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Abstract 

Background: The very elderly (≥ 80 years) are at high risk of nonvalvular atrial fibrillation 

(NVAF) and thromboembolism, as older age represents the most prominent risk factor for both 

conditions. Direct oral anticoagulants (DOACs), namely dabigatran, rivaroxaban, apixaban and 

edoxaban, are recommended over vitamin K antagonists for the prevention of stroke and systemic 

embolism for most patients with NVAF. While no trials with head-to-head DOAC comparisons 

have been conducted, observational studies in patients with NVAF have reported apixaban as 

holding the most favorable profile with similar effectiveness and a lower risk of major bleeding. 

In very elderly patients, two recent cohort studies comparing apixaban to dabigatran, rivaroxaban, 

and warfarin reported consistent findings. However, given its recent approval, the comparative 

effectiveness and safety of edoxaban in this population, relative to the commonly used apixaban, 

remain unknown.  

Objectives: The two primary objectives of this manuscript-based thesis were to assess the 

effectiveness (prevention of ischemic stroke/transient ischemic attack/systemic embolism) and 

safety (risk of major bleeding, defined as any bleeding requiring a hospitalization) of edoxaban 

compared with apixaban in very elderly patients with NVAF aged 80 years and older.  

Methods: This retrospective population-based cohort study was conducted using the United 

Kingdom Clinical Practice Research Datalink database, linked to the Hospital Episode Statistics 

and Office for National Statistics databases. We formed a cohort of all patients with incident 

NVAF aged 80 years and older newly treated with edoxaban or apixaban between July 1, 2015, 

and March 31, 2021. Cohort entry was defined as the first prescription for one of the two drugs 

after NVAF diagnosis. Patients were followed until the occurrence of the outcome of interest 

(depending on the studied outcome), treatment discontinuation or switching to another 

anticoagulant, death from any cause, end of the registration with the general practice, or end of the 

study period (March 31, 2021), whichever occurred first. Propensity score fine stratification and 

weighting was used for confounding adjustment. We fitted a weighted Cox proportional hazards 

model with robust sandwich variance to separately estimate the hazard ratio (HR) with 95% 

confidence interval (95% CI) of each primary outcome associated with edoxaban use compared 

with apixaban use. We also assessed the risk of all-cause mortality and a composite outcome of 

ischemic stroke/transient ischemic attack, systemic embolism, gastrointestinal bleeding, and 
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intracranial hemorrhage as secondary outcomes. We performed several sensitivity analyses to 

assess the robustness of our results.  

Results: The cohort included 7,251 new users of edoxaban and 39,991 of apixaban. Edoxaban was 

as effective as apixaban in thromboembolism prevention (weighted incidence rates: 20.38 vs. 

19.22 per 1,000 person-years; HR 1.06; 95% CI 0.89-1.26). However, compared with apixaban, 

edoxaban was associated with a higher risk of major bleeding (weighted incidence rates: 45.57 vs. 

31.21 per 1,000 person-years; HR 1.42; 95% CI 1.26-1.61). The risk of the composite outcome 

was also 21% higher with edoxaban (weighted incidence rates: 44.34 vs. 36.12 per 1,000 person-

years; HR 1.21; 95% CI 1.07-1.38). All-cause mortality was similar between edoxaban and 

apixaban (weighted incidence rates: 118.43 vs. 113.70 per 1,000 person-years; HR 1.04; 95% CI 

0.96-1.12). Results from the sensitivity analyses were consistent with those of the primary 

analyses.  

Discussion: In very elderly patients with NVAF, edoxaban was as effective as apixaban in 

thromboembolism prevention, although associated with a higher risk of major bleeding.  

Conclusion: Results of this study may improve the management of NVAF by informing 

physicians on the choice of DOACs for this vulnerable population.  
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Abrégé 

Contexte: Les personnes âgés de 80 ans et plus sont à haut risque de fibrillation auriculaire non-

valvulaire (FANV) et de thromboembolies, l’âge avancé représentant un facteur de risque majeur 

pour ces conditions. Les anticoagulants oraux directs (AODs), plutôt que les antagonistes de la 

vitamine K, sont recommandés en prévention des thromboembolies chez la plupart des patients 

atteints de FANV. Malgré l’absence d’essais cliniques comparant les AODs, les études 

observationnelles suggèrent que l’apixaban présenterait le rapport bénéfice/risque le plus 

intéressant. En effet, il offre une efficacité similaire en prévention des événements 

thromboemboliques, mais avec un moindre risque de saignement majeur. Cependant, étant donné 

l’approbation récente de l’edoxaban, son efficacité (prévention thromboembolique) et son 

innocuité (risque de saignement majeur requérant une hospitalisation) comparées à l’apixaban chez 

les personnes de 80 ans et plus demeurent inconnues. 

Objectifs : Les deux objectifs principaux de cette thèse avec manuscrit visaient à évaluer 

l’efficacité (prévention d’accident cérébrovasculaire/accident ischémique transitoire ou embolie 

systémique) et l’innocuité (risque de saignement majeur) de l’edoxaban comparativement à 

l’apixaban chez les patients de 80 ans et plus atteints de FANV.  

Méthodes : Cette étude de cohorte rétrospective populationnelle a été conduite avec la base de 

données Clinical Practice Research Datalink du Royaume-Uni, couplée aux données hospitalières 

de l’Hospital Episode Statistics et au registre de décès de l’Office for National Statistics. Nous 

avons formé une cohorte de patients âgés de 80 ans et plus atteints de FANV nouvellement traités 

avec edoxaban ou apixaban entre le 1er juillet 2015 et le 31 mars 2021. La date de la première 

prescription pour l’un des deux AODs définissait l’entrée dans la cohorte. Les patients étaient 

suivis jusqu’à la première survenue de l’un des événements suivants :  événement d’intérêt étudié, 

cessation ou changement de traitement anticoagulant, décès, fin de l’enregistrement avec la 

pratique ou fin de l’étude. La stratification fine selon le score de propension avec pondération a 

été utilisée pour contrôler les facteurs de confusion potentiels. Un modèle des risques 

proportionnels de Cox a permis d’estimer séparément le rapport de taux d’incidence (HR) avec 

intervalle de confiance à 95% (IC 95%) de chaque événement d’intérêt. En analyses secondaires, 

nous avons estimé le risque de décès ainsi que le risque d’un événement composite incluant 

accident cérébrovasculaire/accident ischémique transitoire, embolie systémique, saignement 
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gastrointestinal et hémorragie intracrânienne. Enfin, plusieurs analyses de sensibilité ont été 

effectuées pour évaluer la robustesse de nos résultats. 

Résultats: La cohorte incluait 7 252 patients initiant edoxaban et 40 093 patients initiant apixaban. 

L’edoxaban était aussi efficace que l’apixaban (taux d’incidence pondérés 20,38 vs. 19,22 pour 

1000 personnes-années; HR 1,06; IC 95% 0,89-1,26), malgré un risque accru de saignement 

majeur (taux d’incidence pondérés: 45,57 vs. 31,21 pour 1000 personnes-années; HR 1,42; IC 95% 

1,26-1,61). Comparativement à l’apixaban, l’edoxaban était aussi associé à une augmentation de 

21% du risque d’événement composite (taux d’incidence pondérés : 44,34 vs. 36,12 pour 1000 

personnes-années; HR 1,21; IC 95% 1,07-1,38), tandis qu’aucune différence n’était observée sur 

le risque de décès (taux d’incidence pondérés: 118,43 vs. 113,70 pour 1000 personnes-années; HR 

1,04; 95% CI 0,96-1,12). Les résultats des analyses de sensibilité concordaient avec ceux des 

analyses principales. 

Discussion : Dans cette étude de cohorte de patients âgés de 80 ans et plus atteints de FANV, 

l’edoxaban offrait une protection thromboembolique comparable à celle de l’apixaban avec un 

risque accru de saignement majeur. 

Conclusion: Les résultats de cette étude pourraient orienter les cliniciens sur le choix approprié 

d’un AOD pour cette population.  
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Preface 

This manuscript-based thesis is organised in eight chapters. Chapter 1 provides a brief 

introduction on atrial fibrillation and on the current available evidence regarding the use of direct 

oral anticoagulants for the prevention of thromboembolism in patients with nonvalvular atrial 

fibrillation over the age of 80 to introduce the rationale and primary objectives of this thesis. 

Chapter 2 presents a literature review on atrial fibrillation (epidemiology, pathophysiology, 

classification, screening/diagnosis, symptoms management, associated risk of thromboembolism, 

bleeding, mortality and morbidity). It then discusses the use of oral anticoagulants (vitamin K 

antagonists and direct oral anticoagulants) for the prevention of stroke and systemic embolism in 

patients with nonvalvular atrial fibrillation. This chapter subsequently discusses the current body 

of evidence (from clinical trials and observational studies) regarding the effectiveness and safety 

of direct oral anticoagulants compared with warfarin and between direct oral anticoagulants in 

patients with nonvalvular atrial fibrillation. The two following sections of Chapter 2 provide a 

specific review on patients with atrial fibrillation over the age of 80 (defined as very elderly), 

followed by a presentation of the challenges surrounding the management of their risk of 

thromboembolism. Chapter 2 ends with a section about the currently limited body of knowledge 

(from observational studies) regarding the comparative effectiveness and safety between direct 

oral anticoagulants in patients with nonvalvular atrial fibrillation over 80 to lay out the rationale 

and primary overall objectives of this thesis. Chapter 3 describes the two primary and two 

secondary objectives of this thesis. Chapter 4 supplements the Method section in the manuscript 

(Chapter 5) with further details about the methodology of the cohort study. Chapter 5 contains 

the manuscript of the population-based cohort study, titled “Effectiveness and safety of edoxaban 

compared with apixaban in elderly patients with nonvalvular atrial fibrillation: a real-world 

population-based cohort study” and also included a section for the references and supplementary 

materials. Chapter 6 summarizes the main objectives and primary findings, discusses the 

strengths/limitations and the implications of the findings (including future perspectives) of this 

thesis. The conclusion and all the references of this thesis can be found in Chapter 7 and Chapter 

8, respectively.   
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Chapter 1: Introduction  

Atrial fibrillation (AF) is the most common type of cardiac arrhythmia, and its 

prevalence rises with advancing age [1-4]. Indeed, the prevalence of AF increases from 0.12-

0.16% in the age group below 49 years old to almost 17% in individuals over the age of 80 

(referred as the very elderly) [3, 5-6]. Thus, with ageing of the world population, AF is expected 

to prevail significantly in the very elderly [7-8]. Patients with AF face a five-fold increased 

risk of ischemic stroke compared with those without the disease, and older age represents a 

major independent risk factor for thromboembolic events [9-11]. International AF guidelines, 

such as the 2020 European Society of Cardiology (ESC), 2019 American Heart Association 

and 2020 Canadian Cardiovascular Society, recommend the chronic use of oral anticoagulants 

(OACs) for most patients with nonvalvular AF (NVAF) to prevent thromboembolic events [12-

16]. These guidelines recommend direct oral anticoagulants (DOACs), which include 

dabigatran, rivaroxaban, apixaban and edoxaban, over warfarin as first-line therapy for most 

patients with NVAF to prevent thromboembolism [17-21]. Pivotal randomized controlled trials 

(RCTs) and observational studies have indeed shown that DOACs are at least as effective as 

warfarin for the prevention of stroke or systemic embolism (SE) with lower risk of intracranial 

hemorrhage (ICH) [19-20, 22-34]. However, the main drawback to the use of some DOACs is 

the potential higher risk of gastrointestinal (GI) bleeding, notably in individuals with AF over 

the age of 75 compared to patients younger than 75 with AF [35-37].  

DOAC initiation rates have now outranked vitamin K antagonists (VKAs), with 

apixaban being the most prescribed DOAC in several countries since 2017, followed by 

rivaroxaban and dabigatran [39-45]. Edoxaban is the latest approved DOAC in 2015 in most 

countries (e.g., United Kingdom and United States), and its prescription is increasing 

worldwide [40, 43, 46-51]. Although patients with AF over the age of 80 are likely to benefit 

from the use of DOACs, these medications are often under-prescribed to them in clinical 

practice, physicians citing older age and bleeding risk as common reasons [6, 9, 38, 52-53]. 

This issue may root in the lack of clear guidelines for this underrepresented population in 

RCTs, which may complicate AF clinical management [6, 31, 53-55]. Such problem is further 

exacerbated by the absence of RCTs with head-to-head DOACs comparisons to guide the 

choice of DOAC for this population [52-56]. The scarcity of observational studies in patients 

over 80 is also problematic, given that more than 40% of strokes occur in this population [57-

58]. To our knowledge, only two cohort studies have conducted head-to-head DOAC 
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comparisons in patients with NVAF over 80 years old [61-62]. The first cohort study concluded 

that apixaban was at least as effective as dabigatran and rivaroxaban to prevent the risk of 

thromboembolism with a lower risk of major bleeding (MB) in patients with NVAF over 80 

years old [61]. This finding is consistent with results from previous observational studies that 

suggested an overall more favorable effectiveness/safety profile of apixaban compared with 

dabigatran and/or rivaroxaban in younger populations with NVAF [33, 36, 57-58]. The second 

cohort study reported that rivaroxaban, compared with dabigatran, was associated with a higher 

risk of stroke/SE but similar risk of MB in patients with NVAF over 85 [62]. However, given 

the recent approval of edoxaban, its effectiveness and safety compared with apixaban in very 

elderly individuals with NVAF is unknown. Further real-world evidence studies that include 

edoxaban must be conducted [38, 47-48, 61-62] to inform physicians on the choice of DOAC 

and improve the management of very elderly patients with NVAF [63-64]. 

Therefore, the two primary objectives of this retrospective population-based cohort 

study were to assess the effectiveness (prevention of ischemic stroke/transient ischemic 

attack/systemic embolism) and safety (risk of MB) of edoxaban compared with apixaban in 

patients with NVAF aged 80 years and older. 
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Chapter 2: Literature review 

Chapter 2 lays out the foundation, rationale and main objectives of this manuscript-

based thesis. It reviews the literature on atrial fibrillation and the use of oral anticoagulants to 

prevent stroke and systemic embolism in patients with nonvalvular atrial fibrillation, supported 

with data from randomized controlled trials and/or observational studies. 

The three last sections of this chapter are devoted to the population over the age of 80 

with nonvalvular atrial fibrillation and highlights the challenges surrounding the use of direct 

oral anticoagulants in this population.   

2.1 Atrial fibrillation 

AF is a type of supraventricular tachyarrhythmia characterized by an ectopic 

disorganization of the atrial electric activation, which leads to inefficient systolic atrial 

contractions [13-14, 65]. Its distinctive electrocardiographic indicators consist of the presence 

of undistinguishable P waves, irregular R-R intervals or narrow QRS complex in the absence 

of an impairment of the atrioventricular conduction [13-14]. Disorganized atrial activations 

between QRS complexes may sometimes be observed on the electrocardiogram as erratic 

discharge of fibrillatory waves [13-14, 66-69].   

2.1.1 Epidemiology of AF 

AF is the most common type of cardiac arrhythmia with a global prevalence of 46.3 

million individuals and poses as a major economic burden [5, 7, 70-83]. The United Kingdom 

(UK) National Health Service has for instance spent £459 millions on AF in 2000, and 

expenditures related to this disease are expected to reach 3851 million pounds by 2040 [4, 78]. 

In the US, the incremental cost of AF spans from 6 to 26 billion American dollars annually [7]. 

With ageing of the world population, in addition to increasing the economic burden of AF, AF 

is expected to significantly prevail in the elderly because of its increasing prevalence with 

advancing age [4, 7-8]. More specifically, beyond the age of 55, its prevalence increases by 

two-fold every decade [50, 88-89]. It is estimated that nearly 70 % of individuals with AF are 

in the 65-85 age group and 10-17% of them are over 80 years old [1, 6, 84-87]. The incidence 

of AF increases with age as well, being the highest in individuals over 85 [7, 90-91]. The 

incidence rates of AF were reported in a study to be 0.5, 1.1, 3.2, 6.2 and 7.7 per 1000 persons 

for the 45-54, 55-64, 65-74, 75-84 and ≥ 85 years old, respectively [90-91]. The very elderly 

represents therefore an important target population in the clinical management of AF.  
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There are also sex and ethnicity differences in AF [14, 92-94]. The Framingham Heart 

study reported that men face a 1.5 time higher risk of developing AF compared with women 

[7, 14, 95-97]. The age-adjusted incidence of AF in North American and European populations 

for example have been observed to be between 1.5 to 2 times higher in men than in women 

[86, 93]. However, because of the longer life expectancy in women, the lifetime risk of AF for 

both sexes are comparable [93, 98]. In men and women over the age of 60, their lifetime risk 

for AF were 25.8% and 23.4%, respectively [93, 98]. As for ethnicity, previous studies have 

pointed out the lower prevalence and incidence of AF in African Americans, Asians and 

Hispanics populations compared to those of European ancestry [14, 99-103]. For instance, the 

Multi-Ethnic Study of Atherosclerosis study found that the incidence of AF adjusted for age 

and sex in non-Hispanic Black, Hispanic, and Chinese individuals were respectively 49%, 46% 

and 65% lower than in non-Hispanic White individuals [104].  

Although age represents the most prominent risk factor for AF, other predictors include 

sex, physical activity, obesity, diet, tobacco, moderate to heavy alcohol consumption, 

obstructive sleep apnea, hypertension, dyslipidemia, diabetes mellitus, myocardial infarction, 

congenital heart disease, valvular heart disease, heart failure and chronic kidney disease [69, 

88, 96, 105, 101, 105-110]. AF has a genetic component as well, although its clinical 

implications remain unclear [69, 97, 108, 111-112, 141]. Based on the Framingham Offspring 

study, individuals with a family history of AF have a 1.8-fold increased risk in developing the 

disease [97].  

2.1.2 Pathophysiology of AF 

The complex pathogenesis of AF is worsened by age-related cardiovascular structural 

and electrical changes [6, 13-14]. It commonly occurs from the interplay between ectopic, 

arrhythmogenic foci, often located in the muscular sleeves of pulmonary veins, and abnormal 

atrial tissue substrates that are capable of sustaining an arrhythmia [6, 13-14, 108, 113-116].  

More specifically, rapid ectopic arrhythmogenic foci cause successive and 

disseminating excitation wavelet re-entries in the atrial myocardium [13-14, 16, 113-114, 117]. 

The resulting reduced refractoriness and slowing of the electrical conductions lead to the 

continuous promotion of re-entries within the atrial myocardium [118-120]. Over time, 

repeating AF episodes may initiate atrial fibrosis due to their potential in inducing structural 

and electrical permanent remodeling of the atria in the form of decreased atrial action potentials 

for instance [13-14, 88, 113-114, 117, 121-124]. The electrophysiological and structural atrial 
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alterations contribute to suboptimal ventricular rate control and filling due to reduced cardiac 

output [13-14, 124-130].  

The most regularly reported symptoms of AF are fatigue, shortness of breath upon 

physical exertion, palpitations, dizziness, angina pectoris, dyspnea, and syncope [127, 131]. 

Patients with AF must have their symptoms assessed, treated, and monitored since AF is 

associated with a higher risk of stroke, severe morbidity, and mortality, impaired functional 

status, lower quality of life and higher risk of all-cause hospitalization [107, 132]. However, a 

non-negligible 12 to 42.5% of individuals with AF are asymptomatic [135-136]. The first 

detection of AF may only occur during a clinical presentation related to its complications such 

as stroke, thromboembolism, or heart failure [13-14, 173]. Asymptomatic AF is not uncommon 

in the elderly, and this may represent a diagnostic challenge [5, 137, 138-142]. 

2.1.3 Classification of AF 

Several classification frameworks of AF have been proposed, but most guidelines 

classify AF based on the temporality and pattern of AF episodes to gauge the severity of the 

disease and make therapeutic recommendations [13-16, 31, 113 143]. AF can be classified as 

paroxysmal, persistent, long-standing persistent and permanent [13-14]. Paroxysmal AF is 

characterized as a continuous AF episode that lasts more than 30 seconds, which either 

terminates spontaneously or resolves within 7 days of disease onset post-intervention [13]. 

Persistent AF is a continuous AF episode that last more than 7 days, including episodes 

terminated by cardioversion (pharmacological or non-pharmacological) after 7 days but less 

than 12 months. For continuous AF episodes lasting more than 12 months, AF is defined as 

long-standing persistent. Finally, AF is classified as permanent in the situation where AF is 

accepted by the patient and physician and both jointly decide to cease any treatment to sustain 

and/or restore sinus rhythm, irrespective of the pathophysiology of AF. The terms “valvular 

AF” and NVAF are also commonly encountered terminologies in the literature [131]. NVAF 

refers to AF of nonvalvular cardiac disease etiology such as moderate to severe rheumatic 

mitral stenosis, mechanical or bioprosthetic heart valve or mitral valve repair [13-14, 131, 135-

136, 144]. NVAF accounts for approximately 50% to 80% of all AF cases. 

2.1.4 Screening and diagnosis of AF 

AF screening has been suggested for early initiation of OAC therapy and/or symptom 

management to prevent thromboembolism, mortality, and cardiovascular complications [5, 

137, 133-134, 138, 141, 145]. Guidelines such as the 2020 ESC and Canadian Cardiovascular 
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Society only recommend opportunistic screenings (pulse taking or rhythm strip) in primary 

routine care settings over targeted screenings in patients over 65 years at higher risk of stroke 

due to insufficient evidence to support the latter populational scale implementation and its high 

costs [146-148]. The American Heart Association supports instead active screening in 

individuals aged over 65 by pulse taking followed by an electrocardiogram (ECG) in the event 

of an irregular pulse palpitation [149]. The ESC 2020 guideline does highlight the potential 

benefits of a systematic AF screening program in individuals over 75 or those at higher risk of 

stroke [146, 150-152]. This is because many patients are asymptomatic and around 70% of AF 

episodes systematically monitored by an ECG are effectively silent [146, 150-152]. The 

European guideline also recognizes the likely benefits regarding the use of wearable 

technological devices/tools integrated in certain smartphones or smart watches to detect and 

record AF episodes, conditionally on patients’ awareness of the limits and significance 

imposed by such tools [14, 146, 153].  

The gold standard for a definitive AF diagnosis is the standard 12-lead or one single-

lead ECG showing the absence of repeating P waves and presence of irregular RR intervals 

with unimpaired atrioventricular conduction, in addition to documented minimal AF episode 

duration of 30 seconds [14, 153-154]. An inconclusive 12-lead ECG requires repetitive ECGs 

or a 12- or 48 hours-Holter ambulatory monitoring for long-term ECG signals recording to 

confirm an AF diagnosis [5, 14, 158-157]. Further examinations that include blood tests, 

physical examination, chest radiography, echocardiography can also be conducted [157].  

2.1.5 Clinical management of AF symptoms 

The management of AF symptoms englobes two main approaches, rate or rhythm 

control therapies, that can be achieved pharmacologically or with non-pharmacological 

interventions [158]. Symptoms relieving strategies can improve patients’ quality of life and 

reduce the risk of cardiovascular complications, hospitalization, and mortality [5, 156, 163].  

Atrial myocardial rapid reactivation leaves the atrial myocardium in a contractile 

standstill state, leading to irregular and rapid ventricular rates [156]. A rate control therapy 

approach can alleviate AF symptoms and allow physical exercise [152-153]. This approach 

slows the atrioventricular node conduction to prevent tachycardia-induced cardiomyopathy and 

heart failure by preserving the left ventricular function during an AF episode [152-153, 159]. 

It can be achieved pharmacologically with beta blockers (e.g., metoprolol, atenolol, and 

carvedilol), calcium channel blockers (e.g., verapamil and diltiazem) or digoxin [153, 159]. 



 7 

Non-pharmacological treatments (e.g., AV node ablation and pacemaker insertion) can be 

considered in case of symptoms persistence, drug failure or drug-related adverse events [160-

161].  

Rhythm control therapy aims at restoring and maintaining sinus rhythm and can be 

advised if the symptoms of AF persist despite adequate rate control treatment [153, 162]. The 

normalization of the sinus rhythm can be achieved as well with first-line anti-arrhythmic drugs 

such as amiodarone, dronedarone and flecainide [153, 156-163]. The delivery of an electrical 

shock to the heart with an electrical cardioversion can also be considered to restore the sinus 

rhythm [163-164]. In the event of drug failure, non-pharmacological approaches such as 

radiotherapy-based catheter AF ablation, cryoablation or surgical AF ablation (also known as 

MAZE surgery) can be considered to eliminate an arrhythmogenic focus [153, 163-164].  

Most guidelines recommend rate control over rhythm control approach as first-line 

therapy for asymptomatic and elderly patients with AF unless the cause of AF is reversible, it 

is a new-onset AF or when rhythm control is clinically deemed more appropriate [5, 160-162, 

165]. Further real-word studies on elderly patients diagnosed with AF should be conducted, 

though the current literature seems to point out the superiority of rate control in older patients 

[5].  

2.2 Risk of thromboembolism, morbidity and mortality related to AF 

Although the management of symptoms related to AF remains important, the most 

severe complication of AF is the elevated risk of thromboembolism, in particular ischemic 

stroke (~ 40% of stroke in patients older than 75 are related to NVAF) [18, 37, 94, 130, 166-

169]. This is due to the stagnant pool of blood, often found in the left atrial appendage, that 

promotes the formation of thrombi [124-129]. Compared to individuals without AF across all 

age groups, the presence of AF is associated with a five- to six-fold increased risk of stroke 

[94, 128, 167, 169]. Not only does older age increase the risk of AF, but it also poses as a 

significant independent predictor of stroke [110, 170-172]. The Framingham study found that 

the attributable risk of stroke among individuals with AF increases progressively with older 

age, from 5.9% in individuals aged 55-59 years old to 22.3% in those aged 80-84 years among 

men and from 3.0% to 23.9% among women. [173-175]. 

AF is a leading cause of morbidity and mortality [86, 170]. AF-related strokes are 

associated with greater disability and fatality compared to those from other causes [124-130]. 
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AF is also related to cognitive decline, chronic kidney disease, several other cardiovascular 

comorbidities such as heart failure, hypertension, valvular and coronary heart diseases, and 

associated with higher healthcare utilizations [176-179]. When adjusted for cardiovascular 

comorbidities, the presence of AF is associated with a two-fold increase in all-cause mortality, 

the risk being highest during the first year following AF symptoms [9, 18, 176, 180]. AF-

related mortality also increases with age [170]. In the Framingham Heart study, the excess 

mortality caused by AF was three times higher in patients over 75 compared to those under 65 

years old [173, 181]. It also showed that the risk of all-cause mortality in women and men with 

AF across all age groups were 90% and 50% higher, respectively, than their counterparts 

without AF [182]. However, some studies suggested lower mortality rates in women compared 

to men across all age groups or no sex differences [86, 92, 177].   

2.3 Oral anticoagulation for the prevention of stroke and systemic embolism 

2.3.1 Stroke and bleeding risk assessment schemes 

Most international guidelines recommend the chronic use of OACs for most patients 

with AF to prevent thromboembolism [13-16,130, 183]. To guide clinical decisions regarding 

OAC initiation, the first step involves the assessment of patients’ risk of stroke with a stroke 

risk stratification scheme [18, 170, 130]. Several stroke risk assessment scores have been 

developed, but most guidelines recommend the CHA2DS2-VASc score, which superseded the 

CHADS2 score. The latter is still used by certain guidelines like the Japanese Circulation 

Society and Canadian guideline in its original or modified form [16, 183-184].  

The CHADS2 score (maximum score of 6 points) incorporates the following predictors 

of stroke: congestive heart failure (1 point), hypertension (1 point), age ≥75 years (1 point), 

diabetes mellitus (1 point), prior stroke, transient ischemic attack (TIA), or thromboembolism 

(2 points) [13]. Patients with a CHADS2  score of 0, 1 and >1 are at low, moderate, and high 

risk of stroke, respectively [185]. The Canadian  and Japanese guidelines do not recommend 

the use of OACs for patients with NVAF with a score of 0 [16, 183]. The Japanese guideline 

recommend OACs for patients with a score ≥ 2 but only dabigatran and apixaban are 

recommended for patients with a score of 1 (warfarin, rivaroxaban and edoxaban may be 

considered) [184]. The 2020 Canadian Cardiovascular Society guideline uses a slightly 

modified version of this score, the CHADS-65, with age over 65 and vascular disease (coronary 

and peripheral vascular diseases) added to its algorithm [15]. It supports the use of OACs for 

the prevention of stroke for most patients over the age of 65 or younger patients with a CHADS2 
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score ≥ 1. Antiplatelet therapy (e.g., acetylsalicylic acid) is only recommended in patients with 

coronary or peripheral vascular disease and without any of the stroke risk factors assessed by 

the CHADS2 score. The main limitation of this score is its low ability to discriminate between 

patients at low and moderate risk of stroke, with a high proportion of patients being categorized 

automatically as intermediate [13-15,186]. This could potentially complicate decisions 

regarding OAC initiation [37, 183, 186]. Another of its limitation is that it does not consider 

other significant stroke risk factors [13-14]. This could imply that some patients whose only 

stroke risk factor is a prior stroke event could be at much greater risk of stroke than what their 

CHADS2 score of 2 might suggest [13].  

The American Heart Association, 2020 ESC and the Asian Pacific Heart Rhythm 

Society recommend the use of a more comprehensive score, the CHA2DS2-VASc (maximum 

score of 9 points), which is a refined version of the CHADS2 score [18, 170, 187-188]. The 

CHA2DS2-VASc essentially incorporates 3 additional stroke risk factors not considered in the 

previous score and attributes a higher weight to age over 75 : congestive heart failure (1 point), 

hypertension (1 point), age over at least 75 years old (2 points), diabetes mellitus (1 point), 

prior history of stroke, TIA or thromboembolism (2 points), vascular disease (peripheral artery 

disease, myocardial infarction or aortic plaque (1 point)), age between 65 and 74 years old (1 

point) and female sex category (stroke risk modifier of 1 point) [13, 18, 170, 189-190]. Patients 

with a score of 0, 1, ≥ 2 on the CHA2DS2-VASc are considered at low, intermediate, and high 

risk of stroke, respectively [183]. The ESC and American Heart Association guidelines issued 

recommendations on OAC therapy based on patients’ score and sex [13-14]. Both guidelines 

support the use of OACs in men and women with NVAF with a score greater than 2 and 3, 

respectively, while those with a score of 0 and 1 should not receive any [13-14]. OAC therapy 

may still be considered in men and women with NVAF with a score of 1 and 2, respectively 

[13-14]. Contrary to the CHADS2, the CHA2DS2-VASc score can truly identify patients at low 

risk of stroke [191]. One other characteristic of the CHA2DS2-VASc is its emphasis on older 

age (over 75 years) as an important stroke risk factor by assigning a score of 2 by default instead 

of 1 in the CHADS2 [172-173, 192]. The CHA2DS2-VASc has been shown to possess a slightly 

higher predictive value compared to the CHADS2 in terms of stroke risk assessment [193-194]. 

One caveat associated with the use of OACs is the risk of MB (mainly GI bleeding and 

ICH), especially in the elderly, because older age increases the risk of bleeding [17-18]. Most 

guidelines, with the exception of the American Heart Association, recommend the HAS-BLED 

score (maximum of 9 points) to assess patients’ risk of bleeding [152, 195-200]. It includes the 
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following bleeding risk factors: hypertension (1 point), abnormal renal/liver function (1 point 

each), prior history of stroke (1 point), prior history of major bleeding/predisposition to 

bleeding (1 point), labile international normalized ratio with a time in therapeutic range below 

60% (1 point), age ≥ 65 years (1 point) and history of alcohol or use of drug like non-steroidal 

anti-inflammatory drugs or antiplatelet agents (1 point each) [18, 197-199]. Patients with a 

score of 0, 1-2 and ≥ 3 are at low, moderate, and high risk of bleeding, respectively [14]. In the 

absence of any contraindication for OACs, the clinical interpretation of a HAS-BLED score 

should not guide their prescription [197]. Patients with a score ≥3 should be closely monitored 

by their physician and have their modifiable bleeding risk factor(s) addressed [13-14]. Finally, 

the HAS-BLED score has been shown to hold a higher performance at predicting the risk of 

bleeding compared with other bleeding risk assessment scales [198].  

Because the risk of stroke and bleeding may change as people age or develop new 

comorbidities, AF guidelines such as the ESC and the American Heart Association encourage 

periodic reassessment of these two risks in low-risk patients [13-14, 198]. For instance, the 

ESC recommends the reassessment of the risk of stroke every 4 to 6 months following the 

initial estimation to re-evaluate the need for OAC therapy [14]. Two OACs classes, VKAs and 

DOACs, can be prescribed to patients with NVAF at high risk of stroke to prevent 

thromboembolic events [12, 152]. These drug can also potentially reduce patients’ risk of 

morbidity, mortality and improve their quality of life and autonomy. Antiplatelet agents like 

aspirin, are not effective treatment choices for the prevention of thromboembolism and are not 

recommended by AF guidelines[152].  

2.3.2 Vitamin K antagonists 

Vitamin K is a fat-soluble vitamin essential for human hemostasis and its deficiency 

has been tied to several hemorrhagic pathologies [201]. In the coagulation cascade, vitamin K 

acts as a co-factor for the enzyme carboxylase [201-204]. This binding results in the conversion 

of glutamic acid into gamma-carboxyl residues to allow the binding of calcium to vitamin K-

dependent anticoagulation proteins C and S and the formation of activated clotting factors II, 

VII, IX, X [201-204]. During this process that occurs in the liver, the activated form of vitamin 

K, vitamin K1 hydroquinone, is transformed by a carboxylase into vitamin K1 epoxide, then to 

vitamin K1 quinone by an epoxide reductase before its final reduction to its activated form 

[201-203]. VKAs can deplete the supply of activated vitamin K and decrease the synthesis of 

activated vitamin K-dependent clotting factors, proteins C and S [204-207].   
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Among VKA agents (e.g., warfarin, acenocoumarol, and phenprocoumon), warfarin is 

the most prescribed to prevent stroke in patients with AF [61, 206-210]. For instance, its 

prescription totalized more than 7 million in 2019 in the UK [211]. Warfarin has a half-life 

ranging from 20 to 60 hours, is mainly metabolized by the liver, and excreted by the kidneys 

[208]. Compared to antiplatelet agents like acetylsalicylic acid (aspirin), several studies have 

shown that warfarin is more effective at decreasing the risk of stroke in patients with AF [212]. 

Indeed, in patients with NVAF, warfarin has been shown to reduce the risk of stroke by 64% 

compared to 22% with aspirin, with similar risk of significant bleeding per year (~1.4-1.5%) 

[213-214]. In elderly patients with AF over the age of 75, the Birmingham Atrial Fibrillation 

Treatment of the Aged RCT has provided similar evidence for stroke risk reduction [212, 215]. 

Warfarin benefits come at the cost of an increased risk of MB such as ICH and GI 

bleeding. [209, 216]. One meta-analysis showed that major and fatal bleeding incidence rates 

in patients treated with warfarin were respectively 7.2 and 1.3 per 100 patient-years [217]. 

Compared to individuals below the age of 50, those over 80 treated with warfarin faced greater 

fatal bleeding risk [218]. In patients with NVAF, the use of warfarin, among other factors such 

as increasing age and congestive heart failure, was associated with an increased risk of MB 

[219]. Reversal agents, such as the administration of vitamin K or of coagulation factors in 

case of life-threatening bleeding situations, are available [216]. To ensure the effective and safe 

use of warfarin, frequent therapeutic monitoring, and potential dose adjustments with regular 

laboratory blood tests like prothrombin time and international normalized ratio are imperative 

[209, 220]. The former test assesses the required time for the blood to clot [221]. The latter one 

is preferentially used because of the standardization of the prothrombin time based on the 

thromboplastic reagent [218, 221-222]. Optimal anticoagulation requires the maintenance of 

an international normalized ratio between 2 and 3 at least 70% of the time in therapeutic range, 

which is a measure of the quality of the anticoagulation therapy [222-225]. A time in 

therapeutic range below 60% more than doubles the risk of ischemic stroke [226]. 

However, one disadvantage associated with the use of warfarin is that the optimal 

therapeutic window may be difficult to achieve for some individuals with AF [218, 223-224]. 

The use of warfarin may also be cumbersome for some patients because it requires frequent 

and tight monitoring and potential dose adjustment [223-224]. It also has several drug-drug 

and food interactions, which can potentially complicate the management of AF in elderly 

patients, given that they often have other comorbidities and polypharmacy [218, 224]. Other 

limitations of warfarin include its indirect anticoagulant mechanism that targets several clotting 
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factors, slow pharmacological onset/offset, and unpredictable pharmacokinetics, and 

pharmacodynamics [224]. These limitations prompted the development of novel oral 

anticoagulants to overcome them [227-228].  

2.3.3 Direct oral anticoagulants 

DOACs were developed as an alternative to VKAs in response to the aforementioned 

disadvantages of VKAs [21, 227]. Indeed, unlike VKAs, they have a wider therapeutic index, 

quicker onset and offset of action (crucial to the management of acute bleeding or presurgical 

procedures), shorter half-life, less drug-drug, and food interactions and do not require regular 

clinical monitoring and dose adjustments [21]. DOACs were initially approved for the 

treatment of venous thromboembolism, starting with dabigatran in 2008, and subsequently for 

NVAF. Four DOACs are currently recommended over warfarin by most guidelines as first-line 

OAC therapy for most patients with NVAF to prevent thromboembolism [8, 229, 231]. DOACs 

are not indicated for patients with mechanical cardiac valves as these patients were excluded 

from the 4 pivotal RCTs that assessed the efficacy and safety of each DOAC compared with 

warfarin in patients with NVAF [21]. Approved in the following order, DOACs include 

dabigatran (Pradaxa© by Boehringer Ingelheim), rivaroxaban (Xarelto© by Janssen 

Pharmaceuticals & Bayer HealthCare), apixaban (Eliquis© by Bristol Myers Squib & Pfizer) 

and edoxaban (Savaysa© in the US or Lixiana© in the UK by Daiichi Sankyo). In pivotal 

RCTs, DOACs were deemed either superior or non-inferior to warfarin with respect to the 

prevention of thromboembolism and/or the risk of MB, with the key advantage of being 

associated with a lower risk of ICH [8, 13-14]. The mechanism of action of dabigatran involves 

the direct inhibition of factor IIa (thrombin) while the three others DOACs directly inhibit 

factor Xa [229]. The pharmacology and posology for each DOAC in the treatment for NVAF 

are summarized below.  

Dabigatran is administrated twice daily (standard dose 150 mg) as a pro-drug and is 

hydrolyzed into active dabigatran by plasmatic, hepatic, or GI esterases [21, 232]. Dabigatran 

has a very low bioavailability approximating 3-7%, a half-life between 12 and 17 hours and 

the time required to reach the maximum plasmatic concentration is between 1.5-2 hours (Tmax) 

[21, 229]. It is at 20% conjugated with glucuronic acid and excreted as acyl glucuronides by 

the biliary system but is primarily cleared unchanged at 80% by the kidneys [229, 232]. Food 

intake prolongs the Tmax to 2 hours and therefore, discouraged.  
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Rivaroxaban is administered once daily (standard dose 20 mg), has a high 

bioavailability (80-100%), a half-life of 7-11 hours and a Tmax between 2-5 hours [8, 21]. Its 

metabolism mainly involves at 65% the cytochrome 3A4 and to some extent, the cytochrome 

2J2. Rivaroxaban is eliminated through the hepatobiliary (66%) and renal (33%) pathways. A 

third of the drug is renally excreted unchanged. Food intake is mandatory because it increases 

the total systemic exposure to rivaroxaban (mean area under the curve) to around 40%. 

Apixaban is administered twice daily (standard dose 5 mg) and unlike dabigatran and 

rivaroxaban, the bioavailability (50%) of apixaban is unaffected by food intake [21]. It has an 

approximate half-life of 12 hours and a Tmax of 1-3 hours. Its metabolism engages the 

cytochrome 3A4 or 5 at 74% and to a lesser extent, the cytochromes 1A2, 2C8/9/19 and 2J2. 

It is eliminated through the hepatobiliary and renal pathways, at 75% and 25%, respectively 

[21]. 

Finally, edoxaban is administered once daily (standard dose 60 mg) and its 

bioavailability (62%) remains unaffected by food intake [21, 228, 233]. It has a half-life of 10-

14 hours and a Tmax between 1-2 hours. Metabolized at 50% by the cytochrome 3A4, edoxaban 

is eliminated at 50% via the hepatobiliary route, with the remaining half being renally excreted 

unchanged [21, 228, 233].  

Idarucizumab for dabigatran and andexanet alfa for rivaroxaban and apixaban are 

available reversal agents in case of severe hemorrhages, emergency surgery or interventions 

with high bleeding risk [21, 232, 234]. A reversal agent is yet to be approved for edoxaban 

[235].  

2.3.4 Prescription trends of DOACs 

VKAs have been the treatment of choice for the prevention of thromboembolism in 

patients with NVAF for the past 60 years [38]. However, with the introduction of DOACs, 

their rate of initiation has steadily increased, and they have now outranked VKAs [38, 45, 236-

239]. For instance, one retrospective cohort study analyzing an American large healthcare 

database showed that while the majority of OAC initiators with AF received VKAs (87.5%-

99.8%) in 2010, most of them were prescribed DOACs by 2020 [45].   

Among DOACs, the prescription of dabigatran gradually decreased over time, being 

eventually surpassed by rivaroxaban and apixaban [38, 43, 45, 64]. Since 2017, apixaban 

became the most prescribed DOAC in most countries [38-46, 240-241]. Prescription trend 
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studies that include edoxaban are still scarce given its recent approval in 2015, although its 

worldwide prescription is increasing [39, 43, 46-50].  

Patients with NVAF over 85 are often not prescribed OACs, despite their guideline-

based eligibility [55]. However, OACs uptake is increasing in this population, with DOACs 

initiation rates outranking those of VKAs in several parts of the world [38-39, 43, 236-237, 

240-243]. Dabigatran is the least prescribed DOAC among OAC initiators aged 85 years and 

older [38, 240]. One possible explanation is its possible higher risk of GI bleeding due to its 

different pharmacology. An American cohort study observed that apixaban was the most 

prescribed OAC in patients with NVAF over the age of 80 from 2015 to 2020 [241]. 

2.3.5 Effectiveness and safety of DOACs versus VKAs in RCTs 

Overall, the four DOACs were showed to have greater or similar efficacy in 

thromboembolism prevention with similar or lower risk of MB compared with warfarin in 

RCTs [228]. All DOACs were associated with a lower risk of ICH compared with warfarin. 

The main results from the 4 pivotal RCTs are summarized below. 

The RE-LY trial compared two doses of dabigatran (110 mg and 150 mg) with warfarin 

and enrolled 18,113 patients with NVAF between December 2005, and December 2007 [21]. 

There were respectively 6,015, 6,076 and 6,022 patients on dabigatran 110 mg, dabigatran 150 

mg and warfarin and the median duration of follow-up period was 2 years [21]. Dabigatran 110 

mg and 150 mg administered twice daily were non-inferior to warfarin with respect to 

stroke/SE risk [21, 228-229, 244]. More specifically, dabigatran 150 mg (standard dose) was 

associated with a 34% lower risk of stroke/SE compared to warfarin (relative risk (RR) 0.66; 

95 % confidence interval (CI) 0.53-0.82) while there was no difference with warfarin for 

dabigatran 110 mg ((RR 0.91; 95% CI 0.74- 1.11) [244]. In terms of safety, standard-dose 

dabigatran was associated with similar risk of MB compared with warfarin (RR 0.93; 95% CI 

0.81-1.07), but dabigatran 110 mg was associated with a lower risk of MB compared with 

warfarin (RR 0.80; 95% CI 0.69-0.93). Dabigatran 150 mg and 110 mg were associated with a 

60% (RR 0.40; 95 % CI 0.27-0.60) and 69% (RR 0.31; 95% CI 0.20-0.47) lower risk of ICH, 

respectively. The rate of GI bleeding was higher in patients treated with dabigatran 150 mg 

compared to warfarin (RR 1.50; 95% CI 1.19-1.89) but comparable for dabigatran 110 mg (RR 

1.10; 95% CI 0.86-1.41). Finally, there was no statistically significant mortality risk reduction 

with dabigatran 150 mg (RR 0.88; 95% CI 0.77-1.00) and 110 mg (RR 0.91; 95% CI 0.80-

1.03) compared to warfarin. 
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The ROCKET-AF was a non-inferiority trial that included per-protocol (main analysis) 

and ITT analyses [245]. The trial enrolled 14,264 patients with NVAF randomized to 

rivaroxaban or warfarin from December 2006 to June 2009 [245]. There were 7,131 and 7,133 

patients treated with rivaroxaban and warfarin, respectively, and the median follow-up was 707 

days. In the per-protocol analysis, rivaroxaban was associated with a lower risk of stroke/SE 

compared with warfarin (HR 0.79; 95% CI 0.66-0.96). In the ITT analysis, the risk reduction 

was less important and not statistically significant (HR 0.88; 95% CI 0.75-1.03). The risk of 

any MB (only the per-protocol analysis was performed) was similar between both treatment 

groups (HR 1.04; 95% CI 0.90-1.20), but the risk of ICH was lower with rivaroxaban (HR 

0.67; 95% 0.47-0.93). Major GI bleeding events were slightly higher in patients treated with 

rivaroxaban compared to warfarin (3.1% vs. 2.16%). In the per-protocol analysis, the use of 

rivaroxaban was also associated with a numerically lower HR for all-cause mortality compared 

to warfarin (HR 0.85; 95% CI 0.70-1.02) and in the ITT analysis, the HR was 0.92 (95% CI 

0.82-1.03). 

The ARISTOTLE trial randomized a total of 18,201 patients to receive either apixaban 

5 mg twice daily (9,120 patients) or warfarin (9,081 patients) from December 2006 to April 

2010 with a median follow-up time of 1.8 years [246]. Compared with warfarin, apixaban was 

associated with a 21% lower risk of stroke/SE (HR 0.79; 95% CI 0.66-0.95). Patients treated 

with apixaban had a lower risk of MB (HR 0.69; 95% CI 0.60-0.80), ICH (HR 0.42; 95% CI 

0.30-0.58) and a similar risk of GI bleeding (HR 0.89; 95% CI 0.70-1.15). All-cause mortality 

was lower in the apixaban group (HR 0.89; 95% CI 0.80-0.99). 

The ENGAGE AF-TIMI 48 trial compared two doses of edoxaban (30 mg and 60 mg) 

with warfarin [247]. Patients were assigned to either low-dose edoxaban (n=7,034), high-dose 

edoxaban (n=7,035) or warfarin (n=7,036) and the median follow-up time was 1022 days [247]. 

Compared with warfarin, the risk of stroke/SE was comparable for edoxaban 60 mg (HR 0.87; 

95% CI 0.73-1.04) and 30 mg (HR 1.13; 95% CI 0.96-1.34). A risk reduction in MB was 

observed for high dose edoxaban (HR 0.80; 95% CI .71-0.91) and low-dose (HR 0.47; 95% CI 

0.41-0.55) . The risk of intracranial bleeding was also lower with high-dose edoxaban (HR 

0.47; 95% CI 0.34-0.63) and low-dose edoxaban (HR 0.30; 95% CI 0.21-0.43). The risk of GI 

bleeding was higher in the high-dose edoxaban group (HR 1.23; 95% CI 1.02-1.50), but not 

for the low-dose edoxaban group (HR 0.67; 95% CI 0.53-0.83). The risk of mortality was 

similar between patients treated with edoxaban 60 mg (HR 0.92; 95% CI 0.83-1.01) and 
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warfarin, but lower in patients treated with edoxaban 30 mg (HR 0.87; 95% CI 0.79-0.96) 

compared to warfarin. 

2.3.6 Effectiveness and safety of DOACs versus VKAs in observational studies  

Several observational studies have shown an overall more favorable profile of DOACs 

over warfarin with respect to stroke and/or SE prevention and MB risk [248-261]. One 

Canadian cohort study reported similar risk of stroke/SE (pooled HR 1.02; 95% CI 0.87-1.19) 

and lower MB risk (pooled HR 0.81; 95% CI 0.69-0.97) in patients with NVAF treated with 

DOACs compared with patients treated with warfarin [261]. Conversely, another cohort study 

found a lower risk of ischemic stroke/hemorrhagic stroke/SE associated with the use of 

dabigatran (HR 0.82; 95% CI 0.71-0.95), rivaroxaban (HR 0.79; 95% CI 0.73-0.85) and 

apixaban (HR 0.64; 95%CI 0.58-0.70) compared with warfarin in patients with NVAF [249]. 

However, the magnitude of these risk estimates for the effectiveness composite outcome may 

have been affected by the inclusion of hemorrhagic stroke [249]. In this study, only dabigatran 

(HR 0.71; 95% CI 0.65-0.78) and apixaban (HR 0.60; 95% CI 0.56-0.63) were associated with 

lower MB events (including GI bleeding, ICH, and MB at other key sites) compared with 

warfarin [249]. The similar/lower risk of ICH, GI bleeding and all-cause mortality associated 

with the use of some DOACs compared with warfarin have also been documented in previous 

publications [231, 248-249, 251, 253, 262-265]. A meta-analysis of 25 cohort studies 

concluded that patients with NVAF treated with DOACs compared with those treated with 

warfarin had a lower risk of ICH (pooled HR 0.50; 95% CI 0.40-0.62), GI bleeding (pooled 

HR 0.66%; 95% CI 0.46-0.95) and all-cause mortality (pooled HR 0.62; 95% CI 0.56-0.69) 

[265]. One cohort study found that dabigatran (HR 0.38; 95%CI 0.31-0.47), rivaroxaban (HR 

0.65; 95% CI 0.56-0.77) and apixaban (HR 0.54; 95% CI 0.43-0.68) were all associated with 

lower risk of ICH [248]. In this study, only apixaban was associated with lower GI bleeding 

risk (HR 0.52; 95% CI 0.45-0.60) [248].  

Many observational studies have found that apixaban was more favorable than warfarin 

with respect to its effectiveness/safety profile [58, 250-251, 253, 256, 266-268]. One meta-

analysis of 38 cohort studies showed that apixaban was associated with a decreased risk of 

stroke/SE (RR 0.77; 95% CI 0.64-0.93) and lower risk of MB (RR 0.58; 95% CI 0.52-0.65) 

compared with warfarin [269].  

Given the recent approval of edoxaban, only a few observational studies have included 

edoxaban in their comparative analyses [58, 256, 259, 270]. Consistent with results from the 
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ENGAGE AF-TIMI 48 trial [247], one cohort study found that standard-dose edoxaban was 

associated with similar risk of ischemic stroke/SE (HR 0.65; 95% CI 0.40-1.06) and lower risk 

of MB (HR 0.37; 95% CI 0.19-0.74) compared with warfarin [256]. A Danish cohort study 

found that edoxaban 60 mg was associated with similar risk of ischemic stroke/unspecified 

stroke/SE (HR 1.00; 95% CI 0.59-1.71) and MB (HR 1.09; 95% CI 0.77-1.57) compared with 

warfarin [259]. 

2.3.7 Effectiveness and safety of DOACs vs. DOACs in observational studies  

Several cohort studies with head-to-head DOAC comparisons have been conducted 

between dabigatran, rivaroxaban and apixaban and have generally shown that apixaban was at 

least as effective (stroke prevention) as dabigatran and/or rivaroxaban and associated with a 

lower risk of MB [33, 56, 58, 248, 250, 257, 271-276]. One meta-analysis of 38 cohort studies 

concluded that apixaban was associated with a reduction in the risk of stroke/SE (RR 0.84; 

95% CI 0.74-0.95) and MB (RR 0.79; 95% CI 0.70-0.88) compared with dabigatran [269]. 

Compared with rivaroxaban, apixaban was associated with similar risk of stroke/SE (RR 0.90; 

95% CI 95% CI 0.78-1.03) and lower risk of MB (RR 0.61; 95% CI 0.53-0.70) [269]. The 

mortality rate in patients treated with apixaban was also lower compared to those treated with 

rivaroxaban (RR 0.83; 95% CI 0.71-0.96), in addition to the lower risk of ICH (RR 0.71; 95% 

CI 0.61-0.84) [269]. Compared with other DOACs, the use of apixaban has been shown to be 

associated with lower risk GI bleeding [33, 57, 58, 277-278]. One meta-analysis of 19 cohort 

studies showed that apixaban was associated with a lower risk of GI bleeding compared with 

dabigatran (pooled HR 0.59; 95% CI 0.46–0.75) and rivaroxaban (pooled HR 0.56; 95% CI 

0.36–0.86). 

As previously stated, given edoxaban recent approval, few cohort studies have assessed 

the effectiveness and safety of edoxaban compared with other DOACs. One Belgian cohort 

study on OAC-naïve patients with NVAF (aged ≥ 45 years) assessed the effectiveness and 

safety of dabigatran versus edoxaban, edoxaban versus rivaroxaban and apixaban versus 

edoxaban [260]. Although all four DOACs were associated with similar effectiveness against 

stroke/SE in this study, differences in the risk of MB/clinically relevant non-major bleeding 

were observed [260]. Indeed, dabigatran (HR 0.91; 95% CI 0.83-0.99) and apixaban (HR 0.86; 

95% CI 0.81-0.91) were associated with lower risk of the safety outcome compared with 

edoxaban, while the risk was similar between rivaroxaban and edoxaban users [260]. One 

German cohort study on OAC-naïve patients with NVAF (aged ≥ 18 years) reported that 
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edoxaban, compared with dabigatran and rivaroxaban, was associated with a reduced risk of 

ischemic stroke/SE and all MB (major GI bleeding, ICH and other MB) [255]. Compared with 

rivaroxaban, edoxaban was also associated with lower rate of major GI bleeding and ICH 

events [255]. In comparison with apixaban, the hazard ratio of all MB (HR 1.09; 95% CI 0.92-

1.30), ICH (HR 1.27; 95% CI 0.82-1.98) and other MB (HR 1.17; 95% CI 0.79-1.72) associated 

with edoxaban were numerically greater, but the risk of ischemic stroke/SE was lower (HR 

0.83; 95% CI 0.69-0.99) and the risk of major GI bleeding (HR 1.00; 95% CI 0.81-1.24), 

similar [255]. A network meta-analysis  reported similar risk of stroke/SE associated with 

edoxaban compared with dabigatran 110 mg (RR 1.01; 95% CI 0.53-1.94), dabigatran 150 mg 

(RR 1.02; 95% CI 0.55-1.87), rivaroxaban (RR 1.04; 95% CI 0.54-2.00) and apixaban (RR 

0.98; 95% CI 0.48-2.03) in patients with NVAF aged 65 years and older [279]. The risk of MB 

associated with edoxaban compared with dabigatran 110 mg (RR 0.85; 95% CI 0.43-1.69), 

dabigatran 150 mg (RR 0.85; 95% CI 0.44-1.64), rivaroxaban (RR 0.84; 95% CI 0.41-1.71) 

and apixaban (RR 1.05; 95% CI 0.47-2.31) were also similar although confidence intervals 

were wide [279]. However, the authors indirectly compared edoxaban with apixaban using 

warfarin as the common reference and their estimates were based on results from 4 RCTs that 

compared edoxaban with warfarin (two being phase 2 trials) and 2 RCTs that compared 

apixaban with warfarin [279]. Moreover, four of the six included RCTs had relatively small 

sample size, resulting in limited power [279].  

In summary, despite the limited evidence regarding the effectiveness and safety of 

edoxaban compared with other DOACs, the current literature seems to suggest, in overall, 

similar effectiveness against thromboembolism, with possibly a lower risk of major bleeding 

associated with edoxaban compared with rivaroxaban.  

2.4 AF in very elderly patients aged ≥ 80  

As previously described, the risk of AF increases the risk of stroke and older age 

represents a significant risk factor for both conditions [13]. By 2050, the very elderly 

population over the age of 80 will approximately totalize 350 million of the world population 

and AF is commonly diagnosed in this population [5, 13, 20, 40, 70-78, 280-287]. By 2060, it 

is projected that the very elderly may represent nearly 70% of the population with AF [20, 49, 

291]. This population will consequently significantly contribute to the global burden of stroke 

since both AF and advanced age are major independent risk factors for stroke. Indeed, 

approximately 24% of strokes that occurred in patients over the age of 80 were AF-related in 
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the Framingham Heart Study [6, 8, 288, 292-293]. Compared with individuals with AF aged 

65 to 74 years, those over 75 years of age have also been shown to experience higher mortality 

and major adverse cardiac event rates [294-295]. Thus, the very elderly constitutes a critical 

target group for stroke prevention given their greater risk of stroke [55]. 

2.4.1 Challenges in the management of patients with NVAF aged ≥ 80 years 

The clinical management of the very elderly with NVAF remains challenging as there 

are no specific guidelines tailored to this heterogeneous population [6, 285, 295-296]. This is 

partly owed to the limited evidence provided by the 4 pivotal RCTs on the efficacy and safety 

of DOACs versus warfarin in the very elderly population with NVAF [6, 55, 296]. These four 

RCTs were not powered enough to investigate these two primary outcomes in octogenarians 

and older, with evidence mainly from subsequent secondary analyses in patients over 75 [6, 

23, 297]. The proportion of enrolled patients with NVAF over 80 was under-represented in the 

4 pivotal trials [297]. Indeed, 13 to 17% of patients with NVAF were over the age of 80 and of 

them, only 4-7% were older than 85 [297]. The representativeness of those included was also 

questioned as elderly patients included in clinical trials are generally healthier and have a 

higher drug adherence than patients in clinical practice due to stringent inclusion and exclusion 

criteria [298]. Indeed, in clinical practice, patients with AF are generally older and have several 

comorbidities, polypharmacy, higher risk of frailty and fall, lower body weight, and a higher 

prevalence of reduced renal function, cognitive impairment, and lower drug adherence [26, 60, 

294, 299-303]. These RCTs may have hence potentially excluded very old patients who may 

have been eligible to receive DOACs in real clinical context. In summary, data from these 

RCTs may not reflect the real-world effectiveness and safety of DOACs in the very elderly, 

who are more prone to thromboembolism and bleeding risk because of their more complex 

health characteristics [26, 49, 55, 286, 292, 297, 303-306].  

While OACs are indicated in many elderly patients with NVAF, it has been reported 

that less than 50% of patients with AF aged 80-89 years are treated with OACs [241, 307]. One 

study showed that patients with AF over 80 were less likely to be prescribed OACs than those 

aged 75-79 years [40]. However, with the approval of DOACs, OAC initiation has improved 

since 2008 in several countries [38, 40, 241, 308-312]. For instance, one cohort study found an 

increase in DOAC initiation rate with age in the UK from 2009 to 2015, particularly in patients 

with AF older than 75 years[38]. However, DOACs are still often under-prescribed to patients 

over 80 [40, 313-318]. Physicians often cite older age and bleeding risk as common reasons 
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for withholding the prescription of DOACs [315-316]. However, there are several reports of 

DOACs being under-prescribed to very elderly patients with NVAF without any clear 

counterindication [6, 303, 316-317]. Such reluctance from clinicians goes against data that 

showed that the highest net clinical benefit of DOACs compared with antiplatelets, warfarin or 

non OAC therapy is found in patients with NVAF over 80 and 85 [286, 297, 305, 313, 319]. 

While it is reasonable to not prescribe OACs in some individuals, it has been shown that 

clinicians frequently underestimate the benefits of stroke prevention and overestimate the risk 

of bleeding in the elderly population [317-318]. 

Based on AF guidelines, the management of AF should undertake a holistic approach 

[11-13].  However, considerations in the selection of an antithrombotic therapy in older patients 

is more complex and should include comorbidities, cognitive function, predisposition to fall 

(higher risk of bleeding), frailty, polypharmacy (potential higher risk of drug-drug 

interactions), altered drug pharmacokinetics/pharmacodynamics due to ageing processes and 

drug adherence/compliance [49, 314, 320]. Patients’ preferences, values and their overall 

quality of life should also be discussed when evaluating the net clinical benefits of OAC 

strategies to manage their risk of thromboembolism [11-13, 320]. The availability of a reversal 

agent may also potentially affect the decision to prescribe DOACs [314]. There should be a 

conversation about the benefit/risk ratio associated with each DOAC or any other OAC therapy 

between the clinician and their patients [314]. The 2014 American Heart Association suggested 

the individualization of antithrombotic therapy in patients with NVAF and recognized the 

importance of patients’ values and preferences [314] 

In summary, the lack of evidence-based guidance for the management of AF in the very 

elderly coupled with their older age, greater risk of thromboembolism, MB and their health 

characteristics add layers of complexity to the choice of DOAC for this population [6, 60]. The 

decision to initiate a DOAC should be discussed between clinicians and patients [314].  

2.4.2 Effectiveness and safety of DOACs in very elderly patients with NVAF 

Which DOAC is the most effective and safest to prescribe to very elderly patients with 

NVAF over 80 remains uncertain [6, 55]. There are currently no RCTs with DOAC head-to-

head comparisons [42-45, 298]. Moreover, most available real-world evidence studies have 

compared DOACs with warfarin only and mostly in patients with NVAF over the age of 75 

[22, 25, 244-247, 287, 321-323]. Previous observational studies that compared DOACs with 

warfarin in patients over 75 have shown the non-inferiority of DOACs compared with warfarin 
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in terms of thromboembolic and MB events [33, 59, 62, 271, 324-332]. One meta-analysis of 

RCTs and cohort studies that included 147,067 patients with NVAF over 80 years old 

concluded that DOACs were superior to warfarin with respect to the risk of stroke (RR 0.72; 

95%CI 0.63-0.82), all-cause mortality (RR 0.82; 95%CI 0.70-0.96) and intracranial bleeding 

(RR 0.47; 95%CI 0.36-0.60) [297]. There was also no greater risk of MB (RR 0.85; 95% CI 

0.69- 1.04) or GI bleeding (RR 1.08; 95% CI 0.76-1.53) associated with DOACs compared 

with warfarin. However, because studies have mainly compared individual DOACs with 

warfarin, determining which DOAC should be preferentially prescribed to the very elderly is 

not feasible.  

To our knowledge, only two retrospective cohort studies performed DOAC head-to-

head comparisons in patients with NVAF over 80 years old have been conducted [61-62]. The 

first cohort study investigated the comparative effectiveness and safety of dabigatran, 

rivaroxaban and apixaban in patients with NVAF over 80 from January 2013 to September 

2015 [61]. Edoxaban was not assessed in this study. The authors analyzed data from the Centers 

for Medicare and Medicaid Services and 3 US commercial claims databases (Optum, 

PharMetrics and Humana) [61]. Using propensity score (PS)-matching, the study included 

10,046 dabigatran-rivaroxaban, 9891 apixaban-dabigatran and 37,350 apixaban-rivaroxaban 

PS-matched pairs in the analyses. Patients were followed from the date of the first pharmacy 

claim for either one of the three DOACs (index date) until discontinuation or switch to another 

DOAC (as-treated exposure definition with a 30-day grace period), death, end of continuous 

medical/pharmacy enrolment or end of the study period (September 30, 2015), whichever 

occurred first. The two primary outcomes were stroke/SE and MB. Stroke/SE was defined as 

a composite of ischemic stroke, hemorrhagic stroke, and SE. All cause-mortality was also 

investigated as a secondary outcome. Apixaban was associated with a lower risk of stroke/SE 

compared to dabigatran (HR 0.68; 95% CI 0.51-0.89) and rivaroxaban (HR 0.77; 95% CI 0.67-

0.88) [61]. Dabigatran was associated with a similar risk of stroke/SE compared with 

rivaroxaban (HR 1.19; 95% CI 0.93-1.52). The risk of MB was also lower with apixaban 

compared to dabigatran (HR 0.74; 95% CI 0.63-0.88) and rivaroxaban (HR 0.53; 95% CI 0.49-

0.57) [60]. Apixaban was associated with significantly lower risk of GI bleeding compared 

with dabigatran (HR 0.59; 95% CI 0.47-0.74) and rivaroxaban (HR 0.44; 95% CI 0.39-0.49). 

Dabigatran was associated with lower risk of MB compared with rivaroxaban (HR 0.82; 95% 

CI 0.72-0.94). The risk of GI bleeding was similar between dabigatran (HR 0.85; 95% CI 0.71-

1.01) and rivaroxaban. Finally, apixaban was associated with similar and lower risk of all-cause 
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mortality compared to dabigatran (HR 0.96; 95% CI 0.85-1.10) and rivaroxaban (HR 0.84; 

95% CI 0.79 0.89), respectively. There was no difference in all-cause mortality between 

dabigatran (HR 0.98; 95% CI 0.87-1.10) and rivaroxaban. Results from this study suggested 

the superiority of apixaban over dabigatran and rivaroxaban in terms of stroke/SE and MB in 

patients with NVAF over 80 years.  

The second cohort study assessed the effectiveness and safety of low-dose rivaroxaban 

15 mg versus dabigatran 110 mg in very elderly patients with NVAF aged 85 years old and 

older, using French data from the Système National des Données de Santé [62]. Apixaban and 

edoxaban were not assessed in this study. Using high-dimensional PS matching, the study 

included 4 329 matched pairs of new users of rivaroxaban 15 mg and dabigatran 110 mg 

between 2013 or 2014. The first dispensed OAC between January 2013 and December 2014, 

was defined as the index date. Patients were followed until either treatment discontinuation 

(with a 60-day grace period), switching to another OAC, mortality or end of the study period, 

whichever occurs first. The risk of ischemic stroke/SE, MB (defined as ICH, critical organ 

bleeding, any clinically relevant bleeding requiring blood transfusion or acute post-

hemorrhagic anemia, or death during hospitalization), clinically relevant bleeding (all 

hospitalizations with a main diagnosis of bleeding), ICH, GI bleeding, acute coronary 

syndrome (myocardial infarction or unstable angina) and all-cause mortality were individually 

assessed. All-cause mortality, MB, and stroke/SE were also assessed as a composite outcome. 

Rivaroxaban was associated with a higher risk of stroke/SE compared with dabigatran (HR 

1.50; 95% CI 1.11-2.02). There was no difference in the risk of MB (HR 1.00; 95% CI 0.75-

1.33) and all-cause mortality (HR 1.05; 95% CI 0.92-1.20) with the use of rivaroxaban versus 

dabigatran. The risk of ICH (HR 1.76; 95% CI 0.90-3.46) and GI bleeding (HR 0.80; 95% CI 

0.58-1.09) were also similar between rivaroxaban and dabigatran use.  

The superiority of apixaban over dabigatran and rivaroxaban reported in the cohort 

study described above is consistent with findings in younger populations with NVAF [61, 333, 

297, 299, 316, 333-335]. Its more favorable benefits/safety profile compared with the other 

DOACs may explain why apixaban is the most prescribed DOAC in many countries [38-41, 

43, 45, 334]. Edoxaban being the most recently approved DOAC, there is limited information 

on its effectiveness and safety compared with other DOACs, and no data in the very elderly 

population. Despite its introduction in the market, edoxaban is increasingly prescribed [38, 43, 

47]. Additional real-world studies comparing edoxaban with other DOACs, in particular with 

apixaban, the most commonly prescribed DOAC are therefore needed. These studies could 
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improve AF guidelines, inform clinicians on the choice of DOACs for the very elderly with 

NVAF and overall, improve clinical cares and the management of AF in this vulnerable 

population.  

 In light of these knowledge gaps, the two primary objectives of this population-based 

cohort study were to separately assess the effectiveness (prevention of ischemic 

stroke/transient ischemic attack/SE) and safety (risk of major bleeding) of edoxaban compared 

with apixaban in elderly patients with NVAF aged 80 years and older in a primary care setting. 
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Chapter 3: Objectives and hypotheses  

This chapter presents the two primary and two secondary objectives of this thesis. 

3.1 Objectives   

The overall objective of this thesis was to assess the effectiveness and safety of edoxaban 

compared with apixaban in patients with NVAF aged 80 years and older.  

3.1.1 Primary objectives 

This thesis had two primary objectives: 

1) To assess whether edoxaban is associated with a decreased risk of ischemic stroke/TIA/SE 

compared with apixaban. 

2) To assess whether edoxaban is associated with a decreased risk of major bleeding compared 

with apixaban.  

3.1.2 Secondary objectives 

This thesis has two secondary objectives: 

1) To assess whether edoxaban is associated with a decreased risk of all-cause mortality 

compared with apixaban.  

2) To assess whether edoxaban is associated with a decreased risk of a composite outcome 

including ischemic stroke/TIA, SE, GI bleeding, ICH and all-cause mortality, compared with 

apixaban.  

3.2 Hypotheses 

This thesis had two primary and two secondary hypotheses. 

3.2.1 Primary hypotheses 

1) Edoxaban is associated with a similar risk of ischemic stroke/TIA/SE compared with 

apixaban in patients with NVAF aged 80 years and older. 

2) Edoxaban is associated with a similar risk of major bleeding compared with apixaban in 

patients with NVAF aged 80 years and older. 
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3.2.2 Secondary hypotheses 

1) Edoxaban is associated with a similar risk of all-cause mortality compared with apixaban in 

patients with NVAF aged 80 years and older. 

2) Edoxaban is associated with a similar of risk of the composite outcome that included 

ischemic stroke/TIA, SE, GI bleeding or ICH) compared with apixaban in patients with NVAF 

aged 80 years and older. 
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Chapter 4: Methods (supplemental material) 

This chapter provides additional information on data source, data linkage and the 

statistical handling of confounding and missing data that may not have been discussed in the 

Methods section in the manuscript (Chapter 5).  

4.1 Data source 

This retrospective population-based cohort study was conducted using the UK Clinical 

Practice Research Datalink (CPRD), one of the largest and ongoing longitudinal primary care 

database in the world [336]. Its primary mission is to support public health and clinical studies 

and has been considerably used in observational studies, contributing to more than 3000 peer-

reviewed articles. [336-337]. Funded in 1987 as the Value Added Medical Products, it evolved 

to become the general Practice Research Database in 1987 [336]. Since 2012, it is known as 

the CPRD [336]. As of November 2022, the CPRD database englobes approximately 60 

millions of patients, including approximately 18 millions of currently registered patients in 

more than 2000 participating general practices across England, Wales, Scotland, and Northern 

Ireland [336-338]. Around 25% of these patients have at least 20 years of follow-up [337]. The 

CPRD embodies two databases of electronic health records that collect data from participating 

general practices/practitioners: the CPRD GOLD and CPRD Aurum [339]. The CPRD GOLD 

database has been collecting patient data through the Vision ® software for the past 30 years 

while the CPRD Aurum database has been collecting patient data with the EMIS Web® 

software since its launching in October 2017 [340]. The total number of acceptable patients for 

research in the CPRD GOLD database approximates 21 million with around 3 millions of 

currently registered patients [341]. AURUM database encompasses 41 millions of acceptable 

patients for research, of which, 13 millions of them are currently registered patients [341]. The 

CPRD database collects the following anonymized and coded information: demographic 

characteristics, lifestyle factors such as smoking status and alcohol abuse, signs, symptoms, 

medical diagnoses, automatically computerized prescriptions, hospital admissions, medical 

specialist or hospital referrals, immunizations, and laboratory test results [336, 342-343]. These 

data are recorded by participating general practitioners who have consented to monthly provide 

patient data from their routine general practice [336]. Data from non-participating general 

practitioners and long term care institutions are not included in the CPRD database [336, 340]. 

A patient also holds the right to make an individual request to be opted out of data sharing to 
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their general practitioner, who can then amend the patient’s registration details on the system 

to disable the extraction of the patient’s data [336].  

All medical history observations (diagnoses, symptoms, signs, hospital and clinical 

referrals, immunizations, and diagnostic tests results) contained in the CPRD GOLD database 

recorded by the general practitioner are coded using Read version (v) 2 codes along with their 

corresponding CPRD ‘medcodes’ (description of all medical codes) [344]. Data on drug and 

appliance prescriptions (brands and generic names) in the CPRD GOLD are coded using the 

Gemscript product code system with their corresponding ‘prodcodes’ (description of all 

product codes) [344].   

 The CPRD Aurum database uses a combination of Systematized Nomenclature of 

Medicine-Clinical Terms and Read/local EMIS® coding systems (with their corresponding 

‘medcodes’) to code all medical history observations [345]. Data on drug and appliance 

prescriptions in the CPRD Aurum database are coded using the Dictionary of Medicines and 

Devices [345].  

 With more than 98% of the population in the UK being registered with a general 

practitioner, the CPRD database has been shown to be representative of the general UK 

population with respect to sex, age, and ethnicity [336]. Data quality assessment and validation 

in terms of their structure, format and integrity are ensured by the CPRD and concerns over the 

contents are addressed prior to their incorporation into the database during reviews [336, 346-

348]. Although not an absolute gauge of data quality, the CPRD provides 2 criteria for the 

initial selection of research-quality patients and periods of quality data: the acceptability for 

patients and up to standard time for practices [336]. The first criterion is based on registration 

status, valid age/sex and recording of events in the patient’s record [336]. The second criterion 

accounts for the continuity of recording and the number of recorded deaths [336]. The latter 

metric is computed for each participating general practice and represents the latest timestamp 

at which the practice reached the minimum criteria of quality [336]. At last, medical diagnoses 

recorded in the CPRD have also been shown to hold a high positive predictive value [336].  

4.2 Data linkage  

 About 9 and 39 millions of patients from the CPRD GOLD and AURUM databases, 

respectively, are eligible for data linkage, as data are only available for patients in England 

[341]. The CPRD database can be linked to the Hospital Episode Statistics (HES) and the ONS 

[339, 346, 349-350]. The HES database encompasses the HES Admitted Patient Care, HES 
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Outpatient and HES Accident and Emergency dataset [340, 346, 349-350]. It contains data on 

all inpatient and day-case hospital admissions, outpatient appointments and attendances and 

Accident and Emergency attendances in England [349-350]. The ONS encodes mortality data 

(official date of death and cause of death) using the ICD 10 classification [351].   

 This study was conducted by linking the CPRD database to the HES Admitted Patient 

Care and to the ONS mortality database. Linkage to HES was required to obtain data on 

admission/discharge dates, primary diagnoses coded using the ICD 10 and performed medical 

procedures recorded with the UK Office of Population, Census and Surveys classification 4.6 

[349-350]. This linkage was essential to accurately ascertain the two primary outcomes of 

interest (ischemic stroke/TIA/SE and MB) and to measure covariates prior to cohort entry. The 

ONS mortality database collects mortality data (patient’s date of death and cause(s) of death) 

across England and Wales. Linkage to the ONS was therefore needed to identify all deaths 

related to the outcomes of interest.  

4.3 Handling of confounding and missing data 

 This study used a PS-based fine stratification and weighting approach to address 

confounding (target of inference: average treatment effect among the treated population) [352-

353]. The PS model included several relevant covariates such as demographic characteristics, 

lifestyle risk factors, comorbidities, co-medications, and healthcare utilization (number of 

hospitalizations). One hundred strata based on the computed PS distribution of the exposure of 

interest (edoxaban) were created and weights were then computed to account for stratum 

membership. For each stratum with at least 1 treated patient and 1 comparator patient, treated 

patients were given a weight of 1 while those in the reference group were given a weight that 

was computed with the following formula: (Number of exposed patients in PS stratumi/Total 

number of exposed patients)/(Number of patients in the reference group in PS stratumi/Total 

number of patients in the reference group). This method makes extreme weights due to PS near 

0 or 1 unlikely and is appropriate when the prevalence of the exposure (edoxaban in this case) 

is low. The use of an active comparator (apixaban) may also help in the decrease of potential 

residual confounding. Comparisons were performed between patients with the same medical 

condition (NVAF) and initiating 2 different DOACs (edoxaban or apixaban). Primary analyses 

were reiterated using multiple imputations by chained equations for variables with missing 

values such as BMI and smoking status. An ordinal logistic regression model was used to 

impute variables with missing data with explanatory variables and cumulative hazard and one 
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of the exposure groups (at cohort entry), along with all relevant confounders mentioned below 

(see Chapter 5). We combined results from five imputed datasets to account for missing data 

on body mass index and smoking status [354-355].   
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Chapter 5: Effectiveness and safety of edoxaban compared with 

apixaban in elderly patients with nonvalvular atrial fibrillation : a 

real-world population-based cohort study 

This chapter contains the manuscript of a population-based cohort study that compared 

the effectiveness (risk of thromboembolism) and safety (risk of major bleeding) of edoxaban 

with apixaban in patients with incident NVAF aged 80 years and older. The introduction of the 

manuscript provides the context, rationale and overall primary objectives of the cohort study 

(information on the very elderly population with NVAF, the current body of evidence regarding 

the effectiveness and safety of DOACs in this population and the gap of knowledge addressed 

by this study). The Methods section describes the data source, formation of the study cohort, 

defines the exposures, outcomes, covariates and describes the statistical analyses. The 

following section describes the results of the study, followed by a section to discuss the 

plausible interpretations of the results (contrasted with results from prior studies). The section 

Discussion also highlights the strengths and limitations of the study. The final section offers a 

conclusion of the study. This manuscript is currently under review in a peer-reviewed scientific 

journal. This version of the manuscript might differ from the one edited and accepted by the 

journal. 
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5.1 Abstract 

Background: The very elderly (≥ 80 years) are at high risk of nonvalvular atrial fibrillation 

(NVAF) and thromboembolism. Given its recent approval, the comparative effectiveness and 

safety of edoxaban in this population, relative to the commonly used apixaban, remain 

unknown.  

Methods: Using the United Kingdom Clinical Practice Research Datalink database, we 

identified a cohort of patients with incident NVAF aged ≥ 80 newly treated with edoxaban or 

apixaban between 2015 and 2021. Cohort entry was defined as the first prescription for one of 

the two drugs. We used propensity score fine stratification and weighting for confounding 

adjustment. A weighted Cox proportional hazards model was used to estimate the hazard ratios 

(HR) with 95% confidence interval (95% CI) of ischemic stroke/TIA/systemic embolism and 

of major bleeding associated with edoxaban compared with apixaban. We also assessed the 

risk of all-cause mortality and a composite outcome of ischemic stroke/TIA, systemic 

embolism, gastrointestinal bleeding, and intracranial hemorrhage as secondary outcomes. 

Results: The cohort included 7,251 new-users of edoxaban and 39,991 of apixaban. Edoxaban 

and apixaban had similar incidence rates of thromboembolism (20.38 vs. 19.22 per 1,000 

person-years; HR 1.06; 95% CI 0.89-1.26), although the rate of major bleeding was higher with 

edoxaban (45.57 vs. 31.21 per 1,000 person-years; HR 1.42; 95% CI 1.26-1.61). The risk of 

the composite outcome was 21% higher with edoxaban (incidence rates: 44.3 vs. 36.1 per 1,000 

person-years; HR 1.21; 95% CI 1.07-1.38). All-cause mortality was similar between edoxaban 

and apixaban (incidence rates: 118.4 vs. 113.7 per 1,000 person-years; HR 1.04; 95% CI 0.96-

1.12). 

Conclusions: In very elderly patients with NVAF, edoxaban resulted in similar 

thromboembolism prevention as apixaban, although it was associated with a higher risk of 

major bleeding. These findings may improve the management of NVAF by informing 

physicians on the choice of DOACs for this vulnerable population. 

Keywords: nonvalvular atrial fibrillation, elderly, edoxaban, apixaban, stroke, bleeding 
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5.2 Introduction  

Atrial fibrillation (AF) is a commonly diagnosed cardiac arrhythmia in the elderly and 

is associated with a five-fold increased risk of stroke [1-3]. Older age represents the most 

prominent independent risk factor for the development of AF and stroke [4-5]. Indeed, with 

AF affecting approximately 17% of patients over 80 years old, the attributable risk of stroke 

associated with AF increases from 1.5% in the 50-59 age group to 23.5% in the 80-89 age 

group [6-8]. Most AF guidelines recommend direct oral anticoagulants (DOACs) over vitamin 

K antagonists (VKAs) to prevent stroke and systemic embolism (SE) for most patients with 

nonvalvular AF (NVAF) [9-13]. However, DOACs are often under-prescribed to the elderly, 

with advanced age and higher bleeding risk frequently cited by physicians as common reasons 

for withholding their prescription [5-7]. 

Although the efficacy and safety of DOACs compared with warfarin have been 

established in the 4 pivotal randomized controlled trials (RCTs), very elderly individuals with 

NVAF were under-represented, constituting less than 7% of the overall trial study population 

[14-18]. Moreover, no RCT with head-to-head DOAC comparisons has been conducted [6]. 

Based on observational studies on younger populations with NVAF, apixaban, the most 

prescribed DOAC in several countries, has been suggested to be at least as effective as 

dabigatran and rivaroxaban while associated with a lower risk of major bleeding (MB) [19-24]. 

To our knowledge, only two retrospective cohort studies with head-to-head DOAC 

comparisons have been conducted in patients with NVAF over 80 [25-26]. The first study 

found that apixaban was superior to dabigatran and rivaroxaban with respect to the prevention 

of ischemic stroke/hemorrhagic stroke/SE with a reduced risk of MB and intracranial 

hemorrhage (ICH) [25]. The second cohort study, in patients with NVAF over 85, reported a 

higher risk of ischemic stroke/SE with similar MB risk associated with low-dose of rivaroxaban 

versus dabigatran [26]. Given edoxaban more recent approval, its benefit/harm profile 

compared with apixaban in the very elderly remain unknown. Therefore, the objective of this 

study was to assess the effectiveness and safety of edoxaban compared with apixaban in 

patients with NVAF aged 80 years and older, to better inform prescription choices in this 

vulnerable population.  
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5.3 Methods  

5.3.1 Data source 

We conducted a population-based cohort study using the United Kingdom (UK) 

Clinical Practice Research Datalink (CPRD), GOLD and Aurum databases. The CPRD is a 

large primary care database of anonymized electronic medical records of over 60 millions of 

patients enrolled in more than 2000 practices in the UK [27-28]. The CPRD has been shown 

to be representative of the general UK population in terms of sex, age, and ethnicity.27 

Collected data include demographic characteristics, lifestyle factors, medical diagnoses, 

laboratory results, prescriptions written by general practitioners, and medical specialist or 

hospital referrals [28]. Data quality control is performed regularly, and numerous studies have 

shown the validity and high quality of the recorded data [27,29]. CPRD was linked to the 

Hospital Episode Statistics (HES) Admitted Patient Care and to the Office for the National 

Statistics (ONS) [30-32]. The HES Admitted Patient Care is a UK National Health Service 

dataset that includes data on admission and discharge dates, primary diagnoses coded using the 

International Classification of Diseases tenth Revision codes (ICD 10), consulted medical 

specialists, and performed medical procedures coded with the UK Office of Population, Census 

and Surveys classification 4.6 framework [30-31]. The ONS dataset collects mortality data in 

England and Wales and includes patients’ official date and cause(s) of death [32]. The study 

protocol was approved by the CPRD Research Data Governance (protocol no. 22_002346) and 

the Research Ethics Board of the Jewish General Hospital, Montreal, Canada.  

5.3.2 Study population 

We assembled a base cohort of all patients with a first diagnosis of AF between January 

1, 2010, and March 31, 2021 (last date of HES data). We excluded patients with less than one 

year of medical history in the CPRD before AF diagnosis, and those with a prior AF diagnosis 

to only include patients with incident AF. Within this base cohort of patients with incident 

NVAF, we formed a study cohort of all patients with a first prescription for edoxaban or 

apixaban between July 1, 2015 (the date of edoxaban availability in the UK) and March 31, 

2021, with cohort entry defined as the date of the first prescription. We excluded patients aged 

< 80 years at the time of their first edoxaban or apixaban prescription, those who were 

prescribed edoxaban or apixaban at any time before cohort entry and those who were prescribed 

two OACs at cohort entry. To only include patients with incident NVAF, those with a history 

of valvular surgery (valvular AF) or rheumatic valvular disease at any time before cohort entry 
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were excluded. We also excluded patients with a diagnosis of hyperthyroidism or dialysis in 

the 90 days prior to cohort entry, and those with a diagnosis of venous thromboembolism or 

joint surgery of the hip, femur, or knee in the 30 days prior to (and including) cohort entry date. 

All patients were followed until the occurrence of the outcome of interest (depending on the 

studied outcome), treatment discontinuation or switching to another anticoagulant, death from 

any cause, end of the registration with the general practice, or end of the study period (March 

31, 2021), whichever occurred first.  

5.3.3 Exposure definition 

Patients were considered continuously exposed to the drug of interest from the date of 

the first prescription and censored upon treatment discontinuation or switching to another 

DOAC or to VKAs, with a 30-day grace period in the event of non‐overlapping prescriptions.  

5.3.4 Outcome definition 

The primary effectiveness outcome was a composite of hospitalization with incident 

ischemic stroke, transient ischemic attack (TIA), or SE (referred as ischemic stroke/SE 

thereafter). The primary safety outcome was MB, defined as any bleeding requiring 

hospitalization. All outcomes were defined using relevant ICD 10 codes in HES (primary 

diagnosis in non-elective hospitalization). As secondary outcomes, we also investigated all-

cause mortality and a composite outcome that included ischemic stroke/TIA, SE, 

gastrointestinal (GI) bleeding, and ICH.  

5.3.5 Covariates  

The covariates included demographic characteristics (age (modelled using cubic 

splines), sex, ethnicity), calendar year of cohort entry, lifestyle risk factors (most recent 

measures of alcohol abuse, body mass index and smoking status within 5 years before cohort 

entry), and the following comorbidities, measured at any time before cohort entry: 

hypertension, congestive heart failure, myocardial infarction, coronary artery disease, 

pacemaker or implantable cardioverter-defibrillator, coronary artery bypass surgery or 

percutaneous coronary intervention, prior ischemic stroke/TIA, SE, peripheral arterial disease, 

prior bleeding events, anemia or coagulation defects, depression, cancer (other than non-

melanoma skin cancer), dementia or mild cognitive impairment, Parkinson’s disease, history 

of falls, chronic obstructive pulmonary disease, acute kidney injury, chronic kidney disease, 

liver disease and diabetes mellitus. Time from NVAF diagnosis to apixaban or edoxaban 
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initiation was also included as a covariate. We also considered the following medications 

measured in the year before cohort entry: antidiabetic medications (metformin, sulfonylureas, 

glucagon-like peptide 1 receptor agonists, dipeptidyl peptidase 4 inhibitors, sodium-glucose 

cotransporter-2, insulin, others), antihypertensive drugs (beta-blockers, thiazides, other 

diuretics, angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, calcium 

channel blockers), antiarrhythmics, digoxin, antiplatelet agents, lipid-lowering drugs, non-

steroidal anti-inflammatory drugs, opioids, systemic corticosteroids, antidepressants, 

antipsychotics, benzodiazepines and hypnotics, antiepileptic drugs, proton pump inhibitors, H2 

blockers, and hormone replacement therapy. OAC drugs were also included for patients with 

previous use before cohort entry. Finally, we included the number of hospitalizations in the 

year before cohort entry as a surrogate marker for overall health. Scores commonly used to 

estimate the risk of ischemic stroke in NVAF (e.g., CHADS2 and CHA2DS2-VASc scores) and 

the risk of bleeding (e.g., HAS-BLED score) were not adjusted for, given that the individual 

components of these scores were added in all models. Missing data were expected for body 

mass index and smoking status so that a separate category was created to classify missing 

information.  

5.3.6 Statistical analysis 

We used propensity score (PS)-based fine stratification and weighting to control for 

potential confounding [33-34]. The PS (the probability of receiving edoxaban, conditional on 

observed baseline covariates described above) was estimated using logistic regression, 

separately for patients without and with a history of OAC use before cohort entry. Following 

PS estimation, those in the non-overlapping regions of the PS distributions were excluded. 

Next, we computed fine-stratification weights using 100 strata based on the PS distribution of 

the edoxaban group. Inverse probability of censoring weighting (IPCW) was also used to 

account for potential informative censoring due to treatment termination or switching and to 

account for death as a competing risk. We described the baseline characteristics of each 

exposure group before and after fine stratification weighting, by prior OAC use strata. A 

standardized mean difference lower than 10% was considered a well-balanced covariate 

distribution. The crude and weighted incidence rates of ischemic stroke and major bleeding 

with their respective 95% confidence intervals (95% CIs) were estimated for each exposure 

group based on a Poisson distribution. We also plotted the weighted cumulative incidence 

curve for each primary outcome by exposure group. In the primary analyses, a weighted Cox 

proportional hazards regression model with robust sandwich variance with stratification by 
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prior OAC treatment was fitted to estimate the hazard ratio (HR) and 95% CI for each outcome 

associated with the use of edoxaban compared to the use of apixaban. All-cause mortality and 

a composite outcome of ischemic stroke/TIA, SE, GI bleeding, and ICH were individually 

assessed as secondary outcomes. All analyses were performed using SAS 9.4 (SAS Institute 

Inc., Cary, NC). 

5.3.7 Secondary analysis 

To investigate potential effect measure modification, we performed stratified analyses 

according to age (< 90 versus ≥ 90 years old), sex, frailty status (frail versus non-frail), and 

CHA2DS2-VASc score (≤ 4 versus > 4) [35]. Frailty status was defined using relevant codes in 

the CPRD. We also investigated whether the risk of each primary outcome vary with prior use 

of other OACs and with dose prescribed at cohort entry (standard dose (5 mg apixaban/60 mg 

edoxaban) versus low dose (2.5 mg apixaban/30 mg edoxaban)). A stratified analysis by 

patients’ modified HAS-BLED score assessed at cohort entry (≤ 2 versus > 2) was undertaken 

to evaluate potential effect measure modification on the risk of MB [36]. We used a modified 

HAS-BLED score that included hypertension, abnormal renal and/or liver function, ischemic 

stroke/TIA, bleeding, age ≥ 65 years, use of antiplatelets and/or NSAIDs drugs or alcohol abuse 

because of the unavailability of international normalized ratio values at cohort entry. Finally, 

we examined whether the risk varies by type of bleeding (GI bleeding, ICH and other bleeding). 

5.3.8 Sensitivity analysis  

We performed three sensitivity analyses to assess the robustness of the results. First, to 

assess potential exposure misclassification, the primary analyses were repeated using 15- and 

60-day grace periods between successive prescriptions. Second, we used an intention-to-treat 

(ITT) exposure definition to further investigate potential informative censoring related to 

treatment discontinuation or switching with follow-up restricted to one year and a half. Lastly, 

we used multiple imputation by chained equations method and combined results from five 

imputed datasets to account for missing data on body mass index and smoking status [37]. 

 

5.4 Results 

Following the applied inclusion and exclusion criteria, the study cohort included 7,251 

new users of edoxaban and 39,991 new users of apixaban (Figure 1). Baseline characteristics 

of patients without and with prior use of OACs before and after fine stratification weighting 

are presented in Table S1 and Table S2. Before fine stratification weighting, most 
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characteristics were similar in patients without prior OAC use, except for a higher number of 

hospitalizations in edoxaban users. Among patients with prior OAC use, before fine 

stratification weighting, edoxaban users were slightly healthier than apixaban users, with a 

lower prevalence of history of stroke/TIA, anemia, and chronic kidney disease. After 

weighting, both exposure groups from each sub-cohort were well-balanced with respect to all 

covariates. The median follow-up time varied from 255-262 days for patients treated with 

edoxaban and from 317-322 for patients treated with apixaban. 

Table 1 presents the results of the primary analyses. The use of edoxaban was as 

effective as apixaban in the prevention of ischemic stroke/SE (weighted incidence rates: 20.38 

vs. 19.22 per 1,000 person-years; HR 1.06; 95% CI 0.89-1.26). Edoxaban was associated with 

a higher risk of MB compared with apixaban (weighted incidence rates: 45.57 vs. 31.21 per 

1,000 person-years; HR 1.42; 95% CI 1.26-1.61). There was no difference in all-cause 

mortality between edoxaban and apixaban use (weighted incidence rates: 118.43 vs. 113.70 per 

1,000 person-years; HR 1.04; 95% CI 0.96-1.12). Compared with apixaban, the risk of the 

composite outcome was higher with edoxaban (weighted incidence rates: 44.34 vs. 36.12 per 

1,000 person-years; HR 1.21; 95% CI 1.07-1.38). Weighted cumulative incidence curves for 

each primary outcome are presented in Figure 2  and Figure 3.  

Stratified analyses did not show any effect measure modification on the risk of the 

ischemic stroke/SE associated with edoxaban (Figure 4 and Table S3). The risk of stroke did 

not vary by history of OAC use (Table S4) or by dose (Table S5). The risk of MB was not 

modified by age, frailty and CHA2DS2-VASc score (Figure 4 and Table S6). However, the 

risk was numerically higher among men treated with edoxaban (HR 1.60; 95% CI 1.34-1.91) 

than among women (HR 1.25; 95% CI 1.04-1.52) (Table S6). It was also greater in patients 

with a HAS-BLED ≤ 2 (HR 2.00; 95% CI 1.54-2.60) than in those with a HAS-BLED > 2 (HR 

1.28; 95% CI 1.10-1.49). The risk did not vary by history of prior OAC use (Table S7) but was 

slightly higher with standard-dose of edoxaban vs. apixaban (HR 1.66; 95% CI 1.38-2.00) than 

with low-dose of edoxaban vs. apixaban (HR 1.28; 95% CI 1.06-1.54) (Table S8). Compared 

with apixaban, edoxaban was associated with a higher risk of GI bleeding (HR 1.53; 95% CI 

1.27-1.85) and other bleeding (HR 1.45; 95% CI 1.21-1.74) with a similar risk of ICH (HR 

0.95; 95% CI 0.63-1.42) (Table S9). 

Results of the sensitivity analyses were overall consistent with those of the primary 

analyses (Figure 5, Tables S10-S11).  
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5.5 Discussion 

In this population-based cohort study, edoxaban and apixaban had similar effectiveness 

against ischemic stroke. However, edoxaban was associated with a 42% greater MB risk. The 

risk of all-cause mortality was similar between the two DOACs. Compared with apixaban, the 

risk of the composite outcome was 21% higher with edoxaban. The results of the primary 

analyses remained robust across all sensitivity analyses. 

Evidence regarding the comparative effectiveness/safety profile between the four 

DOACs to inform clinical practice in the very elderly with NVAF remains scarce [38-39]. 

Therefore, which DOAC should be preferentially prescribed to these patients is uncertain 

[38,40]. Two cohort studies compared the effectiveness and safety of apixaban, rivaroxaban 

and dabigatran in patients with NVAF older than 80 [25-26]. In line with previous findings 

from observational studies in younger populations, one of these studies suggested that while 

apixaban was at least as effective as dabigatran and rivaroxaban, it was associated with a lower 

risk of MB in patients with NVAF over 80 [19-22,25]. The other cohort study compared 

reduced dose of rivaroxaban and dabigatran in patients with NVAF over 85 and reported an 

increased risk of ischemic stroke/SE with similar risk of MB associated with low-dose 

rivaroxaban [26]. Our study is the first to examine the effectiveness and safety of edoxaban 

compared with apixaban in patients with NVAF over 80. Similar to evidence available in 

younger patients, our results suggest that edoxaban and apixaban offer similar effectiveness for 

the prevention of ischemic stroke in patients over 80, with no modification by age, sex, frailty, 

CHA2DS2-VASc score, history of OAC use and dose [41-45].  

Edoxaban was however associated with a greater risk of MB compared with apixaban, 

mainly driven by GI bleeding and other bleeding. Our results are consistent with those from a 

previous cohort study in patients with NVAF (aged ≥ 45 years old), in which a lower risk of 

MB (HR 0.79; 95% CI 0.72-0.86) associated with apixaban compared with edoxaban was 

reported [41]. Conversely, another cohort study on patients with NVAF (aged ≥ 18 years) 

observed a similar risk of MB between both DOACs, but the exclusion of 8,838 patients with 

less than 180 days observability may have led to potential selection bias [42]. A network-meta-

analysis reported a numerically higher MB risk estimate associated with edoxaban (HR 1.30; 

95% CI 0.99-1.70) compared with apixaban in patients with NVAF aged ≥ 75 years, based on 

data pooled from post hoc sub-group analyses of 2 RCTs (edoxaban or apixaban versus 

warfarin) [43]. In clinical practice, some physicians are reluctant to prescribe OACs to the 

elderly due to the risk of bleeding [6]. Yet, the hazard ratio of MB in patients treated with 
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edoxaban with a HAS-BLED > 2 was numerically lower than in those with a HAS-BLED ≤ 2 

in our study. Possible explanations include stricter monitoring or more regular reassessment of 

modifiable bleeding risk factor strategies in patients at higher risk of bleeding. Most AF 

guidelines recommend the use of the HAS-BLED score to identify and address potential 

bleeding risk factors, not to deny OAC therapy in eligible patients with AF [6,11-13].  

Despite their guidelines-based eligibility for oral anticoagulation, frail and elderly 

individuals with NVAF are also frequently not treated with OACs, owing to clinicians’ 

concerns over potential increased bleeding risk but also to the lack of observational evidence 

on their effectiveness/safety in these populations [46-49]. Two cohort studies examined the 

effectiveness/safety of DOACs in frail patients with NVAF [48-49]. One concluded that 

overall, all four DOACs had comparable effectiveness in the prevention of stroke/SE, but that 

apixaban was associated with a lower MB rate compared with dabigatran, rivaroxaban and 

edoxaban in frail patients with NVAF over 45 (even among frail patients over 85) [48]. 

However, the risk of all-cause mortality was increased among apixaban users compared with 

dabigatran and edoxaban users [48]. The other study compared the first three approved DOACs 

and found that their use was generally effective and safe in frail patients with NVAF (aged ≥ 

65) [49]. Similarly, we found no effect measure modification on the risk of MB associated with 

edoxaban by age and frailty. Also, the risk of MB did not vary with CHA2DS2-VASc, history 

of OAC use and dose. However, the dosing of DOACs is still a challenge in the elderly or frail 

patients with NVAF [41,50]. Inappropriate dosing of DOACs, based on overestimation of the 

bleeding risk, is prevalent in these patients, which can possibly undermine the net clinical 

benefit of these treatments [41,50]. Overall, in the absence of any counterindication, most AF 

guidelines recommend the prescription of OACs to elderly and frail patients with NVAF as 

their benefits outweigh their risk of bleeding [10-13]. A shared-decision making approach is 

encouraged between physicians and patients to individualize and optimize OAC therapy 

strategies (including dosage regimen) based on their comorbidities, comedications, values and 

preferences [10-13,40,50].  

This study had several strengths. The CPRD, shown to be representative of the general 

UK population, allowed us to assemble a large well-defined study population of 47,242 very 

elderly patients with incident NVAF. Moreover, linkage of the CPRD to the HES and ONS 

datasets to define the studied outcomes minimized potential outcome misclassification. All 

models were also adjusted for several potential confounders such as lifestyle risk factors that 

may not be captured in claims databases as smoking status and alcohol abuse. We also used 
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inverse probability of censoring weighting to account for treatment discontinuation or 

switching to another OAC and death as a competing risk in our primary analyses. Finally, our 

primary results remained robust across all sensitivity analyses.  

Some limitations should also be considered. Due to the observational nature of this 

study, residual confounding is possible. This issue was mitigated by considering many 

comorbidities, comedications and markers of health that were well balanced between the two 

exposure groups. Exposure misclassification may have been present since the CPRD only 

records prescribed drugs issued by general practitioners, and not by specialists. However 

general practitioners play a central role in the management of patients with AF, so that most 

OAC prescriptions are likely to be captured. In addition, the definition of exposure was based 

solely on issued prescriptions and not on those filled or taken. This issue was explored in 

sensitivity analyses using two different exposure definitions (15- and 60-day grace period) and 

results were consistent with those of the primary analyses. Finally, outcome misclassification 

is possible, but likely to be non-differential between the two treatment groups and thus, may 

bias the estimates towards the null. This potential source of bias was minimized by using HES 

and ONS data to define the study outcomes.  

In summary, while edoxaban and apixaban provided similar effectiveness for the 

prevention of ischemic stroke in very elderly patients with NVAF, the use of edoxaban was 

associated with an increased risk of major bleeding. Further population-based cohort studies 

with DOAC comparisons that include edoxaban in patients with NVAF over 80 should be 

undertaken to refine the current body of knowledge and inform AF guidelines on the choice of 

DOACs for this high-risk population. 
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N = 298,991           Excluded 

         

       220,611           No prescription of edoxaban or apixaban between July 1, 

                               2015, and March 31, 2021   

       69,947             Age < 80 years old 

       5,841               Prior use of edoxaban or apixaban before cohort entry 

       212                  Initiation of > 2 OAC therapies at cohort entry 

       1,421               History of valvular surgery (valvular AF) or rheumatic               

                               valvular disease at any time before cohort entry                

       154                  Diagnosis of hyperthyroidism or dialysis in the 90 days 

                               before cohort entry         

       805                  Diagnosis of venous thromboembolism or joint surgery of   

                               the hip, femur, or knee in the 30 days prior to and on 

                               cohort entry                 

                                                                     

                                 

 
N = 47,345    Study cohort of patients with incident NVAF 

N = 7,251  
New users of edoxaban 

after PS-trimming 
N = 39,991 

Figure 1. Flowchart of cohort selection of edoxaban and apixaban new users with NVAF 

aged ≥ 80 years 
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Figure 2. Weighted cumulative incidence curves of ischemic stroke for edoxaban and apixaban news users with NVAF 
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Figure 3. Weighted cumulative incidence curves of major bleeding for edoxaban and apixaban news users with NVAF 
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Figure 4. Forest plot summarizing the results of the stratified analyses for ischemic stroke/TIA/SE 

and major bleeding associated with edoxaban compared with apixaban 
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Figure 5. Forest plot summarizing the results of the primary and sensitivity analyses for ischemic 

stroke/TIA/SE and major bleeding associated with edoxaban compared with apixaban 
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Table 1. Crude and adjusted hazard ratios of ischemic stroke, major bleeding, all-cause mortality, and composite outcome 

(ischemic stroke/TIA, SE, GI bleeding and ICH) associated with edoxaban compared with apixaban 

Exposure Events Person-years 
Weighted incidence rate* 

(95% CI) 
Crude HR  

Adjusted HR  

(95% CI) †  

 Ischemic stroke      

Apixaban 1036 50265.40 19.22 (17.91-20.62) 1.00 [reference] 1.00 [reference] 

Edoxaban 142 6859.10 20.38 (17.27-24.04) 0.92 1.06 (0.89-1.26) 

Major bleeding      

Apixaban 1650 49735.88 31.21 (29.53-32.99) 1.00 [reference] 1.00 [reference] 

Edoxaban 305 6731.26 45.57 (40.72-51.00) 1.26 1.42 (1.26-1.61) 

All-Cause mortality      

Apixaban 6264 50849.59 113.70 (110.47-117.02) 1.00 [reference] 1.00 [reference] 

Edoxaban 821 6897.39 118.43 (110.57-126.85) 0.9 1.04 (0.96-1.12) 

Composite outcome      

Apixaban 1941 49815.20 36.12 (34.31-38.03) 1.00 [reference] 1.00 [reference] 

Edoxaban 302 6784.57 44.34 (39.59-49.66) 1.05 1.21 (1.07-1.38) 

* Per 1000 person-years  

†Adjusted using fine stratification weighting and inverse probability of censoring weighting 

Abbreviations: CI, confidence interval; GI, gastrointestinal; ICH, intracranial hemorrhage; HR, hazard ratio 
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Table S1. Baseline characteristics of new edoxaban and apixaban users with NVAF (≥ 80 years) without prior OAC use before 

and after fine stratification weighting 

Characteristics 

Before fine stratification   After fine stratification  

Edoxaban 

(4,527) 

Apixaban 

(29,761) 

Std. 

Diff. 
 

Edoxaban 

(4,527) 

Apixaban 

(29,761) 

Std.  

Diff. 

Age, years, mean (SD) 85.9 (4.3) 85.9 (4.4) 0.01  85.9 (4.3) 85.9 (4.3) 0.00 

Sex, n (%)        

Females 2423 (53.5) 16652 (56.0) 0.05  2423 (53.5) 15873 (53.3) 0.00 

Males 2104 (46.5) 13109 (44.0) 0.05  2104 (46.5) 13888 (46.7) 0.00 

Ethnicity        

White 4133 (91.3) 27440 (92.2) 0.03  4133 (91.3) 27171 (91.3) 0.00 

Others 155 (3.4) 1014 (3.4) 0.00  155 (3.4) 1019 (3.4) 0.00 

Unknown 239 (5.3) 1307 (4.4) 0.04  239 (5.3) 1572 (5.3) 0.00 

Calendar year of cohort entry        

2015-2018 1366 (30.2) 16970 (57.0) 0.56  1366 (30.2) 9008 (30.3) 0.00 

2019 1379 (30.5) 6489 (21.8) 0.20  1379 (30.5) 8957 (30.1) 0.01 

2020 1418 (31.3) 5068 (17.0) 0.34  1418 (31.3) 9378 (31.5) 0.00 

2021 364 (8.0) 1234 (4.1) 0.16  364 (8.0) 2418 (8.1) 0.00 

Alcohol abuse 126 (2.8) 908 (3.1) 0.02  126 (2.8) 820 (2.8) 0.00 

Body mass index        

Underweight or Normal weight 1437 (31.7) 9223 (31.0) 0.02  1437 (31.7) 9390 (31.6) 0.00 

Overweight 1415 (31.3) 9224 (31.0) 0.01  1415 (31.3) 9315 (31.3) 0.00 

Obese 938 (20.7) 6166 (20.7) 0.00  938 (20.7) 6165 (20.7) 0.00 

Unknown 737 (16.3) 5148 (17.3) 0.03  737 (16.3) 4892 (16.4) 0.00 

Smoking status        

Never 1531 (33.8) 10316 (34.7) 0.02  1531 (33.8) 10021 (33.7) 0.00 

Ever 2446 (54.0) 16506 (55.5) 0.03  2446 (54.0) 16123 (54.2) 0.00 

Unknown 550 (12.1) 2939 (9.9) 0.07  550 (12.1) 3617 (12.2) 0.00 

Comorbidities        

Hypertension 3336 (73.7) 22024 (74.0) 0.01  3336 (73.7) 21942 (73.7) 0.00 

Congestive heart failure 761 (16.8) 5723 (19.2) 0.06  761 (16.8) 5048 (17.0) 0.00 

Myocardial infarction 519 (11.5) 3790 (12.7) 0.04  519 (11.5) 3445 (11.6) 0.00 

Coronary artery disease 1020 (22.5) 7146 (24.0) 0.04  1020 (22.5) 6741 (22.6) 0.00 
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Pacemaker/Implantable cardioverter defibrillator 508 (11.2) 2276 (7.6) 0.12  508 (11.2) 3355 (11.3) 0.00 

CABG/Percutaneous coronary intervention 425 (9.4) 2616 (8.8) 0.02  425 (9.4) 2822 (9.5) 0.00 

Ischemic stroke or transient ischemic attack 1111 (24.5) 7807 (26.2) 0.04  1111 (24.5) 7338 (24.7) 0.00 

Systemic embolism 15 (0.3) 119 (0.4) 0.01  15 (0.3) 102 (0.3) 0.00 

Peripheral arterial disease 228 (5.0) 1894 (6.4) 0.06  228 (5.0) 1525 (5.1) 0.00 

Bleeding 1734 (38.3) 11361 (38.2) 0.00  1734 (38.3) 11385 (38.3) 0.00 

Anemia or coagulation defects 1053 (23.3) 6921 (23.3) 0.00  1053 (23.3) 6968 (23.4) 0.00 

Depression 871 (19.2) 5729 (19.3) 0.00  871 (19.2) 5695 (19.1) 0.00 

Cancer (other than non-melanoma skin cancer) 1072 (23.7) 6858 (23.0) 0.02  1072 (23.7) 7062 (23.7) 0.00 

Dementia or mild cognitive impairment 467 (10.3) 2756 (9.3) 0.04  467 (10.3) 3077 (10.3) 0.00 

Parkinson’s disease 73 (1.6) 451 (1.5) 0.01  73 (1.6) 470 (1.6) 0.00 

History of falls 1759 (38.9) 11330 (38.1) 0.02  1759 (38.9) 11516 (38.7) 0.00 

Chronic obstructive pulmonary disease 1002 (22.1) 7094 (23.8) 0.04  1002 (22.1) 6596 (22.2) 0.00 

Acute kidney injury 297 (6.6) 2227 (7.5) 0.04  297 (6.6) 1994 (6.7) 0.01 

Chronic kidney disease 1637 (36.2) 11471 (38.5) 0.05  1637 (36.2) 10832 (36.4) 0.00 

Liver disease 115 (2.5) 806 (2.7) 0.01  115 (2.5) 752 (2.5) 0.00 

Diabetes mellitus 1283 (28.3) 8467 (28.4) 0.00  1283 (28.3) 8438 (28.4) 0.00 

Time from NVAF diagnosis to DOAC initiation        

< 30 days 2912 (64.3) 19609 (65.9) 0.03  2912 (64.3) 19125 (64.3) 0.00 

30-180 days 1009 (22.3) 5759 (19.4) 0.07  1009 (22.3) 6623 (22.3) 0.00 

≥ 180 days 606 (13.4) 4393 (14.8) 0.04  606 (13.4) 4013 (13.5) 0.00 

Comedications        

Metformin 428 (9.5) 3048 (10.2) 0.03  428 (9.5) 2792 (9.4) 0.00 

Sulfonylureas 170 (3.8) 1293 (4.3) 0.03  170 (3.8) 1094 (3.7) 0.00 

Glucagon-like peptide 1 receptor agonists† S 41 (0.1) 0.01  S 25 (0.1) 0.00 

Dipeptidyl peptidase 4 inhibitors 155 (3.4) 947 (3.2) 0.01  155 (3.4) 1019 (3.4) 0.00 

Sodium-glucose cotransporter-2 11 (0.2) 43 (0.1) 0.02  11 (0.2) 67 (0.2) 0.00 

Insulin 138 (3.0) 954 (3.2) 0.01  138 (3.0) 919 (3.1) 0.00 

Other antidiabetic drugs† 10 (0.2) 121 (0.4) 0.03  10 (0.2) 63 (0.2) 0.00 

Beta-blockers 1956 (43.2) 12669 (42.6) 0.01  1956 (43.2) 12830 (43.1) 0.00 

Thiazides 744 (16.4) 5288 (17.8) 0.04  744 (16.4) 4852 (16.3) 0.00 

Other diuretics 1268 (28.8) 9104 (30.6) 0.06  1268 (28.0) 8348 (28.1) 0.00 

Angiotensin-converting enzyme inhibitors 1448 (32.0) 9994 (33.6) 0.03  1448 (32.0) 9493 (31.9) 0.00 
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Angiotensin II receptor blockers 864 (19.1) 5503 (18.5) 0.02  864 (19.1) 5721 (19.2) 0.00 

Calcium channel blockers 1817 (40.1) 11624 (39.1) 0.02  1817 (40.1) 11907 (40.0) 0.00 

Antiarrhythmics 97 (2.1) 745 (2.5) 0.02  97 (2.1) 642 (2.2) 0.00 

Digoxin 141 (3.1) 1198 (4.0) 0.05  141 (3.1) 930 (3.1) 0.00 

Antiplatelet agents 1953 (43.1) 13951 (46.9) 0.08  1953 (43.1) 12858 (43.2) 0.00 

Lipid-lowering drugs 2370 (52.4) 16340 (54.9) 0.05  2370 (52.4) 15581 (52.4) 0.00 

Non-steroidal anti-inflammatory drugs 1017 (22.5) 7536 (25.3) 0.07  1017 (22.5) 6658 (22.4) 0.00 

Opioids 1397 (30.9) 9907 (33.3) 0.05  1397 (30.9) 9172 (30.8) 0.00 

Systemic corticosteroids 621 (13.7) 4465 (15.0) 0.04  621 (13.7) 4104 (13.8) 0.00 

Antidepressants 836 (18.5) 5757 (19.3) 0.02  836 (18.5) 5473 (18.4) 0.00 

Antipsychotics 222 (4.9) 1595 (5.4) 0.02  222 (4.9) 1452 (4.9) 0.00 

Benzodiazepines and hypnotics 402 (8.9) 2895 (9.7) 0.03  402 (8.9) 2617 (8.8) 0.00 

Antiepileptic drugs 379 (8.4) 2518 (8.5) 0.00  379 (8.4) 2495 (8.4) 0.00 

Proton pump inhibitors 2094 (46.3) 13993 (47.0) 0.02  2094 (46.3) 13759 (46.2) 0.00 

H2 blockers 238 (5.3) 1649 (5.5) 0.01  238 (5.3) 1586 (5.3) 0.00 

Hormone replacement therapy‡ 37 (0.8) 224 (0.8) 0.01  37 (0.8) 241 (0.8) 0.00 

Oral anticoagulants        

Direct oral anticoagulants - - -  - - - 

Vitamin K antagonists - - -  - - - 

Number of hospitalizations        

0 2154 (47.6) 11101 (37.3) 0.21  2154 (47.6) 14187 (47.7) 0.00 

1 1489 (32.9) 11677 (39.2) 0.13  1489 (32.9) 9767 (32.8) 0.00 

≥ 2 884 (19.5) 6983 (23.5) 0.10  884 (19.5) 5807 (19.5) 0.00 

 

 

 

 

 

  

*Values are presented as number (%), unless otherwise specified 

†Some values are supressed (S) due to small number (n < 5) as per confidentiality agreement with the data custodians  

‡Percentage in women  

Abbreviations: OAC,. oral anticoagulant; SD., standard deviation; Std. Diff., standardized difference; CABG., coronary artery bypass 

surgery 
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Table S2. Baseline characteristics of new edoxaban and apixaban users with NVAF (≥ 80 years) with prior OAC use before and after 

fine stratification weighting 

Characteristics 

Before fine stratification  After fine stratification 

Edoxaban 

(2,724) 

Apixaban 

(10,230) 

Std. 

Diff. 
 

Edoxaban 

(2,724) 

Apixaban 

(10,230) 

Std.  

Diff. 

Age, years, mean (SD) 85.8 (4.3) 85.9 (4.2) 0.01  85.8 (4.3) 85.8 (4.3) 0.00 

Sex, n (%)        

Females 1434 (52.6) 5602 (54.8) 0.04  1434 (52.6) 5370 (52.5) 0.00 

Males 1290 (47.4) 4628 (45.2) 0.04  1290 (47.4) 4861 (47.5) 0.00 

Ethnicity        

White 2559 (93.9) 9617 (94.0) 0.00  2559 (93.9) 9609 (93.9) 0.00 

Others 72 (2.6) 312 (3.0) 0.02  72 (2.6) 265 (2.6) 0.00 

Unknown 93 (3.4) 301 (2.9) 0.03  93 (3.4) 356 (3.5) 0.00 

Calendar year of cohort entry        

2015-2018 731 (26.8) 5959 (58.3) 0.67  731 (26.8) 2803 (27.4) 0.01 

2019 714 (26.2) 1919 (18.8) 0.18  714 (26.2) 2562 (25.0) 0.03 

2020 1176 (43.2) 2058 (20.1) 0.51  1176 (43.2) 4495 (43.9) 0.02 

2021 103 (3.8) 294 (2.9) 0.05  103 (3.8) 370 (3.6) 0.01 

Alcohol abuse 56 (2.1) 292 (2.9) 0.05  56 (2.1) 210 (2.1) 0.00 

Body mass index        

Underweight or Normal weight 912 (33.5) 3325 (32.5) 0.02  912 (33.5) 3504 (34.2) 0.02 

Overweight 873 (32.0) 3302 (32.3) 0.00  873 (32.0) 3200 (31.3) 0.02 

Obese 587 (21.5) 2280 (22.3) 0.02  587 (21.5) 2191 (21.4) 0.00 

Unknown 352 (12.9) 1323 (12.9) 0.00  352 (12.9) 1336 (13.1) 0.00 

Smoking status        

Never 884 (32.5) 3447 (33.7) 0.03  884 (32.5) 3305 (32.3) 0.00 

Ever 1540 (56.5) 5929 (58.0) 0.03  1540 (56.5) 5780 (56.5) 0.00 

Unknown 300 (11.0) 854 (8.3) 0.09  300 (11.0) 1145 (11.2) 0.01 

Comorbidities        

Hypertension 2013 (73.9) 7784 (76.1) 0.05  2013 (73.9) 7552 (73.8) 0.00 

Congestive heart failure 739 (27.1) 3138 (30.7) 0.08  739 (27.1) 2789 (27.3) 0.00 

Myocardial infarction 309 (11.3) 1452 (14.2) 0.09  309 (11.3) 1161 (11.3) 0.00 

Coronary artery disease 715 (26.2) 2958 (28.9) 0.06  715 (26.2) 2675 (26.2) 0.00 
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Pacemaker/Implantable cardioverter defibrillator 391 (14.4) 1399 (13.7) 0.02  391 (14.4) 1460 (14.3) 0.00 

CABG/Percutaneous coronary intervention 283 (10.4) 1089 (10.6) 0.01  283 (10.4) 1066 (10.4) 0.00 

Prior ischemic stroke or transient ischemic attack 726 (26.7) 3250 (31.8) 0.11  726 (26.7) 2676 (26.2) 0.01 

Systemic embolism 17 (0.6) 83 (0.8) 0.02  17 (0.6) 69 (0.7) 0.01 

Peripheral arterial disease 168 (6.2) 772 (7.5) 0.05  168 (6.2) 624 (6.1) 0.00 

Prior bleeding events 1265 (46.4) 5003 (48.9) 0.05  1265 (46.4) 4728 (46.2) 0.00 

Anemia or coagulation defects 641 (23.5) 2884 (28.2) 0.11  641 (23.5) 2381 (23.3) 0.01 

Depression 545 (20.0) 2051 (20.0) 0.00  545 (20.0) 2031 (19.9) 0.00 

Cancer (other than non-melanoma skin cancer) 660 (24.2) 2626 (25.7) 0.03  660 (24.2) 2485 (24.3) 0.00 

Dementia and mild cognitive impairment 293 (10.8) 1046 (10.2) 0.02  293 (10.8) 1074 (10.5) 0.01 

Parkinson’s disease 37 (1.4) 163 (1.6) 0.02  37 (1.4) 143 (1.4) 0.00 

History of falls 1095 (40.2) 4481 (43.8) 0.07  1095 (40.2) 4122 (40.3) 0.00 

Chronic obstructive pulmonary disease 648 (23.8) 2669 (26.1) 0.05  648 (23.8) 2439 (23.8) 0.00 

Acute kidney injury 247 (9.1) 972 (9.5) 0.02  247 (9.1) 891 (8.7) 0.01 

Chronic kidney disease 1163 (42.7) 4863 (47.5) 0.10  1163 (42.7) 4333 (42.4) 0.01 

Liver disease 86 (3.2) 292 (2.9) 0.02  86 (3.2) 326 (3.2) 0.00 

Diabetes mellitus 859 (31.5) 3358 (32.8) 0.03  859 (31.5) 3208 (31.4) 0.00 

Time from NVAF diagnosis to DOAC initiation        

< 30 days 44 (1.6) 354 (3.5) 0.12  44 (1.6) 168 (1.6) 0.00 

30-180 days 117 (4.3) 844 (8.3) 0.16  117 (4.3) 451 (4.4) 0.01 

≥ 180 days 2563 (94.1) 9032 (88.3) 0.21  2563 (94.1) 9610 (93.9) 0.01 

Comedications        

Metformin 263 (9.7) 1156 (11.3) 0.05  263 (9.7) 997 (9.7) 0.00 

Sulfonylureas 116 (4.3) 494 (4.8) 0.03  116 (4.3) 426 (4.2) 0.00 

Glucagon-like peptide 1 receptor agonists† S 20 (0.2) 0.01  S 14 (0.1) 0.00 

Dipeptidyl peptidase 4 inhibitors 104 (3.8) 431 (4.2) 0.02  104 (3.8) 364 (3.6) 0.01 

Sodium-glucose cotransporter-2 8 (0.3) 19 (0.2) 0.02  8 (0.3) 29 (0.3) 0.00 

Insulin 82 (3.0) 408 (4.0) 0.05  82 (3.0) 293 (2.9) 0.01 

Other antidiabetic drugs† S 24 (0.2) 0.03  S 11 (0.1) 0.00 

Beta-blockers 1814 (66.6) 6792 (66.4) 0.00  1814 (66.6) 6819 (66.7) 0.00 

Thiazides 358 (13.1) 1322 (12.9) 0.01  358 (13.1) 1315 (12.9) 0.01 

Other diuretics 1158 (42.5) 5072 (49.6) 0.14  1158 (42.5) 4345 (42.5) 0.00 

Angiotensin-converting enzyme inhibitors 1004 (36.9) 3960 (38.7) 0.04  1004 (36.9) 3778 (36.9) 0.00 



 64 

Angiotensin II receptor blockers 545 (20.0) 2153 (21.0) 0.03  545 (20.0) 2061 (20.1) 0.00 

Calcium channel blockers 881 (32.3) 3440 (33.6) 0.03  881 (32.3) 3323 (32.5) 0.00 

Antiarrhythmics 192 (7.0) 707 (6.9) 0.01  192 (7.0) 718 (7.0) 0.00 

Digoxin 459 (16.9) 1909 (18.7) 0.05  459 (16.9) 1710 (16.7) 0.00 

Antiplatelet agents 264 (9.7) 1596 (15.6) 0.18  264 (9.7) 1001 (9.8) 0.00 

Lipid-lowering drugs 1561 (57.3) 6007 (58.7) 0.03  1561 (57.3) 5832 (57.0) 0.01 

Non-steroidal anti-inflammatory drugs 497 (18.2) 2333 (22.8) 0.11  497 (18.2) 1884 (18.4) 0.00 

Opioids 877 (32.2) 3963 (38.7) 0.14  877 (32.2) 3290 (32.2) 0.00 

Systemic corticosteroids 364 (13.4) 1624 (15.9) 0.07  364 (13.4) 1352 (13.2) 0.00 

Antidepressants 467 (17.1) 2011 (19.7) 0.06  467 (17.1) 1772 (17.3) 0.00 

Antipsychotics 109 (4.0) 580 (5.7) 0.08  109 (4.0) 408 (4.0) 0.00 

Benzodiazepines and hypnotics 241 (8.8) 1095 (10.7) 0.06  241 (8.8) 937 (9.2) 0.01 

Antiepileptic drugs 251 (9.2) 1051 (10.3) 0.04  251 (9.2) 925 (9.0) 0.01 

Proton pump inhibitors 1178 (43.2) 5021 (49.1) 0.12  1178 (43.2) 4413 (43.1) 0.00 

H2 blockers 137 (5.0) 642 (6.3) 0.05  137 (5.0) 527 (5.2) 0.01 

Hormone replacement therapy‡ 15 (0.6) 78 (0.8) 0.03  15 (0.6) 52 (0.5) 0.01 

Oral anticoagulants        

Direct oral anticoagulants 766 (28.1) 3289 (32.2) 0.09  766 (28.1) 2874 (28.1) 0.00 

Vitamin K antagonists 2001 (73.5) 7233 (70.7) 0.06  2001 (73.5) 7519 (73.5) 0.00 

Number of hospitalizations        

0 1664 (61.1) 4287 (41.9) 0.39  1664 (61.1) 6319 (61.8) 0.01 

1 597 (21.9) 3001 (29.3) 0.17  597 (21.9) 2205 (21.6) 0.01 

≥ 2 463 (17.0) 2942 (28.8) 0.28  463 (17.0) 1705 (16.7) 0.01 

 

 

 

 

 

  

*Values are presented as number (%), unless otherwise specified 

†Some values are supressed (S) due to small number (n < 5) as per confidentiality agreement with the data custodians 

‡ Percentage in women 

Abbreviations: OAC,. oral anticoagulant; SD., standard deviation; Std. Diff., standardized difference; CABG., coronary artery bypass 

surgery 
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Table S3. Crude and adjusted hazard ratios of ischemic stroke associated with edoxaban compared with apixaban in stratified 

analyses 

Exposure Events Person-years Weighted incidence rate*  

(95% CI) 
Crude HR 

Adjusted HR 

(95% CI)† 

< 90 years old      

Apixaban 779 41467.28 17.32 (15.96-18.79) 1.00 [reference] 1.00 [reference] 

Edoxaban 101 5592.24 17.64 (14.50-21.47) 0.87 1.00 (0.80-1.25) 

≥ 90 years old      

Apixaban 257 8798.12 28.09 (24.45-32.27) 1.00 [reference] 1.00 [reference] 

Edoxaban 41 1266.86 32.43 (23.85-44.10) 1.08 1.21 (0.85-1.73) 

      

Female      

Apixaban 613 28373.61 20.71 (18.88-22.71) 1.00 [reference] 1.00 [reference] 

Edoxaban 78 3712.62 20.44 (16.35-25.57) 0.89 0.96 (0.75-1.24) 

Male      

Apixaban 423 21891.79 17.41 (15.61-19.42) 1.00 [reference] 1.00 [reference] 

Edoxaban 64 3146.47 20.29 (15.86-25.95) 0.97 1.20 (0.91-1.59) 

      

Frail       

Apixaban 380 16657.35 21.13 (19.02-23.48) 1.00 [reference] 1.00 [reference] 

Edoxaban 78 3327.18 23.52 (18.82-29.39) 0.97 1.09 (0.84-1.41) 

Non-frail      

Apixaban 656 33608.05 17.86 (16.25-19.64) 1.00 [reference] 1.00 [reference] 

Edoxaban 64 3531.92 17.61 (13.76-22.53) 0.86 1.01 (0.77-1.33) 

      

CHA2DS2-VASc ≤ 4       

Apixaban 353 27073.37 12.89 (11.51-14.43) 1.00 [reference] 1.00 [reference] 

Edoxaban 64 4011.24 15.79 (12.34-20.21) 1.18 1.26 (0.95-1.68) 

CHA2DS2-VASc > 4      
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Apixaban 683 23192.03 27.94 (25.53-30.57) 1.00 [reference] 1.00 [reference] 

Edoxaban 78 2847.85 27.07 (21.66-33.84) 0.84 0.94 (0.73-1.21) 

 

 

 

 

 

  

* Per 1000 person-years 

†Adjusted using fine stratification weighting and inverse probability of censoring weighting 

Abbreviations: CI, confidence interval; HR, hazard ratio; CHA2DS2-VASc, congestive heart failure, arterial hypertension, age ≥75 years 

(doubled), diabetes mellitus, stroke (doubled), vascular disease, age 65-74 years, female sex 
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Table S4. Crude and adjusted hazard ratios of ischemic stroke associated with edoxaban compared with apixaban by history of 

OAC use 

Exposure Events Person-years Weighted incidence rate*  

 (95% CI) 
Crude HR 

Adjusted HR  

(95% CI) † 

No history of OAC use      

Apixaban 721 38080.40 18.47 (17.01-20.06) 1.00 [reference] 1.00 [reference] 

Edoxaban 85 4340.38 19.58 (15.83-24.22) 0.98 1.07 (0.86-1.34) 

History of OAC use      

Apixaban 315 12185.00 21.34 (18.66-24.42) 1.00 [reference] 1.00 [reference] 

Edoxaban 57 2518.72 22.63 (17.46-29.34) 0.84 1.03 (0.77-1.38) 

 

 

 

 

  

* Per 1000 person-years 

†Adjusted using fine stratification weighting and inverse probability of censoring weighting 

Abbreviations: OACs, oral anticoagulants; CI, confidence interval; HR, hazard ratio 
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Table S5. Crude and adjusted hazard ratios of ischemic stroke associated with edoxaban compared with apixaban by dose 

Exposure Events Person-years Weighted incidence rate*   

 (95% CI) 
Crude HR 

Adjusted HR  

(95% CI) † 

Standard dose       

Apixaban 432 24619.64 15.45 (13.82-17.26) 1.00 [reference] 1.00 [reference] 

Edoxaban 53 3093.41 16.39 (12.49-21.52) 0.86 1.05 (0.77-1.42) 

Low-dose      

Apixaban 603 25639.76 22.72 (20.75-24.89) 1.00 [reference] 1.00 [reference] 

Edoxaban 89 3763.64 23.54 (19.11-29.00) 0.95 1.04 (0.81-1.33) 

 

 

 

 

  

* Per 1000 person-years 

†Adjusted using fine stratification weighting and inverse probability of censoring weighting 

Abbreviations: CI, confidence interval; HR, hazard ratio 
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Table S6. Crude and adjusted hazard ratios of major bleeding associated with edoxaban compared with apixaban in stratified 

analyses 

Exposure Events Person-years Weighted incidence rate* 

(95% CI) 
Crude HR 

Adjusted HR 

(95% CI) † 

< 90 years old      

Apixaban 1309 40985.39 29.53 (27.73-31.45) 1.00 [reference] 1.00 [reference] 

Edoxaban 238 5479.75 43.62 (38.40-49.55) 1.24 1.44 (1.24-1.67) 

≥ 90 years old      

Apixaban 341 8750.49 39.04 (34.70-43.93) 1.00 [reference] 1.00 [reference] 

Edoxaban 67 1251.51 54.13 (42.58-68.81) 1.31 1.36 (1.03-1.80) 

      

Female      

Apixaban 840 28137.46 29.07 (26.88-31.43) 1.00 [reference] 1.00 [reference] 

Edoxaban 137 3662.53 37.72 (31.89-44.62) 1.15 1.25 (1.04-1.52) 

Male      

Apixaban 810 21598.42 33.72 (31.17-36.48) 1.00 [reference] 1.00 [reference] 

Edoxaban 168 3068.73 54.92 (47.18-63.92) 1.35 1.60 (1.34-1.91) 

      

Frail       

Apixaban 619 16497.79 34.61 (31.85-37.60) 1.00 [reference] 1.00 [reference] 

Edoxaban 156 3277.80 48.19 (41.17-56.41) 1.21 1.39 (1.16-1.68) 

Non-frail      

Apixaban 1031 33238.09 28.88 (26.80-31.12) 1.00 [reference] 1.00 [reference] 

Edoxaban 149 3453.45 43.23 (36.80-50.78) 1.28 1.44 (1.20-1.72) 

      

CHA2DS2-VASc ≤ 4       

Apixaban 830 26699.45 29.07 (26.96-31.35) 1.00 [reference] 1.00 [reference 

Edoxaban 171 3935.06 43.61 (37.52-50.70) 1.29 1.48 (1.24-1.77) 

CHA2DS2-VASc > 4      
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Apixaban 820 23036.43 34.09 (31.41-37.00) 1.00 [reference] 1.00 [reference] 

Edoxaban 134 2796.19 48.37 (40.82-57.32) 1.24 1.36 (1.12-1.65) 

      

HAS-BLED ≤ 2      

Apixaban 308 11469.10 23.24 (20.52-26.33) 1.00 [reference] 1.00 [reference] 

Edoxaban 83 1851.01 45.17 (36.38-56.09) 1.57 2.00 (1.54-2.60) 

HAS-BLED > 2      

Apixaban 1342 38266.78 34.09 (32.04-36.27) 1.00 [reference] 1.00 [reference] 

Edoxaban 222 4880.25 45.70 (40.05-52.14) 1.19 1.28 (1.10-1.49) 

 

 

 

 

 

 

 

 

  

*Per 1000 person-years 

†Adjusted using fine stratification weighting and inverse probability of censoring weighting 

Abbreviations: CI, confidence interval; HR, hazard ratio; CHA2DS2-VASc, congestive heart failure, arterial hypertension,  

age ≥75 years (doubled), diabetes mellitus, stroke (doubled), vascular disease, age 65-74 years, female sex; HAS-BLED (modified), 

hypertension, abnormal renal/liver function, ischemic stroke, bleeding, elderly > 65 years, antiplatelet/non-steroidal anti-inflammatory 

drug use or alcohol abuse 
 



 71 

 

Table S7. Crude and adjusted hazard ratios of major bleeding associated with edoxaban compared with apixaban by history of 

OAC use 

Exposure Events Person-years Weighted incidence rate* 

(95% CI) 
Crude HR 

Adjusted HR 

(95% CI) † 

No history of OAC use      

Apixaban 1195 37718.08 31.93 (29.98-34.00) 1.00 [reference] 1.00 [reference] 

Edoxaban 193 4252.56 45.38 (39.41-52.26) 1.34 1.40 (1.20-1.63) 

History of OAC use      

Apixaban 455 12017.79 29.30 (26.11-32.88) 1.00 [reference] 1.00 [reference] 

Edoxaban 112 2478.70 45.18 (37.55-54.38) 1.12 1.48 (1.19-1.84) 

 

 

 

  

* Per 1000 person-years 

†Adjusted using fine stratification weighting and inverse probability of censoring weighting 

Abbreviations: OACs, oral anticoagulants; CI, confidence interval; HR, hazard ratio 
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Table S8. Crude and adjusted hazard ratios of major bleeding associated with edoxaban compared with apixaban by dose 

Exposure Events Person-years Weighted incidence rate*  

(95% CI) 
Crude HR 

Adjusted HR  

(95% CI) † 

Standard dose       

Apixaban 825 24299.85 30.75 (28.40-33.30) 1.00 [reference] 1.00 [reference] 

Edoxaban 154 3013.31 52.04 (44.42-60.96) 1.39 1.66 (1.38-2.00) 

Low-dose      

Apixaban 826 25434.75 30.70 (28.38-33.20) 1.00 [reference] 1.00 [reference] 

Edoxaban 151 3715.90 40.57 (34.57-47.61) 1.14 1.28 (1.06-1.54) 

 

 

 

  

* Per 1000 person-years 

†Adjusted using fine stratification weighting and inverse probability of censoring weighting 

Abbreviations: CI, confidence interval; HR, hazard ratio 
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Table S9. Crude and adjusted hazard ratios of major bleeding associated with edoxaban compared with apixaban by type of 

bleeding 

Exposure Events Person-years Weighted incidence rate*  

(95% CI) 
Crude HR 

Adjusted HR  

(95% CI) † 

GI bleeding       

Apixaban 694 50415.82 12.72 (11.67-13.87) 1.00 [reference] 1.00 [reference] 

Edoxaban 135 6824.73 19.89 (16.80-23.56) 1.29 1.53 (1.27-1.85) 

ICH       

Apixaban 233 50825.35 4.15 (3.57-4.82) 1.00 [reference] 1.00 [reference] 

Edoxaban 29 6895.95 4.25 (2.95-6.12) 0.90 0.95 (0.63-1.42) 

Other bleeding       

Apixaban 723 50193.89 14.02 (12.91-15.23) 1.00 [reference] 1.00 [reference] 

Edoxaban 141 6805.36 20.81 (17.64-24.56) 1.32 1.45 (1.21-1.74) 

 

 

 

 

 

  

  * Per 1000 person-years 

  †Adjusted using fine stratification weighting and inverse probability of censoring weighting 

  Abbreviations: GI, gastrointestinal; ICH, intracranial hemorrhage; CI, confidence interval; HR, hazard ratio 
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Table S10. Crude and adjusted hazard ratios of ischemic stroke associated with edoxaban compared with apixaban in sensitivity 

analyses 

Exposure Events Person-years Weighted incidence rate*  

(95% CI) 
Crude HR 

Adjusted HR  

(95% CI) † 

15-day grace period      

Apixaban 758 35739.57 19.65 (18.13-21.29) 1.00 [reference] 1.00 [reference] 

Edoxaban 110 5375.38 20.20 (16.74-24.38) 0.90 1.02 (0.83-1.26) 

60-day grace period      

Apixaban 1267 60462.83 19.66 (18.44-20.97) 1.00 [reference] 1.00 [reference] 

Edoxaban 170 7860.19 21.26 (18.28-24.74) 0.95 1.07 (0.91-1.27) 

Intention-to-treat‡      

Apixaban 1082 43920.32 22.44 (21.01-23.98) 1.00 [reference] 1.00 [reference] 

Edoxaban 175 7076.97 24.46 (21.07-28.39) 0.97 1.09 (0.92-1.29) 

Multiple imputations      

Apixaban 1035 50272.28 19.27 (17.87-20.67) 1.00 [reference] 1.00 [reference] 

Edoxaban 142 6852.62 20.37 (17.00-23.74) 0.92 1.05 (0.87-1.27) 

 

 

 

 

 

  

* Per 1000 person-years 

†Adjusted using fine stratification weighting  

‡Follow-up restricted to 1.5 years 

Abbreviations: CI, confidence interval; HR, hazard ratio 
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Table S11. Crude and adjusted hazard ratios of major bleeding associated with edoxaban compared with apixaban in sensitivity 

analyses 

Exposure Events Person-years Weighted incidence rate* 

(95% CI) 
Crude HR 

Adjusted HR 

(95% CI) † 

15-day grace period      

Apixaban 1236 35440.00 32.72 (30.73-34.83) 1.00 [reference] 1.00 [reference] 

Edoxaban 248 5298.81 47.24 (41.69-53.52) 1.26 1.44 (1.24-1.66) 

60-day grace period      

Apixaban 1964 59743.97 31.06 (29.51-32.70) 1.00 [reference] 1.00 [reference] 

Edoxaban 353 7709.08 46.07 (41.49-51.15) 1.28 1.45 (1.29-1.64) 

Intention-to-treat‡      

Apixaban 1639 43466.77 34.51 (32.71-36.41) 1.00 [reference] 1.00 [reference] 

Edoxaban 329 6948.44 47.70 (42.80-53.16) 1.21 1.38 (1.22-1.56) 

Multiple imputations      

Apixaban 1649 49726.43 31.45 (29.70-33.20) 1.00 [reference] 1.00 [reference] 

Edoxaban 305 6729.42 45.56 (40.43-50.69) 1.26 1.42 (1.25-1.62) 

 

 

 

 

 

 

* Per 1000 person-years 

†Adjusted using fine stratification weighting  

‡Follow-up restricted to 1.5 years 

Abbreviations: CI, confidence interval; HR, hazard ratio 
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Chapter 6: Discussion 

Following the manuscript of the population-based cohort study presented in Chapter 5, this 

chapter summarizes the key findings of this thesis, offers a comprehensive evaluation of the 

strengths and limitations of this thesis, and expands further on the potential implications of the 

findings (including future perspectives).  

6.1 Summary of the objectives and main results  

This thesis evaluated the effectiveness (prevention of ischemic stroke/TIA/SE) and safety 

(risk of MB) of edoxaban compared with apixaban in very elderly patients aged 80 years and older 

with NVAF. As detailed in Chapter 2, OACs are still underprescribed in this population, despite 

the known net clinical benefit of OACs in older age groups [5-6]. In the absence of RCTs and of 

further observational studies with head-to-head DOAC comparisons in this population, clinical 

uncertainties regarding the optimal choice of DOACs for this population will remain [297, 299]. 

In view of the more recent approval of edoxaban, its effectiveness and safety compared with 

apixaban in the very elderly with NVAF remain a knowledge gap that must be addressed to inform 

clinicians on the prescription of DOAC for this vulnerable population. Thus, a large population-

based cohort study on patients with NVAF over the age of 80 was conducted to evaluate the 

comparative effectiveness and safety of edoxaban with apixaban. 

This population-based cohort study is the first to have assessed the effectiveness and safety 

of edoxaban compared with apixaban in very elderly patients with NVAF. Using the UK CPRD 

database, this study showed that the use of edoxaban was as effective as apixaban to prevent the 

risk of ischemic stroke/TIA/SE. However, edoxaban was associated with an increased risk of major 

bleeding compared with apixaban. The risk of the composite outcome was also higher in patients 

treated with edoxaban compared with those treated with apixaban, but the risk of all-cause 

mortality did not differ between exposure groups. The results of the sensitivity analyses were 

concordant with those of the primary analyses. 
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6.2 Strengths and limitations 

This section provides a more thorough description of the strengths and limitations 

pertaining to the use of the UK CPRD database and to the cohort study that were discussed in 

Chapter 5.  

Many strengths can be denoted in this study. First, the established high quality and validity 

of the data recorded in the CPRD database allowed us to assemble a large and clearly defined study 

population of 47,242 patients diagnosed with incident NVAF aged 80 years and older. Data from 

the CPRD have been shown to be representative of the general population with respect to age, sex 

and ethnicity. Among the potential list of relevant confounders that we adjusted for, the CPRD 

also collects data on lifestyle factors such as smoking status and alcohol consumption that are often 

unavailable in claims databases. This thesis was also able to consider frailty status, a relevant 

health measure in the very elderly, but rarely available in other databases. Linkage of the CPRD 

databases (Gold and Aurum) to the HES and ONS datasets to define the studied outcomes 

minimized potential outcome misclassification. Also, the use of a new user study design avoided 

biases related to the inclusion of prevalent users. The use of apixaban as an active comparator 

further decreased potential residual confounding. Next, inverse probability of censoring weighting 

was used to account for potential informative censoring related to treatment discontinuation or 

switching to another anticoagulant and for death as a competing risk in the primary analyses. This 

potential issue was also explored in a sensitivity analysis with exposure defined at cohort entry 

(analogous to an ITT) with a follow-up restricted to one year and a half.  

This thesis was nevertheless affected by some limitations. First, the observational nature 

of this thesis makes it prone to potential residual confounding that was mitigated using propensity 

score fine stratification and weighting to balance covariate distribution between the two treatment 

groups. Second, exposure to edoxaban and apixaban were only based on prescriptions issued by 

general practitioners. It was also impossible to determine if these prescriptions were filled at the 

pharmacy and to verify the patient’s level of treatment compliance. There was also no information 

on prescriptions issued by specialists. Nevertheless, this potential exposure misclassification is not 

expected to be differential between users of edoxaban and apixaban. Moreover, results from 

sensitivity analyses, where two different definitions of exposure (15- and 60-day grace periods) 

were used, were consistent with those of the primary analysis. Outcome misclassification may 
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have been present, but it is not likely to be differential between the two treatment groups and was 

minimized using the HES dataset to define the studied outcome. Also, we did not exclude patients 

with ischemic stroke, TIA, SE, or bleeding in the month before cohort entry, thus some outcomes 

may have been readmission for the same event. However, the outcome definition only included  

diagnoses in primary position in non-elective hospitalizations which mitigated this potential issue. 

Finally, there were missing data on BMI and smoking status, so that a separate category was 

created to classify these missing data. Multiple imputations by chained equations were then 

performed in the sensitivity analyses and results were concordant with those of the primary 

analyses. 

6.3 Implications of the findings and future perspectives 

 Physicians are often hesitant to prescribe DOACs to very elderly patients with NVAF 

because of their advanced age, which predisposes them to several comorbidities (including 

cognitive impairment and frailty), a higher risk of fall (potential higher risk of bleeding) and to the 

use numerous comedications that can increase the risk of drug-drug interactions [315-316]. The 

pharmacokinetics or pharmacodynamics of DOACs may also be altered due to age-related 

biological changes [299]. This thesis adjusted for several relevant confounders and provided real-

world evidence that edoxaban was as effective as apixaban to prevent ischemic stroke/TIA/SE in 

very elderly patients with NVAF. Moreover, the similar effectiveness of these drugs was 

maintained regardless of age (even in the oldest age group over 90 years), sex, frailty status, 

CHA2DS2-VASc score and dose. With reports that nearly 50% of very elderly patients with AF do 

not receive OACs despite their eligibility, these findings might potentially further encourage 

physicians to prescribe DOACs to prevent ischemic stroke and SE in this population [353]. 

  However, this thesis found a higher risk of major bleeding associated with the use of 

edoxaban compared with the use of apixaban in very elderly patients with NVAF. A lower risk of 

MB associated with apixaban was also frequently observed compared with dabigatran and 

rivaroxaban in previous observational studies [17, 269, 272]. Concerns over the potential risk of 

bleeding are frequently raised by physicians as a reason to withhold the prescription of OACs to 

the elderly with NVAF, particularly to frail patients. [300, 315]. However, in this thesis, frailty 

and age did not modify the risk of MB. Given the limited information on the effectiveness and 

safety of DOACs in the elderly, especially on edoxaban [358-359], our results provide evidence 
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that frailty and age should not necessarily preclude older and frail patients from receiving OACs. 

Overall, guidelines recommend that physicians weight the benefits and harms associated with each 

DOAC and individualize treatment according to their patients’ comorbidities and polypharmacy 

[13-17]. Values and preferences held by the patients should also be considered [13-16]. Because 

frailty is often an important component of elderly patients’ health profile, further observational 

studies with DOAC comparisons stratified by frailty should be conducted to gather more real-

world data and improve the management of NVAF [55]. Although we did not find any effect 

measure modification on the risk of MB by dose, the clinical factors affecting the dosing of 

DOACs in the elderly with NVAF should also be further investigated in observational studies to 

inform on the choice of DOAC dosage regimens in this population. Finally, the current prescription 

trend of OACs for NVAF should be re-examined given that edoxaban was often not included due 

to lack of power and limited sample size. 

 In summary, conclusions drawn from the results of this thesis may be generalizable to 

North American and European populations as DOACs are widely available across these two 

continents and recommendations are overall similar between most AF guidelines. Additional 

observational studies on very elderly patients with NVAF with head-to-head DOAC comparisons 

(including edoxaban) should be carried out to confirm our findings to provide actionable evidence-

based recommendations to AF guidelines and medical professionals.  
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Chapter 7: Conclusion  

In summary, this thesis assessed the effectiveness and safety of edoxaban compared with 

apixaban in patients with NVAF aged 80 years and older. Using the UK CPRD database, this thesis 

assembled a large population-based cohort of very elderly patients with incident NVAF treated 

with either edoxaban or apixaban. The results of this thesis showed that edoxaban was associated 

with a similar risk of ischemic stroke/TIA/SE compared with apixaban. However, edoxaban 

compared with apixaban was associated with an increased risk of major bleeding. The risk of all-

cause mortality did not differ between the two DOACs. Compared with apixaban, the risk of the 

secondary composite outcome was however also greater with edoxaban compared with apixaban. 

The findings of this thesis provide valuable real-world evidence to inform physicians on the 

prescription of DOACs to very elderly patients with NVAF. This results might also offer 

actionable evidence to support recommendations in clinical practice guidelines. Future population-

based cohort studies on this population that directly compared all four DOACs should be 

performed to provide additional data as to which DOAC should be preferentially (and safely) 

prescribed to elderly patients with NVAF over 80. 
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