy, antihypertensive 

therapy, or proton pump inhibitor therapy on discharge. Stroke severity was 

categorised apriori as mild (CNS 8.5), moderate (CNS 6-8) or severe (CNS 0-5.5). 

CNS score, but not Oxfordshire Community Stroke Project (OCSP) stroke subtype, 

was selected to be included in the models, to avoid duplication of the same variable 

construct. 

 

Chapter 6: Baseline variables that have been previously associated with an increased 

risk of cardiovascular morbidity and mortality were included in the analyses. Baseline 

variables were divided into 1) Socio-demographic factors, including age, sex and 

general medical services scheme eligibility; 2) Preadmission co-morbidities, including 

history of diabetes mellitus, history of myocardial infarction, previous stroke, 

previous percutaneous transluminal coronary angioplasty, previous coronary artery 

bypass grafting, history of angina, history of heart failure, time from first diagnosis of 

cardiovascular disease (in months), history of peripheral vascular disease, history of 

thromboembolic disease (including deep venous thrombosis and pulmonary 

embolism) and smoking status (current smokers or non-smokers); 3) Baseline clinical 

measurements, including baseline systolic blood pressure and baseline diastolic blood 

pressure, 4) General practice specific variables, including general practice location 

(rural versus urban), presence of a practice nurse, type of general practice (single-

handed or partnership), and 5) Baseline medications, including aspirin, lipid lowering 

therapy, -blocker therapy, and angiotensin-converting-enzyme (ACE)-inhibitor 

therapy. 

 

Statistical Analyses 

For descriptive analyses, 
2
 tests were used to compare categorical variables, and 

student’s t-tests for continuous variables. For all analyses, a 95% confidence interval 

(CI) that did not include 1.0, or P-value <0.05, was considered to be statistically 

significant. For chapters 3 to 5, all analyses were conducted using SAS statistical 

software, version 9.2 (SAS Institute Inc., Cary, NC, USA). For chapter 6, all analyses 

were performed using SPSS version 18.0. 
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Chapter 3: Univariate and multivariable logistic regression models, which included all 

‘shared’ and ‘non-shared’ risk factor variables were generated, to determine which 

risk factors were more associated with ischaemic stroke than intracerebral 

haemorrhage. Odds ratios were calculated to represent the risk of ischaemic stroke 

relative to a reference of intracerebral haemorrhage. The primary analyses included 

the entire cohort, but models were also generated in the population of 1) patients with 

ischaemic stroke on antiplatelet therapy and those with intracerebral haemorrhage on 

oral anticoagulants, to best resemble the clinical decision scenario, i.e. the competing 

risk of ischaemic stroke on antiplatelet therapy versus the risk of intracerebral 

haemorrhage on oral anticoagulant therapy; 2) patients receiving oral anticoagulants; 

and 3) patients receiving oral anticoagulants with a therapeutic INR 2-3, to 

approximate the presumed anticoagulant intensity of novel anticoagulant therapy. All 

risk factor variables were entered and retained in each model. Finally, two separate 

models were generated for increasing CHA2DS2VASc (model 1) and HAS-BLED 

(model 2) scores, to determine the effect of an increasing number of risk factors on 

the risk of ischaemic stroke relative to intracerebral haemorrhage.  

 

Chapter 4: Univariate and multivariable logistic regression models were generated, to 

determine the association between atrial fibrillation and poor outcomes after 

ischaemic stroke. Confounding or causal variables were sequentially added to the 

models, based on their chronological occurrence and proposed importance during 

presentation with acute ischaemic stroke. Variables listed earlier were included in the 

analyses. The proportional change in the magnitude of association between atrial 

fibrillation and each outcome (OR; 95% CI) was calculated for each step in the 

multivariable models. Tests for interaction were completed for preadmission oral 

anticoagulant therapy and stroke severity, to determine if the association between 

preadmission oral anticoagulant therapy and stroke outcomes varied based on stroke 

severity on admission; and for atrial fibrillation with age (75, <75), stroke severity 

(CNS score 8.5, 6-8, 0-5), and preadmission oral anticoagulant therapy, to determine 

if the association between atrial fibrillation and stroke outcomes varied based on age, 

stroke severity or preadmission use of oral anticoagulant therapy. A subgroup analysis 

based on stroke severity was completed, to determine if the association between atrial 

fibrillation and stroke outcomes, as well as the factors explaining this association, 
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varied based on stroke severity at the time of admission. A sensitivity analysis with 

atrial fibrillation categorised by preadmission antithrombotic therapy status [none, 

antiplatelet therapy, non-therapeutic oral anticoagulant therapy (INR<2 on 

admission), and therapeutic oral anticoagulant therapy (INR 2 on admission)]
19

 was 

completed, to determine if the association between atrial fibrillation and stroke 

outcomes varied based on antithrombotic therapy status prior to admission. The 

primary analyses included the entire cohort, but models were also generated where the 

population was confined to patients who were not receiving preadmission oral 

anticoagulant therapy, to represent the natural history and short-term outcomes of 

ischaemic stroke in patients with atrial fibrillation. To determine whether the presence 

of atrial fibrillation was associated with a lower quality of inpatient care, propensity-

based matched analyses were performed for the measures of multidisciplinary care 

listed above. Matching was completed using the following four variables: CNS score, 

stroke centre, age (within +/- 5 years), and sex.  

 

Chapter 5: Adjusted proportions were calculated for each outcome, adjusting for the 

confounding variables listed earlier. Univariate and multivariable Cox proportional 

hazards regression models were generated, to determine the association between 

antithrombotic regimen on discharge and death or readmission for major vascular 

events or major bleeding following acute ischaemic stroke, adjusting for the variables 

listed earlier. 

The primary analysis included the entire cohort, but subgroup analyses were also 

completed in: a) Patients with coronary artery disease, to determine the association 

between antithrombotic therapy on discharge and outcomes in patients at a 

particularly high risk of recurrent ischaemia; 2) Patients with no risk factors for major 

bleeding, to determine the association between antithrombotic therapy on discharge 

and outcomes in patients at a particularly low risk of bleeding; and 3) Patients with 

severe stroke (defined as mRankin score 4-5 on discharge), as the risk-benefit ratio of 

oral anticoagulant therapy in this subgroup is poorly described. Patients were 

considered to have a low bleeding risk if they met each of the following criteria: a) 

prescribed oral anticoagulant and/or antiplatelet therapy on discharge, b) mRankin 

score 0-3 on discharge, c) platelets >100 x 10
9
/L on admission, d) Hgb >11.5 g/dL in 

females, >13 g/dL in males on admission, e) preadmission independence, f) no prior 
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history of haemorrhagic stroke or gastrointestinal bleed, g) no history of cirrhosis, h) 

no preadmission dementia, i) no bleeding during hospitalisation for acute ischaemic 

stroke and j) no prior history of peptic ulcer disease.  

 

Chapter 6: Kaplan Meier estimates of survival function in Heartwatch and non-

Heartwatch participants were generated, for the outcomes of cardiovascular mortality, 

all-cause mortality, and the cardiovascular composite endpoint. Log rank tests were 

completed to compare survival functions between the two groups (i.e. to formally test 

for a difference in the distribution of time to occurrence of the cardiovascular 

composite, cardiovascular mortality and all-cause mortality, between Heartwatch 

participants and nonparticipants). Univariate and multivariable Cox proportional 

hazards models were fitted, to determine the association between Heartwatch 

participation and time to occurrence of the composite endpoint, as well as time to 

occurrence of cardiovascular mortality and all-cause mortality. Separate models were 

fitted for each outcome. Confounders known, or proposed, to be associated with an 

increased risk of cardiovascular events were entered and retained in the multivariable 

models. The variables listed earlier were included in the models: Tests for interaction 

were completed for Heartwatch participation status and type of general practice (i.e. 

single-handed versus partnership), to determine if the association between Heartwatch 

and cardiovascular outcomes varied based on type of practice; and for Heartwatch 

and presence of a practice nurse, to determine if the association between Heartwatch 

and cardiovascular outcomes varied based on presence or absence of a practice nurse. 

A sensitivity analysis confined to non single-handed general practices with a practice 

nurse present was also completed, to represent a more homogenous group of general 

practices with similar levels of access to specialised programs such as Heartwatch. 

Patients who had not experienced the primary outcome were censored at follow-up. 

Data were also censored for those patients lost to follow-up (0.6%). Assumptions 

underlying the final models were assessed using Schoenfeld residual plots.  

 

 

Intervention 

This thesis includes a series of observational studies rather than randomised 

controlled trials. However, chapters 5-6 evaluate treatment interventions, using 

observational research methods. 
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Chapter 5: Antithrombotic regimens on discharge following acute ischaemic stroke 

were evaluated, including no antithrombotic therapy, antiplatelet therapy, oral 

anticoagulant therapy (e.g. warfarin), and combination antiplatelet and oral 

anticoagulant therapy. 

 

Chapter 6: The Heartwatch intervention, a secondary prevention programme for 

cardiovascular disease, was evaluated in chapter 6. The Heartwatch programme is 

based on the recommendations of the European Joint Task Force on Coronary 

Prevention and was implemented in Ireland in February 2003
22

. In total, 470 general 

practices (20% of all Irish general practices) were selected to participate in the 

programme in 2003. The programme consists of regular visits (up to four per annum) 

to a registered and participating general practitioner. General practitioners are 

provided with educational study packs on cardiovascular risk factor interventions, 

including advice on lifestyle and behaviour, pharmacological management and 

referral pathways for patients requiring specialist care
23

. At each visit, the primary 

focus is on cardiovascular risk factor assessment and modification
3
. During the 

consultation, relevant risk factors are measured and recorded (e.g. smoking status, 

blood pressure, plasma lipids, body mass index and waist circumference), current diet 

and exercise patterns are reviewed, diabetes control is reviewed where relevant, and 

current medications and adherence to medications are reviewed. General practitioners 

can intervene as appropriate, or arrange referral to other specialist services, based in 

the practice, the hospital or the community. 
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Figure I. Flowchart of General Practice and Patient Participation  

 

CVD= Cardiovascular disease 
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CHAPTER 3 

 

WHICH RISK FACTORS ARE MORE ASSOCIATED WITH 

ISCHAEMIC STROKE THAN INTRACEREBRAL HAEMORRHAGE 

IN PATIENTS WITH ATRIAL FIBRILLATION? 
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ABSTRACT:  

Background:  The decision to prescribe oral anticoagulant therapy in patients with 

atrial fibrillation is based on an assessment of the competing risks of ischaemic stroke 

and major bleeding, of which intracerebral haemorrhage (ICH) is the most important 

type. We sought to determine the comparative importance of risk factors for 

ischaemic stroke and ICH in patients with acute stroke and atrial fibrillation, with 

particular emphasis on risk factors common to both stroke types. 

Methods: Consecutive patients with acute ischaemic stroke or ICH and atrial 

fibrillation included in the Registry of the Canadian Stroke Network constituted the 

cohort. Multivariable logistic regression analysis was used to determine the 

association between baseline risk factors and presentation with ICH versus ischaemic 

stroke. Risk factors included; (1) those previously reported to be risk factors for both 

ischaemic stroke and major bleeding (particularly ICH) including age, alcohol, 

hypertension, diabetes mellitus, renal impairment, prior stroke/transient ischaemic 

attack and preadmission dementia); and (2) other risk factors associated with either 

stroke subtype alone.  

Results: A total of 3,197 patients presented with atrial fibrillation and acute stroke, of 

which 12.2% presented with ICH. Of the ‘shared’ risk factors, age (OR 1.19; 95% CI 

1.06-1.34 per decade) and prior stroke/transient ischaemic attack (OR 1.45; 95% CI 

1.12-1.87) were more associated with ischaemic stroke than ICH, whereas a history of 

hypertension (OR 0.89; 95% CI 0.68-1.17), diabetes mellitus (OR 1.23; 95% CI 0.92-

1.64) renal impairment (OR 1.28; 95% CI 0.95-1.71) and alcohol intake, were not 

more strongly associated with either stroke subtype. 

Conclusion: Of the risk factors known to be associated with both ischaemic stroke 

and ICH in patients with atrial fibrillation, we found that none had a stronger 

association with ICH. Older age was more strongly associated with ischaemic stroke 

than ICH. (Stroke. 2012;43:2048-2054)
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INTRODUCTION 

For optimal prescribing of oral anticoagulants in patients with atrial fibrillation, 

clinicians must estimate the competing risks of ischaemic stroke and intracerebral 

haemorrhage (ICH). However, current approaches to estimating these competing risks 

in everyday clinical practice, have two important limitations. First, all of the current 

clinical prediction rules for estimating bleeding risk consider the risk of major 

bleeding
1-5

 rather than ICH specifically, despite the fact that ICH is the most feared 

complication of anticoagulant therapy
6
 and the most clinically relevant harm when 

evaluating the trade-off between benefits and risks of treatment. Therefore, current 

approaches do not provide a competing absolute risk of ICH. Second, key risk factors 

for ischaemic stroke are also risk factors for major bleeding (including ICH). Some of 

these ‘shared’ risk factors (e.g. age, hypertension, diabetes mellitus and renal 

impairment) are included in clinical prediction rules for both ischaemic stroke {e.g. 

CHADS2 [Cardiac Failure, Hypertension, Age, Diabetes Mellitus, Stroke] or 

CHA2DS2VASC [Cardiac Failure, Hypertension, Age 75, Diabetes Mellitus, Stroke, 

Vascular Disease, Age 65–74 and Sex Category (female)]}
7, 8

 and major bleeding 

{e.g. HAS-BLED [Hypertension, Abnormal Renal/Liver Function, Stroke, Bleeding 

History or Predisposition, Labile International Normalised Ratio (INR), Elderly, 

Drugs/Alcohol]}
9
.Without knowledge of their comparative importance for predicting 

ischaemic stroke and ICH, it is unclear how these ‘shared’ risk factors should 

influence therapeutic decisions. For example, concern about the risk of ICH in the 

elderly is a common reason for withholding anticoagulation, but increasing age is also 

a strong risk factor for ischaemic stroke.
10

 An understanding of the relative 

importance of these shared risk factors, with respect to the competing risks of 

ischaemic stroke and ICH, may assist patients and clinicians in making decisions 

about antithrombotic therapy in situations of uncertainty (e.g. all risk factors are 

‘shared’).  

In this study, we determined the comparative importance of risk factors for 

acute ICH compared to acute ischaemic stroke in patients with atrial fibrillation, with 

an emphasis on ‘shared’ risk factors. 
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METHODS:  

Population:  

The Registry of the Canadian Stroke Network (RCSN) is a prospective registry of 

consecutive patients with acute stroke or transient ischaemic attack seen in the 

emergency department or admitted to hospital in 13 regional stroke centres in the 

provinces of Ontario and Nova Scotia, Canada.
11

 The RCSN is a “prescribed registry” 

under the Ontario Personal Health Information Protection Act, which permits the 

collection of patient data without consent and ensures inclusion of consecutive 

patients. Approval for the RCSN was obtained from the Research Ethics Board at 

each participating centre. A detailed study protocol was reviewed and approved by the 

RCSN Publications Review Committee, prior to commencing the study.  

For the current study, we utilised data from Phase 3 of the Registry of the 

Canadian Stroke Network (RCSN) and included consecutive patients with acute 

ischaemic stroke or ICH (including intraventricular haemorrhage) and a history of 

atrial fibrillation admitted to 12 Ontario regional stroke centres between 1 July 2003 

and 31 March 2008. Patients with transient ischaemic attack (TIA), under 18 years of 

age, subarachnoid haemorrhage, stroke occurring during hospitalisation or those 

without a prior history of atrial fibrillation, were excluded from this study.  

 

Data Collection and Definition of Variables 

Detailed clinical data on consecutive patients with ischaemic stroke were collected by 

chart abstraction performed during and after the hospital admission by experienced 

neurology research nurses. Chart re-abstraction studies have shown excellent 

agreement within the RCSN database with  scores of >0.8 for key variables such as 

age, sex, stroke type, and co-morbid conditions.
11

 

For the current study, we included baseline variables which were consistent 

with those included in two contemporary risk stratification schemes for patients with 

atrial fibrillation, CHA2DS2VASc
8
, which quantifies the risk of ischaemic stroke in 

patients not receiving anticoagulant therapy and HAS-BLED
9
, which quantifies the 

risk of major bleeding in patients receiving anticoagulant therapy. We also included 

preadmission dementia, although it is not included in either of these scores. 

Categorisation of variables was based on a review of prior literature.
2, 8, 12-17

 Baseline 

risk factors were divided into; (1) those previously reported to be risk factors for both 
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ischaemic stroke and major bleeding, including ICH (termed ‘shared’ risk factors), 

which included age, current alcohol intake (units per day), history of hypertension, 

history of diabetes mellitus, renal impairment (defined as: renal dialysis or creatinine 

>120 mol/L in males or >110 mol/L in females on admission), prior stroke or 

transient ischaemic attack and preadmission dementia; and (2) other risk factors 

associated with either stroke subtype, which included sex, history of congestive heart 

failure, history of cardiac disease (defined as: myocardial infarction, peripheral 

vascular disease, percutaneous coronary intervention or coronary artery bypass 

grafting), history of hepatic impairment (defined as: previous cirrhosis), history of 

gastrointestinal bleeding, admission antiplatelet therapy and admission international 

normalised ratio (INR).  

 

Statistical Analysis: 

For descriptive analysis, 
2
 tests were used to compare categorical variables; 

Student’s t tests were used for continuous variables. We generated a multivariable 

model that included all ‘shared’ and ‘non-shared’ risk factor variables (Figure A). Our 

primary analyses included the entire cohort, but we also generated models where the 

population was restricted to (1) patients with ischaemic stroke on antiplatelet therapy 

and those with ICH on oral anticoagulants (34.7% of the cohort), to best resemble the 

clinical decision scenario, that is the competing risk of ischaemic stroke on 

antiplatelet therapy versus the risk of ICH on oral anticoagulant therapy; (2) patients 

receiving oral anticoagulants; and (3) those receiving oral anticoagulants with a 

therapeutic INR 2-3 (25.8% of those receiving oral anticoagulants), to approximate 

the presumed anticoagulant intensity of novel anticoagulant therapy. Finally, we 

generated two separate models for increasing CHA2DS2VASc and HAS-BLED 

scores, to determine the effect of an increasing number of risk factors on the risk of 

ischaemic stroke relative to ICH (Figure B). All risk factor variables were entered and 

retained in each model. Odds ratios were calculated to represent the risk of ischaemic 

stroke relative to a reference of ICH. A 95% CI that did not include 1.0 was 

considered to be statistically significant. All analyses were conducted using SAS 

statistical software, version 9.2 (SAS Institute Inc., Cary, NC). 
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RESULTS:  

During the study period (1 July 2003 to 31 March 2008), 3,197 patients presented 

with atrial fibrillation and acute stroke, of whom 2,806 (87.8%) had an ischaemic 

stroke and 391 (12.2%) had an ICH. The mean age was 79.0 years (SD 9.9) and 55% 

were female. Patients who had an ischaemic stroke were older, more likely to be 

female, have a history of cardiac disease and renal impairment and were less likely to 

be receiving oral anticoagulant therapy on admission, compared to those with an ICH. 

Baseline characteristics of patients are presented in table I. 

 

Pre-admission oral anticoagulants were more frequently prescribed in patients who 

were male and those who had a previous history of stroke/TIA, diabetes mellitus, 

hypertension, congestive heart failure, cardiac disease, valvular heart disease or 

previous valve replacement, compared to those without a history of these co-

morbidities. There was no significant difference in the mean age or proportion of 

patients with a history of peptic ulcer disease, hepatic impairment or renal 

impairment, between those receiving oral anticoagulant therapy and those receiving 

antiplatelet therapy or no antithrombotic therapy, on admission (table II). 

 

‘Shared’ Risk Factors: Age, Hypertension, Diabetes Mellitus, Renal Impairment, 

Prior Stroke/TIA, Dementia and Alcohol 

In the multivariable model (Figure I, table III), age (OR 1.19; 95% CI 1.06-1.34 per 

decade), and prior stroke or TIA (OR 1.45; 95% CI 1.12-1.87) were associated with 

an increased risk of ischaemic stroke, relative to ICH. A history of hypertension (OR 

0.89; 95% CI 0.68-1.17), diabetes mellitus (OR 1.23; 95% CI 0.92-1.64), renal 

impairment (OR 1.28; 95% CI 0.95-1.71), dementia (OR 0.78; 95% CI 0.53-1.13) and 

alcohol consumption of <2 units/day (OR 1.52; 95% CI 0.92-2.50) or >2 units/day 

(OR 1.05; 95% CI 0.57-1.92) versus no or rare consumption, were not more strongly 

associated with either stroke type 

In a sensitivity analysis that restricted the population to those with ischaemic 

stroke on aspirin and ICH on warfarin, results were not materially altered (Table IV). 

 

Other Risk Factors 

In the multivariable model, female sex (OR 1.62; 95% CI 1.27-2.07) and a history of 

cardiac disease (OR 1.73; 95% CI 1.30-2.30) were associated with an increased risk 
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of ischaemic stroke over ICH, while an elevated INR at the time of admission was 

more strongly associated with ICH than ischaemic stroke; INR 1.4-2.0 (OR 0.37; 95% 

CI 0.27-0.51), 2.1-3.0 (OR 0.14; 95% CI 0.10-0.19), >3.0 (OR 0.07; 95% CI 0.04-

0.10), versus INR<1.4. A history of congestive heart failure, hepatic impairment, 

gastrointestinal bleeding and antiplatelet therapy on admission, were not found to be 

more strongly associated with either stroke type (Figure I; Table III). A formal test for 

an interaction between sex and warfarin was significant (P=0.009)  

 

CHA2DS2VASc AND HAS-BLED 

In a multivariable model of increasing CHA2DS2VASc score, relative to a score of 0-

1, a score of 2-3 (OR 1.05; 95% CI 0.60-1.85) and 4-5 (1.26; 95% CI 0.72-2.18) were 

associated with a trend towards an increased risk of ischaemic stroke over ICH, while 

a score of 6-7 (OR 2.63; 95% CI 1.44-4.80) and 8-9 (OR 9.8; 95% CI 2.14-44.63) 

were associated with a significantly increased risk of ischaemic stroke over ICH. A 

HAS-BLED score of 2-3 (OR 1.19; 95% CI 0.88-1.60) and 4-6 (OR 1.12; 95% CI 

0.78-1.61) compared with a score of 0-1, were not more strongly associated with 

either stroke type, on multivariable analysis (Figure II, Table V) 

 

DISCUSSION:  

We found that of the ‘shared’ risk factors for ischaemic stroke and ICH (age, alcohol 

intake, hypertension, diabetes mellitus, renal impairment, dementia and prior stroke or 

TIA), no factor was more strongly associated with ICH compared to ischaemic stroke. 

Older age was more strongly associated with ischaemic stroke than ICH. 

Our study builds on prior research by reporting the comparative importance of risk 

factors for ICH and ischaemic stroke in a large cohort of patients with atrial 

fibrillation and acute stroke. Current approaches to evaluating the competing risk of 

ischaemic stroke and ICH are based on indirect comparisons of clinical predictions 

rules for ischaemic stroke (CHADS2 or CHA2DS2VASc) and major bleeding (HAS-

BLED).
18, 19

.These scores are intended to enable clinicians and patients to make 

informed decisions about antithrombotic therapy, based on an estimation of the 

competing absolute risks of ischaemic stroke and major haemorrhage. However, the 

clinical utility of this approach is compromised in situations where ‘shared’ risk 

factors predominate, since their presence increases both risk scores similarly. For 



     Risk Factors for IS versus ICH   

 35 

example, a 70 year-old man with atrial fibrillation, hypertension and renal impairment 

has an annualised risk of ischaemic stroke of 2.8% (based on CHADS2) and 1.6% 

(based on CHA2DS2VASc) and an annualised risk of major bleeding of 5.8% (based 

on HAS-BLED). Based on this, a clinician or patient may decide to avoid 

anticoagulation. However, although the estimated absolute risk of major bleeding is 

greater than the risk of ischaemic stroke, the clinical consequences of ischaemic 

stroke and major bleeding are very different, with major bleeding having a lower 

morbidity and mortality
20

. For patients with atrial fibrillation receiving oral 

anticoagulant therapy, intracranial haemorrhage constitutes less than 25% of major 

bleeding.
21

 If the competing risks of ischaemic stroke and ICH are the primary 

consideration, our analysis would suggest that the presence of these three risk factors 

should generally favour anticoagulation because none were more strongly associated 

with ICH compared to ischaemic stroke, with or without anticoagulation. The risk of 

non-ICH major bleeding (usually gastrointestinal) remains an important consideration 

in clinical decision-making, but it is associated with a much lower risk of death and 

disability than ICH or ischaemic stroke.
22

 The results of our study should not replace 

existing approaches, based on competing absolute risks, but may provide adjunct 

information in situations of uncertainty due to shared risk factors.  

Advanced age is consistently reported to be a key determinant of oral 

anticoagulant underutilisation in patients with atrial fibrillation
23, 24

, although the 

Birmingham Atrial Fibrillation Treatment of the Aged Study (BAFTA) trial has 

shown warfarin to be superior to aspirin in older patients with atrial fibrillation.
25

 

Admittedly, patients included in BAFTA may have been at a lower risk of ICH 

compared to those seen in routine clinical practice, and clinicians are more cautious 

about prescribing anticoagulant therapy in older patients, due to a fear of an increased 

risk of major bleeding, particularly ICH.
10

 Although age is known to be an important 

risk factor for ICH, our results suggest that advanced age is a more potent risk factor 

for ischaemic stroke than ICH. We explored whether the increased risk of ischaemic 

stroke in older patients may simply have been due to lower rates of oral anticoagulant 

use in this group, which could have biased our results. However, we observed no 

significant difference in the mean age of those receiving pre-admission oral 

anticoagulant therapy or not and a formal test for an interaction between age and oral 

anticoagulant therapy was not significant (Table II). Our findings provide further 

evidence to support the use of oral anticoagulant therapy in older patients with atrial 
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fibrillation and indicate that age alone should not represent a valid contraindication to 

anticoagulant therapy.
26

 

Previous studies have suggested that hypertension is a stronger risk factor for 

ICH compared with ischaemic stroke.
27-29

 In our analyses, a prior history of 

hypertension was not associated with a different risk of ischaemic stroke compared to 

ICH. However, a limitation of this study was our inability to categorise the severity of 

hypertension and our lack of information on blood pressure control prior to 

admission.  

For renal impairment, there was a trend towards an increased risk of ischaemic 

stroke compared to ICH, which likely represents evidence of underlying vascular 

disease. Interestingly, renal impairment is a factor included in HAS-BLED, but not 

CHA2DS2VASc, and may therefore be a factor whose presence results in oral 

anticoagulant avoidance in clinical practice. Our results suggest the opposite should 

apply, that renal impairment should favour warfarin use. 

The association between alcohol intake and stroke risk is complicated. For 

ischaemic stroke, there appears to be a J-shaped association, while a linear association 

is suggested for ICH.
13, 30

 In patients receiving oral anticoagulants, there is the added 

complication that excess alcohol intake interferes with anticoagulant control, 

increasing the risk of both stroke subtypes. There is also some evidence that light 

alcohol intake may be associated with more stable anticoagulant control.
31

 In our 

analyses, moderate alcohol intake of <2 units/day was associated with a trend towards 

an increased risk of ischaemic stroke over ICH. We did not find higher alcohol intake 

(>2 units/day) to be a stronger risk factor for either stroke subtype, although a 

limitation of our study is that we did not measure the pattern of alcohol intake (e.g. 

binge versus non-binge).  

We found that female sex was more strongly associated with ischaemic stroke 

than ICH, a finding which is consistent with other studies,
32-35

 and female sex is 

included in the CHA2DS2VASc score as an independent risk factor for ischaemic 

stroke. Under-prescribing of anticoagulant therapy in elderly women has been 

reported
36

 which may contribute to this finding. In our study, the increased risk of 

ischaemic stroke in females compared to males could partly, but not completely, be 

explained by the lower frequency of warfarin use in females (38%) compared to 

males (43%), with evidence of an interaction between sex and warfarin (p=0.009). An 

alternative, or contributing, explanation for our finding may be that men are at an 
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increased risk of warfarin-related ICH, and some previous studies have reported an 

increased risk of warfarin-related ICH in males compared to females.
32, 35

  

An understanding of the competing role of risk factors for ischaemic stroke 

and ICH is also of relevance when making therapeutic decisions regarding novel 

anticoagulants, as a need to risk stratify patients still remains. We performed an 

exploratory analysis in patients receiving oral anticoagulant therapy with a therapeutic 

INR (2-3), as this subgroup is more representative of the population of patients likely 

to be prescribed novel anticoagulants. The results of this analysis did not materially 

alter our findings, indicating that they are likely to be applicable to novel 

anticoagulant use, especially since these medications are associated with a lower risk 

of ICH compared to vitamin K antagonists. One exception is the presence of renal 

impairment, given that all approved novel anticoagulants are partially excreted 

renally.
37

 

Our study has a number of limitations. First, our analysis is cross-sectional and 

does not include a control cohort of participants without stroke. Therefore, we cannot 

comment on whether risk factors predicted either stroke subtype individually, nor can 

we report competing absolute risks; rather, our conclusions are confined to whether 

factors had a stronger association with ischaemic stroke or ICH. We used prior 

literature to determine whether risk factors were considered ‘shared’. Ideally, 

decisions on anticoagulant therapy should be based on an assessment of absolute risks 

of ischaemic stroke and ICH. However, clinical predictions rules for absolute risk of 

ICH are not available, probably because ICH is a relatively uncommon outcome and 

would require a very large sample size. Pending such studies, our findings provide 

information on the relative importance of risk factors for ischaemic stroke and ICH.  

Second, the population in our study included patients presenting to specialised 

stroke centres and the results may not be generalizable to patients in other, less 

specialised, settings. Third, the definition of variables in our study differed from those 

used in the HAS-BLED and CHA2DS2VASc scores. For example, hypertension was 

defined as: resting blood pressure >140mmHg systolic and/or >90mmHg diastolic on 

at least two occasions or current antihypertensive pharmacologic treatment in the 

CHA2DS2VASc score; uncontrolled hypertension or blood pressure >160 mmHg 

systolic in the HAS-BLED score; and as a previous history of hypertension in the 

RCSN. However, where possible, we ensured definitions were consistent. Fourth, 

information on the duration and control of anticoagulant therapy prior to the index 
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event, as well as the frequency of INR monitoring, were not available, thus the 

influence of these factors could not be adjusted for in our analyses. Finally, 

information on other risk factors, such as frailty, falls and behavioural factors that 

could influence therapeutic decision-making, was also not available.  

The strengths of our study include its large sample size, completeness of data, 

inclusion of ischaemic stroke and ICH (rather than major bleeding) and the large 

number of ICH events compared to previous studies. In addition, the inclusion of 

consecutive patients from a large prospective registry minimised the potential for 

selection bias. While, our results provide further guidance to clinicians when making 

decisions about suitability for anticoagulant therapy in patients with atrial fibrillation, 

they should supplement, rather than replace, clinical assessment. Our study highlights 

the need for a common composite score for risk of ischaemic stroke relative to ICH in 

patients with atrial fibrillation that accounts for the clinical consequences of these 

events. 

In conclusion, to our knowledge, this is the first study to determine the comparative 

importance of shared risk factors for ICH and ischaemic stroke in patients with atrial 

fibrillation. None of the ‘shared’ risk factors were more strongly associated with ICH 

over ischaemic stroke. Importantly, advanced age was more strongly associated with 

ischaemic stroke than ICH and should generally favour a decision to introduce 

anticoagulant therapy.  
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Table I. Characteristics of Patients with Atrial Fibrillation and Acute Stroke 

Variable All Stroke Intracerebral Haemorrhage Ischaemic Stroke P-Value 

N 3197 391 2806  

Age, mean ±SE  (n) 78.98±9.93 (3197) 77.32±10.61 (391) 79.21±9.81 (2806) <0.001 

Sex (female)  1757/3197 (55%) 177/391 (45.3%) 1580/2806 (56.3%) <0.001 

Prior stroke or TIA  1119/3197 (35%) 126/391 (32.2%) 993/2806 (35.4%) 0.22 

Diabetes mellitus 765/3197 (23.9%) 85/391 (21.7%) 680/2806 (24.2%) 0.28 

Hypertension 2338/3197 (73.1%) 282/391 (72.1%) 2056/2806 (73.3%) 0.63 

Congestive heart failure  617/3197 (19.3%) 66/391 (16.9%) 551/2806 (19.6%) 0.20 

Cardiac disease 905/3197 (28.3%) 81/391 (20.7%) 824/2806 (29.4%) <0.001 

Hepatic impairment  11/3197 (0.3%) 3/391 (0.8%) 8/2806 (0.3%) 0.13 

Alcohol  

    None/Rare 

    <2/day 

    >2/day 

 

2859/3197 (89.4%) 

221/3197 (6.9%) 

117/3197 (3.7%) 

 

355/391 (90.8%) 

21/391 (5.4%) 

15/391 (3.8%) 

 

2504/2806 (89.2%) 

200/2806 (7.1%) 

102/2806 (3.6%) 

0.44 

Prior GI bleed   92/3197 (2.9%) 8/391 (2.0%) 84/2806 (3.0%) 0.29 

Renal impairment  789/3197 (24.7%) 79/391 (20.2%) 710/2806 (25.3%) <0.001 

Preadmission dementia  383/3197 (12%) 45/391 (11.5%) 338/2806 (12.0%) 0.76 

CHA2DS2VASc score 

    0-1  

    2-3 

    4-5  

    6-7  

    8-9  

 

143/3197 (4.5%) 

863/3197 (27.0%) 

1359/3197 (42.5%) 

734/3197 (23.0%) 

98/3197 (3.1%) 

 

19/391 (4.9%) 

124/391 (31.7%) 

180/391 (46.0%) 

66/391 (16.9%) 

2/391 (0.5%) 

 

124/2806 (4.4%) 

739/2806 (26.3%) 

1179/2806 (42.0%) 

668/2806 (23.8%) 

96/2806 (3.4%) 

<0.001 

Admission INR 

    < 1.4  

   1.4-2.0 

   2.1-3 

 

2056/3078 (66.8%) 

514/3078 (16.7%) 

352/3078 (11.4%) 

156/3078 (5.1%) 

 

125/382 (32.7%) 

74/382 (19.4%) 

108/382 (28.3%) 

75/382 (19.6%) 

 

1931/2696 (71.6%) 

440/2696 (16.3%) 

244/2696 (9.1%) 

81/2696 (3.0%) 

 

<0.001 



     Risk Factors for IS versus ICH   

 43 

   >3  

Admission antiplatelet therapy  

    Single  

    Dual  

    None  

 

1018/3197 (31.8%) 

125/3197 (3.9%) 

2054/3197 (64.2%) 

 

88/391 (22.5%) 

9/391 (2.3%) 

294/391 (75.2%) 

 

930/2806 (33.1%) 

116/2806 (4.1%) 

1760/2806 (62.7%) 

<0.001 

Warfarin 

    Warfarin alone  

    Warfarin + antiplatelet  

    No warfarin  

 

1061/3197 (33.2%) 

231/3197 (7.2%) 

1905/3197 (59.6%) 

 

207/391 (52.9%) 

44/391 (11.3%) 

140/391 (35.8%) 

 

854/2806 (30.4%) 

187/2806 (6.7%) 

1765/2806 (62.9%) 

 

<0.001 

 

Abbreviations: SE, standard error; TIA, transient ischaemic attack; GI, gastrointestinal; CHA2DS2VASc [congestive heart failure or left ventricular dysfunction (1), 

hypertension (1), age 75y (2), diabetes mellitus (1), stroke/TIA/thromboembolism (1), vascular disease (prior myocardial infarction, peripheral artery disease or aortic 

plaque), (1), age 65-74y (1), sex category (female) (1), maximum score = 9]; HASBLED [Hypertension (1), Abnormal renal and liver function (1 point each), Stroke (1), 

Bleeding (1), Labile INR (1), Elderly >65 years (1), Drugs or alcohol (1 point each), maximum score=9]; INR, international normalised ratio. 
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Table II. Characteristics of Patients receiving Warfarin Therapy versus no Warfarin Therapy on Admission 

Variable 
All Warfarin  

No Warfarin  

(Antiplatelet or no Antithrombotic) 
P-Value 

N 3197 1292 1905  

Age, mean ±SE (n) 78.98±9.93 (3197) 78.66±9.45 (1292) 79.19±10.24 (1905) 0.14 

Sex  

  Male  

  Female  

 

1440/3197 (45%) 

1757/3197 (55%) 

 

618/1292 (47.8%) 

674/1292 (52.2%) 

 

822/1905 (43.1%) 

1083/1905 (56.9%) 

0.01 

Prior stroke or TIA  1119/3197 (35%) 550/1292 (42.6%) 569/1905 (29.9%) <0.001 

Diabetes mellitus 765/3197 (23.9%) 333/1292 (25.8%) 432/1905 (22.7%) <0.05 

Hypertension 2338/3197 (73.1%) 970/1292 (75.1%) 1368/1905 (71.8%) <0.05 

Congestive heart failure 617/3197 (19.3%) 305/1292 (23.6%) 312/1905 (16.4%) <0.001 

Cardiac disease  905/3197 (28.3%) 402/1292 (31.1%) 503/1905 (26.4%) 0.004 

Hepatic impairment  11/3197 (0.3%) 4/1292 (0.3%) 7/1905 (0.4%) 0.78 

Alcohol  

  None/Rare 

  <2/day 

  >2/day 

 

2859/3197 (89.4%) 

221/3197 (6.9%) 

117/3197 (3.7%) 

 

1176/1292 (91.0%)                  

81/1292 (6.3%)               

35/1292 (2.7%) 

 

1683/1905 (88.3%)   

140/1905 (7.3%)                                

82/1905 (4.3%) 

0.03 

Prior GI bleed  92/3197 (2.9%) 27/1292 (2.1%) 65/1905 (3.4%) 0.03 

Renal impairment  789/3197 (24.7%) 301/1292 (23.3%) 488/1905 (25.6%) 0.14 

Admission INR 

  <1.4  

  1.4-2.0 

  2.1-3 

  >3  

 

2056/3078 (66.8%) 

514/3078 (16.7%) 

352/3078 (11.4%) 

156/3078 (5.1%) 

 

365/1278 (28.6%) 

448/1278 (35.0%) 

330/1278 (25.8%) 

135/1278 (10.6%) 

 

1691/1800 (93.9%) 

66/1800 (3.7%) 

22/1800 (1.2%) 

21/1800 (1.2%) 

<0.001 

Preadmission dependence or dementia  1055/3197 (33%) 454/1292 (35.1%) 601/1905 (31.5%) 0.03 

Previous IC bleed  58/3197 (1.8%) 15/1292 (1.2%) 43/1905 (2.3%) 0.02 

Peptic ulcer disease  186/3197 (5.8%) 72/1292 (5.6%) 114/1905 (6.0%) 0.63 

VHD or valve replacement  288/3197 (9%) 190/1292 (14.7%) 98/1905 (5.1%) <0.001 
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Abbreviations: SE, standard error; TIA, transient ischaemic attack; GI, gastrointestinal; INR, international normalised ratio; IC, intracranial; VHD, valvular heart disease.  

Cardiac disease (includes a history of myocardial infarction, peripheral vascular disease, percutaneous coronary intervention, or coronary artery bypass grafting).  

Test for an interaction between age and warfarin therapy: P=0.89.
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Table III. Univariate and Multivariable Analyses of Risk Factors for Ischaemic 

Stroke relative to ICH  

Variable 
Univariate Analysis 

OR (95% CI) 

Multivariable Analysis 

OR (95% CI) 

Age (per decade) 1.20 (1.08-1.32) 1.19 (1.06-1.34) 

Alcohol – <2/day
 
 

Alcohol – >2/day
 
 

1.35 (0.85-2.15) 

0.96 (0.55-1.68) 

1.52 (0.92-2.50) 

1.05 (0.57-1.92) 

Hypertension
 
 1.06 (0.84-1.34) 0.89 (0.68-1.17) 

Diabetes mellitus
 
 1.15 (0.89-1.49) 1.23 (0.92-1.64) 

Renal impairment
 
 1.34 (1.03-1.74) 1.28 (0.95-1.71) 

Prior stroke or TIA 1.15 (0.92-1.44) 1.45 (1.12-1.87) 

Dementia 1.05 (0.76-1.47) 0.78 (0.53-1.13) 

Sex (female)
 
 1.56 (1.26-1.93) 1.62 (1.27-2.07) 

Congestive heart failure 1.20 (0.91-1.59) 1.20 (0.87-1.64) 

Cardiac disease
 
 1.59 (1.23-2.06) 1.73 (1.30-2.30) 

Hepatic impairment 0.37 (0.09-1.40) 0.58 (0.13-2.60) 

Prior GI bleed
 
 1.47 (0.71-3.07) 1.17 (0.52-2.60) 

Antiplatelet therapy
 
 1.80 (1.41-2.29) 1.10 (0.83-1.44) 

INR 1.4-2.0
 
 

INR 2.1-3.0
 
 

INR >3.0
 
 

0.38 (0.28-0.52) 

0.15 (0.11-0.20) 

0.07 (0.05-0.10) 

0.37 (0.27-0.51) 

0.14 (0.10-0.19) 

0.07 (0.04-0.10) 

 

Abbreviations: ICH, intracerebral haemorrhage; TIA, transient ischaemic attack; GI, gastrointestinal; 

INR, international normalised ratio (reference category for INR was <1.4) Alcohol reference category 

was none/rare.  

Hosmer Lemeshow goodness-of-fit test: P = 0.91, c-statistic = 0.76. 
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Table IV. Subgroup Analyses: Risk Factors for Ischaemic Stroke relative to ICH  

Variable 
Warfarin only 

OR (95% CI) 

Warfarin and INR 

2-3 

OR (95% CI) 

IS on aspirin or 

ICH on warfarin 

OR (95% CI) 

Age (per decade) 1.26 (1.07-1.49) 1.04 (0.81-1.33) 1.29 (1.10-1.50) 

Alcohol – <2/day
 
 

Alcohol – >2/day
 
 

2.27 (1.09-4.72) 

1.14 (0.45-2.87) 

1.46 (0.57-3.76) 

1.03 (0.15-6.86) 

2.75 (1.35-5.60) 

2.33 (0.94-5.81) 

Hypertension
 
 0.81 (0.56-1.16) 0.70 (0.39-1.27) 0.90 (0.64-1.28) 

Diabetes mellitus
 
 1.45 (1.00-2.11) 1.57 (0.82-3.00) 1.44 (1.00-2.07) 

Renal impairment
 
 1.48 (1.00-2.20) 1.41 (0.73-2.74) 1.56 (1.07-2.28) 

Prior stroke or TIA 1.98 (1.43-2.75) 2.13 (1.28-3.55) 1.27 (0.92-1.75) 

Dementia 1.28 (0.73-2.24) 1.41 (0.59-3.39) 1.36 (0.79-2.34) 

Sex (Female)
 
 1.82 (1.32-2.52) 1.30 (0.78-2.17) 2.00 (1.46-2.73) 

CHF 1.09 (0.74-1.60) 1.30 (0.69-2.43) 0.69 (0.47-1.02) 

Cardiac disease
 
 1.78 (1.24-2.55) 2.22 (1.22-4.02) 1.88 (1.33-2.66) 

Hepatic impairment 0.48 (0.06-4.12) 0.69 (0.05-10.46) 0.30 (0.04-2.29) 

Prior GI bleed
 
 0.72 (0.25-2.08) 0.53 (0.13-2.10) 1.07 (0.41-2.76) 

Antiplatelet therapy
 
 1.05 (0.70-1.59) 1.13 (0.60-2.12) - 

INR 1.4-2.0
 
 

INR 2.1-3.0 

INR >3.0
 
 

0.36 (0.21-0.60) 

0.13 (0.08-0.22) 

0.06 (0.03-0.10) 

- 

- 

- 

- 

- 

- 

 

Abbreviations: IS, ischaemic stroke; ICH, intracerebral haemorrhage; TIA, transient ischaemic attack; 

CHF, congestive heart failure; GI, gastrointestinal; INR, international normalised ratio (reference 

category for INR was <1.4). Reference category for alcohol was none/rare. 
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Table V. Multivariable Analyses: Risk of Ischaemic Stroke relative to ICH in 

Patients with Atrial Fibrillation, according to CHA2DS2VASc and HAS-BLED 

Scores 

Model 1 
Multivariable Analysis 

OR (95% CI) 

CHA2DS2VASc score 2-3 1.05 (0.60-1.85) 

CHA2DS2VASc score 4-5 1.26 (0.72-2.18) 

CHA2DS2VASc score 6-7     2.63 (1.44-4.80) 

CHA2DS2VASc score 8-9 9.77 (2.14-44.63) 

Model 2  

HAS-BLED score 2-3 1.19 (0.88-1.60) 

HAS-BLED score 4-6 1.12 (0.78-1.61) 

 

Model 1: CHA2DS2VASc [congestive heart failure or left ventricular dysfunction (1), hypertension (1), 

age 75y (2), diabetes mellitus (1), stroke/TIA/thromboembolism (1), vascular disease (prior 

myocardial infarction, peripheral artery disease or aortic plaque) (1), age 65-74y (1), sex category 

(female) (1), maximum score = 9].  

The following variables were adjusted for in the CHA2DS2VASc score model: current alcohol intake, 

renal impairment, history of hepatic impairment, history of gastrointestinal bleeding, history of 

intracranial bleeding, history of dementia, admission antiplatelet therapy and admission international 

normalised ratio (INR). The reference category for the CHA2DS2VASc score was 0-1.Variations in the 

definition of variables in the CHA2DS2VASc score compared to our study include: vascular disease 

defined as prior myocardial infarction, peripheral artery diseases or aortic plaque; hypertension defined 

as a resting blood pressure >140mmHg systolic and/or >90mmHg diastolic on at least 2 occasions or 

current antihypertensive pharmacologic treatment; diabetes mellitus defined as fasting plasma glucose 

7.0mmol/L or treatment with oral hypoglycaemic agent and/or insulin; stroke included previous 

stroke, transient ischaemic attack or thromboembolism; heart failure defined as the presence of signs 

and symptoms of right and/or left ventricular failure confirmed by objective measurements. 

 

Model 2: HAS-BLED [Hypertension (1), Abnormal renal and liver function (1 point each), Stroke (1), 

Bleeding (1), Labile INR (1), Elderly >65 years (1), Drugs or alcohol (1 point each), maximum 

score=9]. 

The following variables were adjusted for in the HAS-BLED score model: sex (female), diabetes 

mellitus, pulmonary oedema, vascular disease and preadmission dementia. The reference category for 

the HAS-BLED score was 0-1.Variations in the definition of variables included in the HAS-BLED 

score compared to our study include: hypertension defined as >160 mmHg systolic or uncontrolled 

hypertension; renal impairment defined as chronic dialysis, renal transplantation or serum creatinine 

200 mol/L; hepatic dysfunction defined as chronic hepatic disease (e.g., cirrhosis) or biochemical 

evidence of significant hepatic derangement (e.g., bilirubin >2 X upper limit of normal, in association 

with aspartate aminotransferase/alanine aminotransferase/alkaline phosphatase >3 upper limit normal); 

bleeding history or predisposition (e.g. anaemia); labile INR, defined as <60% of time spent in 

therapeutic range; concomitant use of drugs (antiplatelet agents, nonsteroidal anti-inflammatory drugs) 

or alcohol. 
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Figure I. Forest Plot of Risk Factors for Ischaemic Stroke relative to ICH in 

Patients with Atrial Fibrillation 
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Figure II. Forest Plot of Risk Factors for Ischaemic Stroke relative to ICH in 

Patients with Atrial Fibrillation - CHA2DS2VASc and HAS-BLED Scores 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: IS, ischaemic stroke; ICH, intracerebral haemorrhage; TIA, transient ischaemic attack; 

INR, international normalised ratio (reference category was INR<1.4). 

Odds ratios represent the risk of ischaemic stroke relative to a reference of ICH.  

The reference category for both the CHA2DS2VASc [Cardiac Failure, Hypertension, Age 75, Diabetes 

Mellitus, Stroke, Vascular Disease, Age 65–74 and Sex Category (female)] and HAS-BLED 

[Hypertension, Abnormal Renal/Liver Function, Stroke, Bleeding History or Predisposition, Labile 

International Normalised Ratio (INR), Elderly, Drugs/Alcohol] scores was 0-1. Alcohol reference 

category was none/rare.
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CHAPTER 4 

 

WHY IS ATRIAL FIBRILLATION ASSOCIATED WITH GREATER 

MORTALITY & DISABILITY AFTER ISCHAEMIC STROKE? 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
Reference: McGrath ER, Kapral MK, Fang J, Eikelboom JW, O Conghaile A, 

Canavan M, O’Donnell MJ. Association of Atrial Fibrillation with Mortality and 

Disability after Ischaemic Stroke? Neurology. 2013. 81:825-832
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ABSTRACT: 

Objective: We determined whether patient characteristics (age, sex, co-morbidities), 

stroke severity and quality of care explained a proportion of the association between 

atrial fibrillation (AF) and increased disability and mortality in patients with acute 

ischaemic stroke.  

Methods: Prospective cohort of consecutive patients admitted with acute ischaemic 

stroke included in the Registry of the Canadian Stroke Network (Jul 03-Mar 08). 

Multivariable logistic regression analyses were used to determine the magnitude of 

association between AF and mRankin score 4-5 at discharge, 30-day and 1-year 

mortality. 

Results: 10,528 patients were admitted with acute ischaemic stroke. AF was 

associated with an increased risk of severe disability and mortality, but the magnitude 

of association was substantially attenuated in the full multivariable models: mRankin 

score 4-5 at discharge (univariate OR 1·74, 95% CI 1·57-1·93; multivariable OR 

1·19, 95% CI 1·03-1·36), 30-day mortality (univariate OR 2·52, 95% CI 2·25-2·84; 

multivariable OR 1·36, 95% CI 1·17-1·58) and 1-year mortality (univariate OR 2·41, 

95% CI 2·19-2·66; multivariable OR1·25, 95% CI 1·10-1·42). Older age and 

increased stroke severity explained most of the association between AF and poor 

stroke outcomes. We found no association between AF and poor stroke outcomes in 

patients receiving therapeutic preadmission OAC therapy. 

Conclusions: Older age and increased stroke severity explain most of the association 

between AF and poorer outcomes after acute ischaemic stroke. Non-use of OAC 

therapy represents the most important modifiable care-gap to mitigate the association 

between AF and poor outcomes after ischaemic stroke.  
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INTRODUCTION 

When patients with atrial fibrillation (AF) suffer an ischaemic stroke, they have a 

two-fold increased risk of subsequent disability and mortality, compared to patients 

without AF
1, 2

. Several factors may account for this association, including increased 

stroke severity, a higher prevalence of co-morbidities that confound the association, 

and a greater risk of in-hospital medical complications, in patients with AF compared 

to those without
2-5

. It has also been reported that patients presenting with ischaemic 

stroke who have AF may receive lower quality in-patient care, compared to patients 

without AF
6
. 

 

A limitation of previous research has been the failure to include each of these factors 

in a single, large study of consecutive patients presenting with acute ischaemic stroke 

and AF, making it difficult to determine the individual contribution of these factors to 

the increased mortality and disability of ischaemic stroke in this population. A better 

understanding of the determinants underlying this association may help identify new 

approaches to improve stroke outcomes in patients with AF. 

 

In this study, we report the natural history of acute ischaemic stroke in patients with 

AF and determine the factors that explain the association between AF and increased 

mortality and disability following ischaemic stroke, in a large prospective registry of 

consecutive patients with acute ischaemic stroke.   

 

METHODS:  

Standard Protocol Approvals, Registrations, and Patient Consents 

For the current study, a detailed study protocol was reviewed and approved by the 

RCSN Publications Review Committee and by the Research Ethics Board of 

Sunnybrook Health Sciences Centre.  

 

Population:  

The Registry of the Canadian Stroke Network (RCSN) is a prospective registry of 

consecutive patients with acute stroke or transient ischaemic attack presenting to the 

emergency department or admitted to hospital in 12 regional stroke centres in Ontario. 

Canada
7
. The RCSN is a “prescribed registry” under the Ontario Personal Health 

Information Protection Act, allowing data collection without individual patient 
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consent and ensuring the inclusion of consecutive patients.  

 

We used data from Phase 3 of the Registry of the Canadian Stroke Network (RCSN) 

and included consecutive patients with acute ischaemic stroke admitted to 12 Ontario 

regional stroke centres between 1 July 2003 and 31 March 2008. Patients aged less 

than 18 years and those with transient ischaemic attack, haemorrhagic stroke or stroke 

occurring during hospitalisation, were excluded from this study.  

 

Data Collection  

Detailed clinical data on all patients with ischaemic stroke were systematically 

collected by chart abstraction. Chart re-abstraction studies have shown excellent 

agreement within the RCSN database, with  scores of >0.8 for key variables such as 

age, sex, stroke type, and co-morbidities.
7
 

 

Outcome Measures 

For the current study, the following outcomes measures were included: modified 

Rankin score 4-5 at discharge, 30-day mortality and 1-year mortality. Limitations of 

the mRankin score include its ordinal rather than continuous nature, moderate inter-

rater reliability
8
 and it’s potential to be influenced by sociodemographic factors and 

patient co-morbidities
9
. 

 

Definition of Variables 

We included baseline variables that have previously been reported to be associated 

with poor outcomes after ischaemic stroke and considered both simple confounders 

and variables which are part of the causal pathway (e.g. stroke severity and medical 

complications) between AF and poor stroke outcomes
5, 10-12

. Variables were divided 

into five categories: 1) Preadmission factors, including age, sex, preadmission 

dependence or dementia, AF (defined as: previous history of AF, AF diagnosed in the 

emergency room, or new-onset AF detected during hospitalisation), prior stroke, 

history of hypertension, congestive heart failure (CHF), coronary artery disease 

(CAD: previous myocardial infarction or history of angina), peripheral vascular 

disease (PVD), diabetes mellitus (DM, including glucose 7.5mmol/L on admission), 

cirrhosis, cancer, valvular heart disease or valve replacement and renal impairment 
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(renal dialysis or creatinine >120 mol/L in males or >110 mol/L in females on 

admission); 2) Treatment variables, including pre-admission oral anticoagulant 

(OAC) therapy and acute intravenous thrombolysis; 3) Stroke severity assessed on 

admission using the Canadian Neurological Scale (CNS). The CNS is a highly 

reliable and validated scoring system for measuring stroke severity, focusing on level 

of consciousnesses, orientation, speech, and strength 
13-16

; 4) Medical complications 

occurring during hospitalisation, including recurrent ischaemic stroke, haemorrhagic 

stroke, pulmonary embolism (PE) or deep venous thrombosis (DVT), myocardial 

infarction (MI), pneumonia, urinary tract infection (UTI) and seizure; and 5) 

Measures of multidisciplinary inpatient care, including physiotherapy (PT), 

occupational therapy (OT), speech therapy, stroke team assessment and admission to 

an organised stroke unit. Stroke severity was categorised a priori as mild (CNS 8.5), 

moderate (CNS 6-8) or severe (CNS 0-5.5). We elected to include CNS score but not 

Oxfordshire Community Stroke Project (OCSP) stroke subtype, to avoid duplication 

of the same variable construct. 

 

Statistical Analysis: 

For descriptive analyses, 
2
 tests were used to compare categorical variables and 

student’s t-tests for continuous variables. We generated multivariable models to 

determine the association between AF and poor outcomes after ischaemic stroke. We 

sequentially added variables to the models, based on their chronological occurrence 

and proposed importance during presentation with acute ischaemic stroke; Step 1: AF; 

Step 2: step 1 plus age; Step 3: step 2 plus sex; Step 4: step 3 plus preadmission co-

morbidities; Step 5: step 4 plus non-use of pre-admission OAC therapy; Step 6: step 5 

plus stroke severity; Step 7: step 6 plus thrombolysis; and Step 8: step 7 plus medical 

complications during hospitalisation.  

 

We calculated the proportional change in the magnitude of association between AF 

and each outcome (OR; 95% CI) for each step in the multivariable models. Tests for 

interaction were completed for preadmission OAC therapy and stroke severity; and 

for AF with: age, stroke severity, and preadmission OAC therapy. We completed 

subgroup analyses based on stroke severity, and a sensitivity analysis with AF 

categorised by preadmission antithrombotic therapy: none, antiplatelet therapy, non-
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therapeutic OAC therapy (INR<2 on admission), and therapeutic OAC therapy (INR 

≥2 on admission)
11

. Our primary analyses included the entire cohort but we also 

generated models where the population was confined to patients who were not 

receiving preadmission OAC therapy, to represent the natural history and short-term 

outcomes of ischaemic stroke in patients with AF. 

 

To determine whether the presence of AF was associated with a lower quality of 

inpatient care, we performed propensity-based matched analyses for the following 

measures of multidisciplinary care; intravenous thrombolysis, PT, OT, speech 

therapy, stroke team assessment and admission to an organised stroke unit. We 

matched on the following four variables: CNS score, stroke centre, age (within +/- 5 

years) and sex.  

 

For all analyses, a 95% CI that did not include 1.0, or P-value <0.05, was considered 

to be statistically significant. All analyses were conducted using SAS statistical 

software, version 9.2 (SAS Institute Inc., Cary, NC, USA). 

 

RESULTS:  

During the study period (1 July 2003 - 31 March 2008), 10,528 patients were 

admitted with acute ischaemic stroke, of whom 2,754 (26.2%) had AF. Baseline 

characteristics of patients are presented in table I. The majority of patients with AF 

(68.5%) were diagnosed prior to admission (Figure I). 

 

AF and Death and Disability 

Step 1 (Univariate Analysis) 

On univariate analysis, AF was associated with an increased risk of severe disability 

(mRankin score 4-5) (OR 1.74; 95% CI 1.57-1.93), 30-day mortality (OR 2.52; 95% 

CI 2.25-2.84) and 1-year mortality (OR 2.41; 95% CI 2.19-2.66) (Figure II, Tables II-

IV). 

 

Step 2 (+Age)  

The mean age of patients with AF was 78.9 years (SD 9.9), compared to 69.8 years 

(SD 14.7) for patients without AF, P<0.001 (Table I). The prevalence of AF increased 
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in a step-wise fashion with advancing age, from 1.9% in those aged 40 years or less, 

to 46.0% in those over 90 years of age (Figure III). When mean age was added to the 

models with AF, the association between AF and severe disability (OR 1.42, 95% CI 

1.28-1.58; 18.3% reduction in OR), 30-day mortality (OR 1.87, 95% CI 1.65-2.11; 

26.0% reduction in OR) and 1-year mortality (OR 1.69, 95% CI 1.52-1.87; 30.2% 

reduction in OR) was substantially attenuated, but remained significant for all 

outcomes. A test for an interaction between AF and age was not significant (Table II). 

 

Step 3 (+Sex) 

A higher proportion of patients with AF were female (56.0%) compared to those 

without AF (45.3%), P<0.001. When sex was added to the multivariable models 

(along with AF and age), there was no change in the magnitude of the association 

between AF and disability or death (Table II). 

 

Step 4 (+ Pre-admission Co-morbidities) 

Patients with AF were more likely to have co-morbidities such as hypertension, DM, 

CHF and CAD, compared to patients without AF. The addition of co-morbidities to 

the multivariable models had a modest effect on the estimates of association between 

AF and poor outcomes (Table II). 

 

Step 5 (+Non-use of Pre-admission OAC Therapy) 

68.1% of patients with AF were not receiving OAC therapy on admission (Table I). 

Addition of non-use of preadmission OAC therapy to the models resulted in an 

increase in the magnitude of association between AF and disability and mortality. A 

formal test for an interaction between AF and preadmission OAC therapy was 

significant for 1-year mortality, P=0.03 (Table II). In a sensitivity analysis with AF 

categorised by preadmission antithrombotic therapy status, AF was associated with all 

outcomes in patients receiving no antithrombotic therapy, and with 30-day mortality 

in patients receiving antiplatelet therapy (OR 1.48, 95% CI 1.21-1.82) and non-

therapeutic OAC therapy (INR<2) (OR 1.37, 95% CI 1.07-1.74). AF was not 

associated with any outcome in patients receiving preadmission therapeutic OAC 

therapy (INR 2 on admission) (Table V). In the subgroup of patients not receiving 

preadmission OAC therapy, AF was more strongly associated with mRankin score 4-
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5 at 30 days (OR 1.93, 95% CI 1.72-2.17) and 30-day mortality (OR 2.58, 95% CI 

2.26-2.95) compared to the entire cohort, on unviariate analysis (Table VI). 

 

Step 6 (+Baseline Stroke Severity) 

Severe strokes (CNS 0-5.5) occurred more commonly in patients with AF (39.9%) 

compared to those without (22.0%), P<0.001 (Table 1). When stroke severity was 

added to the multivariable models, the association between AF and poor outcomes 

was substantially reduced. A formal test for an interaction between AF and stroke 

severity was significant for 30-day mortality, P=0.02 (Table II). There was no 

interaction between stroke severity and OAC therapy (Table VII). 

 

Step 7 (+Thrombolysis) 

Thrombolytic therapy was administered to 20.3% of patients with AF, compared to 

14.1% of patients without AF, P<0.001 (Table VIII). The addition of thrombolysis to 

the models had little effect on the association between AF and disability or mortality 

(Table II). 

 

Step 8 (+Medical Complications during Hospitalisation) 

Patients with AF, compared to those without, were more likely to suffer a medical 

complication during hospitalisation (Table IX). When medical complications were 

added to the multivariable models, the association between AF and severe disability 

(OR 1.19, 95% CI 1.03-1.36; 5.8% reduction in OR), 30-day mortality (OR 1.36, 95% 

CI 1.17-1.58; 4.6% reduction in OR) and 1-year mortality (OR 1.25, 95% CI 1.10-

1.42; 6.2% reduction in OR) was further diminished (Table II). 

 

In-Patient Multidisciplinary Care 

On propensity-based matched analysis, patients with AF were more likely to receive 

speech therapy compared to patients without (RR 1.04; 95% CI 1.01-1.08). There was 

no difference in the proportion of patients with or without AF who were admitted to 

an organised stroke unit, assessed by a specialist stroke team or who received in-

patient ancillary health care (PT or OT) (Table VIII).  

 

DISCUSSION:  
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We found that AF was associated with an increased risk of death and severe disability 

following acute ischaemic stroke. Although AF remained independently associated 

with poor outcomes after multivariable adjustment, the magnitude of the association 

was substantially diminished, meaning that much of the association can be explained 

by other factors. Older age was the most important confounding variable and 

increased stroke severity was the most important covariate along the causal pathway. 

Together, they explained most of the association between AF and poor outcomes. The 

only subgroup of patients with AF who did not have an increased risk of poor 

outcomes, compared to those without AF, were patients receiving therapeutic OAC 

therapy on admission.  

 

Age was the most important determinant underlying the association between AF and 

mortality after ischaemic stroke, and the second most important determinant of severe 

disability (Table II). In our study, patients with AF were almost a decade older than 

patients without AF. Therefore, the attributable-risk of AF for ischaemic stroke in a 

given population is expected to be influenced by life expectancy of the population, 

and might partly explain inter-regional variations in reported prevalence of AF 

between high and moderate-low income countries
17

. Lower use of antithrombotic 

therapy in older patients may also contribute to the older age profile in our study, and 

emphasizes the need to increase uptake of OAC therapy in older age groups.
18

  

Our data suggest that baseline stroke severity is the most important factor explaining 

the association between AF and increased disability after ischaemic stroke, and the 

second most important factor underlying the association with increased mortality. 

Stroke severity may be considered an intermediary along the causal pathway between 

AF, mediated through larger infarcts from cardioemboli
2, 19

. Patients not receiving 

antithrombotic therapy, and therefore most representative of the group with true 

cardioembolism, had the most robust association with poor stroke outcomes (Table 

V). Previous studies have reported an association between therapeutic (INR2) OAC 

therapy and reduced infarct size and reduced severity of ischaemic stroke
11, 20

. We 

found that patients with AF receiving preadmission therapeutic OAC therapy had no 

increased risk of death or severe disability after ischaemic stroke, compared to 

patients without AF. This suggests that increasing uptake of OAC therapy among 
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suitable candidates represents an important factor to target in order to improve stroke 

outcomes and reduce the risk of stroke occurrence in patients with AF. 

 

A previous multicentre European study raised concerns that patients with AF may 

receive lower quality inpatient care after acute ischaemic stroke.
6
 We found no 

evidence that patients with AF received poorer quality of care. While patients with AF 

were more likely to be assessed by a speech and language therapist and to receive 

thrombolytic therapy, compared to patients without, this is likely due to the increased 

frequency of aphasia and presentation with greater stroke severity in patients with 

AF
21

. 

 

We found that recurrent major vascular events and medical complications during 

hospitalisation were more common in patients with AF, compared to patients without 

AF. The risk of recurrent stroke was only slightly higher in patients with AF 

compared to those without (2.9% versus 2.2%), counter to the belief that patients with 

ischaemic stroke and AF are at much higher risk of recurrent stroke than those 

without AF. Curiously, among patients with AF, the rate of myocardial infarction 

during hospitalisation (3.7%) exceeded the rate of recurrent ischaemic stroke (2.9%), 

making it the most common major vascular event following ischaemic stroke in 

patients with AF. This finding is inconsistent with older studies, which reported 

higher rates of recurrent stroke than myocardial infarction in this patient population
22

, 

and may be explained by wider use of high-sensitive troponins in clinical practice, 

resulting in a greater number of patients having positive cardiac enzyme testing. Our 

finding underscores the importance of seeking to reduce all major vascular events, 

rather than recurrent ischaemic stroke alone, in future trials of acute secondary 

preventative therapies in this population. In addition, it supports the need for 

randomised controlled trials comparing novel anticoagulants to warfarin following 

acute ischaemic stroke in patients with AF. 

 

There are a number of limitations to our study that deserve mention. First, the 

population in our study included patients presenting to specialised stroke centres and 

the results may not be generalizable to all patients with ischaemic stroke. However, 

the prevalence of AF in our study (26.2%), is broadly in line with figures reported in 

previous studies (15 to 25%)
23

, supporting the external validity of our findings. 
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Second, we did not consider the underlying etiological subtype of ischaemic stroke in 

our analyses, thus, not all ischaemic strokes that occurred in patients with AF can be 

considered as being directly attributable to AF. However, the majority of ischaemic 

strokes in this patient group can be assumed to be cardioembolic in origin, particularly 

in those not receiving oral anticoagulation. Third, while we included a large number 

of known confounding variables in our analyses, our results are still subject to 

residual confounding, due to the effects of unknown or unmeasured risk factors. Our 

results could also be subject to confounding by indication. However, patients with AF 

receiving OAC had a higher prevalence of risk factors for poor stroke outcomes (e.g., 

DM, CHF, CAD, renal impairment) and were of a similar mean age, compared to non 

anticoagulated patients with AF, which would have biased our results towards an 

association with poor outcomes in anticoagulated patients. Changes in treatment 

patterns in recent years, such as increased uptake of secondary preventative therapies 

and greater use of thrombolysis and access to stroke unit care
24

, are also expected to 

influence stroke outcomes. 

The strengths of our study include: the large sample size; inclusion of consecutive 

patients presenting with ischaemic stroke from a large prospective registry, 

minimising the potential for selection bias; completeness of data; the inclusion of 

patients diagnosed with AF during the stroke admission, in addition to those with a 

preadmission diagnosis of AF, minimising the risk of misclassification bias (e.g. 

patients with asymptomatic AF were less likely to be misclassified as not having AF); 

and the use of propensity based matched analyses for measures of in hospital care, 

minimising the effects of confounding by indication
25

.  

 

AF is associated with an increased risk of death and severe disability after ischaemic 

stroke, largely due to older age and increased stroke severity in patients with AF, 

compared to those without AF. Patients with AF do not receive lower quality care. 

Our findings suggest that increased uptake of OAC therapy in suitable candidates 

could substantially reduce the risk of death and severe disability following ischaemic 

stroke in patients with AF. 
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Table I. Baseline Characteristics of Patients with Ischaemic Stroke, with and without Atrial Fibrillation 

Variable All Stroke Atrial Fibrillation No Atrial Fibrillation P-Value 

 n = 10,528 n = 2754 n = 7774  

Pre-admission factors     

Age, mean (SD), y 72.2 (14.2)  78.9 (9.9)  69.8 (14.7)  <0.001 

Female 5063 (48.1) 1542 (56.0) 3521 (45.3) <0.001 

Diabetes mellitus 4553 (43.2) 1262 (45.8) 3291 (42.3) 0.002 

Hypertension  7135 (67.8) 2027 (73.6) 5108 (65.7) <0.001 

Congestive heart failure  948 (9.0) 503 (18.3) 445 (5.7) <0.001 

Previous stroke   2263 (21.5) 663 (24.1) 1600 (20.6) <0.001 

Coronary artery disease  2804 (26.6) 977 (35.5) 1827 (23.5) <0.001 

Cirrhosis 50 (0.5) 10 (0.4) 40 (0.5) 0.32 

Cancer 1048 (10.0) 291 (10.6) 757 (9.7) 0.21 

Peripheral vascular disease  661 (6.3) 209 (7.6) 452 (5.8) 0.001 

Valvular heart disease  487 (4.6) 225 (8.2) 262 (3.4) <0.001 

Renal impairment 1931 (18.3) 604 (21.9) 1327 (17.1) <0.001 

Preadmission dependence or dementia 2460 (23.4) 835 (30.3) 1625 (20.9) <0.001 

CHADS2 score     

  0 1396 (13.3) 144 (5.2) 1252 (16.1) <0.001 

  1 2249 (21.4) 489 (17.8) 1760 (22.6)  

  2 2912 (27.7) 864 (31.4) 2048 (26.3)  

  3 1732 (16.5) 487 (17.7) 1245 (16.0)  

  4 1555 (14.8) 482 (17.5) 1073 (13.8)  

  5 604 (5.7) 238 (8.6) 366 (4.7)  

  6 80 (0.8) 50 (1.8) 30 (0.4)  

CHA2DS2VASc score    <0.001 
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  0 556 (5.3) 34 (1.2) 522 (6.7)  

  1 1046 (9.9) 90 (3.3) 956 (12.3)  

  2 1346 (12.8) 239 (8.7) 1107 (14.2)  

  3 1907 (18.1) 519 (18.8) 1388 (17.9)  

  4 2236 (21.2) 651 (23.6) 1585 (20.4)  

  5 1587 (15.1) 499 (18.1) 1088 (14.0)  

  6 1169 (11.1) 426 (15.5) 743 (9.6)  

  7 512 (4.9) 207 (7.5) 305 (3.9)  

  8 152 (1.4) 80 (2.9) 72 (0.9)  

  9 17 (0.2) 9 (0.3) 8 (0.1)  

HAS-BLED Score    <0.001 

  0 899 (8.5) 50 (1.8) 849 (10.9)  

  1 1820 (17.3) 338 (12.3) 1482 (19.1)  

  2 3091 (29.4) 903 (32.8) 2188 (28.1)  

  3 2861 (27.2) 898 (32.6) 1963 (25.3)  

  4 1474 (14.0) 463 (16.8) 1011 (13.0)  

  5 362 (3.4) 92 (33.4) 270 (3.5)  

  6 20 (0.2) 10 (0.4) 10 (0.1)  

  7-9 1 (0.009) 0 (0.0) 1 (0.01)  

Preadmission OAC therapy      

  Admission OAC therapy  1086 (10.3) 878 (31.9) 208 (2.7)  

  Admission OAC and INR <2 744 (7.1) 618/ (22.4) 126 (1.6) <0.001 

  Admission OAC and INR 2 342 (3.2) 260 (9.4) 82 (1.1)  

Thrombolysis 1656 (15.7) 1097 (14,1) 559 (20.3) <0.001 

Stroke severity – CNS score     

  Mild (8.5) 5600 (54.0) 1094 (40.4) 4506 (58.8)  

  Moderate (6-8) 2000 (19.3) 532 (19.7) 1468 (19.2) <0.001 

  Severe (0-5.5) 2768 (26.7) 1081 (39.9) 1687 (22.0)  
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Stroke subtype (OCSP)     

  LACS 1802 (17.4) 314 (11.6) 1488 (19.4)  

  PACS 4099 (39.5) 1169 (43.1) 2930 (38.3)  

  TACS 1267 (12.2) 504 (18.6) 763 (10.0) <0.001 

  POCS 2376 (22.9) 564 (20.8) 1812 (23.7)  

  Other 823 (7.9) 161 (5.9) 885 (8.6)  

 

Abbreviations: OAC, oral anticoagulant therapy; INR, international normalised ratio; CNS, Canadian neurological scale; OCSP, Oxfordshire community stroke project; 

LACS, lacunar stroke; PACS, partial anterior circulation stroke; POCS, posterior circulation stroke; TACS, total anterior circulation stroke. 

Data on stroke severity were available for 10,368 patients. Data on stroke subtype were available for 10,367 patients 
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Table II. Atrial Fibrillation as a Predictor of Poor Outcomes in Patients with Ischaemic Stroke  
 

  mRankin Score 4-5 30-Day Mortality   1-Year Mortality 

Step Variables  

OR  

(95% CI)  

AF 

% 

Change 

in OR 

C 

Statistic 

OR  

(95% CI)  

AF 

% 

Change 

in OR 

C 

Statistic 

OR  

(95% CI)  

AF 

% Change 

in OR 

C 

Statistic 

1 AF 
1.74  

(1.57-1.93) 
- 0.55 

2.52  

(2.25-2.84) 
- 0.60 

2.41  

(2.19-2.66) 
- 0.59 

2 + Age 
1.42  

(1.28-1.58) 
-18.3|| 0.62 

1.87  

(1.65-2.11) 
-26.0 0.69 

1.69  

(1.52-1.87) 
-30.2 0.70 

3 + Sex (female) 
1.42  

(1.28-1.57) 
-0.6 0.62 

1.87  

(1.66-2.11) 
0.1 0.69 

1.69  

(1.53-1.87) 
0.2 0.70 

4 
+ Preadmission co-

morbidities 

1.45  

(1.30-1.62) 
2.5 0.65 

1.79  

(1.58-2.04) 
-4.1 0.73 

1.62  

(1.45-1.80) 
-4.0 0.76 

5 

+ Non-use of 

preadmission OAC 

therapy 

1.61  

(1.43-1.81) 
11.0 0.65 

1.85  

(1.61-2.12) 
3.2 0.73 

1.66  

(1.48-1.87) 
2.5 0.76 

6 + CNS score 
1.23  

(1.08-1.40) 
-23.7 0.79 

1.41  

(1.22-1.63) 
-24.0 0.83 

1.32  

(1.16-1.49) 
-20.7 0.81 

7 + Thrombolytic therapy 
1.26  

(1.10-1.44) 
2.6 0.79 

1.42  

(1.23-1.65) 
1.1 0.83 

1.34  

(1.18-1.51) 
1.3 0.81 

8 
+ Inpatient medical 

complications 

1.19  

(1.03-1.36) 
-5.8 0.82 

1.36  

(1.17-1.58) 
-4.6 0.85 

1.25  

(1.10-1.42) 
-6.2 0.83 

 

Abbreviations: mRankin, modified Rankin; OAC, oral anticoagulant; CNS, Canadian neurological scale; OR, odds ratio; AF, atrial fibrillation. 

||A negative percentage change in the OR indicates that the addition of variable(s) at this step of the model resulted in a reduction in the OR for the association between AF 

and outcome, in other words, the variable explained some of this association.  

Test for an interaction between AF and age (75, <75): mRankin 4-5 (P=0.20), 30-day mortality (P=0.73), 1-year mortality (P=0.75). 

Test for an interaction between AF and stroke severity (CNS 8.5, 6-8, 0-5.5): mRankin 4-5 (P=0.43), 30-day mortality (P=0.02), 1-year mortality (P=0.31) 
Test for an interaction between AF and preadmission OAC therapy: mRankin 4-5 (P=0.46), 30-day mortality (P=0.35), 1-year mortality (P=0.03) 
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Table III. Univariate Predictors of Disability and Mortality Following Acute Ischaemic Stroke  

Variable 
mRankin 4-5  

OR (95% CI) 

30-Day Mortality 

OR (95% CI) 

1-Year Mortality 

OR (95% CI) 

Atrial fibrillation 1.75 (1.58-1.93) 2.53 (2.25-2.84) 2.40 (2.18-2.64) 

Age 1.33 (1.28-1.37) 1.66 (1.58-1.75) 1.81 (1.74-1.89) 

Sex (female) 1.30 (1.19-1.42) 1.27 (1.14-1.42) 1.30 (1.19-1.42) 

Preadmission co-morbidities    

   Diabetes mellitus 1.33 (1.21-1.45) 1.71 (1.53-1.91) 1.67 (1.52-1.82) 

   Hypertension 1.28 (1.16-1.41) 1.20 (1.03-1.32) 1.25 (1.13-1.38) 

   Pulmonary oedema 1.33 (1.14-1.56) 2.49 (2.13-2.91) 2.97 (2.59-3.40) 

   Prior stroke 1.38 (1.24-1.53) 1.34 (1.18-1.52) 1.61 (1.45-1.78) 

   Prior coronary artery disease 1.06 (0.96-1.18) 1.51 (1.34-1.70) 1.66 (1.51-1.83) 

   Cirrhosis 1.01 (0.51-2.02) 2.02 (1.05-3.87) 3.11 (1.79-5.43) 

   Cancer 1.13 (0.98-1.31) 1.71 (1.45-2.01) 2.20 (1.93-2.52) 

   Peripheral vascular disease 1.21 (1.01-1.44) 1.40 (1.14-1.73) 1.62 (1.37-1.91) 

   Valvular heart disease 0.81 (0.65-1.00) 1.31 (1.02-1.67) 1.41 (1.16-1.72) 

   Renal impairment 1.23 (1.09-1.38) 2.09 (1.84-2.37) 2.49 (2.24-2.77) 

   Preadmission dependence/dementia 2.83 (2.55-3.14) 2.78 (2.47-3.12) 3.59 (3.25-3.95) 

Non-use of preadmission OAC therapy 0.92 (0.79-1.08)  0.57 (0.48-0.67)  0.54 (0.47-0.62)  

Stroke severity (CNS score)    

   Moderate (CNS score 6-8) 3.92 (3.48-4.42) 3.35 (2.77-4.06) 2.47 (2.17-2.81) 

   Severe (CNS score 0-5.5) 11.11 (9.84-12.54) 12.49 (10.68-14.61) 7.00 (6.24-7.78) 

Thrombolysis 1.57 (1.40-1.77) 1.44 (1.25-1.66) 1.20 (1.07-1.35) 

In-hospital complications    

   Haemorrhagic stroke 11.29 (5.52-23.09) 7.44 (5.17-10.71) 5.95 (4.08-8.69) 

   Recurrent ischaemic stroke 4.31 (3.17-5.86) 2.69 (2.04-3.56) 2.27 (1.76-2.93) 

   Pulmonary embolism/DVT 4.23 (2.81-6.36) 1.81 (1.21-2.71) 2.53 (1.82-3.55) 

   Myocardial infarction 1.88 (1.38-2.57) 4.05 (3.14-5.22) 4.60 (3.59-5.90) 

   Pneumonia 7.44 (5.92-9.35) 4.40 (3.73-5.18) 5.42 (4.63-6.34) 

   Urinary tract infection 5.13 (4.51-5.84) 0.85 (0.72-1.01) 1.66 (1.47-1.88) 

   Seizure 2.58 (1.87-3.57) 2.86 (2.13-3.85) 2.83 (2.16-3.72) 
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Table IV. Multivariable Predictors of Disability and Mortality Following Acute Ischaemic Stroke  

Variable 
mRankin 4-5  

OR (95% CI) 

30-Day Mortality 

OR (95% CI) 

1-Year Mortality 

OR (95% CI) 

Atrial fibrillation 1.19 (1.03-1.36) 1.36 (1.17-1.58) 1.25 (1.10-1.42) 

Age 1.17 (1.12-1.23) 1.37 (1.29-1.46) 1.51 (1.43-1.59) 

Sex (female) 0.92 (0.82-1.02) 1.04 (0.91-1.20) 1.04 (0.93-1.17) 

Preadmission co-morbidities    

   Diabetes mellitus 1.21 (1.09-1.35) 1.45 (1.27-1.66) 1.42 (1.28-1.59) 

   Hypertension 1.05 (0.93-1.18) 0.81 (0.70-0.94) 0.81 (0.72-0.92) 

   Pulmonary oedema 0.87 (0.71-1.07) 1.31 (1.08-1.61) 1.56 (1.31-1.85) 

   Prior stroke 1.08 (0.94-1.23) 0.95 (0.81-1.12) 1.09 (0.96-1.24) 

   Prior coronary artery disease 0.86 (0.76-0.98) 1.06 (0.91-1.23) 1.12 (0.99-1.26) 

   Cirrhosis 0.51 (0.23-1.16) 1.35 (0.63-2.89) 2.57 (1.32-5.02) 

   Cancer 0.94 (0.79-1.13) 1.57 (1.30-1.91) 2.12 (1.81-2.48) 

   Peripheral vascular disease 1.05 (0.84-1.30) 1.08 (0.84-1.38) 1.22 (0.99-1.50) 

   Valvular heart disease 0.85 (0.65-1.12) 1.09 (0.81-1.46) 1.16 (0.91-1.48) 

Renal impairment 0.91 (0.79-1.06) 1.46 (1.25-1.71) 1.75 (1.54-2.00) 

Preadmission dependence/dementia 1.99 (1.74-2.27) 1.59 (1.37-1.84) 2.01 (1.78-2.27) 

Non-use of preadmission OAC therapy 1.41 (1.15-1.72) 1.01 (0.82-1.25) 1.00 (0.84-1.20) 

Stroke severity (CNS score)    

   Moderate (CNS score 6-8) 3.77 (3.31-4.29) 3.04 (2.49-3.73) 2.15 (1.86-2.49) 

   Severe (CNS score 0-5.5) 10.29 (8.95-11.84) 10.89 (9.16-12.94) 5.61 (4.93-6.39) 

Thrombolysis 0.63 (0.54-0.73) 0.81 (0.68-0.96) 0.77 (0.67-0.90) 

In-hospital complications    

   Haemorrhagic stroke 5.92 (2.62-13.38) 6.73 (4.33-10.48) 4.80 (3.08-7.48) 

   Recurrent ischaemic stroke 4.69 (3.28-6.71) 3.81 (2.72-5.35) 2.56 (1.89-3.48) 

   Pulmonary embolism/DVT 1.80 (1.09-2.97) 1.08 (0.66-1.76) 1.48 (0.97-2.25) 

   Myocardial infarction 0.84 (0.57-1.25) 2.84 (2.07-3.89) 3.00 (2.22-4.05) 

   Pneumonia 3.78 (2.89-4.94) 2.16 (1.78-2.64) 2.64 (2.20-3.18) 

   Urinary tract infection 2.89 (2.48-3.37) 0.31 (0.25-0.38) 0.71 (0.61-0.82) 

   Seizure 1.38 (0.92-2.06) 1.78 (1.24-2.57) 2.03 (1.45-2.86) 
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Table V. Atrial Fibrillation as a Predictor of Poor Outcomes, According to Preadmission Antithrombotic Therapy Status 

 

 mRankin Score 4-5 30-Day Mortality 1-Year Mortality 

Variables  OR (95% CI)  OR (95% CI)  OR (95% CI)  

AF + no antithrombotic therapy 1.38 (1.14-1.66) 1.27 (1.04-1.55) 1.27 (1.03-1.57) 

AF + antiplatelet therapy  1.01 (0.83-1.23) 1.48 (1.21-1.82) 1.03 (0.82-1.29) 

AF + non-therapeutic OAC 0.84 (0.66-1.06) 1.37 (1.07-1.74) 1.11 (0.85-1.44) 

AF + therapeutic OAC 0.93 (0.66-1.31) 1.25 (0.84-1.85) 0.86 (0.58-1.28) 

 

Abbreviations: mRankin, modified Rankin; AF, atrial fibrillation; OAC, oral anticoagulant; INR, international normalised ratio. 

Reference category is no diagnosis of AF. 

Non-therapeutic OAC was defined as preadmission OAC and admission INR <2. 

Therapeutic OAC was defined as preadmission OAC and admission INR 2. 
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Table VI. Subgroup Analysis: Atrial Fibrillation as a Predictor of Poor Outcomes In Patients Not Receiving Preadmission OAC 

Therapy 

  mRankin Score 4-5 30-Day Mortality 

Step Variables  
OR (95% CI)  

AF 

% Change 

in OR 
C Statistic 

OR (95% CI)  

AF 

% Change 

in OR 
C Statistic 

1 AF 1.93 (1.72-2.17) - 0.55 2.58 (2.26-2.95) - 0.59 

2 + Age 1.59 (1.41-1.79) -17.8 0.62 1.91 (1.67-2.20) -26.0 0.69 

3 + Sex (female) 1.58 (1.40-1.78) -0.6 0.62 1.92 (1.67-2.20) 0.2% 0.69 

4 + Preadmission co-morbidities 1.64 (1.45-1.85) 3.6 0.65 1.87 (1.62-2.16) -4.5% 0.73 

5 + CNS score 1.22 (1.06-1.40) -25.4 0.79 1.41 (1.21-1.64) -24.7% 0.83 

6 + Thrombolytic therapy 1.25 (1.09-1.44) 2.7 0.79 1.42 (1.22-1.65) 0.6% 0.83 

7 + Inpatient medical complications 1.18 (1.02-1.36) -6.0 0.82 1.37 (1.17-1.60) -3.7% 0.85 

 

Abbreviations: mRankin, modified Rankin; CNS, Canadian neurological scale, OAC, oral anticoagulant, AF, atrial fibrillation; OR, odds ratio. 

A negative percentage change in OR indicates that addition of the variable(s) at this step of the model resulted in a reduction in the OR for the association between AF and 

outcome, in other words, the variable explained some of this association. 
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Table VII. Subgroup Analysis: Atrial Fibrillation as a Predictor of Poor Outcomes, According to Baseline Stroke Severity 

 mRankin Score 4-5 30-Day Mortality 1-Year Mortality 

Variables  
OR  

(95% CI)  

OR  

(95% CI)  

OR  

(95% CI)  

OR  

(95% CI)  

OR  

(95% CI)  

OR  

(95% CI)  

OR  

(95% CI)  

OR  

(95% CI)  

OR  

(95% CI)  

 Mild Moderate Severe Mild Moderate Severe Mild Moderate Severe 

AF + no 

antithrombotic 

therapy 

1.54 

(1.15-2.05) 

1.23 

(0.86-1.78) 

1.23 

(0.90-1.69) 

1.58 

(0.96-2.59) 

1.26 

(0.80-1.99) 

1.20 

(0.94-1.53) 

1.32 

(0.96-1.81) 

1.41 

(0.98-2.03) 

1.32 

(1.04-1.68) 

AF + 

antiplatelet 

therapy  

1.02 

(0.75-1.41) 

0.71 

(0.49-1.03) 

1.22 

(0.86-1.74) 

1.93 

(1.22-3.05) 

1.58 

(1.02-2.43) 

1.30 

(0.99-1.70) 

1.40 

(1.02-1.91) 

1.19 

(0.83-1.70) 

1.04 

(0.80-1.36) 

AF + non-

therapeutic 

OAC 

0.73 

(0.48-1.10) 

0.88 

(0.56-1.39) 

0.93 

(0.62-1.40) 

1.12 

(0.60-2.09) 

1.47 

(0.86-2.52) 

1.40 

(1.03-1.90) 

0.98 

(0.67-1.44) 

1.64 

(1.07-2.52) 

1.45 

(1.06-1.98) 

AF + 

therapeutic 

OAC 

0.90 

(0.54-1.50) 

1.13 

(0.59-2.14) 

0.91 

(0.45-1.85) 

0.67 

(0.24-1.83) 

1.35 

(0.59-3.11) 

1.59 

(0.93-2.73) 

0.64 

(0.37-1.12) 

0.88 

(0.43-1.77) 

1.41 

(0.80-2.48) 

 

Abbreviations: mRankin, modified Rankin; AF, atrial fibrillation; OAC, oral anticoagulant; INR, international normalised ratio. 

Non-therapeutic OAC was defined as preadmission OAC and admission INR <2 

Therapeutic OAC was defined as preadmission OAC and admission INR 2 

Stroke severity was categorised as mild [Canadian Neurological Scale (CNS) 8.5], moderate (CNS 6-8), and severe (CNS 0-5.5). 

Test for an interaction between baseline stroke severity (CNS 8.5, 6-8, 0-5.5) and preadmission OAC therapy: mRankin 4-5 (P=0.33), 30-day mortality (P=0.07), 1-year 

mortality (P=0.09) 
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Table VIII. In-Hospital Management of Patients with Ischaemic Stroke 

 Full Cohort Propensity Matched Cohort 

Variable All Stroke AF No AF 
P-

Value 
AF No AF RR (95% CI) 

 n = 10,528 n = 2754 n = 7774  n = 2226  n = 2226  

Thrombolysis
 

  
1656/10528 (15.7) 559/2754 (20.3) 1097/7774 (14.1) <0.001 443/2226 (0.20) 362/2226 (0.16) 1.22 (1.08-1.37) 

Physiotherapy  

 
8905/10528 (84.6) 2330/2754 (84.6) 6575/7774 (84.6) 0.97 

1911/2226 

(85.9) 
1938/2226 (87.1) 0.99 (0.96-1.01) 

Occupational therapy 
8488/10528 (80.6) 2223/2754 (80.7) 6265/7774 (80.6) 0.88 

1844/2226 

(82.8) 
1856/2226 (83.4) 0.99 (0.97-1.02) 

Speech therapy  

 
6696/10528 (63.6) 1911/2754 (69.4) 4785/7774 (61.6) <0.001 

1537/2226 

(69.1) 
1474/2226 (66.2) 1.04 (1.01-1.08) 

Stroke team assessment 
7078/10528 (67.2) 1847/2754 (67.1) 5231/7774 (67.3) 0.83 

1506/2226 

(67.7) 
1530/2226 (68.7) 0.98 (0.95-1.02) 

Admission to stroke unit  
6981/10528 (66.3) 1840/2754 (66.8) 5141/7774 (66.1) 0.52 

1506/2226 

(67.7) 
1497/2226 (67.3) 1.01 (0.97-1.05) 

 

Abbreviations: AF, atrial fibrillation; RR, relative risk. 

For propensity-based matched cohort, the denominator (n) is the number of matched pairs, and the numerator, the number of cases or controls who received 

each type of care. 

Matching was based on the following four variables: Canadian Neurological Scale score (measure of stroke severity), stroke centre, age (within plus or minus 

5 years), and sex. 
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Table IX. In-Hospital Complications in Patients with Ischaemic Stroke 

Variable All Stroke Atrial Fibrillation No Atrial fibrillation P-Value 

N 10,528 2754 7774  

Recurrent stroke    <0.001 

Recurrent ischaemic stroke   255/10528 (2.4) 81/2754 (2.9) 174/7774 (2.2)  

Haemorrhagic stroke 119/10528 (1.1) 56/2754 (2.0) 63/7774 (0.8)  

Thromboembolism (PE or DVT)  141/10528 (1.3) 38/2754 (1.4) 103/7774 (1.3) 0.83 

Myocardial infarction 266/10528 (2.5) 102/2754 (3.7) 164/7774 (2.1) <0.001 

Pneumonia  716/10528 (6.8) 320/2754 (11.6) 396/7774 (5.1) <0.001 

Urinary tract infection  1389/10528 (13.2) 512/2754 (18.6) 877/7774 (11.3) <0.001 

Seizure  214/10528 (2.0) 62/2754 (2.3) 152/7774 (2.0) 0.34 

 

Abbreviations: PE, pulmonary embolism; DVT, deep venous thrombosis. 
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Figure I. Time of Diagnosis of Atrial Fibrillation  

 

 

Abbreviations: AF, atrial fibrillation  
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Figure II. Outcomes in Patients with and without Atrial Fibrillation 

 

 

Abbreviations: AF, atrial fibrillation 
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Figure III. Prevalence of Atrial Fibrillation in Patients with Acute Ischaemic 

Stroke By Age Category  
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CHAPTER 5 

 

NON-ADHERENCE WITH ANTITHROMBOTIC GUIDELINES IN 

PATIENTS WITH ATRIAL FIBRILLATION AND RECENT 

ISCHAEMIC STROKE 

 

 

 

 

 

 

 

 

 

 

 

 

Reference: McGrath ER, Kapral MK, Fang J, Eikelboom JW, O Conghaile A, 

Canavan M, O’Donnell MJ. Non-adherence with Antithrombotic Guidelines in 

Patients with Atrial Fibrillation and Recent Ischaemic Stroke. Submitted 

 



   

 79 

 

ABSTRACT: 

Background: For patients with atrial fibrillation (AF) and ischaemic stroke (IS), 

current guidelines recommend oral anticoagulant (OAC) therapy alone for the 

secondary prevention of IS. In a large cohort of patients with acute IS and AF, we 

describe adherence with current antithrombotic guidelines at hospital discharge, and 

the association between different antithrombotic regimens on discharge and risk of 

major vascular events and bleeding. 

Methods: Prospective cohort of consecutive patients admitted with acute IS and AF 

included in the Registry of the Canadian Stroke Network (Jul 03-Mar 08). 

Multivariable Cox proportional hazards models were used to determine the 

association between antithrombotic regimens on discharge and time to death or 

readmission for major vascular events or bleeding. 

Results: 2,162 patients were hospitalised with acute IS and AF; 42% had severe 

stroke (mRankin score 4-5 on discharge) and 29% had prior coronary artery disease 

(CAD). Median duration of follow-up was 3.3 (IQR 1.0-5.4) years. At discharge, 

8.0% were prescribed no antithrombotic therapy, 21.6% antiplatelet (AP) therapy 

alone, 39.3% OAC therapy alone, and 31.1% combination OAC and AP therapy. 

Compared to OAC therapy alone, no antithrombotic therapy (HR 1.51, 95% CI 1.23-

1.86) and AP therapy alone (HR 1.31, 95% CI 1.14-1.50), were associated with an 

increased risk of the composite outcome, while combination OAC and AP therapy 

was associated with a trend towards a reduced risk of the composite (HR 0.91, 95% 

CI 0.80-1.04). Results were consistent in the subgroup with severe stroke. In those 

with prior CAD, use of OAC and AP therapy was associated with a suggestion of a 

reduced risk of the primary outcome (HR 0.79, 95% CI 0.61-1.02). 

Conclusions: Following IS in patients with AF, most (over 60%) patients are not 

managed according to current antithrombotic guideline recommendations. Use of 

OAC therapy on discharge is associated with improved stroke outcomes, even in 

patients with severe stroke. In patients at high cardiovascular risk, the addition of 

aspirin to OAC (versus OAC alone) requires evaluation in clinical trials.  

 

 

 

 



   

 80 

INTRODUCTION   

Patients with atrial fibrillation (AF) and recent ischaemic stroke are at a particularly 

high risk of recurrent ischaemic stroke and other major vascular events
1
. Current 

antithrombotic therapy guidelines recommend oral anticoagulant (OAC) therapy alone 

for the secondary prevention of ischaemic stroke in this high-risk population
2, 3

. 

However, these guidelines are largely based on evidence from primary prevention 

trials
4-9

 and the risk-benefit ratio of OAC therapy in a population with recent 

ischaemic stroke may differ. In particular, clinicians may consider using combination 

OAC and antiplatelet (AP) therapy in patients with co-existing cardiac disease, or 

patients who had their incident stroke while on therapeutic OAC. In contrast, 

clinicians may be concerned about the use of OAC therapy in patients with severe 

stroke, given the potential for erratic anticoagulant control and a perceived increased 

bleeding risk, as well as in situations where the focus of care is more palliative. With 

the exception of the European Atrial Fibrillation Trial (EAFT), all randomised 

controlled trials evaluating antithrombotic therapy in patients with AF included 

primary prevention populations. Moreover, the EAFT trial does not inform the 

management of patients with severe stroke, as these patients were excluded from that 

trial, and it did not evaluate the safety and efficacy of combination moderate intensity 

OAC and AP therapy
9
. 

In this study, we describe the pattern of use of antithrombotic therapy in 

consecutive patients with AF discharged from hospital following acute ischaemic 

stroke, and evaluate the association between antithrombotic regimen on discharge and 

subsequent risk of major vascular events and major bleeding on extended follow-up. 

We pay particular attention to patients with severe stroke, and those with concomitant 

coronary artery disease. 

 

METHODS:  

Population:  

The Registry of the Canadian Stroke Network (RCSN) is a prospective registry of 

consecutive patients with acute stroke or transient ischaemic attack presenting to the 

emergency department or admitted to hospital in 12 regional stroke centres in Ontario, 

Canada
10

. The RCSN is a “prescribed registry” under the Ontario Personal Health 

Information Protection Act, allowing data collection without individual patient 

consent and ensuring the inclusion of consecutive patients. For the current study, a 
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detailed study protocol was reviewed and approved by the RCSN Publications 

Review Committee and by the Research Ethics Board of Sunnybrook Health Sciences 

Centre.  

We used data from Phase 3 of the Registry and included consecutive patients 

with acute ischaemic stroke and AF admitted between 1 July 2003 and 31 March 

2008. For the purposes of our study, AF was defined as: previous history of AF, AF 

diagnosed in the emergency room, or new-onset AF detected during hospitalisation. 

Patients aged less than 18 years and those presenting with transient ischaemic attack, 

haemorrhagic stroke or stroke occurring during hospitalisation, were excluded from 

this study. Our analysis was confined to patients alive at discharge from hospital. 

 

Data Collection  

Detailed clinical data on all patients with ischaemic stroke were systematically 

collected by chart abstraction. Chart re-abstraction studies have shown excellent 

agreement within the RCSN database, with  scores of >0.8 for key variables such as 

age, sex, stroke type, and co-morbidities
10

. 

 

Outcome Measures 

For the current study, the primary outcome was the composite of death or admission 

for recurrent stroke, MI or major bleeding following discharge from hospital. 

Secondary outcomes included: 1) readmission for recurrent ischaemic stroke, 2) 

admission for myocardial infarction (MI), 3) admission for recurrent ischaemic stroke 

or MI, 4) admission for major bleeding, 5) admission for intracerebral haemorrhage 

(ICH), 6) admission for all stroke (recurrent ischaemic stroke or ICH), 7) all-cause 

mortality, and 8) death or admission for recurrent ischaemic stroke, MI, or ICH. 

Information on post-stroke mortality was available through linkages to the Ontario 

Registered Persons Database. 

 

Covariates 

We included baseline variables that have previously been reported to be associated 

with poor outcomes after ischaemic stroke
11-14

. Variables were divided into two 

categories: 1) Preadmission variables, including the CHA2DS2VASc score
15

{defined 

in our study as history of congestive heart failure (CHF), hypertension, age (by 
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decade), diabetes mellitus (DM, including glucose 7.5mmol/L on admission), prior 

stroke, vascular disease including coronary artery disease [CAD: previous MI or prior 

percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG)] 

and peripheral vascular disease (PVD), and sex (female)}
16

, preadmission 

dependence, history of peptic ulcer disease (PUD), valvular heart disease or valve 

replacement, deep venous thrombosis (DVT) or pulmonary embolism (PE), cirrhosis, 

prior gastrointestinal (GI) bleed, prior intracranial bleed, haemoglobin (Hgb) 

<11.5g/dL in females or <13g/dL in males on admission, platelets <100 x 10
9
/L on 

admission, and renal impairment (renal dialysis or creatinine >120 mol/L in males or 

>110 mol/L in females on admission); and 2) Discharge variables, including 

mRankin score on discharge (0-1, 2-3, 4-5), antithrombotic therapy on discharge 

(OAC therapy alone, no antithrombotic therapy, AP therapy alone, OAC and AP 

therapy) and use of statin therapy, antihypertensive therapy, or proton pump inhibitor 

(PPI) therapy on discharge. 

 

Statistical Analysis: 

For descriptive analyses, 
2
 tests were used to compare categorical variables, and 

student’s t-tests for continuous variables. We calculated adjusted proportions for each 

outcome, adjusting for CHA2DS2VASc score, preadmission dependence, history of 

PUD, valvular heart disease or valve replacement, DVT/PE, cirrhosis, prior GI bleed, 

prior intracranial bleed, Hgb and platelets on admission, renal impairment, m-Rankin 

score on discharge, and use of secondary preventative therapies on discharge. 

Multivariable Cox proportional hazards models were generated, to determine the 

association between antithrombotic regimens on discharge and death or readmission 

for major vascular events or major bleeding following acute ischaemic stroke, 

adjusting for all covariates listed above. 

Our primary analysis included the entire cohort, but we also completed 

subgroup analyses in: a) Patients with CAD (prior MI or previous history of 

PCI/CABG at the time of admission); 2) Patients at low risk of major bleeding, 

(defined as meeting each of the following criteria: a) prescribed OAC and/or AP 

therapy on discharge, b) mRankin score 0-3 on discharge, c) platelets >100 x 10
9
/L on 

admission, d) Hgb >11.5 g/dL F, >13 g/dL M on admission, e) preadmission 

independence, f) no prior history of haemorrhagic stroke or GI bleed, g) no history of 
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cirrhosis, h) no preadmission dementia, i) no bleeding during hospitalisation for acute 

ischaemic stroke, and j) no prior history of PUD); and 3) Patients with severe stroke 

(defined as mRankin score 4-5 on discharge). For all analyses, a 95% CI that did not 

include 1.0, or P-value <0.05, was considered to be statistically significant. All 

analyses were conducted using SAS statistical software, version 9.2 (SAS Institute 

Inc., Cary, NC, USA). 

 

RESULTS:  

During the study period (1 July 2003 - 31 March 2008), 2,162 patients with AF were 

discharged alive following acute ischaemic stroke, of whom 8.0% were prescribed no 

antithrombotic therapy on discharge, 21.6% were prescribed AP therapy alone, 39.3% 

were prescribed OAC alone and 31.1% were prescribed combination OAC and AP 

therapy (Figure I). The most common reasons cited for non-prescription of OAC 

included a perceived increased risk of bleeding (20.3%), an increased risk of falls 

(7.7%), terminal illness or palliative care (7.5%), and haemorrhagic stroke (3.3%) 

(Table I). Patients at high risk of bleeding (e.g. prior intracranial haemorrhage, prior 

GI haemorrhage, history of PUD, thrombocytopaenia on admission, and haemorrhagic 

stroke during hospitalisation) were less likely to be prescribed OAC on discharge, 

either alone or in combination with AP therapy. Patients discharged on combination 

OAC and AP therapy had a higher prevalence of co-morbidities, severe strokes, and 

medical complications during admission, such as recurrent ischaemic stroke and MI, 

compared to patients discharged on OAC therapy alone. Baseline characteristics of 

patients are presented in table II. 

 

Primary Outcome: Death or Admission for Recurrent Stroke, MI or Major 

Bleeding 

After a median follow-up of 3.3 (IQR 1.0-5.4) years, 68% (1470) of patients had 

experienced the primary outcome. Figure II and table III report adjusted event rates, 

while figure III reports time to occurrence of the composite outcome, according to 

antithrombotic regimen at discharge. On multivariable analysis, compared to OAC 

therapy alone on discharge, no antithrombotic therapy (HR 1.51, 95% CI 1.23-1.86) 

and AP therapy alone (HR 1.31, 95% CI 1.14-1.50), were associated with an 

increased risk of the composite of death or admission for recurrent stroke, MI or 
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major bleeding, while combination OAC and AP therapy was associated with a trend 

towards a reduced risk of the composite (HR 0.91, 95% CI 0.80-1.04) (Tables IV and 

V).  

 

Mortality 

60.1% (1300) of patients died during follow-up (Figure II-III, table III). On 

multivariable analysis, compared to OAC therapy alone on discharge, no 

antithrombotic therapy (HR 1.57, 95% CI 1.26-1.95) and AP therapy alone (HR 1.42, 

95% CI 1.23-1.64) were associated with an increased risk of death over four years, 

while combination OAC and AP therapy was not associated with an increased risk of 

death (HR 0.94; 95% CI 0.82-1.08) (Table IV). Additional secondary outcomes are 

reported in Table IV. 

 

Admission for Major Bleeding including Intracerebral Haemorrhage 

8.6% (185) of patients were admitted for major bleeding during follow-up (Figure II, 

table III). On multivariable analysis, compared to OAC therapy alone on discharge, 

no antithrombotic therapy (HR 0.51, 95% CI 0.23-1.15) and AP therapy alone (HR 

0.79, 95% CI 0.51-1.22) were associated with a trend towards a reduced risk of 

admission for major bleeding, while combination OAC and AP was associated with a 

trend towards an increased risk of admission for major bleeding (HR 1.30; 95% CI 

0.94-1.80). No antithrombotic therapy on discharge (HR 0.46, 95% CI 0.06-3.63) and 

AP therapy alone on discharge (HR 0.24, 955 CI 0.05-1.03) were associated with a 

trend towards a reduced risk of admission for ICH, compared to OAC therapy alone. 

Addition of AP to OAC therapy was not associated with an increased risk of 

admission for ICH over four years (HR 1.05, 95% CI 0.53-2.11) (table IV). In a 

subgroup analysis of patients with a low risk of bleeding, results were not materially 

altered (Table VI).  

 

Subgroup Analyses 

Patients with Severe Stroke (mRankin score 4-5) 

41.8% (903) of patients with AF experienced a severe stroke, defined as mRankin 

score of 4-5 on discharge (Table VII). Of these, 39.6% were not prescribed OAC on 

discharge (13.4% were discharged on no antithrombotic therapy, while 6.2% were 

discharged on AP therapy alone), 31.5% were prescribed OAC therapy alone, and 
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28.9% were prescribed combination OAC and AP therapy (Figure I). On 

multivariable analysis, compared to OAC therapy alone on discharge, no 

antithrombotic therapy (HR 1.58, 95% CI 1.21-2.06) and AP therapy alone (HR 1.34, 

95% CI 1.09-1.63), were associated with an increased risk of the composite of death 

or admission for recurrent stroke, MI or major bleeding (Table VI). Secondary 

outcomes are also reported in Table VI. 

 

Patients with Previous Coronary Artery Disease 

29% (630) of patients had a concomitant history of CAD. Of these, 26.8% were 

discharged on no OAC therapy (5.8% on no antithrombotic therapy and 21% on AP 

therapy alone), 31% were discharged on OAC therapy alone, and 42.2% were 

discharged on combination OAC and AP therapy (Figure I). On multivariable 

analysis, compared to OAC therapy alone on discharge, no antithrombotic therapy 

(HR 1.49, 95% CI 0.92-2.41) and AP therapy alone (HR 1.09, 95% CI 0.81-1.46), 

were associated with a trend towards an increased risk of the composite of death or 

admission for recurrent stroke, MI or major bleeding over 4 years, while combination 

OAC and AP therapy was associated with a trend towards a reduced risk of the 

composite (HR 0.79, 95% CI 0.61-1.02). A test for an interaction between single 

OAC versus combined OAC and AP therapy on discharge and prior history of CAD 

was not significant for any outcome. Secondary outcomes are reported in Table VI. 

 

DISCUSSION:  

Following recent ischaemic stroke in patients with AF, only one-third of patients are 

managed according to current antithrombotic guideline recommendations (i.e. OAC 

alone). Use of OAC is associated with improved stroke outcomes, even in patients 

with severe stroke. Adding AP to OAC may reduce the risk of recurrent stroke and MI 

in high-risk patients, at the expense of an increased risk of major bleeding.  

Non-adherence with the current guideline recommendation for OAC alone, in 

patients with ischaemic stroke and AF, may occur for a number of reasons. Clinicians 

may believe that their individual patients are not represented in the evidence-base that 

supports current guideline recommendations, either because they present a higher risk 

of thromboembolism, or a higher risk of major bleeding, than the average patient 

included in clinical trials. The only randomised controlled trial to evaluate OAC after 
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ischaemic stroke was the EAFT, which excluded patients with severe stroke and those 

with recent CAD, and targeted a higher INR intensity (INR 2.5-4.0) than currently 

recommended. Therefore, some patients, not included in EAFT, may be considered at 

higher cardiovascular risk (e.g. those with prior CAD), and clinicians may choose to 

add AP to OAC therapy. In our study, patients prescribed combination therapy had a 

generally higher risk factor profile than those prescribed OAC alone, which supports 

this contention. Overall, 30% of all patients were discharged on combination OAC 

and AP therapy, a similar rate to that reported in a smaller study (34.7%; n=291)
17

, 

and 44.2% of patients prescribed OAC had AP added. A meta-analysis of clinical 

trials of primary prevention populations with AF did not report a reduction in major 

vascular events with combination OAC and AP therapy, compared to OAC therapy 

alone, but did report an increased risk of major bleeding
18

. However, the populations 

included in those trials were at lower cardiovascular risk than patients with recent 

ischaemic stroke and prior coronary heart disease. In our cohort, the absolute rate of 

recurrent stroke and myocardial infarction alone was 13.7% over 4 years. We found 

an increased risk of major bleeding, but not ICH (1.8% versus 1.8% at 4 years), with 

the addition of AP to OAC therapy, and a lower risk of recurrent ischaemic stroke and 

myocardial infarction, despite a higher baseline risk profile in the combination group. 

Previous studies have reported conflicting findings on the risk of major bleeding, 

including ICH, in primary prevention populations with AF treated with combination 

therapy compared to OAC therapy alone
19-26

. In our study, the net clinical effect 

favoured combination therapy. While the observational nature of our study means that 

our results should not form the basis for clinical recommendations, they do support 

the need for clinical trials comparing combination therapy to OAC therapy alone in 

this population.  

 

In other patients, clinicians may be particularly concerned about the risks of major 

bleeding, and uncertain about whether the benefits of OAC therapy outweigh the 

risks
27, 28

. An especially challenging group are those with severe stroke (mRankin 

score 4-5), where we have no clinical trials to guide recommendations, and limited 

observational data on the actual risk of major bleeding. The absolute rate of admission 

for major bleeding over the first year was 2.0% in those prescribed OAC, including 

one-third of patients with severe stroke, which is similar to that reported in EAFT, and 

suggests that the perceived risk of major bleeding may be exaggerated in this group. 
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In addition, among those with severe stroke, we found that prescribing of OAC 

therapy was associated with a reduction in the risk of major vascular events, 

compared to AP therapy alone. Much of this association was related to a reduction in 

mortality, which has not been reported in prior trials comparing OAC therapy to 

aspirin
2, 29, 30

. The majority of the observed reduction in mortality may be due to the 

effects of residual confounding, but some of the effect may also be related to a 

reduction in vascular causes of death which are overrepresented in patients with 

severe stroke, including cardioembolic stroke and venous thromboembolism, for 

which OAC therapy has established superiority to AP therapy. Collectively, these 

observations prompt the need for clinical trials comparing OAC to AP therapy in 

patients with severe stroke, where there is much clinical uncertainty, as evidenced by 

variations in clinician prescribing patterns. In particular, evaluation of novel 

anticoagulant therapy in patients with severe stroke represents an attractive prospect, 

as novel anticoagulants have a lower risk of ICH than warfarin
31-33

.  

    Finally, non-adherence to current antithrombotic guidelines may be due to 

oversight of the need for OAC therapy, or unintentional failure to stop AP therapy 

once OAC therapy is introduced, rather than a conscious decision. In our study, the 

high rates of prescribing of other secondary preventative therapies (statins and 

antihypertensives) in those receiving antithrombotic therapy would argue against 

oversight being a major contributor, and the higher risk profile of those prescribed 

combination therapy suggests positive decision making. However, we are unable to 

completely exclude the effects of clinician behaviour and other unmeasured 

confounders in our analyses. 

Limitations of our study that deserve mention: First, our study included 

patients presenting to specialised stroke centres, and so results may not be applicable 

to all patients with ischaemic stroke. However, the prevalence of AF in our study 

(26.2%), is broadly in line with figures reported in previous studies (15-25%)
34

, 

supporting the generalizability of our results. Second, while we adjusted for a large 

number of known confounders, our results are subject to residual confounding, due to 

the effects of unknown or unmeasured risk factors, particularly for the outcome of all-

cause mortality. Our results are also subject to confounding by indication, as we did 

not have detailed knowledge on factors influencing clinician prescribing patterns, nor 

adequate sample size to use propensity-score matching. Third, our cohort includes 
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patients with acute ischaemic stroke and AF admitted to stroke centres between 2003 

and 2008, and changes in practice patterns in more recent years, such as greater 

uptake of secondary preventative therapies, may also influence outcome rates. 

However, the proportion of patients prescribed OAC in our study (70%) is similar to 

that in recent stroke registry reports (72.1%)
35

, supporting the external validity of our 

findings. Fourth, we did not have access to data on introduction of, or changes to, 

antithrombotic therapy following hospital discharge, as well as data on adherence or 

INR control in those discharged on OAC therapy. However, our study was designed 

to evaluate the association between antithrombotic prescribing at the time of 

discharge and risk of major vascular events. Fifth, we were unable to report major 

vascular events that did not require or result in hospitalisation, thus our absolute event 

rates are likely to be an underestimate. To overcome this, our definition for major 

bleeding included severe bleeding events with a high probability of necessitating 

hospitalisation, reducing the likelihood of us under-detecting bleeding events. 

Furthermore, our relative estimates for major bleeding are likely to be conservative, as 

any referral or diagnostic suspicion bias would tend towards an increased detection of 

bleeding events in patients discharged on OAC or combined OAC and AP compared 

to patients discharged on AP alone or no antithrombotic, biasing towards the null i.e. 

underestimating the benefit of single OAC or combination OAC and AP therapy. 

Conversely, there may be a bias towards increased detection of thrombotic events in 

patients discharged on no antithrombotic or AP therapy, thus overestimating the 

benefit of OAC relative to no OAC therapy. There may also be a systematic bias in 

those with a palliative approach to care (no antithrombotic therapy on discharge), who 

may not be transferred to acute care facilities following a major vascular event. For 

example patients with severe stroke may have been less likely to be admitted for a 

major vascular event due to pre-existing poor prognosis and perceived futility of 

hospital admission (referral bias). Sixth, differential mortality rates between 

antithrombotic therapies groups would also be expected to influence hospital 

readmission rates. However, our primary outcome included death and readmission for 

major vascular events, minimizing the risk of attrition bias due to differences in 

mortality rates.  

The strengths of our study include: the large sample size; inclusion of 

consecutive patients presenting with ischaemic stroke from a large prospective 



   

 89 

registry, minimising the potential for selection bias; and the completeness of data at 

baseline, discharge and follow-up.  

In conclusion, over 60% of patients with AF discharged after acute ischaemic 

stroke are not managed according to current antithrombotic guideline 

recommendations. We suspect that this primarily reflects a ‘disconnect’ between 

patients included in clinical trials, upon which the guidelines are based, and those 

encountered in real clinical practice. In particular, clinical trials are required to 

determine the efficacy, tolerability and safety of OAC therapy in those with severe 

stroke, and the addition of AP to OAC therapy in those at high cardiovascular risk. 
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Table I. Reasons for Non-Prescribing of OAC Therapy on Discharge 

Reason 
n (%) 

N=640 

Risk of bleeding 130/640 (20.3%) 

Risk of falls 49/640 (7.7%) 

Liver disease 1/640 (0.2%) 

Terminal illness/palliative care only 48/640 (7.5%) 

Patient refused 17/640 (2.7%) 

Discontinued due to bleeding 15/640 (2.3%) 

Haemorrhagic stroke 21/640 (3.3%) 

No documented reason 124/640 (19.4%) 

Other documented reason or no reason documented 360/640 (56.3%) 
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Table II. Baseline Characteristics of Patients with Atrial Fibrillation and Acute Ischaemic Stroke, According to Antithrombotic 

Therapy on Discharge  

Variable All Patients 

No 

Antithrombotic 

Therapy 

AP 

Therapy 

OAC 

Therapy 

OAC + AP 

Therapy 
P-Value 

 n=2162 n=172 n=468 n=850 n=672  

Age, mean (SD), y 78.1 (10.1) 79.8 (10.3) 79.9 (9.3) 77.6 (10.2) 77.0 (10.1) <0.001 

Female  1203/2162 (55.6) 102/172 (59.3) 250/468 (53.4) 492/850 (57.9) 359/672 (53.4) 0.17 

Diabetes mellitus  919/2162 (42.5) 74/172 (43.0) 222/468 (47.4) 334/850 (39.3) 289/672 (43.0) 0.04 

Hypertension  1577/2162 (72.9) 122/172 (70.9) 353/468 (75.4) 600/850 (70.6) 502/672 (74.7) 0.15 

Previous myocardial infarction 393/2162 (18.2) 27/172 (15.7) 85/468 (18.2) 124/850 (14.6) 157/672 (23.4) <0.001 

Previous PCI/CABG 237/2162 (11%) 10/172 (5.8) 47/468 (10.0) 71/850 (8.4) 109/672 (16.2) <0.001 

Previous stroke 505/2162 (23.4) 36/172 (20.9) 127/468 (27.1) 184/850 (21.6) 158/672 (23.5) 0.12 

Previous intracranial haemorrhage 35/2162 (1.6) 7/172 (4.1) 13/468 (2.8) 4/850 (0.5) 11/672 (1.6) <0.001 

Pulmonary oedema 364/2162 (16.8) 30/172 (17.4) 82/468 (17.5) 133/850 (15.6) 119/672 (17.7) 0.70 

Peripheral vascular disease 158/2162 (7.3) 14/172 (8.1) 41/468 (8.8) 55/850 (6.5) 48/672 (7.1) 0.47 

Valvular heart disease 174/2162 (8.0) 15/172 (8.7) 19/468 (4.1) 73/850 (8.6) 67/672 (10.0) 0.003 

DVT/PE 79/2162 (3.7) 6/172 (3.5) 15/468 (3.2) 36/850 (4.2) 22/672 (3.3) 0.71 

Cirrhosis 6/2162 (0.3) 0/172 (0.0) 2/468 (0.4) 1/850 (0.1) 3/672 (0.4) 0.51 

Preadmission dependence 539/2162 (24.9) 59/172 (34.3) 149/468 (31.8) 183/850 (21.5) 148/672 (22.0) <0.001 

Renal impairment 422/2162 (19.5) 32/172 (18.6) 105/468 (22.4) 151/850 (17.8) 134/672 (19.9) 0.22 

Peptic ulcer disease 135/2162 (6.2) 12/172 (7.0) 43/468 (9.2) 52/850 (6.1) 28/672 (4.2) 0.007 

Previous gastrointestinal bleed 59/2162 (2.7) 8/172 (4.7) 26/468 (5.6) 14/850 (1.6) 11/672 (1.6) <0.001 

Alcohol intake      0.005 

   None 416/2162 (19.2) 38/172 (22.1) 97/468 (20.7) 137/850 (16.1) 144/672 (21.4)  

   Rare or <2/day 1654/2162 (76.5) 121/172 (70.3) 348/468 (74.4) 687/850 (80.8) 498/672 (74.1)  
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   >2/day 92/2162 (4.3) 13/172 (7.6) 23/468 (4.9) 26/850 (3.1) 30/672 (4.5)  

Low haemoglobin on admission 404/2157 (18.7) 27/171 (15.8) 111/466 (23.8) 131/849 (15.4) 135/671 (20.1) 0.001 

Low platelet count on admission 26/2158 (1.2) 4/171 (2.3) 10/466 (2.1) 8/850 (0.9) 4/671 (0.6) 0.048 

Preadmission OAC therapy       <0.001 

   No warfarin 1470/2162 (68.0) 130/172 (75.6) 432/468 (92.3) 499/850 (58.7) 409/672 (60.9)  

   Warfarin alone 562/2162 (26.0) 37/172 (21.5) 31/468 (6.6) 324/850 (38.1) 170/672 (25.3)  

   Warfarin + AP therapy 130/2162 (6.0) 5/172 (2.9) 5/468 (1.1) 27/850 (3.2) 93/672 (13.8)  

   Thrombolysis 431/2162 (19.9) 43/172 (25.0) 92/468 (19.7) 183/850 (21.5) 113/672 (16.8) 0.04 

Stroke severity – CNS score      <0.001 

   Mild (8.5) 1024/2136 (47.9) 41/170 (24.1) 201/463 (43.4) 444/842 (52.7) 338/661 (51.1)  

   Moderate (6-8) 440/2136 (20.6) 36/170 (21.2) 89/463 (19.2) 175/842 (20.8) 140/661 (21.2)  

   Severe (0-5.5) 672/2136 (31.5) 93/170 (54.7) 173/463 (37.4) 223/842 (26.5) 183/661 (27.7)  

Stroke subtype - OCSP      0.002 

   LACS 282/2143 (13.2) 16/169 (9.5) 72/462 (15.6) 91/845 (10.8) 103/667 (15.4)  

   PACS 951/2143 (44.4) 61/169 (36.1) 196/462 (42.4) 400/845 (47.3) 294/667 (44.1)  

   TACS 304/2143 (14.2) 38/169 (22.5) 71/462 (15.4) 112/845 (13.3) 83/667 (12.4)  

   POCS 455/2143 (21.2) 45/169 (26.6) 96/462 (20.8) 174/845 (20.6) 140/667 (21.0%)  

   Other 151/2143 (7.0) 9/169 (5.3) 27/462 (5.8) 68/845 (8.0) 47/667 (7.0)  

In-hospital complications       

   Stroke      0.02 

   Haemorrhagic stroke  24/2162 (1.1) 5/172 (2.9) 7/468 (1.5) 9/850 (1.1) 3/672 (0.4)  

   Recurrent ischaemic stroke 46/2162 (2.1) 6/172 (3.5) 15/468 (3.2) 13/850 (1.5) 12/672 (1.8)  

   Thromboembolism (PE or DVT)  21/2162 (1.0) 3/172 (1.7) 2/468 (0.4) 11/850 (1.3) 5/672 (0.7) 0.28 

   Myocardial infarction 55/2162 (2.5) 6/172 (3.5) 18/468 (3.8) 7/850 (0.8) 24/672 (3.6) <0.001 

   GI haemorrhage 37/2162 (1.7) 3/172 (1.7) 14/468 (3.0) 14/850 (1.6) 6/672 (0.9) 0.06 

mRankin score on discharge      <0.001 

   0-1 398/2154 (18.5) 16/172 (9.3) 72/465 (15.5) 194/848 (22.9) 116/669 (17.3)  

   2-3 853/2154 (39.6) 35/172 (20.3) 156/465 (33.5) 370/848 (43.6) 292/669 (43.6)  
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   4-5 903/2154 (41.9) 121/172 (70.3) 237/465 (51.0) 284/848 (33.5) 261/669 (39.0)  

Discharge therapy       

   Statin 1334/2162 (61.7) 56/172 (32.6) 280/468 (59.8) 532/850 (62.6) 466/672 (69.3) <0.001 

   Antihypertensive 1851/2162 (85.6) 91/172 (52.9) 395/468 (84.4) 747/850 (87.9) 618/672 (92.0) <0.001 

   PPI 457/2162 (21.1) 25/172 (14.5) 114/468 (24.4) 168/850 (19.8) 150/672 (22.3) 0.03 

 

Abbreviations: OAC, oral anticoagulant therapy; CNS, Canadian neurological scale; OCSP, Oxfordshire community stroke project; LACS, lacunar stroke; PACS, partial 

anterior circulation stroke; POCS, posterior circulation stroke; TACS, total anterior circulation stroke; mRankin, modified Rankin; DVT, deep venous thrombosis; PE, 

pulmonary embolism; AP, antiplatelet; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; PPI, proton pump inhibitor. 

Diabetes mellitus was defined as a history of diabetes mellitus or glucose ≥7.5mmol/L on admission. 

Renal Impairment was defined as a history of dialysis or creatinine >120 μmol/L in males or >110 μmol/L in females on admission 

Low haemoglobin on admission was defined as <11.5g/dL in females or <13.0 g/dL in males 

Low platelet count on admission was defined as <100 x 10
9
/L 
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Table III. Hospital Readmission and Mortality Rates in Patients with Atrial Fibrillation and Acute Ischaemic Stroke 

Variable 
All Patients 

n=2162 

No AT Therapy 

n=172 

AP Therapy 

n=468 

OAC Therapy 

n=850 

OAC + AP Therapy 

n=672 

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted 

Admission for recurrent IS 

30 days 1.9 (40) 2.3 (4) 2.8 2.8 (13) 2.8 1.2 (10) 1.2 1.9 (13) 1.9 

1y 6.3 (136) 5.8 (10) 6.8 7.1 (33) 6.8 6.2 (53) 6.4 6.0 (40) 5.7 

2y 8.6 (185) 8.1 (14) 9.5 10.5 (49) 10.3 8.0 (68) 8.1 8.0 (54) 7.7 

3y 9.9 (213) 9.3 (16) 11.0 12.4 (58) 12.3 9.4 (80) 9.4 8.8 (59) 8.5 

4y 10.9 (236) 11.0 (19) 13.4 12.8 (60) 12.9 10.7 (91) 10.7 9.8 (66) 9.4 

Admission for acute MI 

30 days 0.2 (5) 0.0 (0) 0.0 0.4 (2) 0.3 0.2 (2) 0.2 0.1 (1) 0.2 

1y 1.3 (28) 0.6 (1) 0.6 1.9 (9) 2.0 1.3 (11) 1.2 1.0 (7) 1.1 

2y 1.8 (39) 0.6 (1) 0.6 2.4 (11) 2.4 1.9 (16) 1.8 1.6 (11) 1.7 

3y 2.3 (50) 1.2 (2) 1.3 3.0 (14) 3.2 2.7 (23) 2.5 1.6 (11) 1.7 

4y 3.1 (66) 2.3 (4) 2.5 3.4 (16) 3.6 3.6 (31) 3.5 2.2 (15) 2.3 

Admission for ICH 

30 days 0.1 (3) 0.0 (0) 0.0 0.0 (0) 0.0 0.1 (1) 0.1 0.3 (2) 0.3 

1y 0.6 (12) 0.0 (0) 0.0 0.2 (1) 0.2 0.6 (5) 0.5 0.9 (6) 0.9 

2y 0.9 (20) 0.0 (0) 0.0 0.4 (2) 0.5 1.1 (9) 1.0 1.3 (9) 1.3 

3y 1.2 (27) 0.6 (1) 0.9 0.4 (2) 0.4 1.5 (13) 1.5 1.6 (11) 1.5 

4y 1.4 (30) 0.6 (1) 1.0 0.4 (2) 0.5 1.8 (15) 1.7 1.8 (12) 1.6 

Admission for major bleeding 

30 days 0.7 (15) 0.0 (0) 0.0 0.9 (4) 0.7 0.4 (3) 0.4 1.2 (8) 1.3 

1y 2.7 (59) 1.2 (2) 1.3 3.4 (16) 3.2 2.0 (17) 2.0 3.6 (24) 3.7 

2y 4.3 (94) 3.5 (6) 3.5 4.3 (20) 4.2 3.4 (29) 3.4 5.8 (39) 6.0 

3y 5.8 (125) 4.1 (7) 4.1 5.3 (25) 5.3 5.2 (44) 5.1 7.3 (49) 7.4 

4y 6.7 (144) 4.1 (7) 4.4 5.6 (26) 5.7 6.5 (55) 6.3 8.3 (56) 8.3 

Death  
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30 days 7.4 (159) 32.6 (56) 14.7 10.9 (51) 8.7 2.9 (25) 3.9 4.0 (27) 4.9 

1y 21.0 (455) 45.9 (79) 30.6 32.7 (153) 27.1 13.8 (117) 16.3 15.8 (106) 17.1 

2y 31.1 (672) 52.9 (91) 39.0 44.7 (209) 38.1 23.9 (203) 27.2 25.1 (169) 26.7 

3y 39.4 (852) 60.5 (104) 46.0 52.8 (247) 45.7 32.4 (275) 36.3 33.6 (226) 35.4 

4y 47.9 (1035) 64.0 (110) 51.9 61.5 (288) 54.4 41.9 (356) 46.0 41.8 (281) 43.4 

Admission for IS or MI  

30 days 2.1 (45) 2.3 (4) 2.6 3.2 (15) 3.2 1.4 (12) 1.4 2.1 (14) 2.0 

1y 7.5 (163) 6.4 (11) 7.3 9.0 (42) 8.8 7.4 (63) 7.5 7.0 (47) 6.8 

2y 10.2 (221) 8.7 (15) 10.0 12.8 (60) 12.7 9.6 (82) 9.7 9.5 (64) 9.2 

3y 11.9 (258) 10.5 (18) 12.1 15.2 (71) 15.2 11.9 (101) 11.8 10.1 (68) 9.9 

4y 13.7 (296) 13.4 (23) 15.7 15.8 (74) 16.1 14.1 (120) 13.9 11.8 (79) 11.4 

Admission for all stroke 

30 days 1.9 (42) 2.3 (4) 2.8 2.8 (13) 2.8 1.3 (11) 1.3 2.1 (14) 2.0 

1y 6.8 (147) 5.8 (10) 7.0 7.3 (34) 7.1 6.8 (58) 6.9 6.7 (45) 6.4 

2y 9.4 (204) 8.1 (14) 9.8 10.9 (51) 10.9 9.1 (77) 9.1 9.2 (62) 8.8 

3y 11.0 (237) 9.3 (16) 11.3 12.8 (60) 12.8 10.8 (92) 10.8 10.3 (69) 9.9 

4y 12.1 (262) 11.0 (19) 13.9 13.2 (62) 13.4 12.2 (104) 12.2 11.5 (77) 10.9 

Death or admission for recurrent IS, MI or major bleeding 

30 days 9.6 (207) 34.3 (59) 18.1 14.1 (66) 11.7 4.6 (39) 5.7 6.4 (43) 7.4 

1y 26.8 (580) 50.0 (86) 36.3 38.5 (180) 33.2 19.9 (169) 22.5 21.6 (145) 22.9 

2y 38.2 (826) 58.7 (101) 46.4 50.4 (236) 44.7 31.3 (266) 34.4 33.2 (223) 34.7 

3y 47.5 (1027) 64.5 (111) 52.5 59.6 (279) 53.5 42.0 (357) 45.6 41.7 (280) 43.3 

4y 55.1 (1192) 69.2 (119) 58.8 66.9 (313) 61.0 50.9 (433) 54.6 48.7 (327) 50.0 

Death or admission for recurrent IS, MI or ICH 

30 days 9.1 (197) 34.3 (59) 17.7 13.7 (64) 11.4 4.4 (37) 5.4 5.5 (37) 6.4 

1y 25.7 (555) 50.0 (86) 35.8 37.2 (174) 31.9 18.8 (160) 21.5 20.1 (135) 21.4 

2y 36.8 (796) 57.6 (99) 45.3 49.8 (233) 43.9 29.9 (254) 33.0 31.3 (210) 32.6 

3y 45.5 (984) 64.0 (110) 51.6 58.5 (274) 52.2 39.6 (337) 43.3 39.1 (263) 40.7 

4y 53.4 (1154) 68.6 (118) 57.9 66.0 (309) 59.9 48.5 (412) 52.2 46.9 (315) 48.2 
Abbreviations: AT, antithrombotic; AP, antiplatelet; OAC, oral anticoagulant; IS, ischaemic stroke; ICH, intracerebral haemorrhage; MI, myocardial infarction. 

Adjusted rates are adjusted for: CHA2DS2VASc score, preadmission dependence, history of peptic ulcer disease, valvular heart disease or valve replacement, deep venous 

thrombosis or pulmonary embolism, cirrhosis, prior gastrointestinal bleed, prior intracranial bleed, Hgb <11.5g/dL in females or <13g/dL in males on admission, platelets 

<100 x 109/L on admission, renal impairment, mRankin score on discharge (0-1, 2-3, 4-5), discharge statin therapy, and discharge antihypertensive therapy. 
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Table IV. Antithrombotic Therapy on Discharge as a Predictor of Outcomes in Patients with Atrial Fibrillation  

Variable 

Admission 

for 

Recurrent 

IS  

 

Admission 

for MI 

Admission 

for ICH 

Admission 

for Major 

Bleeding  

Death 

Admission 

for 

Recurrent IS 

or MI 

Admission 

for All 

Stroke  

Death or 

Admission 

for 

Recurrent 

IS, MI or 

Major 

Bleeding  

 

Death or 

Admission 

for 

Recurrent 

IS, MI, or 

ICH  

 HR 

(95% CI) 
HR 

(95% CI) 
HR 

(95% CI) 
HR 

(95% CI) 
HR 

(95% CI) 
HR 

(95% CI) 
HR 

(95% CI) 
HR 

(95% CI) 
HR 

(95% CI) 

No AT therapy 1.39  

(0.86-2.26) 

0.77  

(0.31-1.92) 

0.46  

(0.06-3.63) 

0.51  

(0.23-1.15) 

1.57  

(1.26-1.95) 

1.23  

(0.80-1.90) 

1.24  

(0.77-2.00) 

1.51  

(1.23-1.86) 

1.58  

(1.28-1.94) 

AP therapy only 1.18  

(0.87-1.62) 

1.01  

(0.61-1.70) 

0.24  

(0.05-1.03) 

0.79  

(0.51-1.22) 

1.42  

(1.23-1.64) 

1.13  

(0.86-1.48) 

1.08  

(0.80-1.45) 

1.31  

(1.14-1.50) 

1.35  

(1.17-1.55) 

OAC therapy only 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

OAC and AP therapy 0.93  

(0.71-1.24) 

0.69  

(0.42-1.14) 

1.05  

(0.53-2.11) 

1.30  

(0.94-1.80) 

0.94  

(0.82-1.08) 

0.85  

(0.66-1.09) 

0.95  

(0.73-1.24) 

0.91  

(0.80-1.04) 

0.91  

(0.80-1.04) 
 

Abbreviations: AT, antithrombotic; AP, antiplatelet; OAC, oral anticoagulant; IS, ischaemic stroke; MI, myocardial infarction; ICH, intracerebral haemorrhage. 
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Table V. Univariate and Multivariable Predictors of the Composite of Death or Admission for Recurrent IS, MI or Major Bleeding 
 

Variable 
Univariate 

HR (95% CI) 

Multivariable 

HR (95% CI) 

Antithrombotic therapy on discharge   

   No antithrombotic therapy 1.81 (1.50-2.19) 1.51 (1.23-1.86) 

   AP only 1.58 (1.38-1.8) 1.31 (1.14-1.50) 

   OAC only 1.0 1.0 

   OAC + AP 0.99 (0.87-1.12) 0.91 (0.80-1.04) 

CHA2DS2VASc score   

   3 3.14 (1.23-8.02) 2.95 (1.16-7.55) 

   4 5.34 (2.20-13.0) 4.40 (1.80-10.73) 

   5 7.50 (3.11-18.09) 6.18 (2.56-14.95) 

   6 9.56 (3.97-23.04) 7.47 (3.09-18.05) 

   7 11.70 (4.84-28.28) 9.24 (3.80-22.46) 

   8 13.69 (5.58-33.62) 9.65 (3.88-23.98) 

   9 8.35 (2.86-24.41) 4.76 (1.60-14.16) 

Renal impairment 1.60 (1.41-1.80) 1.43 (1.26-1.63) 

Cirrhosis 2.31 (1.04-5.15) 3.70 (1.63-8.36) 

Previous gastrointestinal bleed 1.87 (1.41-2.48) 1.29 (0.96-1.73) 

Previous intracranial haemorrhage 1.32 (0.90-1.93) 1.03 (0.70-1.51) 

Valvular heart disease 1.16 (0.97-1.39) 1.18 (0.98-1.42) 

Preadmission dependence 2.27 (2.00-2.50) 1.77 (1.57-1.99) 

Peptic ulcer disease 1.31 (1.07-1.60) 1.14 (0.93-1.41) 

Low haemoglobin on admission 1.61 (1.43-1.82)  1.35 (1.19-1.54) 

Low platelet count on admission 1.64 (1.09-2.50)  1.52 (1.00-2.31) 

mRankin score on discharge   

   2-3 1.13 (0.97-1.32) 1.08 (0.92-1.26) 
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   4-5 1.87 (1.61-2.17) 1.59 (1.37-1.86) 

Discharge therapy   

   Statin 0.76 (0.68-0.84) 0.80 (0.72-0.90) 

   Antihypertensive 0.98 (0.85-1.13) 0.93 (0.79-1.09) 

 

Abbreviations: AP, antiplatelet; OAC, oral anticoagulant; CNS, Canadian neurological scale; mRankin, modified Rankin. 

Diabetes mellitus was defined as a history of diabetes mellitus or glucose ≥7.5mmol/L on admission. 

Renal Impairment was defined as a history of dialysis or creatinine >120 μmol/L in males or >110 μmol/L in females on admission 

Low haemoglobin on admission was defined as <11.5g/dL in females or <13.0 g/dL in males 

Low platelet count on admission was defined as <100 x 10
9
/L 
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Table VI. Subgroup Analyses: Antithrombotic Therapy on Discharge as a Predictor of Outcomes  

Variable 

Admission 

for 

recurrent 

IS 

Admission 

for MI 

Admission 

for ICH 

Admission 

for major 

bleeding  

Death 

Admission 

for 

recurrent 

IS or MI 

Admission 

for all 

stroke  

Death or admission 

for recurrent IS, MI 

or major bleeding  

Death or admission 

for recurrent IS, 

MI, or ICH  

 
HR 

(95% CI) 

HR 

(95% CI) 

HR 

(95% CI) 

HR 

(95% CI) 

HR 

(95% 

CI) 

HR 

(95% CI) 

HR 

(95% CI) 

HR 

(95% CI) 

HR 

(95% CI) 

Severe stroke 

No AT 

therapy   
0.96  

(0.44-2.08) 

1.46  

(0.34-6.27) 

1.17  

(0.11-12.72) 

0.27  

(0.06-1.23) 

1.58  

(1.20-

2.08) 

1.10  

(0.56-2.19) 

0.88  

(0.41-1.87) 

1.58  

(1.21-2.06) 

1.58  

(1.20-2.06) 

AP only 
0.85  

(0.48-1.49) 

1.36  

(0.48-3.81) 
- 

0.81  

(0.37-1.74) 

1.39  

(1.14-

1.71) 

0.99  

(0.60-1.63) 

0.78  

(0.45-1.35) 

1.34  

(1.09-1.63) 

1.34  

(1.09-1.63) 

OAC only 

 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

OAC + AP 
0.80  

(0.47-1.37) 

0.71  

(0.23-2.20) 

0.68  

(0.10-4.46) 

1.91  

(1.04-3.52) 

0.90  

(0.73-

1.11) 

0.83  

(0.51-1.35) 

0.78  

(0.47-1.31) 

0.91  

(0.74-1.11) 

0.89  

(0.72-1.09) 

Prior CAD 

No AT 

therapy  
1.67  

(0.59-4.71) 
- - 

0.42  

(0.05-3.46) 

1.51  

(0.92-

2.48) 

1.19  

(0.44-3.24) 

1.42  

(0.51-3.96) 

1.49  

(0.92-2.41) 

1.65  

(1.02-2.68) 

AP only 
0.61  

(0.29-1.31) 

1.60  

(0.65-3.94) 
- 

0.49  

(0.17-1.41) 

1.13  

(0.83-

1.55) 

0.86  

(0.48-1.56) 

0.54  

(0.26-1.14) 

1.09  

(0.81-1.46) 

1.12  

(0.83-1.52) 

OAC only 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

OAC + AP 0.93  

(0.53-1.61) 

0.67  

(0.26-1.72 

0.81  

(0.16-4.25) 

1.51  

(0.76-3.01) 

0.73  

(0.56-

0.87  

(0.54-1.41) 

0.85  

(0.5-1.5) 

0.79  

(0.61-1.02) 

0.77  

(0.5-1.00) 



   

 103 

0.97) 

Low bleeding risk  

AP only 
1.48  

(0.89-2.45) 

0.74  

(0.27-1.97) 

0.92  

(0.18-4.62) 

0.93  

(0.46-1.89) 

1.69  

(1.24-

2.32) 

1.26  

(0.80-1.98) 

1.45  

(0.90-2.35) 

1.40  

(1.06-1.86) 

1.55  

(1.16-2.06) 

OAC + AP 
0.98  

(0.64-1.50) 

0.67  

(0.32-1.37) 

2.10  

(0.74-5.96) 

1.20  

(0.73-1.98) 

1.08  

(0.84-

1.40) 

0.88  

(0.60-1.27) 

1.10  

(0.75-1.63) 

0.92  

(0.74-1.15) 

0.96  

(0.76-1.21) 

 

Abbreviations: AT, antithrombotic; AP, antiplatelet; OAC, oral anticoagulant; IS, ischaemic stroke; MI, myocardial infarction; ICH, intracerebral haemorrhage; CAD, 

coronary artery disease. 

Note, patients on no antithrombotic therapy at discharge were considered to be at a high risk of bleeding and so were excluded from the subgroup analysis of patients with a 

low bleeding risk. 

Patients with CAD were defined as: prior MI or previous history of PCI/CABG at the time of admission 

Patients at low risk of bleeding were defined as meeting each of the following criteria: a) prescribed OAC and/or AP therapy on discharge, b) mRankin score 0-3 on 

discharge, c) platelets >100 x 10
9
/L on admission, d) Hgb >11.5 g/dL F, >13 g/dL M on admission, e) preadmission independence, f) no prior history of haemorrhagic stroke 

or GI bleed, g) no history of cirrhosis, h) no preadmission dementia, i) no bleeding during hospitalisation for acute ischaemic stroke, and j) no prior history of PUD). 

Patients with severe stroke were defined as: mRankin score 4-5 on discharge 
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Table VII. Baseline Characteristics of Patients with Atrial Fibrillation and Severe Stroke 

 

Variable All Patients No AT  

Therapy 

AP  

Therapy 

OAC  

Therapy 

OAC + AP  

Therapy 

P- 

Value 

 N=903 N=121 N=237 N=284 N=261  

Age, mean (SD), y 79.8 (9.3)  80.3 (10.1) 81.5 (8.6) 79.6 (9.0) 78.1 (9.5) <0.001 

Female  539/903 (59.7) 73/121 (60.3) 136/237 (57.4) 181/284 (63.7) 149/261 (57.1) 0.36 

Diabetes mellitus  414/903 (45.8) 53/121 (43.8) 120/237 (50.6) 122/284 (43.0) 119/261 (45.6) 0.34 

Hypertension  653/903 (72.3) 87/121 (71.9) 173/237 (73.0) 202/284 (71.1) 191/261 (73.2) 0.95 

Previous myocardial infarction 160/903 (17.7) 21/121 (17.4) 31/237 (13.1) 39/284 (13.7) 69/261 (26.4) <0.001 

Previous PCI/CABG 83/903 (9.2) 8/121 (6.6) 16/237 (6.8) 15/284 (5.3) 44/261 (16.9) <0.001 

Previous stroke 217/903 (24.0) 27/121 (22.3) 59/237 (24.9) 66/284 (23.2) 65/261 (24.9) 0.92 

Previous intracranial haemorrhage 18/903 (2.0) 3/121 (2.5) 7/237 (3.0) 2/284 (0.7) 6/261 (2.3) 0.28 

Pulmonary oedema 157/903 (17.4) 20/121 (16.5) 45/237 (19.0) 45/284 (15.8) 47/261 (18.0) 0.79 

Peripheral vascular disease 76/903 (8.4) 13/121 (10.7) 23/237 (9.7) 17/284 (6.0) 23/261 (8.8) 0.31 

Valvular heart disease 56/903 (6.2) 8/121 (6.6) 6/237 (2.5) 22/284 (7.7) 20/261 (7.7) 0.05 

DVT/PE 31/903 (3.4) 3/121 (2.5) 7/237 (3.0) 13/284 (4.6) 8/261 (3.1) 0.63 

Cirrhosis 2/903 (0.2) 0/121 (0.0) 0/237 (0.0) 0/284 (0.0) 2/261 (0.8) 0.18 

Preadmission dependence 317/903 (35.1) 50/121 (41.3) 96/237 (40.5) 97/284 (34.2) 74/261 (28.4) 0.02 
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Renal impairment 185/903 (20.5) 25/121 (20.7) 53/237 (22.4) 50/284 (17.6) 57/261 (21.8) 0.52 

Peptic ulcer disease 45/903 (5.0) 10/121 (8.3) 16/237 (6.8) 12/284 (4.2) 7/261 (2.7) 0.06 

Previous gastrointestinal bleed 31/903 (3.4) 6/121 (5.0) 14/237 (5.9) 5/284 (1.8) 6/261 (2.3) 0.03 

Alcohol intake      <0.001 

   None 188/903 (20.8) 29/121 (24.0) 51/237 (21.5) 50/284 (17.6) 58/261 (22.2)  

   Rare or <2/day 681/903 (75.4) 79/121 (65.3) 177/237 (74.7) 231/284 (81.3) 194/261 (74.3)  

   >2/day 34/903 (3.8) 13/121 (10.7) 9/237 (3.8) 3/284 (1.1) 9/261 (3.4)  

Low haemoglobin on admission 177/899 (19.7) 18/121 (14.9) 55/235 (23.4) 42/283 (14.8) 62/260 (23.8) 0.01 

Low platelet count on admission 14/900 (1.6) 1/121 (0.8) 8/235 (3.4) 3/284 (1.1) 2/260 (0.8) 0.07 

Preadmission OAC therapy        

   No warfarin 652/903 (72.2) 92/121 (76.0) 213/237 (89.9) 176/284 (62.0) 171/261 (65.5) <0.001 

   Warfarin alone 205/903 (22.7) 25/121 (20.7) 21/237 (8.9) 101/284 (35.6) 58/261 (22.2)  

   Warfarin + AP therapy 46/903 (5.1) 4/121 (3.3) 3/237 (1.3) 7/284 (2.5) 32/261 (12.3)  

Thrombolysis 222/903 (24.6) 34/121 (28.1) 55/237 (23.2) 77/284 (27.1) 56/261 (21.5) 0.33 

Stroke severity – CNS score      0.002 

   Mild (8.5) 204/890 (22.9) 15/121 (12.4) 52/233 (22.3) 79/281 (28.1) 58/255 (22.7)  

   Moderate (6-8) 202/890 (22.7) 23/121 (19.0) 45/233 (19.3) 69/281 (24.6) 65/255 (25.5)  

   Severe (0-5.5) 484/890 (54.4) 83/121 (68.6) 136/233 (58.4) 133/281 (47.3) 132/255 (51.8)  

Stroke subtype - OCSP      0.50 

   LACS 116/897 (12.9) 10/121 (8.3) 36/234 (15.4) 30/282 (10.6) 40/260 (15.4)  

   PACS 362/897 (40.4) 47/121 (38.8) 86/234 (36.8) 118/282 (41.8) 111/260 (42.7)  

   TACS 210/897 (23.4) 31/121 (25.6) 58/234 (24.8) 63/282 (22.3) 58/260 (22.3)  

   POCS 189/897 (21.1) 31/121 (25.6) 48/234 (20.5) 63/282 (22.3) 47/260 (18.1)  

   Other       

In-hospital complications       

   Stroke      0.15 

   Haemorrhagic stroke  32/903 (3.5) 6/121 (5.0) 12/237 (5.1) 6/284 (2.1) 8/261 (3.1)  

   Recurrent ischaemic stroke 17/903 (1.9) 5/121 (4.1) 4/237 (1.7) 6/284 (2.1) 2/261 (0.8)  
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   Thromboembolism (PE or DVT)  18/903 (2.0) 3/121 (2.5) 1/237 (0.4) 9/284 (3.2) 5/261 (1.9) 0.16 

   Myocardial infarction 34/903 (3.8) 5/121 (4.1) 10/237 (4.2) 4/284 (1.4) 15/261 (5.7) 0.06 

   GI haemorrhage 24/903 (2.7) 1/121 (0.8) 11/237 (4.6) 8/284 (2.8) 4/261 (1.5) 0.09 

Discharge therapy       

   Statin 518/903 (57.4) 38/121 (31.4) 127/237 (53.6) 177/284 (62.3) 176/261 (67.4) <0.001 

   Antihypertensive 764/903 (84.6) 59/121 (48.8) 202/237 (85.2) 263/284 (92.6) 240/261 (92.0) <0.001 

   PPI 193/903 (21.4) 14/121 (11.6) 57/237 (24.1) 63/284 (22.2) 59/261 (22.6) 0.04 

 

Abbreviations: OAC, oral anticoagulant therapy; CNS, Canadian neurological scale; OCSP, Oxfordshire community stroke project; LACS, lacunar stroke; PACS, partial 

anterior circulation stroke; POCS, posterior circulation stroke; TACS, total anterior circulation stroke; mRankin, modified Rankin; DVT, deep venous thrombosis; PE, 

pulmonary embolism; AP, antiplatelet; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; PPI, proton pump inhibitor. 

Diabetes mellitus was defined as a history of diabetes mellitus or glucose ≥7.5mmol/L on admission. 

Renal Impairment was defined as a history of dialysis or creatinine >120 μmol/L in males or >110 μmol/L in females on admission 

Low haemoglobin on admission was defined as <11.5g/dL in females or <13.0 g/dL in males 

Low platelet count on admission was defined as <100 x 10
9
/L 
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Figure I. Antithrombotic Therapy on Discharge Following Acute IS in Patients 

with AF  

 

All Patients 
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Patients with Coronary Artery Disease 

 

Abbreviations: OAC, oral anticoagulant; AP, antiplatelet; AT, antithrombotic 
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Figure IIa. Death or Admission for Recurrent IS, MI or Major Bleeding  

a) unadjusted rates, b) adjusted rates 
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Figure IIb. All-cause Mortality: a) unadjusted rates, b) adjusted rates 
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Figure IIc. Admission for Major Bleeding: a) unadjusted rates, b) adjusted rates 
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Figure IId. Admission for ICH: a) unadjusted rates, b) adjusted rates 

 

 

 

Abbreviations: AT, no antithrombotic; AP, antiplatelet; OAC, oral anticoagulant; IS, ischaemic stroke; 

ICH, intracerebral haemorrhage; MI, myocardial infarction. 

Adjusted rates are adjusted for: CHA2DS2VASc score, preadmission dependence, history of peptic 

ulcer disease, valvular heart disease or valve replacement, deep venous thrombosis or pulmonary 

embolism, cirrhosis, prior gastrointestinal bleed, prior intracranial bleed, Hgb <11.5g/dL in females or 

<13g/dL in males on admission, platelets <100 x 109/L on admission, renal impairment, mRankin 

score on discharge (0-1, 2-3, 4-5), discharge statin therapy, and discharge antihypertensive therapy.  
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Figure IIIa. Kaplan Meier Survival Plots for Time to Death or Admission for 

Recurrent IS, MI or Major Bleeding 
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Figure IIIb. Kaplan Meier Survival Plots for Time to Death 
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Figure IIIc. Kaplan Meier Survival Plots for Time to Recurrent IS or MI 

 

Abbreviations: AT, no antithrombotic; AP, antiplatelet; OAC, oral anticoagulant; IS, ischaemic stroke; 

ICH, intracerebral haemorrhage; MI, myocardial infarction 
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CHAPTER 6 

 

PREVENTING CARDIOVASCULAR DISEASE IN PRIMARY CARE: ROLE OF 

A NATIONAL RISK FACTOR MANAGEMENT PROGRAMME 
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ABSTRACT:  

Background Heartwatch, a structured risk factor modification programme for 

secondary prevention of cardiovascular (CV) disease (CVD) in primary care, is 

associated with improvements in CV risk factors in participating patients. However, it 

is not known whether Heartwatch translates into reductions in clinically important 

CV events. 

Objective The aim of the study was to determine the association between 

participation in Heartwatch and future risk of CV events in patients with CVD. 

Methods The study consisted of a prospective cohort of 1,609 patients with CVD in 

primary care practices. Of these, 97.5% had data available on Heartwatch 

participation status, of whom 15.2% were Heartwatch participants. Cox proportional 

hazards models were used to determine the association between Heartwatch 

participation and risk of the CV composite (CV death, nonfatal myocardial infarction, 

heart failure, and nonfatal stroke). All-cause mortality and CV mortality were 

secondary outcome measures. 

Results During follow-up, the CV composite occurred in 208 patients (13.6%). Of 

Heartwatch participants, 8.4% experienced the CV composite compared with 14.5% 

of nonparticipants (P = 0.003). Participation in Heartwatch was associated with a 

significantly reduced risk of the CV composite (hazard ratio [HR] 0.52, 95% CI, 0.31-

0.87), CV mortality (HR 0.31, 95% CI, 0.11-0.89), and all-cause mortality (HR 0.32, 

95% CI, 0.15-0.68). Heartwatch participation was also associated with greater 

reductions in mean systolic blood pressure (P =0.047), mean diastolic blood pressure 

(P<0.001), and greater use of secondary preventative therapies for CVD, such as 

lipid-lowering agents (P<0.001), -blockers (P<0.001), and angiotensin-converting 

enzyme inhibitors (P<0.001). 

Conclusion Heartwatch is associated with a reduced risk of major vascular events 

and improved risk factor modification, supporting its potential as a nationwide 

program for the secondary prevention of CVD. (Am Heart J 2012;163:714-9) 
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INTRODUCTION 

Cardiovascular (CV) disease (CVD) is one of the leading causes of mortality 

worldwide. Individuals with established CVD are at a significantly increased risk of 

subsequent CV events, such as stroke, myocardial infarction and CV death.
1
 

Heartwatch, a structured primary-care delivered programme for the secondary 

prevention of coronary heart disease in Ireland, was introduced in 2003 and follows 

the recommendations of the European Joint Task Force on Coronary Prevention.
2
 

Previous studies evaluating the Heartwatch programme have reported significant 

reductions in systolic blood pressure (SBP), diastolic blood pressure (DBP), 

proportion of individuals smoking, total cholesterol (TC) and low-density lipoprotein 

cholesterol (LDL-C) levels, as well as significant increases in the use of secondary 

preventative therapies, such as lipid lowering agents and antihypertensive 

medications, in participating patients. However, neither of these studies included a 

control group for comparison.
3, 4

 Furthermore, there have been no studies to date that 

have evaluated whether Heartwatch-related improvements in vascular risk factors, 

translate into reductions in clinically important CV events, such as myocardial 

infarction, stroke or CV related mortality. Given the cost and logistic challenges 

associated with implementing the Heartwatch programme, such information is 

important in informing policy for CVD prevention in primary care.  

Within a population-based prospective cohort study, we determined the 

association between a primary care-based intervention (Heartwatch) and future risk of 

major vascular events in patients with established CVD, followed up for 

approximately three years. 

 

METHODS 

Study population 

Our study sample consisted of a cohort of 1609 patients with CVD identified in 2000-

2002 via stratified random sampling of 35 general practices in Ireland. In each 

practice, patients with CVD were identified using general practice disease registers, 

patient database searches, prescribing records, prospective recording of patient 

attendance and opportunistic practitioner recall. Patients were defined as having CVD 

in accordance with Heartwatch eligibility criteria
5
: history of myocardial infarction, 

angina pectoris or a previous cardiac revascularisation procedure, including 

percutaneous coronary intervention (PCI) and coronary artery bypass grafting 
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(CABG). Patients were included in the current study if data were available on 

Heartwatch participation status (97.5% of cohort). Information on participation in 

Heartwatch was systematically collected in all patients and evidence of participation 

was based on documentary evidence in the medical chart. Prospective follow-up was 

completed after a mean of 2.9 years. A more detailed description of this study has 

previously been reported.
6, 7

 

 

Outcomes 

The primary outcome was time to occurrence of the composite of CV death (defined 

as CVD included as either a primary or contributing factor on the death certificate),
8
 

non-fatal myocardial infarction, new onset heart failure and non-fatal stroke. Data on 

mortality were collected through searching practice records and the General Register 

Office, which is the central civil repository for records relating to births, marriages 

and deaths in the Republic of Ireland. Secondary outcomes included CV mortality and 

all-cause mortality. 

 

Heartwatch  

The Heartwatch programme is based on the recommendations of the European Joint 

Task Force on Coronary Prevention.
2
 It consists of regular visits (maximum of four 

per annum) to a registered General Practitioner (GP) participating in the Heartwatch 

program. At each visit, the primary focus is on CV risk factor assessment and 

modification.
5
 

GPs are provided with educational study packs on CV risk factor interventions, such 

as advice on lifestyle and behaviour, pharmacological management and referral 

pathways for patients requiring specialist care.
3
 Targeted risk factors include diet, 

exercise, obesity, smoking, blood pressure, cholesterol and diabetes mellitus. 

 

Statistical analysis 

Patients were categorised according to Heartwatch participation status. Baseline 

characteristics were compared using 
2
 tests for categorical variables and Student’s t 

tests for continuous variables. Kaplan Meier estimates of survival functions for the 

CV composite in Heartwatch and non-Heartwatch participants were generated, and a 

log rank test was used to compare survival functions between the two groups. 
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Univariate and multivariable Cox proportional hazards models were fitted, to 

determine the association between Heartwatch participation and time to occurrence of 

the composite endpoint. Confounders known, or proposed, to be associated with an 

increased risk of CV events were entered and retained in the multivariable models. 

Separate models were fitted for each outcome (CV composite, CV mortality and all-

cause mortality). The following variables were included in all models; age; sex; 

General Medical Services (GMS) scheme eligibility (eligibility for free medical care 

in Ireland); time from diagnosis of CVD (months); known diabetes mellitus; previous 

myocardial infarction; previous stroke; previous PTCA; previous CABG; history of 

angina; history of heart failure; history of peripheral vascular disease (PVD); history 

of thromboembolic disease (TED), including deep venous thrombosis and pulmonary 

embolism); baseline systolic blood pressure (SBP); baseline diastolic blood pressure 

(DBP), smoking status (current smokers or non-smokers), location of general practice 

(rural/urban), presence of a practice nurse and type of general practice (single-handed 

or partnership). Individuals whose smoking status was not available were classified as 

non-smokers, for the purposes of the analyses. A second multivariable model was also 

fitted which included all the above covariates, with the addition of baseline 

medications (aspirin, lipid lowering therapy, -blocker and angiotensin converting 

enzyme [ACE] inhibitor therapy), to adjust for the effects of baseline secondary 

prevention therapies. We also carried out a subgroup analysis confined to non single-

handed general practices with a practice nurse, to represent a more homogenous group 

of general practices with similar levels of access to specialised programs, such as 

Heartwatch.  

Patients who had not experienced the primary outcome were censored at follow-up. 

Data were also censored for those patients lost to follow-up (0.6%).  

Assumptions underlying the final models were assessed using Schoenfeld residual 

plots. All tests of significance were two-sided (=0.05 significance level) and a 95% 

CI that did not include 1.0 was considered to be significant. All statistical analyses 

were performed using commercially available software packages (SPSS version 18.0; 

SPSS Inc, Chicago, IL). 
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and editing of the paper, and its final contents. 

 

RESULTS: 

Baseline characteristics 

Among the entire cohort of 1609 patients, 1569 (97.5%) had data available on 

Heartwatch participation status and 1,560 (97%) had follow-up data for the primary 

endpoint. Mean follow-up was 2.9 years (SD 1.47). The mean age of patients in the 

cohort was 66.3 years, 66.4% were male and 45.9% had a previous history of 

myocardial infarction. A total of 239 (15.2%) patients participated in the Heartwatch 

program. Patients who participated in the Heartwatch program were younger, more 

likely to be male, living in an urban area, have a previous history of myocardial 

infarction, heart failure or a coronary revascularisation procedure and were also more 

likely to be receiving lipid lowering agents and beta-blocker therapy, compared to 

patients who were not participating in Heartwatch. Table I describes the baseline 

characteristics of the cohort. 

 

Changes in CV risk Factor Profiles and Use of Secondary Prevention Therapies: 

Baseline to follow-up 

Participation in Heartwatch, compared with non-participation, was associated with 

significantly larger reductions in mean SBP (3.7% vs. 2.2%, p=0.047), mean DBP 

(6.8% vs. 3.3%, p<0.001) and in the proportion of patients with total cholesterol 

greater than 5mmol/L (32% vs. 19%, p<0.001), from baseline to last follow-up. 

Heartwatch participation was also associated with significantly greater increases in 

the proportion of patients prescribed secondary preventative therapies from baseline 

to last follow-up, e.g. lipid lowering agents (22.4% vs. 11.8%, p<0.001), -blockers 

(5.4% vs. -1.9%, p<0.001) and ACE-inhibitors (18.3% vs. 9.7%, p<0.001) and a 

significantly lower rate of cessation of aspirin therapy (0.3% vs. 12.6%) (Table II).  

 

CV Events on Follow-up 

During follow-up, the CV composite occurred in 208 (13.6%) patients. The frequency 

of new CV events in the Heartwatch cohort was 8.4%, compared to 14.5% in the non-
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Heartwatch cohort (P=0.003) (Table III). The mean time to occurrence of the 

cardiovascular composite was 2.75 years for patients participating in Heartwatch and 

2.65 years for those who were not participating in Heartwatch. Participation in 

Heartwatch was associated with a significantly reduced risk of the cardiovascular 

composite, unadjusted HR 0.62 (95% CI 0.39-0.99) and adjusted HR 0.52 (95% CI 

0.31-0.87) (Log Rank Mantel-Cox P=0.04), figure I and tables IV and V. 

On multivariable analyses, participation in Heartwatch was associated with a 

reduced risk of CV mortality, adjusted HR 0.31 (95% CI 0.11-0.89) (Log Rank 

Mantel-Cox P=0.02), figure II, tables IV and VI. Participation in Heartwatch was also 

associated with a reduced risk of all-cause mortality, adjusted HR 0.32, 95% CI 0.15-

0.68 (Log Rank Mantel-Cox P=0.001) (Figure III, Table IV and VII). Inclusion of 

baseline medications in the multivariable models did not materially alter our findings 

(Tables IV-VII) and in a sensitivity analysis that restricted the population to 

partnership general practices with a practice nurse, results were also consistent 

(Tables VIII-X). 

 

DISCUSSION: 

We found that participation in the Heartwatch CVD prevention programme, 

compared to non-participation, was associated with significantly greater 

improvements in CV risk factor profiles and use of secondary preventative therapies, 

as well as significant reductions in the risks of CV composite, CV death and all-cause 

mortality, on long-term follow-up. 

 

Previous cohort studies evaluating the Heartwatch programme, have reported 

significant reductions in blood pressure, favourable changes in lipid profiles, 

increased smoking cessation rates and significant increases in the use of secondary 

preventative therapies such as lipid lowering agents and antihypertensive medications. 

These benefits were maintained after 3.5 years of follow-up.
3, 4

 Our study extends 

these findings by reporting an association between Heartwatch and the incidence of 

major vascular events, meaning that benefits in intermediate outcomes (risk factor 

modification) appear to translate into benefits for clinically meaningful outcomes. Our 

results are consistent with a meta-analysis of 63 randomised controlled trials of 

similar secondary prevention programmes for CVD which reported a significant 

reduction in the risk of recurrent myocardial infarction for participating patients 
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(summary relative risk 0.83; 95% CI, 0.74 to 0.94).
9
 However, participants in clinical 

trials may not fully represent patients in real-life clinical practice. Our findings 

provide evidence that the benefits reported in clinical trials are likely to be 

generalized to an unselected population of patients with CVD in the community.       

 The results of our study are particularly important in light of the recent 

findings of the PURE study, an epidemiological survey of the use of secondary 

preventative drugs in patients with a history of coronary artery disease (CAD) or 

stroke, in both high and lower-income countries. In high-income countries, only 62% 

of patients with a previous history of CAD or stroke were on aspirin and only 73.8% 

were on statin therapy, with even lower rates of -blocker (40%) and ACE-

inhibitor/angiotensin receptor blocker use (49.8%).
10

 Similar rates of prescription of 

these therapies were also observed in our cohort, aspirin (64.3%), lipid-lowering 

agents (60.7%), -blockers (45.7%) and ACE-inhibitors (35.8%), with higher rates of 

prescription noted amongst Heartwatch participants (Table II). These results, as well 

as those from other studies
11, 12

, highlight the need for more effective strategies to 

increase uptake of effective CV therapies in high-risk patients, and promote their 

sustained use. Heartwatch has been shown to be a cost-effective intervention (cost per 

life year gained of 7,987)
5
 and is associated with a relatively low additional burden 

of work for general practices.  

 

There are several number of limitations that require mention. First, this is an 

observational study, not a randomised controlled trial, so we cannot make direct 

inferences about the effectiveness of the Heartwatch intervention. Second, only 60% 

of the practices randomly selected to participate in this study, actually agreed to 

participate. Practices with fewer resources, such as single-handed practices or those 

without the support of ancillary staff, may have been less likely to participate in this 

study because of the associated time and cost constraints. This could potentially limit 

the generalizability of our results. However, we used stratified random sampling, 

which allowed a broad representation of patients and clinicians from routine clinical 

practice, which enhances the external validity of our results.  

Third, although we used multivariable models to adjust for the effect of known 

confounders, our results are still subject to residual confounding from unmeasured or 

inadequately measured predictors of CV events. We were unable to adjust for the 
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effect of obesity (body mass index) because there was a large amount of missing data 

for this variable. Furthermore, patient behaviours such as dietary habits and levels of 

physical activity were unmeasured, and so, we could not include them in our analysis. 

Patients and practices that agree to participate in Heartwatch may differ from those 

who do not participate. However, our analyses did adjust for the most important risk 

factors for recurrent major vascular events. In a sensitivity analysis that restricted the 

population to partnership general practices with a practice nurse, results were not 

materially altered, and a formal test for an interaction between Heartwatch and type 

of General practice or presence of a practice nurse was not significant, adding strength 

to our findings (table I). 

Fourth, some deaths may have been incorrectly classified as cardiac related. 

However, we do not suspect that such misclassification would have systematically 

biased our results, as the cause of death was reported independently of our study and 

unlikely to be influenced by knowledge of whether the patients were participating in 

Heartwatch.  

Finally, patients joined the Heartwatch programme at varying times after the 

initial diagnosis of CVD, which may have resulted in variations in the uptake of 

secondary preventative therapies. In addition, patients participating in the Heartwatch 

programme may have been followed more closely than non-participants (surveillance 

bias), and thus the detection of events may have been greater in this group. However, 

both of these factors would likely have biased our results towards the null hypothesis.  

The strengths of our study include its minimal losses to follow-up, the broad 

representation of patients from routine clinical practice, the use of clinically 

meaningful outcome measures and the use of multivariable model risk adjustment to 

control for the effect of a multitude of confounders.  

 

CONCLUSION 

In patients with CVD, sustained use of secondary prevention therapies is poor, even in 

high-income countries. Effective, generalizable and cost-effective interventions to 

increase the proportion of patients who achieve risk factors target are urgently 

needed.
13

 Heartwatch is associated with improved risk factor management and a 

significantly reduced risk of major vascular events, supporting its potential as a 

nationwide programme for the secondary prevention of major vascular events. 
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Table I. Baseline Characteristics of Heartwatch and non-Heartwatch Cohorts  

Variable All Heartwatch No Heartwatch P-value 

N 1569 239 1330  

Demographics     

Female  543/1569 (34.6) 45/239 (18.8) 498/1330 (37.4) <0.001 

Age; mean, SD (n)  66.3, 9.1 (1568) 64.7, 8.8 (239) 66.5, 9.2 (1329) 0.003 

GMS scheme eligibility 1240/1568 (79.0) 174/239 (72.8) 1066/1329 (80.2) 0.01 

General practice location-urban 1215/1569 (77.4) 208/239 (87.0) 1007/1330 (75.7) <0.001 

Single-handed general practice  721/1569 (46.0) 42/239 (17.6) 679/1330 (51.1) <0.001 

General practice nurse 839/1499 (56.0) 210/239 (87.9) 629/1260 (49.9) <0.001 

Baseline cardiovascular disease     

Myocardial infarction  717/1561 (45.9) 170/239 (71.1) 547/1322 (41.4) <0.001 

Angina 1328/1557 (85.3) 187/237 (78.9) 1141/1320 (86.4) 0.007 

Cardiac failure 96/1564 (6.1) 25/237 (10.6) 71/1327 (5.4) 0.01 

Previous stroke  75/1564 (4.8) 9/238 (3.8) 66/1326 (5.0) 0.38 

Peripheral vascular disease 88/1564 (5.6) 14/238 (5.9) 74/1326 (5.6) 0.86 

Thromboembolism 169/1569 (10.8) 23/239 (9.6) 146/1330 (11.0) 0.52 

Cardiac interventions     

PTCA  210/1563 (13.4) 47/237 (19.8) 163/1326 (12.3) 0.006 

CABG  292/1567 (18.6) 71/239 (29.7) 221/1328 (16.6) <0.001 

Cardiovascular risk factors     

Total cholesterol >5mmol/L 783/1216 (64.4) 110/211 (52.1) 673/1005 (67.0) <0.001 

LDL-cholesterol >2mmol/L 423/456 (92.8) 72/80 (90.0) 351/376 (93.4) 0.35 

Hypertension (BP 140/90mmHg) 873/1501 (58.2) 135/228 (59.2) 738/1273 (58.0) 0.73 

Current smoking  322/1569 (20.5) 34/239 (14.2) 288/1330 (21.7) 0.003 

Diabetes mellitus  176/1563 (11.3) 20/237 (8.4) 156/1326 (11.8) 0.10 

Baseline medications     
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Aspirin 1160/1544 (75.1) 179/233 (76.8) 981/1311 (74.8) 0.51 

-blocker 718/1545 (46.4) 125/233 (53.7) 593/1312 (45.2) 0.02 

Lipid-lowering agent 727/1542 (47.1) 141/232 (60.8) 586/1310 (44.7) <0.001 

ACE-inhibitor 380/1540 (24.7) 68/233 (29.2) 312/1307 (23.9) 0.10 

Baseline measurements     

SBP; mean, SD  (n) 139.0  19.5 (1501) 138.9  18.9 (228) 139.0  19.6 (1273) 0.92 

DBP; mean, SD  (n) 80.9  9.1 (1501) 80.8  8.6 (228) 80.9  9.2 (1273) 0.85 

 

Abbreviations: GMS scheme, general medical services scheme; PTCA, percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass grafting; LDL-

cholesterol, low density lipoprotein cholesterol; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; ACE-inhibitor, angiotensin converting 

enzyme inhibitor. 

Patients whose Heartwatch participation status was unknown were excluded, 2.5% (40 patients).  

BP140/90 includes SBP140 and/or DBP90, in line with British Hypertensive Society guidelines for HTN, 2004. 

Test for an interaction between: Heartwatch and general practice type, P=0.95; Heartwatch and presence of practice nurse, P=0.29 
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Table II. Changes in Risk Factors and Secondary Prevention Medications from Baseline to Follow-up  

Variable Heartwatch  No Heartwatch P-

value 

 
Baseline Follow-up 

% 

Change 
Baseline Follow-up 

% 

Change 

 

SBP; mean, SD (n) 138.9  18.9 (228) 133.7  16.8 (236)  -3.7% 139.0  19.6 (1273) 135.9  18.7 (1254) -2.2% 0.047 

DBP; mean, SD (n) 80.9  9.1 (228) 75.4  10.5 (236) -6.8% 80.9  9.2 (1273) 78.2  9.7 (1255) -3.3% <0.001 

BP 140/90 135/228 (59.2) 90/236 (38.1) -21.1% 738/1273 (58.0) 612/1254 (48.8) -9.2% <0.001 

TC >5mmol/L 110/211 (52.1) 47/234 (20.1) -32.0% 673/1005 (67.0) 540/1125 (48.0) -19.0% <0.001 

Aspirin 179/233 (76.8) 182/238 (76.5) -0.3% 981/1311 (74.8) 800/1286 (62.2) -12.6% <0.001 

-blocker 125/233 (53.7) 140/237 (59.1) +5.4% 593/1312 (45.2) 555/1281 (43.3) -1.9% <0.001 

Lipid-lowering agent 141/232 (60.8) 198/238 (83.2) +22.4% 586/1310 (44.7) 725/1284 (56.5) +11.8% <0.001 

ACE-inhibitor 68/233 (29.2) 113/238 (47.5) +18.3% 312/1307 (23.9) 432/1284 (33.6) +9.7% <0.001 

Current smoking  34/239 (14.2) 36/239 (15.1%) +0.9% 288/1330 (21.7) 262/1330 (19.7) -2.0% <0.001 
 

Abbreviations: SBP, systolic blood pressure; SD, standard deviation; TC, total cholesterol; DBP, diastolic blood pressure; BP, blood pressure; ACE-inhibitor, angiotensin 

converting enzyme inhibitor.  

Follow-up measurements were last date of follow-up recorded in chart. 

BP140/90 includes SBP140 and/or DBP90, in line with British Hypertensive Society guidelines for HTN, 2004. 

Patients whose Heartwatch participation status was unknown, were excluded, 2.5% (40 patients) 

P-value refers to the test of the difference in mean change in risk factors and medications, between patients who participated in Heartwatch and those who did not. 

 

 



     Heartwatch  

 131 

Table III. Cardiovascular Events at Follow-up 

Variable All  

1569 

Heartwatch  

239 

No Heartwatch  

1330 

Cardiovascular death 110/1560 (7.1) 7/239 (2.9) 103/1321 (7.8) 

Myocardial infarction 43/1545 (2.8) 8/239 (3.3) 35/1306 (2.7) 

Stroke 40/1528 (2.6) 2/238 (0.8) 38/1290 (2.9) 

Heart failure 49/1526 (3.2) 7/237 (3.0) 42/1289 (3.3) 

Cardiovascular composite 208/1530 (13.6) 20/237 (8.4) 188/1293 (14.5) 

All-cause mortality 208/1560 (13.3) 12/239 (5.0) 196/1321 (14.8) 
 

Patients whose Heartwatch participation status was unknown were excluded, 2.5% (40 patients).  
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Table IV. Association Between Heartwatch and Risk of the Cardiovascular Composite, Cardiovascular Mortality and All-cause 

Mortality  

 
Cardiovascular Composite 

HR (95% CI) 

Cardiovascular Mortality 

HR (95% CI) 

All-cause Mortality 

HR (95% CI) 

Univariate analysis (Heartwatch) 

 
0.62 (0.39-0.99) 0.35 (0.14-0.87) 0.35 (0.18-0.69) 

Multivariable model 1 

 
0.52 (0.31-0.87) 0.31 (0.11-0.89) 0.32 (0.15-0.68) 

Multivariable model 2 

 
0.54 (0.32-0.90) 0.32 (0.11-0.93) 0.34 (0.16-0.74) 

 

Abbreviations: HR, hazard ratio; CI, confidence interval.  

Model 1 includes: age, sex, general medical services scheme eligibility, living location (rural/urban), time since diagnosis of cardiovascular disease until entry into cohort 

(months), history of diabetes mellitus, previous myocardial infarction, previous stroke, previous percutaneous transluminal coronary angioplasty, previous coronary artery 

bypass grafting, history of angina, history of heart failure, history of peripheral vascular disease, history of thromboembolic disease (including deep venous thrombosis, 

pulmonary embolism), Heartwatch participation status, baseline systolic blood pressure, baseline diastolic blood pressure, general practice variables: presence of a practice 

nurse and type of general practice (single-handed or partnership), and smoking status (current smokers or non-smokers).  

Model 2 includes all covariates in model 1, with the addition of baseline medications (aspirin, lipid lowering therapy, -blocker and angiotensin converting enzyme-inhibitor 

therapy). 

 

 

 

 

 

 

 

 



     Heartwatch  

 133 

Table V. Univariate and Multivariable Analysis of Risk Factors for the 

Cardiovascular Composite Outcome 

Variable 

Univariate 

analysis 

HR (95% CI) 

Multivariable  

model 1 

HR (95% CI) 

Multivariable  

model 2 

HR (95% CI) 

Demographics    

Living location-urban 0.96 (0.69-1.32) 1.18 (0.80-1.73) 1.19 (0.81-1.75) 

Age 1.06 (1.04-1.08) 1.05 (1.03-1.08) 1.05 (1.02-1.07) 

Gender- male 1.03 (0.77-1.37) 1.34 (0.96-1.86) 1.25 (0.89-1.74) 

GMS scheme - ineligible 0.43 (0.28-0.67) 0.58 (0.36-0.94) 0.57 (0.34-0.94) 

single handed practice 0.89 (0.68-1.17) 0.81 (0.59-1.11) 0.76 (0.55-1.05) 

Practice nurse 0.86 (0.65-1.13) 0.80 (0.58-1.10) 0.82 (0.59-1.13) 

Baseline CVD    

Previous MI 1.96 (1.48-2.59) 1.92 (1.37-2.68) 1.88 (1.34-2.64) 

Angina 0.76 (0.53-1.09) 0.94 (0.62-1.42) 0.97 (0.64-1.47) 

Heart failure 2.46 (1.62-3.73) 1.62 (1.00-2.62) 1.49 (0.92-2.41) 

Previous stroke 1.54 (1.22-1.93) 1.55 (0.92-2.62) 1.51 (0.89-2.56) 

PVD 1.86 (1.14-3.01) 1.25 (0.71-2.21) 1.19 (0.67-2.11) 

Thromboembolic disease 1.60 (1.09-2.34) 1.09 (0.71-1.69) 1.12 (0.73-1.73) 

Cardiac interventions    

Heartwatch 0.62 (0.39-0.99) 0.52 (0.31-0.87) 0.54 (0.32-0.90) 

PTCA 0.36 (0.20-0.65) 0.43 (0.22-0.84) 0.42 (0.20-0.86) 

CABG 1.01 (0.71-1.43) 1.14 (0.76-1.71) 1.22 (0.81-1.84) 

Cardiovascular risk 

factors 
   

Current smoking 1.10 (0.80-1.53) 1.23 (0.85-1.77) 1.22 (0.84-1.77) 

Diabetes mellitus 2.03 (1.44-2.86) 1.91 (1.28-2.83) 1.84 (1.23-2.74) 

Systolic blood pressure 1.01 (1.00-1.01) 1.01 (1.00-1.01) 1.00 (1.00-1.01) 

Diastolic blood pressure 0.99 (0.98-1.01) 1.01 (0.98-1.02) 0.99 (0.97-1.01) 

Baseline medications    

Aspirin 1.04 (0.89-1.22) - 1.20 (0.84-1.69) 

-blocker 0.76 (0.57-1.00) - 1.04 (0.76-1.43) 

ACE-inhibitor 1.94 (1.46-2.58) - 1.54 (1.11-2.13) 

Lipid lowering agent 0.55 (0.41-0.74) - 0.67 (0.48-0.94) 
 

Abbreviations: GMS scheme, general medical services scheme; CVD, cardiovascular disease; PTCA, 

percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass grafting; ACE-

inhibitor, angiotensin converting enzyme inhibitor; HR, hazard ratio; CI, confidence interval, MI, 

myocardial infarction; PVD, peripheral vascular disease. 

 

Model 1 includes: age, sex, general medical services scheme eligibility, living location (rural/urban), 

time since diagnosis of cardiovascular disease until entry into cohort (months), history of diabetes 

mellitus, previous myocardial infarction, previous stroke, previous percutaneous transluminal coronary 

angioplasty, previous coronary artery bypass grafting, history of angina, history of heart failure, history 

of peripheral vascular disease, history of thromboembolic disease (including deep venous thrombosis, 

pulmonary embolism), Heartwatch participation status, baseline systolic blood pressure, baseline 

diastolic blood pressure, general practice variables: presence of a practice nurse and type of general 

practice (single-handed or partnership), and smoking status (current smokers or non-smokers).  

Model 2 includes all covariates in model 1, with the addition of baseline medications (aspirin, lipid 

lowering therapy, -blocker and angiotensin converting enzyme-inhibitor therapy). 
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Table VI. Univariate and Multivariable Analysis of Risk Factors for 

Cardiovascular Mortality 

Variable 

Univariate 

analysis 

HR (95% CI) 

Multivariable  

model 1 

HR (95% CI) 

Multivariable  

model 2 

HR (95% CI) 

Demographics    

Living location-urban 0.92 (0.55-1.55) 1.27 (0.67-2.41) 1.37 (0.71-2.62) 

Age 1.08 (1.05-1.12) 1.07 (1.03-1.11) 1.06 (1.02-1.11) 

Gender- male 0.75 (0.47-1.18) 1.00 (0.58-1.71) 0.92 (0.54-1.59) 

GMS scheme- ineligible 0.21 (0.08-0.56) 0.40 (0.14-1.13) 0.42 (0.14-1.20) 

Single-handed practice 1.10 (0.70-1.72) 0.89 (0.52-1.53) 0.87 (0.50-1.50) 

Practice nurse 0.75 (0.47-1.18) 0.82 (0.47-1.41) 0.83 (0.48-1.43) 

Baseline CVD    

Previous MI 1.78 (1.13-2.81) 1.80 (1.01-3.19) 1.62 (0.90-2.92) 

Angina 0.55 (0.32-0.95) 0.67 (0.35-1.30) 0.70 (0.36-1.36) 

Heart failure 2.68 (1.41-5.07) 2.13 (1.01-4.46) 2.04 (0.96-4.32) 

Previous stroke 1.17 (0.75-1.85) 1.02 (0.36-2.90) 1.01 (0.35-2.92) 

PVD 1.30 (0.52-3.22) 0.66 (0.20-2.23) 0.76 (0.23-2.57) 

Thromboembolic disease 1.27 (0.65-2.47) 1.11 (0.53-2.33) 1.15 (0.54-2.45) 

Cardiac interventions    

Heartwatch 0.35 (0.14-0.87) 0.31 (0.11-0.89) 0.32 (0.11-0.93) 

PTCA 0.51 (0.22-1.17) 0.50 (0.15-1.62) 0.59 (0.18-1.95) 

CABG 0.93 (0.52-1.66) 1.32 (0.66-2.62) 1.43 (0.71-2.86) 

Cardiovascular risk 

factors 
   

Current smoking 1.66 (1.01-2.73) 2.25 (1.27-3.99) 2.22 (1.23-4.02) 

Diabetes mellitus 2.38 (1.40-4.04) 2.22 (1.19-4.16) 2.08 (1.11-3.90) 

Systolic blood pressure 1.01 (1.00-1.02) 1.01 (0.99-1.02) 1.01 (0.99-1.02) 

Diastolic blood pressure 1.00 (0.97-1.03) 1.00 (0.97-1.03) 1.00 (0.96-1.03) 

Baseline medications    

Aspirin 1.51 (0.85-2.70) - 1.52 (0.80-2.90) 

-blocker 0.73 (0.46-1.16) - 1.17 (0.68-2.00) 

ACE-inhibitor 1.81 (1.14-2.87) - 1.77 (1.02-3.04) 

Lipid-lowering agent 0.36 (0.21-0.59) - 0.47 (0.26-0.85) 
 

Abbreviations: GMS scheme, general medical services scheme; CVD, cardiovascular disease; PTCA, 

percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass grafting; ACE-

inhibitor, angiotensin converting enzyme inhibitor; HR, hazard ratio; CI, confidence interval, MI, 

myocardial infarction; PVD, peripheral vascular disease. 

 

Model 1 includes: age, sex, general medical services scheme eligibility, living location (rural/urban), 

time since diagnosis of cardiovascular disease until entry into cohort (months), history of diabetes 

mellitus, previous myocardial infarction, previous stroke, previous percutaneous transluminal coronary 

angioplasty, previous coronary artery bypass grafting, history of angina, history of heart failure, history 

of peripheral vascular disease, history of thromboembolic disease (including deep venous thrombosis, 

pulmonary embolism), Heartwatch participation status, baseline systolic blood pressure, baseline 

diastolic blood pressure, general practice variables: presence of a practice nurse and type of general 

practice (single-handed or partnership), and smoking status (current smokers or non-smokers).  

Model 2 includes all covariates in model 1, with the addition of baseline medications (aspirin, lipid 

lowering therapy, -blocker and angiotensin converting enzyme-inhibitor therapy). 
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Table VII. Univariate and Multivariable Analysis of Risk Factors for Total 

Mortality 

Variable 

Univariate 

analysis 

HR (95% CI) 

Multivariable  

model 1 

HR (95% CI) 

Multivariable  

model 2 

HR (95% CI) 

Demographics    

Living location-urban 1.25 (0.83-1.89) 1.62 (0.98-2.67) 1.70 (1.03-2.83) 

Age 1.08 (1.06-1.11) 1.08 (1.05-1.12) 1.08 (1.05-1.11) 

Gender- male 0.93 (0.66-1.31) 1.30 (0.87-1.94) 1.20 (0.80-1.79) 

GMS scheme- ineligible 0.51 (0.31-0.84) 0.84 (0.48-1.45) 0.80 (0.44-1.43) 

Single-handed practice 1.12 (0.80-1.55) 1.07 (0.73-1.57) 1.05 (0.71-1.55) 

Practice nurse 0.96 (0.69-1.35) 1.04 (0.69-1.54) 1.05 (0.70-1.57) 

Baseline CVD    

Previous MI 1.39 (1.00-1.94) 1.48 (0.98-2.24) 1.37 (0.90-2.09) 

Angina 0.71 (0.47-1.09) 0.75 (0.45-1.24) 0.81 (0.49-1.36) 

Heart failure 2.76 (1.73-4.39) 2.15 (1.26-3.67) 2.07 (1.20-3.57) 

Previous stroke 1.29 (0.95-1.75) 1.08 (0.53-2.18) 1.06 (0.52-2.18) 

PVD 1.10 (0.53-2.25) 0.70 (0.30-1.64) 0.69 (0.29-1.62) 

Thromboembolic disease 1.81 (1.17-2.78) 1.54 (0.95-2.50) 1.51 (0.91-2.48) 

Cardiac interventions    

Heartwatch 0.35 (0.18-0.69) 0.32 (0.15-0.68) 0.34 (0.16-0.74) 

PTCA 0.71 (0.42-1.21) 0.92 (0.48-1.73) 1.00 (0.51-1.95) 

CABG 0.89 (0.58-1.37) 1.18 (0.72-1.93) 1.17 (0.70-1.95) 

Cardiovascular risk 

factors 
   

Current smoking 1.55 (1.07-2.24) 2.08 (1.37-3.16) 2.02 (1.30-3.13) 

Diabetes mellitus 2.34 (1.59-3.46) 2.51 (1.61-3.89) 2.36 (1.52-3.68) 

Systolic blood pressure 1.01 (1.00-1.02) 1.00 (0.99-1.01) 1.00 (0.99-1.01) 

Diastolic blood pressure 1.01 (0.99-1.03) 1.01 (0.99-1.04) 1.01 (0.98-1.04) 

Baseline medications    

Aspirin 1.07 (0.88-1.31) - 1.32 (0.85-2.07) 

-blocker 0.60 (0.42-0.85) - 0.85 (0.57-1.27) 

ACE-inhibitor 1.86 (1.32-2.62) - 1.76 (1.19-2.61) 

Lipid-lowering agent 0.45 (0.31-0.64) - 0.63 (0.42-0.96) 
 

Abbreviations: GMS scheme, general medical services scheme; CVD, cardiovascular disease; PTCA, 

percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass grafting; ACE-

inhibitor, angiotensin converting enzyme inhibitor; HR, hazard ratio; CI, confidence interval, MI, 

myocardial infarction; PVD, peripheral vascular disease. 

 

Model 1 includes: age, sex, general medical services scheme eligibility, living location (rural/urban), 

time since diagnosis of cardiovascular disease until entry into cohort (months), history of diabetes 

mellitus, previous myocardial infarction, previous stroke, previous percutaneous transluminal coronary 

angioplasty, previous coronary artery bypass grafting, history of angina, history of heart failure, history 

of peripheral vascular disease, history of thromboembolic disease (including deep venous thrombosis, 

pulmonary embolism), Heartwatch participation status, baseline systolic blood pressure, baseline 

diastolic blood pressure, general practice variables: presence of a practice nurse and type of general 

practice (single-handed or partnership), and smoking status (current smokers or non-smokers).  

Model 2 includes all covariates in model 1, with the addition of baseline medications (aspirin, lipid 

lowering therapy, -blocker and angiotensin converting enzyme-inhibitor therapy). 
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Table VIII. Sensitivity Analysis: Univariate and Multivariable Analysis of Risk 

Factors for the Cardiovascular Composite Outcome (Patients Attending a 

Partnership Practice with a Practice Nurse) 

Variable 

Multivariable  

model 1 

HR (95% CI) 

Multivariable  

model 2 

HR (95% CI) 

 N=534 N=522  

Demographics   

Living location-urban 1.64 (0.59-4.59) 1.66 (0.59-4.69) 

Age 1.07 (1.03-1.11) 1.06 (1.02-1.10) 

Gender- male 1.25 (0.75-2.06) 1.16 (0.69-1.95) 

GMS scheme- ineligible 0.33 (0.12-0.92) 0.36 (0.13-1.03) 

Baseline CVD   

Previous MI 2.42 (1.37-4.25) 2.44 (1.38-4.31) 

Angina 1.19 (0.59-2.40) 1.31 (0.65-2.64) 

Heart failure 0.89 (0.40-1.97) 0.73 (0.32-1.65) 

Previous stroke 1.57 (0.66-3.74) 1.55 (0.63-3.82) 

PVD 0.42 (0.10-1.72) 0.30 (0.07-1.27) 

Thromboembolic disease 0.86 (0.41-1.83) 0.93 (0.43-2.02) 

Cardiac interventions   

Heartwatch 0.76 (0.41-1.39) 0.85 (0.46-1.58) 

PTCA 0.26 (0.06-1.10) 0.30 (0.07-1.24) 

CABG 1.09 (0.54-2.20) 1.15 (0.56-2.37) 

Cardiovascular risk factors   

Current smoking 1.48 (0.85-2.60) 1.41 (0.80-2.49) 

Diabetes mellitus 1.81 (0.92-3.57) 1.58 (0.78-3.20) 

Systolic blood pressure 1.00 (0.97-1.04) 1.00 (0.98-1.01) 

Diastolic blood pressure 1.01 (0.97-1.04) 1.00 (0.97-1.04) 

Baseline medications   

Aspirin - 1.07 (0.62-1.85) 

-blocker - 0.83 (0.50-1.39) 

ACE-inhibitor - 1.71 (0.97-3.00) 

Lipid-lowering agent - 0.46 (0.27-0.79) 
 

Abbreviations: GMS scheme, general medical services scheme; CVD, cardiovascular disease; PTCA, 

percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass grafting; ACE-

inhibitor, angiotensin converting enzyme inhibitor; HR, hazard ratio; CI, confidence interval, MI, 

myocardial infarction; PVD, peripheral vascular disease. 

 

Model 1 includes: age, sex, general medical services scheme eligibility, living location (rural/urban), 

time since diagnosis of cardiovascular disease until entry into cohort (months), history of diabetes 

mellitus, previous myocardial infarction, previous stroke, previous percutaneous transluminal coronary 

angioplasty, previous coronary artery bypass grafting, history of angina, history of heart failure, history 

of peripheral vascular disease, history of thromboembolic disease (including deep venous thrombosis, 

pulmonary embolism), Heartwatch participation status, baseline systolic blood pressure, baseline 

diastolic blood pressure, and smoking status (current smokers or non-smokers).  

Model 2 includes all covariates in model 1, with the addition of baseline medications (aspirin, lipid 

lowering therapy, -blocker and angiotensin converting enzyme-inhibitor therapy). 
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Table IX. Sensitivity Analysis: Univariate and Multivariable Analysis of Risk 

Factors for Cardiovascular Mortality (Patients Attending a Partnership Practice 

with a Practice Nurse) 

Variable 

Multivariable  

model 1 

HR (95% CI) 

Multivariable  

model 2 

HR (95% CI) 

 N=425 N=418 

Demographics   

Living location-urban 1.00 (0.21-4.83) 0.94 (0.19-4.78) 

Age 1.05 (0.99-1.12) 1.05 (0.99-1.13) 

Gender- male 1.69 (0.59-4.89) 1.56 (0.53-4.61) 

GMS scheme- ineligible 0.24 (0.03-1.98) 0.27 (0.03-2.25) 

Baseline CVD   

Previous MI 3.74 (1.24-11.21) 4.03 (1.31-12.36) 

Angina 0.98 (0.28-3.45) 1.32 (0.36-4.83) 

Heart failure 1.21 (0.36-4.12) 0.76 (0.19-3.07) 

Previous stroke 1.43 (0.15-13.62) 1.66 (0.15-18.85) 

PVD - - 

Thromboembolic disease 0.83 (0.16-4.38) 0.95 (0.16-5.58) 

Cardiac interventions   

Heartwatch 0.47 (0.15-1.50) 0.61 (0.18-2.15) 

PTCA 0.29 (0.03-2.54) 0.33 (0.04-2.92) 

CABG 2.10 (0.59-7.43) 2.29 (0.63-8.33) 

Cardiovascular risk factors   

Current smoking 5.65 (2.00-15.96) 7.17 (2.21-23.27) 

Diabetes mellitus 2.26 (0.66-7.72) 1.84 (0.51-6.62) 

Systolic blood pressure 1.01 (0.98-1.04) 1.01 (0.98-1.04) 

Diastolic blood pressure 0.99 (0.93-1.06) 0.99 (0.93-1.06) 

Baseline medications   

Aspirin - 0.86 (0.28-2.64) 

-blocker - 1.10 (0.38-3.15) 

ACE-inhibitor - 2.54 (0.91-7.04) 

Lipid-lowering agent - 0.32 (0.11-0.95) 
 

Abbreviations: GMS scheme, general medical services scheme; CVD, cardiovascular disease; PTCA, 

percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass grafting; ACE-

inhibitor, angiotensin converting enzyme inhibitor; HR, hazard ratio; CI, confidence interval, MI, 

myocardial infarction; PVD, peripheral vascular disease. 

 

Model 1 includes: age, sex, general medical services scheme eligibility, living location (rural/urban), 

time since diagnosis of cardiovascular disease until entry into cohort (months), history of diabetes 

mellitus, previous myocardial infarction, previous stroke, previous percutaneous transluminal coronary 

angioplasty, previous coronary artery bypass grafting, history of angina, history of heart failure, history 

of peripheral vascular disease, history of thromboembolic disease (including deep venous thrombosis, 

pulmonary embolism), Heartwatch participation status, baseline systolic blood pressure, baseline 

diastolic blood pressure, and smoking status (current smokers or non-smokers).  

Model 2 includes all covariates in model 1, with the addition of baseline medications (aspirin, lipid 

lowering therapy, -blocker and angiotensin converting enzyme-inhibitor therapy). 
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Table X. Sensitivity Analysis: Univariate and Multivariable Analysis of Risk 

Factors for Total Mortality (Patients Attending a Partnership Practice with a 

Practice Nurse) 

Variable 

Multivariable  

model 1 

HR (95% CI) 

Multivariable  

model 2 

HR (95% CI) 

 N=425 N=418 

Demographics   

Living location-urban 1.25 (0.36-4.34) 1.27 (0.37-4.40) 

Age 1.07 (1.03-1.12) 1.06 (1.01-1.12) 

Gender- male 1.57 (0.74-3.33) 1.30 (0.60-2.79) 

GMS scheme- ineligible 1.08 (0.42-2.78) 1.03 (0.37-2.86) 

Baseline CVD   

Previous MI 1.71 (0.82-3.55) 1.66 (0.79-3.50) 

Angina 0.75 (0.29-1.94) 0.97 (0.36-2.61) 

Heart failure 2.07 (0.90-4.75) 1.58 (0.64-3.90) 

Previous stroke 1.41 (0.38-5.26) 1.89 (0.47-7.67) 

PVD 0.29 (0.04-2.14) 0.21 (0.03-1.58) 

Thromboembolic disease 1.03 (0.38-2.77) 0.97 (0.32-2.96) 

Cardiac interventions   

Heartwatch 0.28 (0.10-0.74) 0.34 (0.12-0.97) 

PTCA 0.56 (0.16-2.04) 0.67 (0.18-2.46) 

CABG 1.94 (0.77-4.89) 1.97 (0.74-5.23) 

Cardiovascular risk factors   

Current smoking 4.18 (2.01-8.69) 4.33 (1.90-9.88) 

Diabetes mellitus 2.78 (1.26-6.16) 2.26 (1.00-5.14) 

Systolic blood pressure 1.00 (0.97-1.06) 1.00 (0.98-1.02) 

Diastolic blood pressure 1.01 (0.97-1.06) 1.01 (0.97-1.06) 

Baseline medications   

Aspirin - 1.00 (0.45-2.26) 

-blocker - 0.75 (0.35-1.60) 

ACE-inhibitor - 2.32 (1.11-4.83) 

Lipid-lowering agent - 0.52 (0.25-1.10) 
 

Abbreviations: GMS scheme, general medical services scheme; CVD, cardiovascular disease; PTCA, 

percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass grafting; ACE-

inhibitor, angiotensin converting enzyme inhibitor; HR, hazard ratio; CI, confidence interval, MI, 

myocardial infarction; PVD, peripheral vascular disease. 

 

Model 1 includes: age, sex, general medical services scheme eligibility, living location (rural/urban), 

time since diagnosis of cardiovascular disease until entry into cohort (months), history of diabetes 

mellitus, previous myocardial infarction, previous stroke, previous percutaneous transluminal coronary 

angioplasty, previous coronary artery bypass grafting, history of angina, history of heart failure, history 

of peripheral vascular disease, history of thromboembolic disease (including deep venous thrombosis, 

pulmonary embolism), Heartwatch participation status, baseline systolic blood pressure, baseline 

diastolic blood pressure, and smoking status (current smokers or non-smokers).  

Model 2 includes all covariates in model 1, with the addition of baseline medications (aspirin, lipid 

lowering therapy, -blocker and angiotensin converting enzyme-inhibitor therapy). 
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Figure I Kaplan Meier Estimates of Survival Function for Time to the 

Cardiovascular Composite, according to Heartwatch Participation Status 

 
 

Heartwatch status 
Total 

n 

Number of events 

n (%) 

Censored 

n (%) 

Heartwatch 236 20 (8.5) 216 (91.5) 

No Heartwatch 1281 182 (14.2) 1099 (85.8) 

Total 1517 202 (13.3) 1315 (86.7) 
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Figure II. Kaplan Meier Survival Plots for Time to Cardiovascular Mortality, 

According to Heartwatch Participation Status  

 
 

Heartwatch status Total 

n 

Number of events 

n (%) 

Censored 

n (%) 

Heartwatch 215 5 (2.3%) 210 (97.7%) 

No Heartwatch 1036 70 (6.8%) 966 (93.2%) 

Total 1251 75 (6.0%) 1176 (94.0%) 
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Figure III. Kaplan Meier Survival Plots for Time to All-cause Mortality, 

According to Heartwatch Participation Status  

 
 

Heartwatch status Total 

n 

Number of events 

n (%) 

Censored 

n (%) 

Heartwatch 215 9 (4.2%) 206 (95.8%) 

No Heartwatch 1036 127 (12.3%) 909 (87.7%) 

Total 1251 136 (10.9%) 1115 (89.1%) 



     Conclusion     

 142 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 7 

 

CONCLUSION 

 

 

 

 

 

 

 

 

 

 

References:  

McGrath ER, O’Donnell MJ. Estimating Treatment Effects in Observational Studies. 

Neurology 2012;79(17):1844-1845. 

 

McGrath ER, Eikelboom JW, Kapral MK, O’Donnell MJ. Novel Anticoagulants: A 

Focused Review for Stroke Physicians. International Journal of Stroke 2013. In Press 



     Conclusion     

 143 

Summary and Relevance of Findings 

The overall aims of this thesis were to determine the comparative importance of risk 

factors for ischaemic stroke versus intracerebral haemorrhage in patients with atrial 

fibrillation; to evaluate the clinical consequences of ischaemic stroke in patients with 

atrial fibrillation, namely explaining the association between atrial fibrillation and 

increased mortality and disability following acute ischaemic stroke; and to determine 

the association between antithrombotic regimen on discharge and subsequent risk of 

major vascular events or major bleeding on long-term follow-up. 

 

The current guidelines on antithrombotic therapy for stroke prevention in patients 

with atrial fibrillation recommend using clinical prediction rules to estimate the 

competing risks of ischaemic stroke (e.g. CHADS2 or CHA2DS2VASC
1, 2

) and major 

bleeding (e.g. HAS-BLED
3
). While this approach helps clinicians to quantify the risk 

of ischaemic stroke and major bleeding, it has limitations. First, there are currently no 

clinical prediction rules available for estimating the risk of intracerebral haemorrhage 

specifically, despite the fact that intracerebral haemorrhage is the most clinically 

relevant harm when evaluating the trade-off between benefits and risks of treatment. 

Second, key risk factors for ischaemic stroke are also risk factors for major bleeding, 

including intracerebral haemorrhage (e.g. age, hypertension, diabetes mellitus and 

renal impairment), and many of these ‘shared’ risk factors are included in clinical 

prediction rules for both ischaemic stroke and major bleeding. Thus, the clinical 

utility of the current approach is compromised in situations where ‘shared’ risk factors 

predominate, since their presence increases both risk scores similarly. 

In an attempt to further our knowledge of the comparative importance of 

‘shared’ risk factors for ischaemic stroke relative to intracerebral haemorrhage in 

patients with atrial fibrillation, this thesis included a cross sectional analysis of a 

prospective cohort to determine which risk factors are more strongly associated with 

either stroke subtype. In this analysis, none of the ‘shared’ risk factors (age, alcohol 

intake, hypertension, diabetes mellitus, renal impairment, dementia and prior stroke or 

transient ischaemic attack) were found to be more strongly associated with 

intracerebral haemorrhage compared to ischaemic stroke. Advanced age was more 

strongly associated with ischaemic stroke than intracerebral haemorrhage. This 

analysis builds on prior studies (e.g. the Birmingham Atrial Fibrillation Treatment of 

the Aged Study (BAFTA) trial
4
 and provides further evidence to support the use of 
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oral anticoagulant therapy in older patients with atrial fibrillation. Female sex was 

found to be more strongly associated with ischaemic stroke than intracerebral 

haemorrhage, a finding which is consistent with other studies
5-8

. Under-prescribing of 

anticoagulant therapy in elderly women has been reported
9
, and may contribute to this 

observation. In this analysis, the increased risk of ischaemic stroke in females 

compared to males could partly be explained by the lower frequency of warfarin use 

in females compared to males, with evidence of an interaction between sex and 

warfarin. The results of this analysis highlight the need to increase uptake of oral 

anticoagulant therapy in eligible older females.  

For renal impairment, there was a trend towards an increased risk of ischaemic 

stroke compared to intracerebral haemorrhage, which likely represents evidence of 

underlying vascular disease. Interestingly, renal impairment is a factor included in 

HAS-BLED, but not CHA2DS2VASc, and may therefore be a factor whose presence 

results in oral anticoagulant avoidance in clinical practice. The results of this thesis 

suggest the opposite should apply, that renal impairment should favour warfarin use.  

Overall, the results of this thesis provide further guidance to clinicians when 

making decisions about suitability for anticoagulant therapy in patients with atrial 

fibrillation. In particular, they provide adjunct information in situations of uncertainty 

due to shared risk factors. For example, if the competing risk of ischaemic stroke and 

intracerebral haemorrhage is the primary consideration, the analysis in this thesis 

would suggest that the presence of shared risk factors (e.g. age, hypertension and 

renal impairment) should generally favour anticoagulation, because none of the 

shared risk factors were more strongly associated with intracerebral haemorrhage 

compared to ischaemic stroke. These results are also of relevance when making 

therapeutic decisions regarding novel anticoagulants, as a need to risk stratify patients 

still remains. In an exploratory analysis in the subgroup most representative of 

patients likely to be prescribed novel anticoagulants, results were not materially 

altered, indicating that they are likely to be applicable to novel anticoagulant use, 

especially since these medications are associated with a lower risk of intracerebral 

haemorrhage compared to vitamin K antagonists. One exception is the presence of 

renal impairment, given that all approved novel anticoagulants are partially excreted 

renally.
10
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The second part of this thesis involved determining the association between atrial 

fibrillation and increased risk of disability and mortality following ischaemic stroke. 

Previous studies have reported a number of factors which may account for this 

association, including increased stroke severity, a higher prevalence of co-morbidities, 

and a greater risk of in-hospital medical complications, in patients with atrial 

fibrillation compared to those without
11-14

. However, previous studies failed to include 

each of these factors in a single, large cohort of consecutive patients presenting with 

acute ischaemic stroke and atrial fibrillation, making it difficult to determine the 

individual contribution of these factors to the increased mortality and disability of 

ischaemic stroke in this population. This thesis determined what factors can explain 

this association utilising a large prospective cohort of patients from the Registry of the 

Canadian Stroke Network. In this analysis, atrial fibrillation was found to be 

associated with an increased risk of death and severe disability after ischaemic stroke, 

largely due to older age and increased stroke severity in patients with atrial 

fibrillation, compared to those without atrial fibrillation. Age was the most important 

determinant explaining the association between atrial fibrillation and mortality after 

ischaemic stroke, while baseline stroke severity was the most important factor 

explaining the association between atrial fibrillation and increased disability.  

Previous studies have reported an association between therapeutic (INR2) 

oral anticoagulant therapy and reduced infarct size and reduced severity of ischaemic 

stroke
15, 16

. In this study, patients with atrial fibrillation receiving preadmission 

therapeutic oral anticoagulant therapy had no increased risk of death or severe 

disability after ischaemic stroke, compared to patients without atrial fibrillation. These 

results suggests that increasing uptake of oral anticoagulant therapy among suitable 

candidates represents an important factor to target in order to improve stroke 

outcomes and reduce the risk of stroke occurrence in patients with atrial fibrillation 

A previous multicentre European study suggested that patients with atrial 

fibrillation may receive lower quality inpatient care after acute ischaemic stroke.
17

 In 

this analysis, there was no evidence that patients with atrial fibrillation received 

poorer quality of care (intravenous thrombolysis, physiotherapy, occupational 

therapy, speech therapy, stroke team assessment and admission to an organised stroke 

unit). Recurrent major vascular events and medical complications during 

hospitalisation were more common in patients with atrial fibrillation, compared to 
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patients without. Among patients with atrial fibrillation, the rate of myocardial 

infarction during hospitalisation exceeded the rate of recurrent ischaemic stroke, 

making it the most common major vascular event following ischaemic stroke in 

patients with atrial fibrillation. This finding may be explained by wider use of high-

sensitive troponins in clinical practice, resulting in a greater number of patients 

having positive cardiac enzyme testing.  

 

In the third part of this thesis, adherence to antithrombotic therapy guidelines and the 

association between antithrombotic regimen on discharge and subsequent risk of 

major vascular events and major bleeding, were investigated. The current 

antithrombotic therapy guidelines recommend oral anticoagulation alone for the 

secondary prevention of ischaemic stroke in patients with atrial fibrillation and 

previous ischaemic stroke
18, 19

. However, these guidelines are largely based on 

evidence from randomised controlled trials that did not include patients with acute 

ischaemic stroke
20-25

, a population where the risk-benefit ratio of different 

antithrombotic regimens may differ from a lower risk population. In particular, 

clinicians may consider using combination oral anticoagulant and antiplatelet therapy 

in patients with co-existing cardiac disease, or patients who had their incident stroke 

while on therapeutic anticoagulation, as the risk of a recurrent ischaemic event is 

greatly elevated, potentially outweighing the competing risk of major bleeding. In 

contrast, clinicians may be concerned about the use of oral anticoagulation in patients 

with severe stroke, given the potential for erratic anticoagulant control and a 

perceived increased bleeding risk, or when the focus of care is more palliative. Only 

one randomised controlled trial to date has evaluated oral anticoagulant therapy after 

ischaemic stroke, the European Atrial Fibrillation Trial (EAFT). However, this trial 

excluded patients with severe stroke and those with recent coronary artery disease, 

and targeted a higher INR intensity (INR 2.5-4.0) than that currently recommended in 

routine clinical practice
25

. Therefore, this analysis particularly focused on patients 

with severe stroke and those with a concomitant history of coronary heart disease. 

In this analysis, only one-third of patients with atrial fibrillation discharged 

alive following acute ischaemic stroke were found to be managed according to current 

antithrombotic guideline recommendations (i.e. oral anticoagulant therapy alone). A 

further 30% of patients were discharged on combination oral anticoagulant and 

antiplatelet therapy, similar to rates reported in other studies
26

. This discrepancy 
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between recommendations in current guidelines and what actually happens in clinical 

practice likely reflects a ‘disconnect’ between patients included in clinical trials, upon 

which current guidelines are based, and those encountered in real clinical practice. 

Non-adherence with the current guideline recommendations may occur for a number 

of reasons. Clinicians may believe that their individual patients are not represented in 

the evidence-base that supports current guidelines recommendations, because they 

present a higher risk of thromboembolism and/or a lower risk of major bleeding, than 

the average patient included in clinical trials. In this analysis, patients prescribed 

combination therapy had a generally higher risk factor profile than those prescribed 

oral anticoagulant therapy alone, which supports this contention. On addition of 

antiplatelet therapy to oral anticoagulant therapy, the risk of major bleeding was 

increased (6.5% vs. 8.3%), but the risk of recurrent ischaemic stroke or myocardial 

infacrtion was reduced (14.1% vs. 11.8%), despite a higher baseline vascular risk 

factor profile in the combination therapy group.  

Previous studies have reported conflicting findings on the risk of major 

bleeding, including intracerebral haemorrhage, in patients with atrial fibrillation 

treated with combination therapy compared to oral anticoagulant therapy alone
27-34

. 

The Stroke Prevention in Atrial Fibrillation (SPAF) III and Atrial Fibrillation, Aspirin 

and Anticoagulation (AFASAK2) trials both reported no significant difference in the 

rates of major bleeding between patients treated with combination low-dose fixed 

intensity warfarin plus aspirin compared to dose-adjusted warfarin alone
27, 28

 

However, in the combination therapy arms, oral anticoagulant therapy was used at a 

lower intensity than that currently recommended for stroke prevention in routine 

practice. In the Apixaban for Reduction in Stroke and Other Thromboembolic Events 

in Atrial Fibrillation (ARISTOTLE) trial, there was no significant difference in the 

risk of stroke or major bleeding between patients receiving apixaban and concomitant 

antiplatelet therapy or apixaban alone (P=0.4)
35

. Post-hoc analyses of the Randomised 

Evaluation of Long-Term Anticoagulation Therapy (RE-LY)
36

 and Evaluating the 

Use of SR34006 Compared to Warfarin or Acenocoumarol in Patients With Atrial 

Fibrillation (AMADEUS)
37

 studies reported an increased risk of major bleeding, with 

no additional benefit in reducing stroke risk, in patients receiving combination therapy 

compared to oral anticoagulant therapy alone. However, only a small proportion of 

patients with previous ischaemic stroke were included in these studies, limiting the 
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generalizability of these findings to a secondary prevention population. Thus, 

previous studies fail to give a clear picture on the risk-benefit ratio of combination 

therapy compared to oral anticoagulant therapy alone in patients with atrial fibrillation 

and previous ischaemic stroke. In this thesis, the net clinical effect was found to 

favour combination therapy. While the observational nature of this analysis means 

that these results should not form the basis for clinical recommendations, they do 

support the need for clinical trials comparing combination therapy to oral 

anticoagulant therapy alone in this population.  

In patients with severe stroke, clinicians may be particularly concerned about 

the risks of major bleeding, and uncertain about whether the benefits of oral 

anticoagulation outweigh the risks.
38, 39

 This is an especially challenging group as 

there are no clinical trials to guide recommendations, and limited observational data 

on the actual risk of major bleeding. The absolute rate of admission for major 

bleeding over the first year in this cohort was 2.0% in those prescribed oral 

anticoagulant therapy, one-third of whom had severe stroke, which is similar to the 

rate of major bleeding reported in EAFT (2.8%/yr), suggesting that the perceived risk 

of major bleeding may be exaggerated. In addition, among those with severe stroke, 

prescribing of oral anticoagulant therapy was associated with a reduction in major 

vascular events compared to antiplatelet therapy alone, indicating that oral 

anticoagulation is beneficial in this high-risk group. 

 

The final part of this thesis included a prospective cohort study to determine the 

association between participation in Heartwatch, a risk factor modification program 

for the secondary prevention of stroke and other cardiovascular disease, and 

subsequent risk of major vascular events in patients with cardiovascular disease. 

Previous studies have reported that sustained use of effective secondary preventative 

medications, such as antihypertensive, antiplatelet, and lipid-lowering therapies, is 

low in patients with previous stoke or coronary artery disease
40-42

. Moreover, a 

number of studies have reported that warfarin is not used in approximately 30-60% of 

eligible patients with known atrial fibrillation
43-45

, while approximately half of the 

patients who start warfarin will discontinue it within three to five years
46

. Thus, there 

is a need for more effective strategies to increase sustained uptake of proven effective 

secondary preventative therapies in this high-risk population. Heartwatch, a 

structured, primary-care delivered, risk-factor modification programme for the 
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secondary prevention of cardiovascular disease in Ireland, offers a potential 

solution
47

. Previous studies evaluating Heartwatch have reported significant 

improvements in cardiovascular risk factors in participating patients
48, 49

. However, no 

studies have evaluated the association between Heartwatch and future risk of major 

vascular events.  

In this thesis, participation in the Heartwatch prevention programme was 

found to be associated with significant reductions in the risks of recurrent major 

vascular events, cardiovascular death and all-cause mortality, on long-term follow-up, 

thereby extending the findings of previous studies by illustrating that Heartwatch-

related improvements in intermediate outcomes (risk factor modification) can 

translate into improvements in clinically meaningful outcomes.  

The results of this analysis are consistent with a meta-analysis of 63 

randomised controlled trials of similar secondary prevention programmes for 

cardiovascular disease, which reported a significant reduction in the risk of recurrent 

myocardial infarction in participating patients.
50

 The findings in this thesis 

complement the findings of randomised controlled trials of secondary prevention 

programmes to date, by providing evidence that the benefits of secondary prevention 

programmes reported in clinical trials are likely to be generalizable to an unselected 

population of patients with cardiovascular disease in the community. 

 

 

In summary, in this thesis, none of the shared risk factors for ischaemic stroke and 

intracerebral haemorrhage were found to be more strongly associated with 

intracerebral haemorrhage compared to ischaemic stroke. Increased age was more 

strongly associated with ischaemic stroke compared to intracerebral haemorrhage, 

suggesting that age alone should not represent a valid contra-indication to oral 

anticoagulant therapy. Increased age and stroke severity were the two factors 

explaining the majority of the association between atrial fibrillation and increased 

disability and mortality following acute ischaemic stroke. Only patients receiving 

therapeutic oral anticoagulant therapy at the time of admission did not have an 

increased risk of poor stroke outcomes, suggesting that oral anticoagulation is the 

most important factor to target to mitigate the association between atrial fibrillation 

and poor stroke outcomes. Use of oral anticoagulant therapy was associated with 

improved stroke outcomes, even in patients with severe stroke. Addition of 
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antiplatelet to oral anticoagulant therapy may be associated with a favourable risk-

benefit ratio in patients with a concomitant history of coronary heart disease. 

Heartwatch has strong potential as a national risk factor modification programme for 

the secondary prevention of stroke and other cardiovascular disease in Ireland. 

 

 

Measuring Treatment Effects in Observational Studies – Alternative Approach 

to Analysis 

Randomised controlled trials are required to determine the effectiveness and safety of 

medical therapies for clinical use. However, observational studies are used frequently 

to evaluate treatment effects in a number of situations, such as when studying of rare 

diseases or where a clinical trial would clearly be unethical (e.g. establishing the 

effectiveness of oral anticoagulant therapy in patients with mechanical heart valves)
51

. 

Observational studies also lack the strict eligibility criteria of clinical trials, resulting 

in greater generalizability of results to patients seen in routine clinical practice, and 

play an important role in hypothesis generation, exploring potential treatment effects 

and providing evidence to justify carrying out a clinical trial. However, unlike 

randomised controlled trials, where randomisation promotes an equal balance of 

known and unknown confounders between treatment groups, treatment groups in 

observational studies often differ in the prevalence of key prognostic variables (both 

measured and unmeasured) associated with both treatment and outcome.
51

 Patients 

who receive a treatment usually differ from patients who do not, often based on 

factors associated with the outcome, resulting in confounding by indication. Thus, 

estimates of treatment effect from observational studies are often inaccurate, due to 

imbalances in confounders between treatment groups, and treatment selection bias.  

Statistical approaches, such as multivariable adjustment, propensity-based 

matching and propensity score risk adjustment, can be used to control for the 

influence of known confounders in observational studies, and many of these 

techniques were employed in the analyses in this thesis. However, adjusting for 

unmeasured confounders is more obviously challenging. In the case of propensity-

based approaches, the analyses specifically take account of factors associated with the 

outcome and/or receipt of treatment (e.g. age, disease severity), thus adjusting for 

confounding by indication. However, propensity-based matching requires a large 

sample size, limiting the feasibility of this approach in smaller studies. While in 
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chapter four the sample size was large enough to permit completion of propensity-

based matching, the sample size in chapter five was inadequate to incorporate this 

analytical technique.
52, 53

 Furthermore, propensity-based approaches cannot control 

for the influence of unknown or unmeasured confounders. 

Instrumental variable analysis has been suggested as a statistical technique to 

account for unmeasured bias in some situations. An instrumental variable is a variable 

which is associated with the treatment or predictor variable of interest, but is not 

independently associated with the outcome. By incorporating the instrumental 

variable into an analytical model, one attempts to adjust for both known and unknown 

confounders, thereby strengthening the ability to make causal inferences and 

approximating the treatment effect estimates obtained from randomised controlled 

trials. In practice, few instrumental variables meet the required criteria, i.e. are 

associated with the treatment variable but not the outcome variable
51, 54

. In this thesis, 

instrumental variable analysis could have been employed to minimise the effects of 

unknown confounders, however, this approach was precluded by difficulties 

identifiying a valid instrumental variable. 

 

 

Future Research 

The findings of this thesis have identified a number of important areas that will 

require further future study. First, a large population-based, multi-centre study of 

patients with atrial fibrillation followed up long-term for the occurrence of acute 

ischaemic stroke, intracerebral haemorrhage or no stroke (controls) is required, in 

order to develop a common composite risk score for the absolute risk of ischaemic 

stroke relative to intracerebral haemorrhage. Such a score would also need to account 

for the clinical consequences of these events, i.e. the morbidity and case-fatality 

associated with ischaemic stroke compared to intracerebral haemorrhage. Second, in 

this thesis, the rate of myocardial infarction occurring during hospitalisation for acute 

ischaemic stroke exceeded the rate of recurrent ischaemic stroke in patients with atrial 

fibrillation, making it the most common major vascular event following ischaemic 

stroke. Interestingly, in the RE-LY trial comparing the novel anticoagulant, 

dabigatran, with warfarin for the prevention of stroke and systemic embolism in 

patients with atrial fibrillation, a trend towards an increased risk of myocardial 

infarction in patients receiving dabigatran 150mg compared to warfarin was observed, 
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(RR 1.27, 95% CI 0.94-1.71)
55, 56

. Dabigatran may be associated with an increased 

risk of myocardial infarction following acute ischaemic stroke, and warfarin may be a 

safer alternative to dabigatran in the acute setting, particularly for patients at a 

particularly high risk of coronary ischaemia (e.g. patients with prior history of 

myocardial infarction, diabetes mellitus, or history of peripheral vascular disease
57

). 

Thus, there is a need for randomised controlled trials comparing novel anticoagulants 

to warfarin in patients with atrial fibrillation in the acute period following ischaemic 

stroke. Third, the optimal timing of introduction of novel oral anticoagulant therapy 

following acute ischaemic stroke is uncertain, as phase III trials of novel 

anticoagulants to date excluded patients within 7-14 days of acute ischaemic stroke
35, 

55, 58, 59
. Randomised controlled trials are required to determine the optimal timing of 

introduction of novel anticoagulants post ischaemic stroke.  Fourth, for patients with 

atrial fibrillation and prior ischaemic stroke, there appears to be a ‘disconnect’ 

between patients included in clinical trials, upon which current antithrombotic 

guidelines are based, and those encountered in real clinical practice. In the presence of 

clinical equipoise, clinical trials are required to determine the efficacy, tolerability and 

safety of, a) oral anticoagulant therapy compared to antiplatelet therapy in patients 

with severe stroke, and b) the addition of antiplatelet therapy to oral anticoagulant 

therapy in patients at high cardiovascular risk. Moreover, with the increasing uptake 

of novel anticoagulant therapy in this population, and given the reduced risk of 

anticoagulant-related intracerebral haemorrhage with novel anticoagulants compared 

to warfarin
55, 59, 60

, potentially lowering the threshold for adding antiplatelet therapy, 

such trials will become essential to inform evidence-based clinical decision making in 

this population. 
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