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Résumé 

La fibrillation auriculaire (FA), l’arythmie cardiaque la plus courante est un facteur de risque 

majeur pour le développement de l’accident vasculaire cérébral ischémique (AVC). Les 

anticoagulants oraux directs (AOD) ont largement remplacé la warfarine en usage clinique pour 

la prévention des AVC dans la FA. Cette recherche a examiné deux défis méthodologiques 

importants qui peuvent survenir dans les études observationnelles sur l’efficacité et l’innocuité 

comparatives des AOD et de la warfarine. Premièrement : un biais d’information résultant d’une 

classification erronée de l’exposition au traitement à la warfarine suite aux ajustements de doses 

fréquentes qui ne sont pas adéquatement consignés dans les données de dispensations 

pharmacologiques. Deuxièmement : un biais de sélection, en raison de la censure informative, 

généré par des mécanismes de censure différentiels, chez les patients exposés aux AOD, ou à la 

warfarine. 

À l’aide des données administratives du Québec, j’ai mené trois études de cohortes rétrospectives 

qui ont portées sur toutes les personnes ayant initié un anticoagulant oral de 2010 à 2016. Ces 

études étaient restreintes aux résidents du Québec couverts par le régime public d'assurance 

médicaments (environ 40% de la population au Québec), c’est-à-dire : des personnes âgées de 65 

ans et plus; des bénéficiaires de l’aide sociale; des personnes qui n’ont pas accès à une assurance-

maladie privée; et les personnes à leur charge.  

Dans la première étude, nous avons émis l'hypothèse que les données sur les réclamations en 

pharmacie ne reflètent pas correctement la durée de la dispensation de la warfarine. Les écarts 

entre les renouvellements consécutifs étaient plus grands pour la warfarine que les AOD. Dans 



 

ii 

 

cette étude, on a trouvé que l'écart moyen pour les usagers de la warfarine était de 9.3 jours (avec 

un intervalle de confiance de 95% [IC]: 8.97-9.59), l'apixaban de 3.08 jours (IC de 95%: 2.96--

3.20), et de 3.15 jours pour le rivaroxaban (IC de 95%: 3.03-3.27). Les écarts entre les 

renouvellements consécutifs présentaient une plus grande variabilité chez les personnes qui 

prenaient de la warfarine comparativement à celles qui prenaient des AOD. Cette variation peut 

refléter les changements de posologie de la warfarine lorsque la dose quotidienne est ajustée par 

le professionnel de la santé en fonction des résultats du rapport normalisé international (INR). 

L’ajustement de la dose peut prolonger (ou raccourcir) la période couverte par le nombre de 

comprimés délivrés.  

Dans la deuxième étude, nous avons émis l'hypothèse que la définition de la durée d'exposition 

basée sur la variable des « jours fournis », disponible dans la base de données, et le délai de grâce 

fixe, entraîneront une erreur de classification différentielle de l’exposition à la warfarine par 

rapport aux AOD. Dans cette étude, on a utilisé deux approches pour définir la durée des 

dispensations : la variable des « jours fournis » disponible dans la base de données ainsi qu’une 

approche axée sur les données pour la définition de la durée de dispensation qui tient compte des 

antécédents de distribution précédents. La deuxième étude a révélé qu'en utilisant la variable des 

« jours fournis »,  la durée moyenne (et l'écart type) des durées des dispensations pour le 

dabigatran, le rivaroxaban, et la warfarine étaient de 19 (15), 19 (14), et de 13 (12) jours, 

respectivement. En utilisant l’approche fondée sur des données, les durées étaient de 20 (16), 19 

(15), et de 15 (16) jours, respectivement. Ainsi, l'approche fondée sur les données s’est 

rapprochée de la variable des « jours fournis »  pour les thérapies à dose standard telles que le 
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dabigatran et le rivaroxaban.  Une approche axée sur les données pour la définition de la durée de 

dispensation, qui tient compte des antécédents de distribution précédents, permet de mieux saisir 

la variabilité de la durée de dispensation de la warfarine par rapport à la méthode basée sur la 

variable des « jours fournis ». Toutefois, cela n’a pas eu d’impact sur les estimations du rapport 

de risque sur la sécurité comparative des AOD par rapport à la warfarine. 

Dans la troisième étude, nous avons émis l'hypothèse que lors de l'évaluation de l’effet d’un 

traitement continu avec des anticoagulants oraux (l'analyse per-protocole), la censure élimine les 

patients les plus malades du groupe des AOD et des patients en meilleure santé du groupe de 

warfarine. Cela peut baisser l'estimation de l'efficacité et de l'innocuité comparative en faveur des 

AOD. L’étude a démontré que les mécanismes de censure chez les initiateurs d’AOD et de 

warfarine étaient différents. Ainsi, certaines covariables pronostiquement significatives, telles 

que l’insuffisance rénale chronique et l’insuffisance cardiaque congestive, étaient associées avec 

une augmentation de la probabilité de censure chez les initiateurs d’AOD, et une diminution de la 

probabilité de censure chez les initiateurs de warfarine.  Pour corriger le biais de sélection 

introduit par la censure, nous avons appliqué la méthode de pondération par la probabilité inverse 

de censure. Deux stratégies de spécification du modèle pour l’estimation des poids de censure ont 

été explorées : le modèle non stratifié, et le modèle stratifié en fonction de l’exposition.  L’étude 

a démontré que lorsque les poids de censure sont générés sans tenir compte des dynamiques de 

censure spécifiques, les estimés ponctuels sont biaisés de 15%  en faveur des  AOD par rapport à 

l'ajustement des estimés ponctuels avec des poids de censure stratifiée selon l’exposition (rapport 
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de risque: 1.41; IC de 95%: 1.34, 1.48 et rapport de risque: 1.26; IC de 95%: 1.20, 1.33, 

respectivement). 

Dans l’ensemble, les résultats de cette thèse ont d’importantes implications méthodologiques pour 

les futures études pharmacoépidémiologiques. À la lumière de ceux-ci, les résultats des études 

observationnelles précédentes peuvent être revus et une certaine hétérogénéité peut être 

expliquée. Les résultats pourraient également être extrapolés à d’autres questions cliniques. 

 

Mots-clés: fibrillation auriculaire, anticoagulants oraux, biais d’information, biais de sélection, 

données administratives, erreur de classification, biais de sélection introduit par la censure, 

pondération par la probabilité inverse de censure, pharmacoépidémiologie, études 

observationnelles, l’efficacité et l’innocuité comparatives, inférence causale, durée d'exposition, 

méthodologie   
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Abstract 

Atrial fibrillation (AF), the most common cardiac arrhythmia is a major risk factor for the 

development of ischemic stroke. Direct oral anticoagulants (DOACs) replaced warfarin in clinical 

use for stroke prevention in AF. This research investigated two important methodological 

challenges that may arise in observational studies on the comparative effectiveness and safety of 

DOACs and warfarin. First, an information bias resulting from misclassification of exposure to 

dose-varying warfarin therapy when using days supplied value recorded in pharmacy claims data. 

Second, a selection bias due to informative censoring with differential censoring mechanisms in 

the DOACs- and the warfarin exposure groups. 

Using the Québec administrative databases, I conducted three retrospective cohort studies that 

included patients initiating an oral anticoagulant between 2010 and 2016. The studies were 

restricted to Québec residents covered by the public drug insurance plan (about 40% of Québec’s 

population), including those aged 65 years and older, welfare recipients, those not covered by 

private medical insurance, and their dependents. 

In the first study, we hypothesized that pharmacy claims data inadequately captured the duration 

of the dispensation of warfarin. Gaps between subsequent dispensations (refill gaps) and their 

variation are larger for warfarin than for DOACs. In this study, we found that the average refill gap 

for the users of warfarin was 9.3 days (95% confidence interval [CI]:8.97-9.59), apixaban 3.08 

days (95%CI: 2.96--3.20), dabigatran 3.70 days (95%CI: 3.56-3.84) and rivaroxaban 3.15 days 

(95%CI: 3.03-3.27). The variance of refill gaps was greater among warfarin users than among 

DOAC users. This variation may reflect the changes in warfarin posology when the daily dose is 
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adjusted by a physician or a pharmacist based on previously observed international normalized 

ratio (INR) results. The dose adjustment may lead to prolongation of the period covered by the 

number of dispensed pills. 

In the second study, we hypothesized that the definition of duration of dispensation based on the 

days supplied value and a fixed grace period will lead to differential misclassification of exposure 

to warfarin and DOACs. This may bias the estimate of comparative safety in favor of DOACs. In 

this study, we used two approaches to define the duration of dispensations: the recorded days 

supplied value, and the longitudinal coverage approximation (data-driven) that may account for 

individual variation in drug usage patterns. The second study found that using the days supplied, 

the mean (and standard deviation) dispensation durations for dabigatran, rivaroxaban, and warfarin 

were 19 (15), 19 (14), and 13 (12) days, respectively. Using the data-driven approach, the durations 

were 20 (16), 19 (15), and 15 (16) days, respectively. Thus, the data-driven approach closely 

approximated the recorded days supplied value for the standard dose therapies such as dabigatran 

and rivaroxaban. For warfarin, the data-driven approach captured more variability in the duration 

of dispensations compared to the days supplied value, which may better reflect the true drug-taking 

behavior of warfarin. However, this did not impact the hazard ratio estimates on the comparative 

safety of DOACs vs. warfarin.  

In the third study, we hypothesized that when assessing the effect of continuous treatment with oral 

anticoagulants (per-protocol effect), censoring removes sicker patients from the DOACs group and 

healthier patients from the warfarin group. This may bias the estimate of comparative effectiveness 

and safety in favor of DOACs. The study showed that the mechanisms of censoring in the DOAC 
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and the warfarin exposure groups were different. Thus, prognostically meaningful covariates, such 

as chronic renal failure and congestive heart failure, had an opposite direction of association with 

the probability of censoring in the DOACs and warfarin groups. To correct the selection bias 

introduced by censoring, we applied the inverse probability of censoring weights. Two strategies 

for the specification of the model for estimation of censoring weights were explored: exposure-

unstratified and exposure-stratified. The study found that exposure-unstratified censoring weights 

did not account for the differential mechanism of censoring across the treatment group and failed 

to eliminate the selection bias. The hazard ratio associated with continuous treatment with warfarin 

versus DOACs adjusted with exposure unstratified censoring weights was 15% biased in favor of 

DOACs compared to the hazard ratio adjusted with exposure-stratified censoring weights (hazard 

ratio: 1.41; 95% CI: 1.34, 1.48 and hazard ratio: 1.26; 95%CI: 1.20, 1.33, respectively). 

Overall, the findings of this thesis have important methodological implications for future 

pharmacoepidemiologic studies. Moreover, the results of the previous observational studies can be 

reappraised, and some heterogeneity can be explained. The findings can be extrapolated to other 

clinical questions. 

Keywords: Atrial fibrillation, Comparative effectiveness and safety, Observational study, 

Administrative claims data, Exposure misclassification, Selection bias, Censoring weights, 

Causal inference, Oral anticoagulants, Exposure definition, Information bias, 

Pharmacoepidemiology, Study methods    
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CHAPTER 1: Background and significance 

1.1 Pathophysiology and classification of atrial fibrillation 

Atrial fibrillation (AF) is the most common type of sustained cardiac arrhythmia. It is associated 

with reduced quality of life, increased risk of disability, and all-cause mortality1. 

In AF, the cardiac electrical conduction system fails to 

effectively transmit electrical signals to cause the 

contraction of the myocardium (Figure 1.1). In a healthy 

heart, the ordered electrical signal is fired at the sinoatrial 

node and triggers atria contraction. Then, the signal travels 

through the atrioventricular node, and after a slight delay 

propagates to the bundle of His and Purkinje fibers to trigger 

ventricular contraction. In AF, multiple spontaneous signals 

are fired arising either from local ectopic firing, a single 

localized reentry circuit, or multiple functional reentry 

circuits2. These result in inadequate atrial and ventricular 

contractions and decreased general blood circulation3. 

Continuous circulatory disturbance leads to the 

development of clinical manifestations, e.g. 

lightheadedness, shortness of breath, fatigue, and chest pain. However, most individuals with AF 

are asymptomatic4. 

               

                 
    

          

                            

             

               

                 
    

               

          

             

                 

                  

Figure 1.1. Healthy heart and atrial 

fibrillation. 
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The American Heart Association/American College of Cardiology/Heart Rhythm Society 

(AHA/ACC/HRS) 2014 Guideline for the Management of Patients with Atrial Fibrillation provides 

a clinically relevant classification that is based on the duration of episodes5. The Guidelines 

distinguish paroxysmal AF when the episodes terminate spontaneously within seven days, 

however, may recur in the future. Persistent AF occurs when the arrhythmia lasts seven days or 

longer without self-termination. A long-standing AF is a persistent AF that lasts more than one 

year. A permanent AF is a long-standing AF in which the normal heart rhythm cannot be restored. 

A non-valvular AF refers to the presence of AF in individuals without a rheumatic mitral valve 

disease, prosthetic valve, or mitral valve repair5. The 2020 update of the American Heart 

Association/American College of Cardiology/Heart Rhythm Society (AHA/ACC/HRS) 2014 

Guideline for the Management of Patients with Atrial Fibrillation clarifies that "valvular atrial 

fibrillation" refers to patients with either moderate or severe mitral stenosis or a mechanical heart 

valve6. 
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1.2 Epidemiology of atrial fibrillation 

The worldwide estimated prevalence of AF was 37, 574 million individuals (492 cases per 100,000 

inhabitants) in 2017. It was 28,533 million individuals (422 cases per 100,000 inhabitants) in 2007, 

thus, increasing by 14% over the 10 years. Older individuals have a higher prevalence rate 

compared to younger individuals: in 2017, the prevalence rate was 5,062 per 100,000 in those aged 

≥70 years, 996 per 100,000 in those aged 50-69 years, and 65 per 100,000 in those aged 15-49 

years. Males have a higher age-standardized prevalence compared to females (in 2017, 561 and 

416 per 100,000, respectively)7. 

The incidence of AF was 3.046 million new cases (40 cases per 100,000 inhabitants) in 2017, a 

15% increase from 2.315 million new cases in 2007 (34 new cases per 100,000 inhabitants)7. By 

age group, the incidence was 321 in those aged ≥70 years, 110 in those 50-69 years, and five in 

those 15-49 years. In 2017, the incidence of AF in males was higher compared to females (41 and 

38 per 100,000, respectively)7. 

The total estimated burden of AF was 5.976 million Disability Adjusted Life Years (DALYs) in 

2017, increasing by 25% from 2007 when it was 4.397 million DALYs. The number of deaths for 

AF also considerably increased over 10 years. In 2017 there were an estimated 0.29 million deaths, 

an increase from 0.19 million deaths in 2007. 

Overall, developed countries have a higher prevalence of AF as compared to developing countries8. 

In 2017, countries with the highest AF prevalence were Sweden (1,735 cases per 100,000 

inhabitants), New Zealand (1,612 cases per 100,000 inhabitants), and the United States, US (1,565 

cases per 100,000 inhabitants). In Canada, in 2017, the prevalence was also above the global 
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average with 1,243 cases per 100,000 inhabitants7. The higher prevalence of AF in developed 

countries is explained by a greater proportion of older individuals, enhanced detection, and longer 

survival of patients with AF9. 

In Québec, a study based on the analysis of the Québec administrative data (the Régie de 

l’assurance-maladie du Québec, RAMQ) reported that during the period from 2000 to 2009, the 

age- and sex-standardized incidence rate was as high as 324 (95% Confidence Interval, CI: 323-

325) per 100,000 per year10. Men had a higher risk of incident AF compared to women (age-

adjusted incidence rate ratio 1.51; 95% CI 1.50 to 1.52)10. 
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1.3 Risk factors for atrial fibrillation 

The factors associated with the development of AF are summarised in Figure 1.2. 

Risk factors for AF can be grouped as modifiable and unmodifiable. The latter include family 

history, age, sex, and race (Figure 1.2). The Framingham Heart Study found that age was the 

strongest risk factor among other risk factors such as sex, body mass, diabetes, smoking, alcohol 

consumption, hypertension, and heart disease11. The study reported the incidence of AF (diagnosed 

with ECG) per 1000 person-years (py) was 0.5 for those aged 45–54 years, 1.1 for aged 55–64, 3.2 

for those aged 65–74, 6.2 for those aged 75–84, and 7.7 for individuals aged ≥85 years12. Age was 

also associated with a more severe clinical course of AF: those older than 65 years were more often 

hospitalized and had higher mortality compared with individuals aged 65 years and younger13. The 

risk of AF is higher in men compared to women, in Whites compared to African Americans, 

Hispanics, or Asians11,14,15. Family history was associated with a 40% increased risk of developing 

AF in first-degree relatives16. 

Atrial

fibrillation

 nmodifiable

ris  factors

 odifiable

ris  factors

Cardiac:

 on cardiac: 

Family history, Older age,  ale sex ,  hite race

Congestive heart failure, Valve disease, 

 yocardial infarction, Other

Diabetes,  ypertension, 

Obstructive sleep apnea, 

Obesity,  mo ing, Alcohol

 Figure 1.2. Risk factors associated with the development of AF. 
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Modifiable risk factors for atrial fibrillation include cardiac and non-cardiac conditions. Congestive 

heart failure (CHF) may increase the risk of AF by 4.5 and 5.9 times in men and women, 

respectively. Myocardial infarction was associated with the risk of AF only in men (40% increased   

risk). Other cardiac factors that may increase the risk of AF include coronary artery disease, 

hypertrophic cardiomyopathy, dilated cardiomyopathy, congenital heart disease, restrictive 

cardiomyopathies (e.g., amyloidosis, hemochromatosis, and endomyocardial fibrosis), cardiac 

tumors, constrictive pericarditis, calcification of the mitral annulus, right-sided heart failure, and 

idiopathic dilatation of the right atrium17. 

Diabetes mellitus may increase the risk of AF by 40% in men and 60% in women18. Duration of 

diabetes was associated with a 3% increased risk of AF for every additional year19. Hypertension 

increases the risk of AF by 50% and 40% in men and women, respectively20. Studies reported that 

treatment of diabetes or hypertension may modify the risk of AF. Thus, diabetic patients treated 

with thiazolidinediones (TZD) had a 31% decreased risk of AF compared to untreated patients21. 

Treatment with renin-angiotensin-aldosterone system blockers losartan22 and valsartan23 decreased 

the risk of AF by 33% and 20%, respectively. Telmisartan may reduce the risk of AF by 46%24. 

Obstructive sleep apnea may increase the risk of AF25. Therapy with continuous positive airway 

pressure may decrease the risk of recurrence of AF26. Obesity increases the risk of diseases 

associated with the development of AF, such as hypertension, diabetes, heart disease, and 

obstructive sleep apnea. Moreover, obesity was found to be independently associated with 49% 

higher AF risk27. Weight management programs may modify the risk of AF development28. Current 

smokers had a 200%, and ever-smokers a 58% higher risk of AF, compared to non-smokers29. 
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Heavy alcohol consumption (more than 14 drinks per week) was associated with a 39% higher risk 

of AF30. 

Once, an individual develops AF, he/she has an increased risk of thromboembolism. That is 

outlined in the next section. 
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1.4 Risk of systemic thromboembolism in AF 

Systemic thromboembolism is a serious complication in AF leading to disability and increased risk 

of mortality5. Systemic thromboembolism occurs when an arterial blood clot or thrombus forms in 

the heart chambers (mostly in the left auricular appendage) because of abnormal blood flow, 

damage to the heart endothelium, and abnormal blood coagulation5. Systemic thromboembolism 

includes ischemic stroke and extracranial systemic thromboembolism. A study, based on the 

analysis of all cases of thromboembolism from randomized clinical trials of anticoagulation in AF 

reported that among all participants, the incidence rate of stroke was 1.92, and extracranial systemic 

thromboembolism was 0.24 per 100 person years31. 

 The Framingham Heart Study found that patients with valvular AF have an 18-fold, and patients 

with non-valvular AF have up to 6-fold higher risk of stroke compared to age- and blood pressure-

matched patients without AF32. 
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The risk of thromboembolism in AF is predicted using stratification schemes such as the CHA2DS2-

VASc (AHA/ACC/HRS)5, CHA2DS2-VASc (ESC)33, and CHADS-6534 (CCS) scores (Figure 1.3). 

With these schemes, the risk of thromboembolism is calculated for each patient by summing up 

the scores for the manifested risk factors. The higher the calculated scores are, the higher the risk 

of thromboembolism. Figure 1.4 shows the annual rate of thromboembolism in patients with AF 

based on the value of the CHA2DS2 -VASc (ESC) score35. 

             

             

            

     

        

     

                   

                  

                     

                

                            

                      

                       

        
   

                  

A A, American  eart Association; ACC, American College of Cardiology ;  R , 

 eart Rhythm  ociety; E C, European  ociety of Cardiology; CC , Canadian 

Cardiovascular  ociety; T A, transient ischemic attac ;   A, not applicable.

   ncluded as part of age 65 years and older.

   ot counted in the absence of other ris  factors

Figure 1.3. Stratification schemes for predicting thromboembolism in 

individuals with AF. Source: adapted from Andrade et al., 2017. 
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The antithrombotic treatment for the prevention of thromboembolism is recommended based on 

the total scores36. Thus, the CCS strongly recommends oral anticoagulants (OAC) for all patients 

with scores of ≥134. The ESC considers that for men with a score of one, the treatment with OACs 

is reasonable, and for all patients with scores of ≥2, the treatment with OACs is strongly 

recommended33. The AHA/ACC/HRS strongly recommends OACs for those with scores of ≥25. 

Other factors increasing the risk of thromboembolism in AF are not included in the risk 

stratification schemes. Thus, among AF patients, those with valvular heart disease have a higher 

risk of stroke compared to those without valvular heart disease32. Patients with a mechanical valve 

may have a higher risk of thrombosis compared to patients with a biologic valve37. Patients with 

persistent AF had higher adjusted rates of stroke or systemic embolism compared to those with 

paroxysmal AF (2.18 vs. 1.73 events per 100 patient-years, p=0.048)38. Next, patients with atrial 

fibrillation and a renal disease requiring renal replacement therapy were found to have an 80% (HR 

1.83, 95%CI: 1.57–2.14) higher risk of stroke compared with those without such disease39. 

Furthermore, AF patients with renal failure requiring hemodialysis, are not only at a higher risk of 

thromboembolism but also have an increased risk of bleeding. Anticoagulation in these patients 

remains a challenge and is strictly individualized40. 

C A2D 2  VA c (E C)  core

Thromboembolism, % per year

0 1 2  4 5 6  8 9

0 1. 2.2  .2 4.0 6. 9.8 9.8 6. 15.2

Figure 1.4. Annual rate of thromboembolism based on CHA2DS2 -VASc scoring. Source: 

adapted from Martin et al., 2017. 
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Smoking was found to be significantly associated with an increased risk of thromboembolism, 

however, the addition of this factor to CHA2DS2-VASc did not improve prediction41. 

For the prevention of thromboembolism in individuals with AF, lifelong therapy with oral 

anticoagulants is recommended5.   
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1.5 Prevention of thromboembolism in non-valvular AF with oral anticoagulants 

Anticoagulation therapy for stroke prevention is a part of the integrated care of patients with AF 

aiming at improving life expectancy, quality of life, autonomy, and social functioning42. 

There are two classes of oral anticoagulants: vitamin K antagonists (e.g., warfarin) and direct oral 

anticoagulants (DOACs: dabigatran, rivaroxaban, apixaban, edoxaban). Figure 1.5 shows the part 

of the coagulation cascade and the points of action of oral anticoagulants43,44. 

Vitamin K antagonist, warfarin 

was approved by the United 

States Food and Drug 

Administration (FDA) in 1954. 

The earliest marketed date of 

warfarin recorded in the Drug 

Product Database of Health 

Canada is December 31, 195745. 

Warfarin is inexpensive and safe 

to use in patients with renal 

failure. A meta-analysis of 

randomized controlled trials 

(RCT) found that compared to placebo, warfarin reduced the risk of stroke by 62% (pooled odds 

ratio 0.38; 95%CI: 0.28-0.52), and all-cause mortality by 26% (pooled odds ratio 0.74; 

95%CI:0.57-0.96)46. However, bleeding is the major side-effect of warfarin. Compared to placebo, 

            

   

        
            

  

        

                   

Apixaban

Rivaroxaban

Edoxaban

                

         

Dabigatran

        

        

        

Figure 1.5. Coagulation cascade and points of action of 

oral anticoagulants. Source: adapted from Makaryus et 

al., 2013 and Dempfle et al., 2014. 
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warfarin may be associated with a 90% higher risk of major bleeding (pooled odds ratio 1.9; 

95%CI:0.89-4.04)47. Furthermore, there was a significantly increased risk of intracranial bleeding 

in those taking versus those not taking warfarin (hazard ratio 1.97; 95%CI:1.24-3.13)48. The daily 

dose of warfarin is not standard and can vary from 2 to 10 mg49. Moreover, the required dosage for 

each individual is unpredictable and is adjusted during the treatment based on international 

normalized ratio (INR) measurements. Warfarin has a narrow therapeutic index: it is effective for 

the prevention of thromboembolism only if the anticoagulation level is maintained within the INR 

range of 2 to 350-52. Higher INR values increase the risk of bleeding: the incidence of major bleeding 

was 50% higher in patients on warfarin with INR>3.0 compared to those with INR 2.0-3.053. 

Time in therapeutic range (TTR) measures the proportion of days that a patient on warfarin was 

within INR of 2.0 to 3.0 over the total number of days on treatment54. A greater TTR is associated 

with improved outcomes55. Thus, a study reported that oral anticoagulation with vitamin K 

antagonists was beneficial compared to dual antiplatelet therapy only in patients with TTR 

maintained above 58% to 65%56. In real-world clinical settings, the reported TTRs varied from 

55%57 to 76%58. In clinical trial settings, the TTR was found to be higher compared to real-world 

settings (absolute difference of 12.2%; 95% CI, from 4.8% to 19.5%; p < 0.0001)59. 

In patients treated with warfarin, the risk of major bleeding was higher during the first 90 days of 

therapy compared with the later period (11.0 vs 6.3 per 100 person-years, risk ratio (RR):1.75, 

95%CI: 1.27-2.44, p < 0.001)60. Furthermore, poor anticoagulation control due to laboratory error 

(now rare), or inexperience of health care personnel with dose adjustments may also lead to 

bleeding in individuals on warfarin53. The risk of bleeding is higher in patients with co-existing 
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comorbidities such as cancer61, hypertension, cerebrovascular disease, previous ischemic stroke, 

abnormal renal or liver function, serious heart disease62, history of peptic ulcer63, or in individuals 

of older age60. Bleeding risk is also increased with concomitant use of cytochrome P-450 inhibitors 

(e.g. selective serotonin reuptake inhibitor [SSRIs], clopidogrel, azole antifungals, cimetidine, 

amiodarone), loop diuretics and sodium valproate, antibiotics (through modification of gut 

microbiome), aspirin, anti-inflammatory drugs, herbal supplements (garlic and ginkgo Biloba)64. 

Conversely, food or herbal supplement rich in vitamin K vitamins (coenzyme Q10,  t. John’s wort, 

ginseng) may decrease the effect of warfarin and increase the risk of thromboembolism64. 

As an alternative for warfarin, Health Canada approved four DOACs for the prevention of stroke 

in AF: dabigatran in 2010, rivaroxaban and apixaban in 2012, and edoxaban in 2016. Compared to 

warfarin, DOACs have a more predictable anticoagulation response and standard daily doses 

(apixaban 5 mg two times a day [BID], dabigatran 150 mg BID, rivaroxaban 20 mg once daily, and 

edoxaban 60 mg once daily)65. Reduced doses of DOACs are indicated for patients who meet 

prespecified criteria. In Canada, the CCS recommends using apixaban 2.5 mg BID if at least two 

of the following criteria are met: serum creatinine ≥1   µmol L, age≥80 years, body weight ≤60 

kg. Dabigatran 110 mg BID is recommended if age≥80 years or age≥ 5 years and other ris  factors 

for bleeding are present. Rivaroxaban 15 mg daily should be taken when creatinine clearance is 

15-49 mL/min, and edoxaban 30 mg daily is recommended if creatinine clearance is 30-49 mL/min, 

body weight ≤60  g, or if concomitant use of P-glycoprotein inhibitors, except amiodarone or 

verapamil65. In Quebec, similar fixed criteria for the reduced doses of DOACs for use in clinical 

practice are recommended by the Institut national d'excellence en santé et en services sociaux 



  

15 

 

(INESSS)66. Overall, DOACs have lower occasions of interaction with food and other drugs, and 

no dietary restrictions are needed. However, DOACs are susceptible to drug-drug interactions 

resulting in changes in their serum concentration that may alter their efficacy and safety. Thus, P-

glycoprotein or cytochrome P450 3A4/5 inhibitors (e.g., ketoconazole, itraconazole, ritonavir, 

fluconazole, boceprevir, amiodarone, diltiazem, quinidine) are most likely to increase the serum 

concentration of DOACs and increase the risk of bleeding. Strong inducers of cytochrome P450 

3A4/5 (e.g., carbamazepine, phenobarbital, phenytoin, rifampin, apalutamide, enzalutamide) may 

decrease the effect of DOACs and increase the risk of thromboembolism67. 

In patients on DOACs, there is no need for regular blood monitoring. However, DOACs are 

contraindicated in end-stage or severe chronic renal failure. Furthermore, treatment with DOACs 

is more expensive compared to warfarin68. Thus, the Canadian Agency for Drugs and 

Technologies in Health (CADTH) reported that for the fiscal year 2011/2012, the annual cost of 

warfarin 5 mg daily was 54$, whereas this cost was 1,289.44$ for dabigatran 150 mg BID, 

1,147.53$ for rivaroxaban 20 mg daily, and 1,289.44$ for apixaban 5 mg BID69. Noviyani et al.70 

conducted a systematic review and meta-analysis of economic evaluation studies on DOACs and 

warfarin by pooling incremental net benefits. The study found that in high-income countries, 

despite the higher drug acquisition costs, the overall cost of DOACs for the healthcare system 

may be lower compared to warfarin. This may be explained by fewer hospitalizations related to 

bleeding complications of warfarin treatment71,72. 

At the time of the study, no specific antidotes were available for DOACs. To date, idarucizumab 

(reverses the direct thrombin inhibitor dabigatran)73, andexanet alfa (reverses effects of factor Xa 
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inhibitors)74, and ciraparantag (reverses effects of dabigatran and factor Xa inhibitors)75 have been 

developed as reversal agents for the DOACs. Idarucizumab is the only approved by Health 

Canada73. 

The benefits and risks of each DOAC versus warfarin have been assessed by randomized clinical 

trials and observational studies. 
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1.6 Randomized controlled trials on efficacy and safety of oral anticoagulants 

1.6.1 Pivotal trials and their findings 

 Four large phase-III randomized clinical trials assessed the efficacy and safety of each DOAC 

compared to warfarin for stroke prevention in non-valvular AF (Table 1.1). The trials’ objective 

was a test for non-inferiority of DOACs against warfarin, and the secondary objective was a test 

for superiority. 

Table 1.1. Selected characteristics of pivotal randomized controlled trials on efficacy and 

safety of DOACs vs. warfarin 

RCT Blinding Number of 

participants 

Follow-up 

duration 

(median, 

years) 

RE-LY76 

Dabigatran 150 mg or 110 mg 

BID 

Dabigatran- blinded to the dose 

received 

Warfarin- unblinded fashion 

18,113 2  

ROCKET-AF77 

Rivaroxaban 20 mg or 15 mg 

QD. 

Double-blinded, double-dummy 14,264 1.9 

ARISTOTLE78 

Apixaban 5 mg or 2.5 mg BID 

Double-blinded, double-dummy 18,201 1.8 

ENGAGE AF-TIMI trial”79 

Edoxaban 60 mg or 30 mg QD 

Double-blinded, double-dummy 21,105 2.8 

 

Only RE-LY76 and ENGAGE AF-TIMI79 trials assessed comparative efficacy and safety in 

participants randomly assigned to higher and lower doses of dabigatran or edoxaban versus 
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warfarin. ROCKET-AF77 and ARISTOTLE78 trials did not provide comparative estimates for 

lower doses of rivaroxaban and apixaban versus warfarin since the number of participants receiving 

lower doses was less than 5%80. 

Dabigatran 150 mg was superior to warfarin, and dabigatran 110 mg was non-inferior to warfarin 

for the prevention of stroke or systemic embolism (hazard ratio, RR 0.66; 95% CI; 0.53-0.82 and 

RR 0.91; 95% CI: 0.74-1.11, respectively). The hazards of major bleeding were similar between 

patients in the dabigatran 150 mg arm and the warfarin arm (RR 0.93; 95% CI; 0.81-1.07). Both, 

150 mg and 110 mg dabigatran were associated with a lower risk of hemorrhagic stroke compared 

to warfarin (RR 0.26; 95% CI: 0.14-0.49, and RR 0.31; 95%CI: 0.17-0.56, respectively). However, 

higher hazards of gastrointestinal bleeding were observed in the 150 mg dabigatran arm compared 

to the warfarin arm (RR 1.50; 95% CI: 1.19-1.89). 

Rivaroxaban was non-inferior to warfarin in the prevention of stroke or systemic embolism (HR: 

0.79; 95% CI; 0.66-0.96). There were similar hazards of major and clinically relevant nonmajor 

bleeding in the rivaroxaban vs the warfarin group (HR 1.03; 95%CI:0.96-1.11). The hazards of 

intracranial hemorrhage were lower in the rivaroxaban vs warfarin group (HR 0.67; 95%CI:0.47-

0.93). The rate of major gastrointestinal bleeding was higher in the rivaroxaban vs warfarin group 

(3.2% and 2.2%, respectively, p<0.001, HR was not reported). 

Apixaban was superior to warfarin in the prevention of stroke or systemic embolism (HR 0.79; 

95% CI; 0.66-0.95, P<0.001 for noninferiority; P = 0.01 for superiority).  The hazards of major 

bleeding were also lower in the apixaban vs the warfarin group (HR 0.69; 95%CI:0.60-0.80, 

P<0.001), including intracranial bleeding (HR 0.42, 95%CI:0.30–0.58). 
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Edoxaban 60 mg or 30 mg was non-inferior to warfarin for prevention of stroke and systemic 

embolism (HR 0.79; 95% CI; 0.63-0.99, and HR 1.07; 95% CI; 0.87-1.31, respectively). The 

hazards of major bleeding were lower in both, the 60 mg or 30 mg edoxaban group vs the warfarin 

group (HR 0.80; 95%CI:0.71-0.91 and HR 0.47; 95%CI:0.41-0.55). Both, 60 mg and 30 mg of 

edoxaban were associated with lower hazards of intracranial bleeding (HR 0.47, 95%CI:0.34–0.63, 

and HR: 0.30, 95%CI:0.21–0.43, respectively). Participants from the edoxaban 60 mg group had 

higher hazards of GI bleeding as compared to the warfarin group (HR 1.23; 95% CI; 1.02-1.50). 

A recent meta-analysis of patient-level data from the four pivotal RCTs80 reported that compared 

to warfarin, standard-dose DOACs when analyzed collectively, were more effective in the 

prevention of stroke and systemic embolism when used in standard doses (HR 0.81; 95% CI; 0.74-

0.89), and had lower hazards of intracranial bleedings (HR 0.45; 95% CI; 0.37-0.56), however, had 

higher hazards of gastrointestinal bleeding (HR 1.31; 95% CI; 1.08-1.57). Compared to warfarin, 

lower-dose DOACs (i.e., dabigatran 110 mg BID or edoxaban 15 mg QD), were not statistically 

different in the prevention of stroke and systemic embolism (HR 1.06; 95% CI; 0.95-1.19), had 

lower hazards of intracranial bleedings (HR 0.28; 95% CI; 0.21-0.37), and statistically not different 

hazards of gastrointestinal bleeding (HR 0.85; 95% CI; 0.62-1.18). 

Overall, the pivotal RCTs and the meta-analysis of patient-level data from the four pivotal RCTs 

showed that DOACs are no-inferior or superior to warfarin in the prevention of thromboembolism, 

and are at least as safe as warfarin. However, RCTs have certain limitations that may compromise 

their external validity. These limitations are discussed in the next section. 
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1.6.2 Limitations of randomized clinical trials 

RTCs are the gold standard in clinical research, they provide the highest level of evidence to guide 

clinical decisions or adopt new therapies81. However, the external validity or generalizability of 

RTCs may be limited by strict inclusion/exclusion criteria for study participation, omission or 

underrepresentation of important groups of patients, highly controlled study settings, limited 

sample size, or limited study follow-up82. External validity is defined as the applicability of the 

findings from RCTs “to a definable group of patients in a particular clinical setting in routine 

practice”83. 

The results on the efficacy and safety of DOACs were extrapolated to some vulnerable subgroups 

of patients in real clinical practice. However, the real benefit-risk balance of DOACs in these 

subgroups is not known. Thus, a study found that due to the strict inclusion criteria of the 

ARISTOTLE trial, up to 58% of patients in need of anticoagulation in a Swedish clinical practice 

would not be included in this trial84. The reasons for non-eligibility were not meeting ECG criteria 

(54%); coexisting psychosocial problems, including not uncommon alcohol abuse or dementia 

(30%); having both these criteria (8%); and other reasons (8%). On the other hand, the indications 

and contraindications for DOACs in the Summary of Product Characteristics (SmPC), a document 

that is a part of marketing authorization, are less restrictive. A study found that among AF patients 

with suspected stroke, a significantly higher proportion was eligible for DOAC therapy based on 

SmPC than based on the inclusion/exclusion criteria of the RE-LY, ROCKET-AF, and 

ARISTOTLE trials85. These proportions were respectively 72.9 versus 47.6 % for dabigatran (p < 



  

21 

 

0.001), 75.6 versus 39.3 % for rivaroxaban (p < 0.001), and 62.0 versus 45.5 % for apixaban (p < 

0.001). 

Some important subgroups of AF patients requiring anticoagulation and excluded from the pivotal 

trials were those with dementia, a history of intracranial bleeding, patients with anemia, or chronic 

kidney disease with severe renal impairment (creatinine clearance <30 ml/min)85,86. The 

ARISTOTLE trial allowed participation for those with creatinine clearance <25 ml/min. Yet, in 

this trial, individuals with severe renal impairment were underrepresented and comprised only 

1.5% of the total study population. Underrepresentation is another issue that is common in RCTs87. 

A low number of trial participants with a certain prognostic characteristic makes it difficult to 

provide a subgroup analysis for any possible differences in the benefit-risk balance of DOACs. For 

example, in clinical practice, individuals of very advanced ages (80 years or over) may represent 

about 30% of those receiving oral anticoagulants in AF88. Yet, these individuals at high risk of 

stroke and bleeding, including gastrointestinal hemorrhage32,89,90were not separately stratified in 

all pivotal DOACs trials, instead, they were part of the age group of ≥ 5 years. Other groups of 

patients that may have a higher risk of bleeding, however, underrepresented in the pivotal RCTs 

are patients with multimorbidity (defined as a presence of multiple diseases that are associated with 

frailty, polypharmacy, and adverse events), obese individuals, and those with co-administration of 

cardiac P-glycoprotein inhibitors (amiodarone, carvedilol and verapamil). 

The next point of concern is that, in general, in the highly controlled settings of RCTs, the 

adherence to the treatment is higher than in real-world settings. For example, a secondary analysis 

of data from the ARISTOTLE trial found that six months after trial initiation, 6.5% of patients had 
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low adherence to the therapy (<80% by pill count). In 8.7% of patients, the adherence was moderate 

(80%-90% by pill count), and in 84.8% it was high (>90% by pill count)91. Conversely, a study in 

the US that used real-world medical and pharmacy healthcare claims reported lower adherence 

rates based on the proportion of days covered (PDC). Thus, at six months, the proportion of patients 

with high adherence (PDC>80%) was 63% for apixaban, 59% for rivaroxaban, and 53% for 

dabigatran92. Such differences in adherence between RCTs and real-world clinical data are 

expected to affect the effectiveness and safety profiles of DOACs. 

Four pivotal RCTs comparing efficacy and safety of DOACs and warfarin were global multicernter  

trials involving thousands of patients (Table 1.1.) with the median follow-up ranging from 1.8 years 

in the ARISTOTLE trial to 2.8 years in the ENGAGE AF-TIMI. However, they can be 

underpowered to provide measures of events that are rare (between 1 in 1,000 and  1 in 10,000 

people may be affected) and very rare (fewer than 1 in 10,000 may be affected)93-95. 

Due to the limitations of RCTs exposed here, observational studies are an important tool to 

supplement the existing knowledge on the effectiveness and safety of DOACs compared to 

warfarin. 
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1.7 Observational studies on the effectiveness and safety of oral anticoagulants 

1.7.1 Results from observational studies 

Observational studies in pharmacoepidemiology are usually based on the analysis of data from 

electronic healthcare databases containing information on large groups of individuals (population-

based observational studies). These include administrative healthcare databases96 and electronic 

health records97. Post-marketing observational studies are essential to supplement and bridge the 

findings from the RCTs to the daily clinical practice98. Unlike RCTs, observational studies have 

higher generalizability and may address the effectiveness and safety of medications in populations 

of patients that were excluded or underrepresented in the clinical trials94. For example, several 

studies assessed the effectiveness and safety of DOACs versus warfarin in patients with chronic 

kidney disease39, the elderly99, or frail patients100. 

Four meta-analyses101-104 and one systematic review105 of observational studies comparing DOACs 

to warfarin were published during 2016 – 2019. The findings from these meta-analyses were 

similar to those reported by RCTs. Thus, all DOACs were superior or similar to warfarin for the 

prevention of stroke or systemic embolism. For example, Hirschl et al.103 reported that rivaroxaban 

was superior and dabigatran and apixaban were similar compared to warfarin (pooled HR 0.80; 

95%CI: 0.69-0.93,  HR 0.92; 95%CI: 0.76-1.11, and HR 0.88; 95%CI: 0.64-1.21 respectively). 

Escobar et al.101 found that all DOACs were superior to warfarin for the prevention of stroke or 

systemic embolism (dabigatran, pooled HR 0.87; 95%CI: 0.81-0.93, rivaroxaban, pooled HR 0.78; 

95%CI: 0.71-0.85, and apixaban pooled HR 0.79; 95%CI: 0.67-0.93). Compared to warfarin, the 

risk of major bleeding was lower for dabigatran and apixaban and similar for rivaroxaban versus 
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warfarin (pooled HR 0.80; 95%CI: 0.73-0.88, pooled HR 0.60; 95%CI: 0.56-0.66, and HR 1.02; 

95%CI: 0.93-1.12, respectively)104. Compared to warfarin, dabigatran and rivaroxaban were 

associated with a higher risk of gastrointestinal bleeding (pooled HR 1.11; 95%CI: 1.004-1.23 and 

HR 1.25; 95%CI: 1.09-1.42, respectively), whereas apixaban had a lower risk of gastrointestinal 

bleeding (pooled HR 0.64; 95%CI: 0.55-0.75 ). All-cause mortality was lower in dabigatran and 

similar in rivaroxaban/apixaban (pooled HR 0.78; 95%CI: 0.65-0.97 and HR 0.99; 95%CI: 0.78-

1.25, respectively)104. 

In the scope of this thesis, for illustration of results from observational studies, I extracted some 

findings from studies included in the abovementioned meta-analyses101-104 and the systematic 

review105 and created forest plots displaying HRs for stroke and systemic embolism, major 

bleeding, and gastrointestinal bleeding (Figure 1.6, Figure 1.7, Figure 1.8). The methods that I 

used for this analysis are provided in Annex 1.  Test for heterogeneity was done with the Cochran 

Q test (X2 test)106. Additionally, the I2 test measured the percentage of the total variation in the 

effect estimates that was not due to chance107. The reference list of individual studies used to 

create the forest plots is in Annex 1.  



  

25 

 

Figure 1.6. Forest plots displaying hazard ratios of stroke and systemic embolism reported in 

observational studies comparing DOACs and warfarin a,b. 
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a Test for heterogeneity was done with the Cochran Q test (X2 test)106. Additionally, the I2 test 

measured the percentage of the total variation in the effect estimates that was not due to 

chance107.  

b The reference list of individual studies used to create the forest plots is in Annex 1. 
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Figure 1.7. Forest plots displaying hazard ratios of major bleeding reported in observational 

studies comparing DOACs and warfarin a,b. 
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a Test for heterogeneity was done with the Cochran Q test (X2 test)106. Additionally, the I2 test 

measured the percentage of the total variation in the effect estimates that was not due to 

chance107.  
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b The reference list of individual studies used to create the forest plots is in Annex 1. 

Figure 1.8. Forest plots displaying hazard ratios of gastrointestinal bleeding reported in 

observational studies comparing DOACs and warfarin a,b. 
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a Test for heterogeneity was done with the Cochran Q test (X2 test)106. Additionally, the I2 test 

measured the percentage of the total variation in the effect estimates that was not due to 

chance107.  
b The reference list of individual studies used to create the forest plots is in Annex 1. 
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Overall, across the observational studies, there was a statistically significant heterogeneity (X2 

p<0.1 or I2>50%) between the reported HR estimates for the comparative risk of thromboembolism 

(Figure 1.6), major bleeding (Figure 1.7) or gastrointestinal bleeding (Figure 1.8). For example, 

for major bleeding (Figure 1.7), some studies reported benefits for DOACs, whereas others 

reported benefits for warfarin. Heterogeneity between the reported estimates can be explained by 

the differences in the methodological approaches,  studies’ population108, or differences in the 

proportion of patients with advanced age and higher comorbidity burden who may use lower doses 

of oral anticoagulant80. However, the heterogeneity may partially be due to biases in some studies. 

Observational studies may evaluate the effectiveness and safety in broad groups of the population, 

and they have the statistical power to detect the association of exposure even with a rare or very 

rare health condition. However, observational studies are prone to biases that limit their validity. 

Two of these biases are the particular topic of this thesis. 
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1.7.2 Limitations of observational studies 

Observational studies are susceptible to bias, including confounding, information bias, and 

selection bias. Bias is a systematic error and a threat to the internal validity of the study’s estimates. 

Internal validity refers to the extent to which the study findings reflect the true effect of the drugs 

under investigation on the outcome, and are not the result of a systematic error109. Selection bias 

can affect the external validity as well when the results from a study may not be generalizable to 

the whole population110. This chapter gives a brief description of the most prevalent types of bias 

in pharmacoepidemiology and a more detailed description of two types of bias that are the focus 

of this thesis. 

Confounding arises when "all or part of the apparent association between the exposure and the 

outcome is in fact accounted for by other variables that affect the outcome and are not themselves 

affected by exposure”110. One of the advantages of randomized controlled trials is the random 

treatment allocation that makes the distribution of measured and unmeasured prognostic 

characteristics balanced between individuals in the exposure groups. In observational studies, 

treatment selection is not random, and, at baseline, the exposure groups differ in demographic 

and behavioral factors, comorbid clinical conditions, concomitant treatments, etc. Confounding 

by indication is most common in observational studies on comparative effectiveness with non-

treated individuals as a reference group. In such studies, the indication (e.g., a disease) for the 

drug of interest determines both the exposure to the drug and the intended outcome. However, 

studies with an active comparator used for the same indication are lucking the confounding by 

indication111.  Channeling bias may happen in observational studies comparing drugs with the 
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same therapeutic indications when a newer drug and an older comparator are prescribed to 

patients with different prognostic factors112. Sicker patients may be more prescribed the newer 

drug due to its expected advantages or intolerance/poor response to the older drug. Conversely, 

healthier patients may be more prescribed the new drug due to safety concerns. For example, 

after approval to use in patients with AF, dabigatran and rivaroxaban were prescribed to 

individuals with a lower risk of stroke or bleeding113-116 compared to patients prescribed warfarin, 

likely due to safety concerns. In this case, even when controlling for the baseline characteristics, 

the residual confounding would make warfarin appear a poorer drug than dabigatran or 

rivaroxaban. Generally, because of such inequalities in patients’ characteristics, the comparative 

effectiveness research done soon after the market entry may be biased. However, over time, the 

difference in prognostic characteristics of patients prescribes older and newer drugs become more 

balanced117. 

Information bias occurs as a result of inaccuracy when measuring exposure, covariate, or 

outcome variables. Populations-based observational studies rely on information collected for 

purposes other than research, and information bias may be introduced at multiple points in the 

course of a study. For example, exposure to medication is defined based on the dispensing 

information contained in the pharmacy claims database. However, having the medication 

dispensed does not necessarily indicate exposure to this medication, as the drug that is dispensed 

may not be ingested by the patients118. Moreover, dispensation claims do not contain information 

on medications received during hospitalizations, free medication samples given by physicians, 

over-the-counter (OTC) medications, or drugs priced less than the co-payment that is required by 
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some insurance plan96. Furthermore, information bias may arise when using diagnostic or 

procedural codes for the ascertainment of study outcomes or covariates. In administrative data, 

these codes are assigned to all patient encounters in the healthcare system. However, diagnostic 

or procedural codes may inaccurately present the true disease status, for example, due to the 

inaccuracy of coding, or lack of granularity and clinical details when recording diagnoses118. 

Selection bias comes from an error in the procedures used to select individuals in the study or the 

analysis. In pharmacoepidemiological research, a protopathic bias may arise when selecting 

patients for whom treatment was prescribed for early manifestations of the undiagnosed health 

condition under the study119. The depletion of susceptible bias (prevalent user bias) may affect 

studies that select both prevalent and incident users of the study drug120. This bias occurs when the 

risk of the study outcome is not stable over time, thus, the risk is higher right after initiation of the 

drug and, then it decreases with the longer duration of exposure. 

The time-related bias occurs when the follow-up or exposure time is incorrectly accounted for in 

the study design or analysis121. Time-related bias may fall into the category of selection, 

information bias, or confounding. Immortal-time bias may arise when the period during which 

the study outcome cannot occur is either misclassified or excluded from the analysis121,122. 

Immeasurable time bias arises when the information on exposure cannot be assessed based on 

data availability121. For example, in RAMQ prescription claims, information on exposure during 

hospitalization is missing, therefore, the exposure status cannot be ascertained. Time-lag bias 

occurs when patients at different disease stages are compared. This is a form of confounding by 
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disease severity123. Time-window bias may arise in case-control studies when cases and control 

have differential follow-up times during which the outcome of interest occurs124. 

 

 

This thesis focuses on two types of bias that are important in studies on the comparative 

effectiveness and safety of oral anticoagulants in individuals with AF. They are the information 

bias due to misclassification of exposure and selection bias due to informative censoring. These 

biases and analytical strategies to mitigate them are described in the following sections. 

  



  

36 

 

1.7.3 Exposure misclassification 

Definition 

Misclassification of exposure to a drug is an error in the measurement of exposure to that drug that 

does not reflect its real use125. Exposure misclassification is differential if its probability depends 

on the outcome of interest126. Differential misclassification may result in a biased study estimate 

either away or toward the null. Non-differential misclassification usually leads to biased study 

estimates toward the null118,126. 

In general, automated pharmaceutical dispensation claims provide more accurate information on 

exposure to medications as compared to self-reported data or prescription information from 

medical records127-129. Data in the automated dispensation claims are not subject to recall, 

participation, or reporting biases130. The drawbacks of the prescription dispensation claims include 

not recording the information on medications dispensed during hospitalizations or stays in long-

term care centers (Centres d'hébergement de soins de longue durée, CHSLD in Québec), free 

medication samples given by physicians, OTC medications, or drugs priced less than the co-

payment that is required by some insurance plans96.  These lead to missing information on exposure 

and misclassification of exposed individuals as unexposed. On the contrary, some unexposed 

individuals may be classified as exposed if the prescription was filled but never taken, or in case 

of low adherence to the treatment118. When defining the timing or duration of the exposure to a 

drug from dispensing events, the following information may be available in the claims data: 

dispensing dates, prescribed dosage, unit strength, number of dispensed pills, and duration of 
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supply (days supplied)131. The days supplied variable (either recorded or estimated) may be 

extended by a specified number of days (grace-period)132. 

A grace period is a prespecified time interval used to extend the duration of dispensation variable 

to compensate for small irregularities in refills, changes in dosage, stockpiling, non-compliance, or 

to account for residual effects of some drugs132. For example, for patients dispensed warfarin with 

a 30-day supply, a grace period of 60 days may be considered appropriate to account for possible 

changes in the dosing or non-compliance (Figure 1.9). The days supplied variable and a grace 

period is used when constructing the periods of continuous drug exposure, or the time interval 

when a patient is assumed to take a medication before a switch to another medication or permanent 

treatment discontinuation. Because there is no convincing argument behind the choice of the grace 

period, it is recommended to investigate the robustness of the comparative estimates with several 

varying grace periods133.  

 

Exposure by pharmacy claims

Exposure by pharmacy claims 

and a grace period of 60 days

 0d  0d 0d

 0d  0d  0d

 race period of 60 days

Dispensations

time

time

 ap

Figure 1.9. Defining period of continuous drug exposure using a variable 

denoting the duration of dispensation and a grace period. 
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Two types of exposure misclassification scenarios may arise when defining exposure periods 

(Figure 1.10). 

 

First, when a patient or his/her physician decides to lower the dose of medication, the real supply 

would last longer than the recorded days supplied variable leading to misclassification of some 

exposed time as unexposed, i.e. exposure definition is lacking sensitivity. Second, when a patient 

discontinues the drug before the supply ends, or when a lengthy grace period is used, some 

unexposed time may be misclassified as exposed, i.e. exposure definition is lacking specificity97. 

The risk of substantial misclassification of exposure exists when studying an acute effect of 

symptomatic treatments or therapies with time-varying patterns of use. In these instances, 

information recorded in pharmacy claims may not be reliable for defining the timing of exposure. 

For example, benzodiazepines, psychotropics, salicylates, analgetics134, or nonsteroidal anti-

Figure 1.10. Exposure misclassification scenarios when using prescription 

claims data. Source: adapted from Schneeweiss and Avorn. 
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inflammatory drugs (NSAID)135 are symptomatic treatments taken intermittently which makes it 

difficult to determine changes in exposure status between consecutive dispensations. Another 

example is inhaled corticosteroids and inhaled beta-agonists for the treatment of asthma and 

COPD. These are drugs with high between-individual dose variability. These medications are 

commercialized in canisters that have a fixed number of puffs, and the lifespan of the dispensed 

canister depends on the prescribed dosage and may vary substantially from patient to patient. 

Therefore, the information on the recorded days supplied in pharmacy claims data may not be 

reliable136. The next example is insulin, a drug whose doses may change day to day depending on 

diet, physical activity, or target blood glucose level. Thus, the dispensed quantity of insulin may 

last longer, or be wasted due to the expiration of the medications or during the priming of the 

insulin pen137. Therefore, the dispensing information for insulin is not likely to be compatible 

with its real exposure. 

DOACs and warfarin are medications with short induction periods and different 

pharmacokinetics and pharmacodynamics43 that impact the outpatient management of their users. 

The goal for the outpatient management of patients on warfarin is to maintain an optimal 

therapeutic INR range138. In clinical practice, warfarin dosage is frequently adjusted by 

physicians, and pharmacy dispensing data may inadequately reflect the flexible warfarin regimen. 

For example, the true duration of warfarin supply may last longer than recorded due to pill 

splitting. This inconsistency may be more substantial for patients with a large quantity of 

warfarin supply, such as 30 or 60 days. Moreover, when dispencing warfarin to patients, 

pharmacists tend to record a shorter duration of treatment than the planned one to have some 
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flexibility in a situation when the dosage would be increased and the drug supply would run out 

early. This is done to avoid issues with the prescription renewal, as the early claim will not be 

accepted by the pharmacy system (C. Sirois, personal communication, June 20, 2022). 

On the contrary, DOACs have fixed doses, and the goal of outpatient management is to ensure 

strict adherence and persistence138. For these drugs, the information in pharmacy claims should 

be nearer to the true use. 

Analytical strategies to address exposure misclassification 

The assumptions on exposure definition may be explored with sensitivity analyses. The objective 

of these analyses is to reveal any substantial changes in the association between exposure and the 

outcome using alternative definitions of exposure139. An example is a study by Tang et al. on the 

risk of gastrointestinal bleeding among individuals treated with dabigatran versus those treated 

with warfarin140. For the main analysis, the exposure to anticoagulants was defined based on the 

days supplied value and a grace period of 14 days. In the sensitivity analysis, the grace period was 

changed to 7 days, however, the incidence rate ratios (IRR) estimates were robust with both grace 

periods. Thus, in the main analysis, the adjusted IRR was 0.99 (95%CI: 0.75-1.31). In the 

sensitivity analysis with a grace period of 7 days, the adjusted IRR was 0.97 (95%CI: 0.74-1.28)140. 

Conversely, the change of assumptions on exposure definition affected some estimates in the study 

of Go et al. that was based on the cohort of matched dabigatran and warfarin patients141. In the 

main analysis, using the days supplied and a 7-day grace period, the HR estimate indicated that 

compared to warfarin, the use of dabigatran was associated with a statistically significant higher 

risk of myocardial infarction (HR:1.88, 95%CI: 1.22-2.90). The HR estimates for myocardial 
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infarction from sensitivity analyses were not consistent with the main analysis. Thus, the change 

in the grace period from 7-day to 14-day resulted in a 45% decrease in the HR estimate from 1.88 

(95%CI: 1.22-2.90) to 1.43 (CI:0.99-2.08), respectively. Next, the authors use the “expanded 

exposure algorithm”, e.i. stockpiling was added to any refill that occurred within 7 days before the 

estimated end of the previous refill. The  R estimate with the “expanded exposure algorithm” 

decreased to 1.38 (95%CI:1.00-1.92)141. Thus, in the study of Go et al., altering the definition of 

exposure affected the magnitude of the effect and its statistical significance, however, did not 

change the direction of the HR estimate associated with the risk of myocardial infarction. 

Some authors encourage using methods for quantifying the impact of information bias on a study 

estimates118,142. These methods may show the magnitude and direction of the bias70. However, to 

use these methods in observational studies on comparative effectiveness and safety of oral 

anticoagulants, one needs some parameters from previous validation studies (e.g. sensitivity and 

specificity of the days supplied variable for oral anticoagulants)97, which are currently not 

available. 
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1.7.4 Selection bias due to censoring 

Definition 

In longitudinal studies, censoring is a termination of follow-up of a study participant for reasons 

other than the event of interest143. Overall, censoring results in missing information on survival 

under the exposure of interest. 

Censoring was first described in the scope of the standard survival analysis, for example, by Cox 

and Oakes144, Kalbfleisch and Prentice145, and Klein and Moeschberger146. Thus, for the survival 

analysis to produce unbiased results, the assumptions of censoring at random144,146, independent 

censoring145, or non-informative censoring146 must held. Kleinbaum and Klein147 explain that 

although these assumptions are used interchangeably in the literature they have differences. 

The assumption of censoring at random implies that an individual whose follow-up is censored at 

time t has the same prognosis for the event (“survival experience”) as other individuals in the same 

risk set at time t147. 

The assumption of independent censoring is censoring at random within a subgroup of individuals 

with the same value of a covariate. For example, censoring is at random by sex groups, however, 

it may not be at random in the whole cohort147. 

The assumption of non-informative censoring indicates that the distribution of the survival times 

does not affect the distribution of censorship times. The example of informative censoring that 

Kleinbaum and Klein147 give is a person leaving the study because his family member who is also 

in the study developed the study event, i.e. censoring is related to the survival distribution. 
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From the analytical perspective, the following types of censoring are described: 

1. Administrative censoring148 or end-of-study censoring149 occurs at the prespecified end of the 

study date. It is usually at random and does not lead to bias in absolute or relative estimates (under 

the assumption that the time of cohort entry is not associated with the risk of the outcome event)144. 

2. The lost-to-follow-up149 censoring occurs when a study participant dropped out of the study and 

there is no further information on his/her exposure and survival. In a study based on the analysis 

of administrative data, the lost-to-follow-up censoring may be applied in case of disenrollment 

from pharmaceutical coverage for any reason. In commercial insurance claims databases, 

disenrollment may potentially lead to selection bias, as it is a common event (up to 40%) and may 

vary depending on patients’ characteristics (e.g. age, number of comorbidities, frailty, 

hospitalization, or emergency room visit, use of prescription medication), health plan 

characteristics (health maintenance organization [HMO] or other), and geographic characteristics 

(urban versus rural)150. In Quebec, disengagement from the RAMQ prescription drug insurance 

plan may lead to selection bias, for example, in case a previously unemployed individual aged < 

65 years would join a new employer's private prescription drug plan. However, likely, the number 

of such individuals and hence the risk of selection bias is low. 

3. Artificial censoring was described by Robins and Finkelstein151 and Joffe148. This censoring is 

done when information on survival is available, however, for analytical purposes, the follow-up is 

censored in case of discontinuation of the treatment assigned at baseline. Thus, in RCTs and 

observational studies, the follow-up may be censored at the time when a patient switches from 

treatment assigned at baseline or permanently discontinues the baseline treatment. In the context 
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of RCTs, this analytical approach is  nown as “per-protocol”152, in observational studies, this 

approach sometimes is referred to as “as-treated”153,154, or as “per-protocol”155. This type of 

censoring may induce bias because reasons for non-compliance with the treatment assigned at 

baseline can be associated with time-evolving prognostic factors. For example, the AIDS Clinical 

Trial Group (ACTG) randomized trial 021 compared the effect of Bactrim versus aerosolized 

pentamidine on survival (secondary outcome) in people with AIDS and pneumocystis 

pneumonia151. Study participants from the aerosolized pentamidine group were more likely to stop 

the assigned therapy and switch to more potent therapy in case of worsening of their clinical 

condition. Conversely, in the Bactrim arm, study participants were more likely to stop because of 

side effects (such as allergic skin rash) which were not important prognostic factors for survival151. 

4. Competing-risk censoring156 is censoring at the time of occurrence of some other event that 

precludes the occurrence of the primary study event. For example, in a study on the risk of 

gastrointestinal bleeding in individuals exposed to dabigatran, death is a competing event. In the 

presence of competing risk censoring, the estimated crude incidence of the outcome is biased 

upward156. The relative measure (hazard ratio) may be biased in either direction. 

 

Analytical strategies to address selection bias due to censoring 

Hernan et al. suggest using causal diagrams (directed acyclic graphs, DAG) to assess the possible 

bias from censoring, define variables that may influence censoring, and choose an appropriate 

analytical method to reduce or avoid a bias that may be introduced by censoring157. 
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Overall, there are three analytical strategies to address selection bias due to censoring: intention-

to-treat (ITT) analysis without any censoring to avoid the introduction of selection bias; per-

protocol/as-treated analysis with the assumption that censoring is at random; and per-protocol/as-

treated analysis with the assumption that censoring is not at random and requiring an adjustment 

for selection bias. Of note, the term “per-protocol analysis” is used with RCTs, whereas “as-treated 

analysis” is used in observational studies.  owever, in the “causal inference” literature, the term 

“per-protocol analysis” is used with both, RCTs and observational studies. Thereafter in this thesis, 

the term “per-protocol” analysis is used with observational studies as well. 

The ITT analysis assesses the effect of the assigned treatment158. The exposure status of individuals 

is defined based on the drug that was initiated at cohort entry. Individuals are followed until the 

defined end of the study, regardless of the baseline treatment discontinuation during the follow-up 

(no censoring is applied). The benefit of the ITT analysis is that it preserves the balance of the 

prognostic characteristics that was achieved at baseline by randomization in RCTs, or by matching, 

covariate adjustment, or other methods in observational studies159. However, the estimated ITT 

effect depends on the magnitude of adherence to the assigned treatment in each study group. Two 

identical studies with the same effect of a new treatment, but with different patterns of adherence 

may report different ITT estimates160. Usually, the observational studies of the acute outcome event 

limit their follow-up time because adherence to the drug of interest is expected to decline over time. 

The per-protocol analysis assesses the effect of treatment that would be observed if all individuals 

had adhered to the assigned treatment155. In the literature, this treatment effect is called the effect 

of sustained treatment161, or the effect of continuous treatment155. Under the per-protocol analysis, 
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individuals are followed until any discontinuation of treatment that was initiated at baseline. At the 

time of discontinuation, the follow-up is censored. This artificial censoring creates a population 

that is continuously treated with the drug initiated at baseline. However, the validity of the 

estimates from the per-protocol analysis is based on expert knowledge and the correctness of the 

assumption on the mechanism of censoring155. Thus, the per-protocol analysis without adjustment 

for artificial censoring may estimate the causal effect of treatment only under the assumption that 

censoring was at random. However, in the presence of time-varying confounding that is a predictor 

of the study outcome and the subsequent treatment strategy, this analytical approach may not 

provide a valid estimate of the treatment effect157. When the time-varying confounding is the reason 

for censoring, this may introduce a selection bias. Robins et all.151 proposed using the inverse 

probability of censoring weights (IPCWs) to correct for induced selection bias and estimate the 

causal effect of exposure. The underlying idea is to “compensate” for those censored by assigning 

extra weight to uncensored patients having a similar distribution of prognostic factors. Thus, 

weighting creates a pseudo population of patients that would have been observed if the censoring 

hadn’t occurred151. 

Thus, for an individual (i) in the study, the probability (P) of not being censored (C=0) is estimated 

for each observation representing updated information on this individual at a given time (t) (e.g. 

months of follow-up or visits to the clinic). This updated information may include the baseline (X) 

and time-updated (L) characteristics. The non-stabilized weights are the inverse of the time-specific 

probability of not being censored up until this time. 
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Non − stabilized censoring weight 𝑖(𝑡) = ∏
1

𝑃[𝐶𝑖(𝑡) = 0|𝐶𝑖(𝑡 − 1) = 0, 𝑋𝑖, 𝐿𝑖(𝑡 − 1)]

𝑡

𝑡=1

 
(1) 

The values of non-stabilized weights may be very large in individuals with a small probability of 

not being censored. Large weights increase the variance and may lead to a biased estimate of the 

treatment effect. Hernán et al162 recommend stabilizing the weights to reduce the variability. 

Stabilization is done by substituting 1 in the numerator in the IPCWs. Thus, a new numerator is 

estimated as the probability of remaining in the study given the baseline characteristics that were 

also used when estimating non-stabilized weights162. 

The stabilized censoring weight for individual i at time t is thus given by: 

Stabilized censoring weight 𝑖(𝑡) = ∏
𝑃[𝐶𝑖(𝑡) = 0|𝐶𝑖(𝑡 − 1) = 0, 𝑋𝑖]

𝑃[𝐶𝑖(𝑡) = 0|𝐶𝑖(𝑡 − 1) = 0, 𝑋𝑖, 𝐿𝑖(𝑡 − 1)]

𝑡

𝑡=1

 (2) 

The numerator estimates the probability of not being censored at time t given that this individual 

was not censored at the time (t-1), and baseline covariates X. 

The denominator estimates the probability of not being censored at time t given that this individual 

was not censored at the time (t-1), baseline covariates X, and time-updated covariates L measured 

at the time (t-1). 

Three assumptions must be met for the IPCWs to create a pseudo-population free of selection bias 

introduced by censoring163. First, the non-testable ignorability assumption (no unmeasured/residual 

confounders), i.e. for each time t, censoring occurs at random given the probability of remaining 
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uncensored up to time t, baseline covariates, and the time-updated covariates at the time (t-1)164. 

Second, the positivity assumption: at any time t, the study individuals with any combination of the 

observed baseline covariates and the time-updated covariates at the time (t-1) have a greater than 

zero probability of not being censored165. This assumption may be tested by examining the 

distributions of the IPCWs. Any extreme values of the IPCWs would signify the violation of the 

positivity assumption. The third assumption is the correct specification of the censoring model, 

which means the right choice of the model form, the predictors of censoring, and the functional 

form between the censoring and the predictors of censoring. This assumption may also be verified 

with the distributions of the estimated IPCWs. Thus, very extreme values of IPCWs may indicate 

misspecification of the censoring model (e.g., too many predictors or multicollinearity may result 

in a large standard error)166. Furthermore, the mean of stabilized weights should be close to 1.00 

(proof in Hernán, M. A., & Robins, J. M., 2006167), the mean that is far from 1.00 indicates 

misspecification of the model for estimation of censoring weights. 

The IPCWs were used in previous studies to adjust for censoring, e.g. smoking and cognitive 

decline168; postmenopausal hormone therapy and coronary heart disease159; statins and primary 

prevention of coronary heart disease169; antiretroviral treatment and AIDS-free survival170. Thus, 

the study by Weuve et al.168 used the data from the observational Chicago Health and Aging Project 

to analyze the effect of smoking on cognitive decline in older individuals. However, smoking was 

also strongly associated with mortality and attrition in the study. This created a selection bias 

leading to underestimation of the effect of smoking on cognitive decline. Indeed, the analysis 

weighed with IPCWs showed that cognitive decline in smokers was up to 0.20 standard units per 
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decade faster than in never smo ers (95% C = −0. 6 to −0.04). These estimates were 56%–86% 

larger compared to the estimates obtained using the unweighted analysis (0.11 standard units per 

decade, 95% C = −0.20 to −0.02)168. 
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CHAPTER 2: Rationale for research, research aims, objectives, and hypotheses 

The two aims of this research were to investigate two important methodological challenges that 

may compromise the internal validity of pharmacoepidemiological studies on the comparative 

effectiveness and safety of oral anticoagulants in AF. First, an information bias resulting from 

misclassification of exposure to dose-varying warfarin therapy when using days supplied value 

recorded in pharmacy claims data. Second, a selection bias due to censoring with differential 

censoring mechanisms in the DOACs- and the warfarin-exposed individuals. 

2.1 The rationale for the present research  

2.1.1 Exposure misclassification using pharmacy data 

Vitamin K antagonists, including warfarin, are a class of drugs with high variability of 

pharmacodynamics and pharmacokinetics between individuals and within an individual over 

time171,172. A recent meta-analysis of observational studies on adherence to oral anticoagulants in 

individuals with AF was not able to provide a pooled estimate on adherence to warfarin due to 

lacking measures on adherence to warfarin in the included studies173. The authors of this meta-

analysis stated that, overall, observational studies did not report on adherence to warfarin due to 

some difficulties in the ascertainment of the true duration of warfarin supply because of variation 

of the dosage during the treatment course173. 

With administrative data, exposure to warfarin is commonly defined based on dispensing 

information recorded by community pharmacists. However, pharmacists dispensing the drug may 
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be unaware of any adjustments in the warfarin dosage by the treating physicians. On the other 

hand, knowing that the warfarin dose may be adjusted, pharmacists tend to record a shorter 

duration of treatment than the planned one to have some flexibility if the dosage is increased, and 

the drug supply runs out early. This is done to avoid issues with the prescription renewal, as the 

early claim will not be accepted by the pharmacy computer system (C. Sirois, personal 

communication, June 20, 2022). Therefore, the dispensed supply may last well beyond the 

duration recorded by the dispensing pharmacist. The resulting gap between observed and 

expected dates of warfarin refill may be explained by the discrepancy between the posology 

recorded in the pharmacy claim and that truly taken by the patient. These may lead to exposure 

misclassification which is likely to be a differential between warfarin and DOACs, as DOACs do 

not require dose adjustments or monitoring. 

To our knowledge, no previous studies assessed the potential for misclassification of exposure to 

warfarin when using pharmacy claims. However, some recognized that the true duration of 

warfarin dispensation may last longer than the recorded duration, and considered this issue in the 

study design. 

In the settings with available laboratory data, the intervening INR measurements were used to 

bridge the gaps between warfarin prescriptions. Go et al.48 conducted a study on the effectiveness 

of warfarin in stroke prevention using the US commercial administrative claims databases (the 

Kaiser Permanente of Northern California). Individuals were defined as continuously exposed to 

warfarin if gaps between two consecutive prescriptions did not exceed 60 days (this choice may be 

explained by the fact that at the time of the study, in the Kaiser Permanente pharmacy claims, the 
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most common duration of dispensation for long-term treatments was 90 days, thereby, the authors 

suggested that the supply may last another 60 days because of dose changes and some 

nonadherence). In this study, individuals with longer gaps were defined as exposed in the presence 

of intervening INR measurements at least every 6 weeks (this choice may be explained by the 

existing recommendation to perform INR measurements every four weeks174, and two additional 

weeks were allowed by the authors to likely to account for medical practice- or patient-induced 

delays or longer INR recall intervals in patients with long-term INR stability). The authors 

validated this algorithm in 1,207 patients with an incident thromboembolic or hemorrhagic event 

during the follow-up. At the time of the event, the exposure status defined with the algorithm was 

verified with the exposure status documented in the medical records, with the agreement of k=0.84. 

Other studies used this algorithm. An example is a study by Casciano et al.175 on the economic 

burden of nonadherence to warfarin therapy among patients with NVAF using the US MarketScan 

Research Database175. Furthermore, Azoulay et al.176,177 adapted the algorithm developed by Go et 

al.48 in their studies using the General Practice Research Database (CPRD), a primary care database 

from the United Kingdom. In the setting of CPRD, the algorithm may not only account for changes 

in warfarin dosages, but also for those warfarin prescriptions that inherently are not captured in the 

CPRD (e.g. prescriptions given at hospital discharge or in an anticoagulation clinic)176. Next, 

Webster-Clark et al.178,179 in their studies based on the analysis of the US Medicare data, used a 

definition of exposure time that was tailored to the specific classes of oral anticoagulants. Thus, 

the allowed gap between consecutive dispensations of dabigatran was 30 days, whereas, for 

warfarin, it was 45 days (this may be explained by the fact that for long-term treatments, Medicare 

commonly supplies a drug for 30 days). Additionally, the Medicare current procedural 
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terminology (CPT) codes for anticoagulation management were used to “refresh” the warfarin 

supply for another 30 days178. Information on the validation of this method is not available in the 

published papers. 

The abovementioned algorithms may account for the dose-varying warfarin regimen and 

minimize misclassification of truly exposed time as unexposed (improved sensitivity). This 

would result in increasing the follow-up time of patients on warfarin and detection of some 

additional events of both bleeding and thromboembolism. The method used by Webster-Clark et 

al.178,179 also allows to minimize misclassification of truly unexposed time as exposed (improving 

specificity) for patients on DOACs, as these medications have standard doses, and long gaps 

between DOACs dispensation are most likely to signify treatment discontinuation. Therefore, the 

follow-up time for DOACs patients would decrease. The number of thromboembolism events 

should also decrease, as these events would likely be due to lacking anticoagulation. The number 

of bleeding events should not change (no bleeding event when a patient was misclassified as 

exposed to a DOAC). 

Missing information on INR testing is common in the laboratory datasets and this may limit the 

implementation of the algorithm described by Go et al.48. Moreover, laboratory files or procedural 

codes for anticoagulation management are not available in some population-based administrative 

datasets, including the RAMQ database. 
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2.1.2 Selection bias due to censoring 

In clinical practice, therapy with oral anticoagulants is dynamic, involving switching and treatment 

discontinuation. A switch from warfarin to a DOAC is likely to happen for convenience purposes, 

or due to non-compliance with warfarin therapy and dietary restrictions driving poor TTR. 

A switch from a DOAC to warfarin may happen because of evolving new health conditions when 

the use of DOACs is considered unsafe. These conditions are associated with an increased risk of 

stroke and bleeding and include new-onset renal failure, valvular disease or surgery, and coronary 

vascularization180. The per-protocol analysis estimates the effect of continuous treatment with a 

drug that was assigned at the time of cohort entry, and the follow-up of patients is censored at the 

time of discontinuation of this drug. Thus, censoring the follow-up of individuals who initiated a 

DOAC and then switched to warfarin removes from the study those patients who are at higher risk 

for stroke or bleeding. Indeed, previous population-based studies reported that patients who 

switched from a DOAC to warfarin during the treatment were older and had a higher risk of 

bleeding compared to those who did not switch181,182. At the same time, individuals who initiated 

warfarin and developed similar risk profiles would stay in the study. In such a situation, the measure 

of comparative effectiveness and safety would be biased in favor of DOACs. To correct selection 

bias, one needs to apply the IPCWs. However, a model of censoring probabilities that is adjusted 

for treatment value, time of follow-up, and all prognostic factors, would estimate the average 

coefficients for prognostic variables across treatment groups. Thus, renal failure is expected to be 

positively associated with censoring in DOAC users and negatively associated with censoring 

among warfarin users. The coefficient for the probability of censoring given renal failure would be 
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an average value of the treatment-specific censoring probabilities. As a result, applying the IPCWs 

would fail to eliminate the selection bias associated with renal failure. One potential solution for 

the correct specification of the censoring model in this clinical situation is to stratify by exposure. 

Previously, Webster-Clark et al.179 in their study comparing dabigatran and warfarin-treated 

individuals, recognized this differential mechanism of censoring across the treatment groups and 

adjusted for the resulting selection bias with the exposure-stratified censoring weights. However, 

to our knowledge, no previous literature described the conceptual framework for this bias and its 

effect on the study conclusion. Moreover, no studies demonstrated the effect of misspecification 

of the censoring model on the estimates of comparative effectiveness and safety of DOACs and 

warfarin in AF. 
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2.2 Hypotheses 

1. Prescription claims data inadequately capture the duration of the dispensation of warfarin. Gaps 

between subsequent dispensations and their variation are larger for warfarin than for DOACs. 

2. Definition of exposure duration based on the days supplied value and a fixed grace period will 

lead to differential misclassification of exposure to warfarin and DOACs. This may bias the 

estimate of comparative safety in favor of DOACs. 

3. When assessing the effect of continuous treatment with oral anticoagulants (per-protocol effect), 

censoring removes the sicker individuals from the DOACs group and healthier individuals from 

the warfarin group. This biases the estimate of comparative effectiveness and safety in favor of 

DOACs. 
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2.3 Aims and objectives 

Aim 1. To identify the potential for information bias resulting from misclassification of exposure 

to dose-varying warfarin therapy when using days supplied value recorded in pharmacy claims 

data. 

Objectives: 

1.1.To characterize the dispensation patterns of warfarin, apixaban, dabigatran, and rivaroxaban. 

1.2.To compare the variation of refill gaps between users of different oral anticoagulants, as well 

as within users of the same oral anticoagulant during the treatment course. 

1.3.To evaluate whether a data-driven method to define the exposure duration captures the 

variability in warfarin dispensations better than the days supplied method. 

1.4.To investigate the impact of the method for definition of exposure duration on the hazard ratios 

of major bleedings associated with the use of dabigatran or rivaroxaban versus warfarin. 

 

Aim 2. To describe the selection bias due to censoring with differential censoring mechanisms in 

the DOACs- and the warfarin-exposed individuals. 

Objectives: 

2.1.To describe the associations between the prognostic variables and censoring in the DOACs and 

warfarin groups.  

2.2.To describe the direction of selection bias due to censoring in the DOACs and warfarin groups. 
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2.3.To compare two strategies for estimation of censoring weights: exposure-stratified and 

exposure-unstratified. 

2.4.To estimate and compare the hazard ratios of the effect of continuous treatment with warfarin 

versus DOACs on the composite of stroke, major bleeding, myocardial infarction, and all-cause 

mortality using exposure-stratified and exposure-unstratified censoring weights. 
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CHAPTER 3: Research methods 

This chapter provides an overview of the data source and the methods used for the design and 

analyses of three projects. 

3.1 Source of data 

This research used the computerized health care databases of the Régie de l’assurance-maladie du 

Québec (RAMQ). RAMQ administers the government health insurance plan for all Québec 

residents, and the prescription drug insurance plan for individuals of 65 years and older, welfare 

recipients, and residents not covered by private medical insurance and their dependents. In total, 

about 40% of Québec’s population is covered by the RAMQ prescription drug insurance plan183,184. 

Those not eligible for the RAMQ prescription drug insurance plan are Québec residents under the 

age of 65 years who are covered by private plans (group insurance or employee benefit plans)185. 

As such, information on drugs dispensed to these individuals is not available in the RAMQ 

prescription claims data. 

RAMQ routinely collects diagnostic and medical information for health statistics and 

reimbursement purposes from healthcare providers all over the province. 

The RAMQ maintains four medical databases. The registry of beneficiaries’ database contains 

socio-demographic information on all recipients of the health insurance plan. This information 

includes the month and year of birth, sex, the first three digits of the postal code, and the year and 

month of death (if applicable). The medical services database contains fee-for-service physician 
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claims for outpatient, inpatients, or emergency room services with the date, location, and type of 

the rendered service, the physician’s medical specialty, medical diagnosis, type of medical 

procedures, and the date of procedures. Diagnoses are coded using the International 

Classification of Diseases (ICD) 9th revision system, and medical procedures are coded using the 

Canadian classification of diagnostic, therapeutic, and surgical procedures (CCP). The 

prescription claims database contains information on filled prescriptions from all healthcare 

providers in Québec. The recorded information includes the date of prescription fill, drug 

identification number (DIN), class of drug (coded by the American Society of Health-System 

Pharmacists [ASHP] Pharmacologic-Therapeutic Classification System ), drug generic name, 

unit strength, dispensed quantity, intended duration of treatment in days, drug’s gross cost and 

contribution of the insured person, the specialty of the prescribing physician. RAMQ proceeds 

the payment for the dispensed drug only if all these fields are completed and within range. A 

study found that in a random sample of prescription claims, the proportion of missing or out-of-

range data varied from 0% to 0.7%131. The database with eligibility periods for public drug 

insurance plans includes the insurance plan details and the period of coverage.The Maintenance 

et exploitation des données pour l’étude de la clientèle hospitalière (MED-ÉCHO) is managed by 

the Québec Ministry of Health and Social Services (Ministère de la Santé et des services sociaux, 

MSSS). The database collects discharge summaries following any hospitalization, including 

intensive care. Information is available on the hospitalization dates, types of admission, primary 

diagnosis on admission, the principal diagnosis, the cause of in-hospital death, and up to 19 

secondary diagnoses, as well as the type of medical procedures. Since 2006, the ICD 10th 
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revision system, and the Canadian Classification of Health Interventions (CCI) is used for coding 

diagnoses and medical procedures186. 

All databases may be linked using the unique patient identifier. The RAMQ data have been 

extensively used for pharmacoepidemiologic research, including dispensation patterns, and the 

effectiveness and safety of oral anticoagulants187-189. 

However, there are limitations of the RAMQ databases when using them for research purposes. 

Thus, the RAMQ databases were designed by the Government to collect information for 

administrative and reimbursement purposes, not for research. Moreover, the public drug insurance 

plan is restricted to those aged 65 years and older, welfare recipients, those not covered by private 

medical insurance, and their dependents (about 40% of the Québec population). A previous study 

reported that the prescription claims database is over-represented by individuals of lower socio-

economic status190. Because of that, studies based on the prescription database may have limited 

external validity (generalizability) as they are restricted to specific segments of the Québec 

population.  

The internal validity of studies on comparative effectiveness and safety may be compromised, and 

information bias or residual and unmeasured confounding may arise in several ways. Thus, in the 

prescription claims database, the information on drug exposure may be incomplete since it does 

not include data on medications dispensed during hospitalizations or stay in long-term care 

facilities, over-the-counter medications, and free medication samples that are given by physicians. 

The therapeutic indications for drug use are not recorded. There may be incomplete longitudinal 

data on dispensed drugs for those individuals who migrate between the RAMQ and private health 

https://www.cihi.ca/en/data-and-standards/standards/classification-and-coding/canadian-classification-of-health
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insurance, as well as for those who travel out of the province. Furthermore, the information 

recorded in the physician claims and hospital discharge summaries databases is lacking clinical 

details, including disease severity. RAMQ databases do not provide information on referrals for 

laboratory tests or their results (e.g., kidney function or INR measurements). These limits the 

identification of patients in whom DOACs are contraindicated, i.e., dabigatran is contraindicated 

when the estimated glomerular filtration rate (eGFR) is <30 mL/min, rivaroxaban when it <30 

mL/min (at time of the study) or 15 mL/min (at present), and apixaban when it is <15 mL/min. 

Lack of information on INR measurements limits defining the anticoagulation levels in patients 

treated with warfarin. Furthermore, RAMQ data missing some important determinants of health 

such as lifestyle factors (e.g., physical activity, smoking, use of alcohol, etc.), income, education, 

gender (not biological sex), and morphometric characteristics (body mass index). 

The recording of diagnoses in the medical services database may not be accurate as it is not 

mandatory for reimbursement. Furthermore, physicians can only enter one diagnosis for each visit, 

thus multiple diagnoses are not included. For example, for patients with diabetes and hypertension, 

the latter would not be in the outpatient claims191. 

Several studies assessed the validity of diagnoses in the medical services database and found that 

the recorded information was highly specific, however, had varying sensitivity192-194. Thus, a study 

by Wilchesky et al.192 validated the diagnostic information for 14, 980 patients using medical charts 

as a gold standard. Diagnoses were obtained from the medical services claims data using ICD-9 

codes e.g., ICD-9 codes 250.0–250.9 for diabetes, 428.0–428.9 and 429.3 for congestive heart 

failure, 410-410.9 for myocardial infarction, 401.0–401.9 hypertension, 585.0–586.9 for renal 
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failure, 443 and 441 for peripheral vascular disease, 430-438 for cerebrovascular disease. The study 

reported high specificity of recorded diagnosis. For example, specificity for diabetes was 96.8% 

(95% CI: 96.5-97.1), congestive heart failure 96.1% (95%CI: 95.7-96.4), myocardial infarction 

96.8% (95% CI: 96.5-97.1), hypertension 81.9% (95%CI: 81.0-82.8), renal failure 99.1 % (95%CI: 

98.9-99.2), peripheral vascular disease 95.0% (95%CI: 94.6-95.4), cerebrovascular disease 95.3% 

(95%CI: 95.0-95.7). However, the reported sensitivity was substantially lower, and ranged from 

68.7% (95%CI:67.7-69.7) for hypertension and 64.4% (95%CI:62.6-66.2) for diabetes to 25.4% 

(95%CI: 22.35 -28.66) for myocardial infarction, 18.6% (96%CI: 15.7-21.8) for chronic renal 

failure, and 19.7% (95%CI: 15.4-24.7) for dementia. 

Studies assessing the validity of diagnoses in the hospital discharge dataset MED-ÉCHO concluded 

that information is sufficiently reliable195-197. Thus, Lambert et al.195 investigated the reliability and 

predictability of data in MED-ÉCHO compared to data from medical records in a sample of 1,989 

randomly selected patients hospitalized with myocardial infarction or those who underwent 

angioplasty or bypass surgery. The study evaluated the conditions included in the Charlson 

Comorbidity Index and some other predictors of mortality in cardiac patients and found that 

information recorded in hospital discharge data, in general, was reliable. Thus, for hypertension, 

the reported sensitivity was 87.5% (95%CI: 85.7-89.4), specificity was 97.4% (95%CI: 96.1-98.3), 

positive predictive value (PPV) was 97.7% (95%CI: 96.5-98.5), and negative predictive value 

(NPV) was 86.3% (95%CI: 84.3-88.2). For chronic renal disease these measures were 88.2% 

(95%CI: 84.0-91.6), 99.3% (95%CI: 98.8-99.7), 96.1% (95%CI: 93.1-98.0), and 97.9% (95%CI: 

97.1-98.5), respectively. For acute renal disease, the measures were 66.2% (95%CI: 59.8-72.6), 
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99.0% (95%CI: 98.5-99.4), 83.6% (95%CI: 75.4-90.0), and 97.5% (95%CI: 96.7-98.1), 

respectively. The lower sensitivity was reported for the history of previous myocardial infarction 

(54.6%; 95%CI: 51.1-58.2), however, with high sensitivity (99.1%, 95%CI: 98.5-99.5) PPV 

(94.1%, 95%CI: 90.4-96.8), and NPV (89.3%, 95%CI: 87.9-90.6). 

The next limitation of RAMQ data is missing information on individuals seen by physicians who 

are paid by the Alternative payment plan (APP) and not fee for service, hence the services under 

the APP are not included in the RAMQ. A study found that in 2016, about 20% of physicians were 

covered by the APP in Québec198. RAMQ does not collect information on services provided by 

medical officers for the Canadian Armed Forces, as well as services provided in the Canadian 

Forces Health Services Clinic. Furthermore, the RAMQ information collection system is passive: 

data is collected when an individual presents to a doctor. This may cause an overrepresentation of 

individuals with certain underlying characteristics and reduce the external validity of the study. 

Thus, those with better follow-up are more likely to have their diagnosis ascertainment and get the 

treatment. For example, individuals with asymptomatic conditions such as hypertension or diabetes 

are more likely to be diagnosed and treated if they reside in urban versus rural areas, have high 

socioeconomic status, and had a family physician. Moreover, healthcare access bias (a form of 

selection bias) may arise when individuals from different study groups have different access to 

treatment, diagnostic tests, etc. due to economic, geographic, cultural, or other reasons. For 

example, in the US, this bias may partially explain the finding from cohort studies that 

demonstrated that incidence and prevalence of atrial fibrillation were lower in African Americans 

compared to Caucasians199. 
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Overall, because of strict data protection regulations in Québec, it is difficult to link the information 

from RAMQ to individual outpatient or inpatient medical charts. These restrict the collection of 

more detailed clinical information (to address the unmeasured confounding) or the conduct of 

studies for validation of recorded diagnoses or drug use patterns (to address information bias)200. 

To have an access to linked, patient-level data contained in RAMQ or MSSS databases, a request 

must be submitted to the Quebec government agency Commission d’accès à l’information (CAI) 

for approval201. Following submission, the turnaround time for approval may take up to six-eight 

months202. Since 2019, an online submission process has been available via the Institut de la 

statistique du Québec (ISQ) Research Data Access Point that reduces the data processing time203. 

The CAI grants the authorization to receive data for research or statistical purposes without the 

patient's consent, provided the obligations of patients' confidentiality and inability to identify 

personal information. These conditions are set in the Loi sur l’accès aux documents des 

organismes publics et sur la protection des renseignements personnels and  Loi sur la protection 

des renseignements personnels dans le secteur privé201. 

3.2 Study population 

The study population was new users of DOACs or warfarin in atrial fibrillation. Inclusion and 

exclusion criteria for the study population are outlined in Table 3.1. A list of DIN and ICD codes 

used to define the study population is in Annex 2 and Annex 3, respectively. 

  

http://www.legisquebec.gouv.qc.ca/fr/ShowDoc/cs/A-2.1
http://www.legisquebec.gouv.qc.ca/fr/ShowDoc/cs/A-2.1
http://www.legisquebec.gouv.qc.ca/fr/showdoc/cs/P-39.1
http://www.legisquebec.gouv.qc.ca/fr/showdoc/cs/P-39.1
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Table 3.1. Eligibility criteria for the study population 

Inclusion criteria 

1. Dispensation of an oral anticoagulant (warfarin, dabigatran, rivaroxaban, or apixaban) 

between January 1, 2010, and December 31, 2016ab. The date of the first dispensation is 

assigned as the date of cohort entry 

2. Covered by the RAMQ public drug insurance plan at least one year before the date of 

cohort entryb 

3. Aged at least 18 years at the date of cohort entryb 

4. Having a diagnostic code for atrial fibrillation (ICD-9 427.3, ICD-10 I48.x) in the year 

before the date of cohort entry 

 

Exclusion criteria 

1. Having a dispensation for any oral anticoagulant in the year before the date of cohort entry 

2. Diagnosis of valvular disease (including rheumatic heart disease) or prior cardiac valve 

surgery in the year before the date of cohort entry 

3. Diagnosis of venous thromboembolic disease in the 3 months before and including the date 

of cohort entry 

4. Hemodialysis 3 months before cohort entry 

 
aFor the first study the period for patient identification was from 1 January 2010 to 15 March 2015 because of 

data availability 
bPreselected by RAMQ 

 

The study population was patients who initiated oral anticoagulation (warfarin, dabigatran, 

rivaroxaban, or apixaban) between January 1, 2010 (the year when Health Canada approved the 

first DOAC, dabigatran for use in AF), and December 31, 2016, were aged ≥18 years and covered 

by the RAMQ public drug insurance plan at least one year before treatment initiation (note, for the 

first study the period for patient identification was from 1 January 2010 to 15 March 2015 because 

of data availability). Edoxaban was not included because it was not approved for stroke prevention 

in AF during the study period. The DINs used to identify oral anticoagulants are listed in Annex 2. 
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Treatment initiation was defined as having no dispensation for any oral anticoagulant in the year 

before. This was required to ensure that prevalent users are not included in the study to avoid the 

depletion of the susceptibles bias204. This bias may be introduced by including in the study patients 

who were newly dispensed a DOAC, but previously were treated with warfarin. Such individuals 

may have a lower risk for stroke and bleeding compared to patients without previous treatment 

with oral anticoagulants120. 

The date of the first dispensation was set as the date of cohort entry (time zero, t0). Further, those 

eligible for the cohort must be aged at least 18 years at the date of cohort entry and had a diagnostic 

code for AF or atrial flutter (ICD-9 427.3, ICD-10 I48.x) in the hospitalization discharge 

summaries at any position, or in the physician claims. The diagnosis of AF or atrial flutter had to 

be within a year before the date of cohort entry. A systematic review of previous validation studies 

reported that the PPV of ICD-9 codes for AF ranged from 70% to 96%, with a median of 89%, and 

the sensitivity ranged from 57% to 95%, with a median of 79%205. 

We excluded those patients who had a diagnosis of valvular disease (including rheumatic heart 

disease) in the year before cohort entry (see Annex 3 for ICD codes). This period was chosen 

considering the disease severity and existing recommendations for routine follow-up. Thus, 

according to CCS recommendations, patients with diagnosed valvular heart disease should undergo 

regular follow-up with periodic examinations at least every year65. If these patients develop an AF, 

their risk for thromboembolism is considered high, and they should receive oral anticoagulation 

with warfarin. Furthermore, in clinical practice, all patients newly diagnosed with AF are routinely 

examined for the presents of valvular heart disease. Because RAMQ contains information on all 
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medical visits, we assumed that a one-year look-back period is sufficient to ascertain patients with 

valvular heart disease. Another category of patients that were excluded from the study were those 

who underwent cardiac valve surgery in the year before cohort entry because anticoagulation is 

recommended temporarily for these patients for the prevention of postoperative thromboembolic 

events206. 

To improve the precision in identifying patients with AF, we excluded those with a diagnosis of 

venous thromboembolic disease in the three months before cohort entry (see Annex 3 for ICD 

codes). Three months is the minimum duration of treatment with oral anticoagulants in patients 

with thromboembolic disease207, thus any anticoagulation within that time window was assumed 

to be prescribed for venous thromboembolism. Next, we excluded patients who underwent 

hemodialysis three months before cohort entry. Hemodialysis is indicated for patients with renal 

failure to whom the use of DOACs is contraindicated. Three-month period was chosen to allow the 

inclusion of patients with a reversible form of renal failure (for example, acute tubular necrosis) 

that may require hemodialysis temporarily208. 

Individuals were followed into the cohort until the earliest of the following: end of health or drug 

insurance, death, or end of the study period (March 31, 2017). Thus, patients who entered the cohort 

close to December 31, 2016, were allowed to have at least three months of follow-up. Note, that 

for the first study, the end of the study was March 31, 2015, because of data availability. 
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3.3 First study 

3.3.1 Aim and objectives 

The first and the second studies of this thesis aimed to explore the potential for information bias 

resulting from misclassification of exposure to dose-varying warfarin therapy when using days 

supplied value recorded in pharmacy claims data. The first study was descriptive and had two 

objectives: (1) to characterize the dispensation patterns of warfarin, apixaban, dabigatran, and 

rivaroxaban, and (2) to compare the variation of refill gaps between users of different oral 

anticoagulants, as well as within users of the same oral anticoagulant over the treatment course. 

3.3.2 Base cohort definition 

Individuals with NVAF newly dispensed an oral anticoagulant were identified as described in 

section 3.2 Study population. Study participants were followed from the date of the first 

dispensation until the last dispensation, end of pharmaceutical coverage, or end of the study period 

(March 31, 2015), whichever occurred first. Because the study was descriptive, we collected the 

entire dispensation history regardless of switching between oral anticoagulants. 

Further, patients were grouped into four cohorts based on the type of dispensed oral anticoagulant 

(warfarin, dabigatran, apixaban, or rivaroxaban). When a patient switched between anticoagulants 

during the follow-up, this was considered a new treatment episode, and this patient was reallocated 

to the corresponding cohort at the date of the switch. 
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3.3.3 Matched cohort definition 

To estimate the variation of refill gaps, only those having at least three consecutive dispensations 

of the same oral anticoagulant were eligible. At baseline, compared to patients on DOACs, those 

on warfarin had more comorbidities (particularly prior hemorrhage) (Table 4.2) and thus were 

more likely to stop treatment because of the high risk of bleeding or have temporary treatment 

interruptions for medical procedures. In our calculation of refill gaps, we tried to account for 

possible interruptions in the therapy by subtracting the days spent in a hospital from the refill 

gaps. Furthermore, to make patients more comparable we matched patients from four cohorts.  

Patients receiving warfarin and each of the three DOACs were matched through a common-referent 

group209. For this, first, I chose the apixaban cohort as the referent cohort because it had the lowest 

number of participants. Those from the apixaban cohort were consecutively matched in a 1:1 ratio 

with those from dabigatran, rivaroxaban, and warfarin cohorts. Finally, only patients with an 

available match for all drugs were retained for the analysis of variation of refill gaps. Matching 

was done on age, sex, and propensity scores (PS) estimated from the prognostic characteristics 

measured in the year before the base cohort entry date (see below section 3.3.7 Propensity scores). 

Next, among matched individuals from four cohorts (dabigatran, rivaroxaban, apixaban, and 

warfarin), I identified the subgroup of weekly pillbox users. In Québec, to support patients in their 

adherence to the treatment, community pharmacies offer a 7-day supply of prescribed medications 

either in sealed pillboxes or in a plastic vial if the dosage of medication may be changed210 (further 

in the text, I will refer to all 7-day supplies as “pillboxes”). Pillboxes are automatically prepared 

and often delivered at home without the need for the patient to request dispensation. The weekly 
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pillbox users were defined as those having had at least four successive dispensations with seven 

days duration. The use of pharmacy-prepared weekly pillboxes may influence treatment adherence, 

therefore, in secondary analysis, I stratified the matched individuals on the users and non-users of 

weekly pillboxes. 

The flowchart of patient selection in the First study is in Table 4.1, Chapter 4. 

3.3.4 Exposure definition 

I identified all dispensations of warfarin, dabigatran, rivaroxaban, and apixaban by their DINs 

(Annex 2. List of Drug Identification Numbers (DIN) used to define exposure to anticoagulants in 

all studies of this thesis.). For each dispensation, I extracted the drug generic name, dispensing 

date, and days supplied. For a given individual, all dispensations were sorted by their dates in 

ascending order. 
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3.3.5 Refill gaps 

To estimate the refill gaps, for each patient, all dispensations for a given oral anticoagulant were 

ordered chronologically to replicate the refill history. A refill gap was defined as the absolute 

number of days between the expected date of refill of the current dispensation (estimated based on 

days supplied) and the observed date of refill of the following dispensation. For example, Figure 

3.1 shows an extract from the pharmacy claims dataset for an individual who has four consecutive 

dispensations of dabigatran. The first dispensation with a 30-day supply was on July 4th, 2012. 

Thus, the expected date of the next dispensation would be July 4th, 2012 + 30 days=August 3d, 

2012. Yet, the actual date of refill recorded in pharmacy claims was August 12, 2012. Therefore, a 

gap of nine days occurred between the expected and actual dates of refill. 

             

          

       

            

                       

1       9198 04J L 2012  0 Dabigatran

2       9198 12A   2012  0 Dabigatran

       9198 1 OCT 2012  Dabigatran

4       9198 24OCT 2012  Dabigatran

Expected date of refill 

04 Jul 2012  0 days=

0  Aug 2012

Actual date of refill Refill gaps = 9 days

Figure 3.1 Estimation of refill gaps using pharmacy claims data. 
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Pharmacy claim data does not provide information on medications provided to a patient in the 

hospital. Furthermore, in case of hospitalization, a patient would have a surplus of drugs at home 

and may refill the prescription at the community pharmacy later. This would result in a refill gap. 

To account for this, I identified all hospitalization periods and adjusted accordingly the refill dates 

(e.g.: if a patient was hospitalized for eight days following a dispensation with 30 days supplied, 

the expected day of refill was calculated as days supplied (30) + days in the hospital (8) = 38 days 

following the dispensation). 

Refill gaps are commonly used to describe treatment adherence211. These studies assume that the 

number of dispensed pills is adequate to cover the period recorded by the dispensing pharmacist 

(days supplied variable). In a situation with complete adherence, when, for example, a patient has 

been dispensed 30 pills for 30 days and returns for a refill on the 31st day, the refill gap is zero. 

Alternatively, in a situation of poor adherence, the patient may occasionally miss some daily pills, 

and return for a refill on day 39th, resulting in a refill gap of 9 days. 

However, refill gaps may also capture deviations from prescribed posology, such as in the case of 

dosage adjustments of warfarin. For example, a patient with a one-pill-daily regimen is given 30 

pills by his pharmacist who enters 30 days supplied in the dispensation database. The following 

day (for simplicity of calculations), the physician instructs the patient to take half a pill every day. 

This patient, even completely adherent, has pills for 60 days and returns on day 61 resulting in a 

refill gap of 30 days. 

Thus, the refill gaps capture information on both adherence and adequacy of the days supplied data. 

Under the assumption of no (or negligible) adherence variation between warfarin and DOACs at a 
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population level, any significant increase in refill gaps for a given medication would indicate that 

days supplied data is an imprecise measure of the actual number of days of availability of that drug. 

Other situations may result in gaps between consecutive refills among patients with optimal 

adherence. For example, (a) in the case of the first prescription, the patient may have a free 

medication sample and return for the refill later, and (b) the stockpiling of a drug may occur if a 

patient returns for a refill a few days before completing his previous supply, (c) a change in 

dosage may require a new prescription for tablets with a different dose (e.g., a patient had 5 mg 

tablets of warfarin, then he/she is prescribed 2.5 mg tablets), but this patient may still use the 

tablets from the old supply and return later for the refill. 

3.3.6 Statistical analysis 

Patients from the base cohort (before matching) were characterized by age, sex, comorbidity 

profile, and use of medications measured at the time of cohort entry. Descriptive statistics were 

used to summarize the distribution of the recorded days supplied variable, the dispensed quantity, 

strength of the dispensed drug, the number of days between two consecutive dispensations, and the 

refill gaps for each oral anticoagulant. For these variables, in a separate table, I described the mean 

with standard deviation (SD), median with interquartile range (IQR), modes, minimum and 

maximum values, or the number of dispensations with percentage. 

  

Matching individuals from four cohorts. Logistic regression was used to calculate the PS at 

baseline, or each time a patient switched oral anticoagulants. Thus, I fitted three PS models, and in 

each of these models, those treated with apixaban were the reference group. The first PS model 
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estimated the probabilities of receiving warfarin versus apixaban, the second PS model was for 

dabigatran versus apixaban, and the third model was for rivaroxaban versus apixaban. All three PS 

models were adjusted for covariates that were assumed to be associated with treatment assignment 

and health events leading to treatment interruptions. 

Those individuals with the PSs <= the 5th percentile or >= the 95th percentile of the overall 

propensity score distribution were truncated (their PSs were increased or reduced to the values of 

the 5th or 95th percentile, respectively). 

For the analyses of the variation of the refill gap, those from the apixaban cohort were 

consecutively matched in a 1:1 ratio with those from the dabigatran, rivaroxaban, and warfarin 

cohorts. Greedy nearest neighbor matching212 was performed on age (±1year), sex, and PS (using 

a caliper of 0.2 standard deviations of the logit of PS). This caliper was chosen based on 

recommendations from the study by P. Austin213 that used Monte-Carlo simulations to determine 

the optimal caliper widths for PS matching. The study showed that the caliper of 0.2 standard 

deviations of the logit of PS was the best trade-off between the precision of the treatment effect 

estimate and the reduction of bias due to systematic differences between treatment groups. 

The balance in the distribution of covariates between matched patients from cohorts of users of 

oral anticoagulants was examined using the median (IQR) for the continuous variables, and 

numbers and percentages for dichotomous variables. 

Next analyses on refill gaps were done with the matched individuals from four cohorts. To account 

for the clustered structure of the data (multiple prescriptions per patient) and to estimate the 

variation of refill gaps, I used multilevel linear regression models (see description in Section 
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3.3.8)214. From the variance components produced by the multilevel model, I calculated the 

intraclass correlation (ICC) that assesses the clustering, or similarity of refill gap values in the same 

patient215. I repeated the multi-level analysis, stratified according to the use of pharmacist-prepared 

weekly pillboxes. 

3.3.7 Propensity scores 

Randomized controlled trials are the gold standard to estimate the effect of treatment on an 

outcome. Because of random treatment allocation, there is a balanced distribution of measure and 

unmeasured prognostic baseline characteristics between treatment groups. In observational 

studies, treatment selection is not random. This gives rise to a special methodological problem, 

confounding. Confounding occurs when the factors that prompt the use of a certain drug also 

modify the probability of the study outcome, and these factors are not on the causal pathway 

between the drug use and the outcome216. Methods for minimizing the effect of confounding 

include those applied during the design phase and the analysis phase of an observational study. In 

the design phase, restriction or matching may be used to exclude or control for confounding. In 

the analysis phase, methods of confounding control include stratification, standardization, 

regression adjustment, or propensity score (PS) methods217. 

PSs are defined as the balancing scores that make treatment assignment to be ignorable on the 

potential outcome conditional on measured baseline prognostic factors218. PS predicts the 

probability of exposure to the study drug,  given pre-existing patient characteristics. For example, 

in our study cohort, a higher proportion of individuals initiating warfarin had a diagnosis of 

congestive heart failure at baseline compared to those initiating DOACs (Table 6.2, Chapter 6:). 
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Thus, the baseline risk of stroke was higher for those on warfarin. After matching using 

propensity scores (0.2 of the standard deviation of logit of propensity scores), age (±1 year), sex, 

and cohort entry date (±2 years), the proportions of patients with congestive heart failure were 

close in the DOACs and warfarin treatment groups (Table 6.2, Chapter 6:). Furthermore, an 

advantage of the PS method over other methods of confounding control is flexibility with the 

number of baseline covariates to control as it allows combining information on many potential 

confounders into a single score219. Patients from two treatment groups with the same PS value 

have a similar distribution of prognostic characteristics, thus, the estimated treatment effect will 

not be affected by confounding. However, the PS methods as well as other methods of 

confounding control (except randomization) cannot account for unmeasured confounding. 

In all three studies of this thesis, I applied PSs to control for confounding. It is worth noticing that 

in such a large observational study using traditional covariate adjustment of the outcome model 

may yield estimates with the same precision220. The traditional covariate adjustment allows 

inferring the effect of each covariate on the outcome of interest. However, this was not our 

research interest. Instead, all prognostic factors that may be associated with the outcome of 

interest we identified from the previously published papers. In this research, we used the PS 

methods because of the advantage of assessment of correct specification for the PS model as 

opposed to the outcome model with traditional covariate adjustment219. To assess the correct 

specification of the PS model, we compared the distribution of measured baseline covariates 

between DOACs and warfarin-treated patients in a matched sample. For example, tables 4.4 

(Chapter 4) and 6.2 (Chapter 6) show that after matching, the distributions of all covariates were 
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similar across the two treatment groups. Furthermore, PS methods allow separation of the design 

and the analysis phases of the study. This precludes the modification of the outcome model until 

the desired outcome estimate is achieved221. 

The PSs were estimated with logistic regression. Variables included in the PS model were those 

considered to be the true confounders, i.e., baseline patient characteristics that may be associated 

with the exposure assignment and with the outcome. Moreover, those characteristics that are 

strongly associated with the outcome regardless of their association with the exposure assignment 

(potential confounders)222 were included as well. Based on the simulation study, Brookhart et al. 

concluded that the inclusion of variables associated only with the outcome but not with the 

exposure may minimize bias and reduce the variance of the estimated effect of exposure223. The 

possible explanation is as follows: “if a covariate is theoretically unassociated with exposure, 

there can be some slight chance relation between the covariate and the exposure for any given 

realization of a data set. If that covariate is also related to the outcome, then it is an empirical 

confounder for that particular data set”223. Thus, in a given study population, a prognostic 

variable thought to be unassociated with exposure may, in fact, be associated with exposure in a 

subset of patients with a specific combination of the baseline characteristics. Conversely, the 

inclusion of variables that are only predictors of exposure may fail to eliminate bias and lead to a 

less precise estimate of the exposure and outcome relashionships223. Austin et al. give an example 

of such a situation using a cohort of patients assigned to a newer and an older drug224. Patients 

entering the cohort earlier have a higher probability to receive an older drug, whereas patients 

entering the cohort later have a higher probability to receive a newer drug. A variable denoting 
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time is associated with treatment assignment but is not associated with the outcome. Thus, the 

inclusion of this time variable in the PS model may result in estimated PSs that are substantially 

different between the treatment groups (e.g., the extreme case would be when one treatment 

group has very high PSs, and the other has very low PSs). Therefore, this may lead to the 

formation of fewer matched pairs, less statistical power, and an imprecise treatment effect 

estimate or introduction of Type II error. Furthermore, P. Austin notes that it may be difficult to 

categorize the baseline patient characteristics into true confounders, potential confounders, or 

variables associated only with exposure219. However, variables denoting dates or time, or policy-

related variables (e.g., prescription drug coverage may differ in public versus private drug 

insurance plans) warrant more investigation. 

The variables that I used to build the PS were those that may be associated with treatment 

assignment and/or may modify the risk of thromboembolism or/and bleeding. These variables were 

identified based on expert opinion and a review of observational studies on the comparative 

effectiveness and safety of oral anticoagulants. 

Several variables were identified as confounders and included in the PS model 

• Age and sex 

• Medical diagnoses (congestive heart failure, hypertension, diabetes, any stroke, transient 

ischemic attack, chronic kidney disease, acute kidney injury, liver disease, cancer, chronic 

obstructive pulmonary disease, coronary atherosclerosis, myocardial infarction, peripheral 

vascular disease, prior major bleeding, and dementia) 
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• Medical procedures (implantation of pacemaker or pacemaker-defibrillator, prior coronary 

artery bypass surgery, prior percutaneous coronary intervention, atrial fibrillation ablation, 

or auricular appendage closure) 

• Use of drugs (aspirin, other antiplatelet agents, non-steroidal anti-inflammatory drugs, H2 

receptor blockers, proton pump inhibitors, medications used for the treatment of 

hypertension, antidiabetic drugs, insulin, statins, selective serotonin reuptake inhibitors, 

benzodiazepines, typical and atypical antipsychotics, cholinesterase inhibitors, opioids, 

systemic corticosteroids). 

Soon after DOACs entered the market, warfarin was more likely to be prescribed to individuals of 

older age, women, those with a history of stroke or bleeding, myocardial infarction, CHF, diabetes, 

renal disease, hypertension, or peripheral vascular disease113-116. Furthermore, age, sex, congestive 

heart failure, hypertension (or use of medications recommended for treatment of hypertension as a 

proxy), diabetes (or use of antidiabetic drugs and insulin as a proxy), any stroke, transient ischemic 

attack, chronic kidney disease, acute kidney injury, liver disease, cancer (or use of opioids as a 

proxy), chronic obstructive pulmonary disease, coronary atherosclerosis, myocardial infarction, 

peripheral vascular disease, and history of major prior major bleeding are the predictors of either 

stroke or bleeding, or both stroke and bleeding36,39,62,225-227. Surgical procedures for the treatment 

of coronary atherosclerosis (coronary artery bypass surgery or percutaneous coronary intervention) 

increase the risk of stroke228. Surgical treatment of cardiac arrhythmias (implantation of a 

pacemaker or implantable cardioverter-defibrillator, atrial fibrillation ablation or left auricular 

appendage closure) may modify the risk of stroke by either reducing it229, or increasing it230. 
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Aspirin and other antiplatelet agents, non-steroidal anti-inflammatory drugs, H2 receptor blockers, 

and proton pump inhibitors are drugs that increase bleeding risk231. Patients with dementia (or use 

of typical and atypical antipsychotics, and cholinesterase inhibitors as proxies) have a high risk of 

fall232 and a low level of adherence to medication233 which in turn increases the risk for stroke and 

bleeding234. Moreover, patients with vascular dementia may have a higher risk of stroke235. 

Comorbidities were identified using inpatient (hospital discharge dataset MED-ÉCHO) and 

outpatient data (medical services database). The use of medication during the baseline period was 

identified from the pharmacy claims data. Patients were considered exposed to a concomitant 

medication if the date of cohort entry was within the time frame estimated from the date of 

dispensation plus the duration of the prescription and grace period of 30 days. 

In all three studies, the lookback period for ascertainment of comorbidities was one year. This 

lookback period was chosen based on findings from previously published studies. These studies 

found that with administrative health care data, the increase of the lookback period beyond one 

year did not result in significant improvement in the identification of comorbidities236,237. 

Moreover, the combination of health data from outpatient, inpatient records, or pharmacy claims 

allows for improving sensitivity in identifying comorbid conditions238. 

The ICD codes for medical diagnoses are provided in Annex 3. List of the International 

Classification of Diseases (ICD) codes used in all studies of the thesis.The use of drugs was 

identified with corresponding DINs converted from the Anatomical Therapeutic Chemical (ATC) 

classification codes for medications listed in Annex 4. 
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Overall, there are two strong assumptions for PS to effectively eliminate confounding: (1) within 

a group of patients with the same PS, treatment assignment is independent of the potential outcome 

(i.e., treatment assignment is not associated with prognostic variables), and (2) each study patient 

has a nonzero probability to receive either treatment. These two assumptions imply other 

conditions: no unmeasured confounders and correct specification of statistical model for PS 

estimation. In my studies, the correct model specification issue was resolved by recommended 

approaches to variable selection224, testing several statistical models, including interaction and 

quadratic terms, and finally testing the covariate balance between study treatment groups when 

matching on PS was effectuated (first and third studies)219. To determine the best-fitted model, I 

used Akaike’s Information Criteria (AIC) and Bayesian Information Criteria (BIC). However, the 

condition of “no unmeasured confounders” is not testable. Thus, the effectiveness of the estimated 

PS in eliminating confounding depends on expert knowledge, availability and completeness of 

information in the database, including information on surrogate variables239. 

3.3.8 Multilevel or mixed-effect model 

Traditional statistical methods such as regression methods or T-tests treat all observations in the 

dataset as if they are independent. Independence of observations from each other means that the 

measurements are unrelated240. However, some data have a hierarchical structure that implies some 

degree of dependence or correlation between observations241. An example is clustered data when 

the outcome variable is measured once for each individual, but individuals are grouped by some 

shared activity or characteristics (e.g., patients of the same physician who has certain treatment 

preferences). Another example of non-independent observations is the repeated measures data 
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when the outcome variable is measured more than once for each individual (e.g., repeated 

measurement of blood pressure for patients over the follow-up). 

Violating the assumption of independence leads to the underestimation of the standard error (SE) 

and the overestimation of statistical significance (type-1 error)242. 

Thus, the SE of the mean is estimated as: 

 Standard error=S/√𝑁 (3) 

where S = standard deviation, N = the total number of observations. 

In the case of non-independent observations, the effective number of observations (i.e., the 

number of independent observations that should be used in computing the SE)243 is lower than 

the total number of observations. Thus, when accounting for non-independence, the estimate of 

SE would be larger. 

The first study of this thesis used repeated measurements of refill gaps for each patient in the study. 

The frequency and regularity of dispensations received by one individual reflect characteristics that 

are inherent to that person. These include adherence to medication, dosage, tendency to have stable 

or unstable warfarin dosage, stockpiling preferences, traveling habits, etc. Therefore, refill gap 

patterns are more likely to be similar within an individual than between two different individuals. 

Thus, any individual patient will have a smaller variation of refill gaps compared to the variation 

of refill gaps between two distinct patients. 
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The data with refill-gaps measurements is structured in two levels: refill-gaps (level 1) measured 

within individuals (level 2) (Figure 3.2). With two levels, there are two sources of variation of refill 

gaps: within-individual and between-individual. 

Let Yij is an outcome variable (a refill-gap) for measurement i within individual j. 

  

                        

                        

       

       

R : refill gaps

    

Figure 3.2. Two-level structure of data for analysis of refill-gaps. 
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Then the models for two levels of variation of refill gaps are: 

Level 1 (estimation of an individual mean and the within-individual variance of refill gaps): 

 Yij=a0j+eij,       eij ~ N(0, σ2) (4) 

Where a0j is the mean refill-gap of individual j, eij is the residual individual differences from the 

mean of individual j, and σ2 is the within-individual variance. 

Level 2 (estimation of the grand mean and the between-individual variance): 

 a0j=a+u0j,       u0j ~ N(0, 𝜎00
2 ) (5) 

Where a is the grand mean for all patients, u0j is the residual differences between the individual 

means and the grand mean, 𝜎00
2  is the between-individual variance 

Composite equation: 

 Yij=a+(u0j+eij),    u0j ~ N(0, 𝜎00
2 ) eij ~ N(0, σ2) (6) 

Where a is the grand mean for all patients, u0j is the between-individual residuals, eij is the 

within-individual residuals, σ2 is the within-individual variance, 𝜎00
2  is the between-individual 

variance 



  

86 

 

In the first study, I fitted two models – the unconditional mean model and the unconditional 

growth model. The unconditional mean model was fitted for each of the four groups of matched 

patients (patients on warfarin, apixaban, dabigatran, or rivaroxaban). The goal of this analysis 

was to describe the variation of refill gaps in each matched cohort. The unconditional mean 

model or intercept-only model with no predictors provided the estimate of the grand mean of 

refill gaps and quantified the within-individual and between-individual variation of refill gaps 

across patients without considering the time. An example of the output of the SAS MIXED with 

the estimates from the unconditional mean model for the matched patients treated with apixaban 

is provided in Figure 3.3. The output contains the estimation of the grand mean (a) as a fixed 

effect, the within-individual variance (σ2), and the between-individual variance (𝜎00
2 ) as random 

effects244. The grand mean is the true mean of refill gaps across all patients in the cohort. The T-

test for the estimate of the grand shows that the mean refill gap was non-zero. The estimate of the 

within-individual variation shows how a patient’s measurements of refill gaps deviate from 

his/her individual-specific mean (default SAS output for proc MIXED did not provide the 

estimates of individual-specific means). The between-individual variation summarised how the 

patient-specific means of refill gaps deviated from the grand mean.  

To describe these parameters in the users and non-users of weekly pillboxes, I stratified patients 

by pillbox use and run the unconditional mean model in each stratum separately. 
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 ame of the dataset
Response variable (refill gap)
Covariance structure

 roup variable (which is an individual in my analysis)
Estimation method (RE L=restricted maximum li elihood) 

default in  A 

 umber of groups (individuals in my analysis) 

 aximum number of observations (refill gaps) per individual

 umber of observations (refill gaps) in the dataset

 umber of observations (refill gaps) used in the analysis

Estimates of two variances (random effects)

 A  uses  ald z  test to test where the 

covariances are significantly different from 0

 etween  individual variance (  00
 ) 

 ithin  individual variance (  )

Estimate of the  rand mean ( a) 

Estimates of fixed effect (intercept and slope)

 n my analysis with no predictors, it shows only intercept.

 A  uses t  test to test where the coefficients are 

significantly different from 0

Figure 3.3. Output from SAS MIXED procedure. 
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The next step was to explore if the pharmacy claims data may capture the dose adjustment 

patterns at the initiation of warfarin. This was done with the unconditional growth model with 

time as the only predictor of changes in refill gaps. As a time variable, I used an ordered 

dispensation number. This model quantified the variation of refill gaps across patients over time 

under the assumption that the trajectory of change was linear. The latter was investigated in a 

sample of 200 randomly selected patients treated with warfarin by constructing nonparametric 

growth trajectories and OLS (ordinary least squares) fitted trajectories (Figure 3.4. Growth 

trajectories representing the change of refill gaps over time in a sample of 200 randomly selected 

patients from the matched cohort of warfarin users.). 

 

The unconditional growth model provided the estimate of the within-individual variance that 

indicated how person-specific measurement of refill gaps deviated from the person-specific 

 onparametric growth trajectories of 200 
randomly selected users of warfarin and an 

average change trajectory

OL  fitted trajectories of 200 randomly 
selected users of warfarin and an average 

change trajectory

Figure 3.4. Growth trajectories representing the change of refill gaps over time in a sample of 200 

randomly selected patients from the matched cohort of warfarin users. 
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change trajectory. The between-person variation was partitioned on the variation in the initial 

status (first refill gap measurements) and the variation in the rate of change over time (Table 4.6, 

Chapter 4:). 

The two models that I used for my first study provided the basic estimates that allow the 

detection of systematic variation of refill gaps and the source of this variation (within- or between 

individuals). 

Multi-level has several assumptions: 

• Residuals at level 1 and level 2 are normally distributed; 

• Relationships between the outcome variable and the predictor are linear; 

• The variance of the level 1 and level 2 residuals is equal at each level of every predictor 

(homoscedasticity). 

Normal distribution assumption 

The distribution of refill gaps in our study population was skewed on the right for all oral 

anticoagulants. Most patients either did not have any gaps between consecutive dispensations or 

had small gaps, however, some patients had extremely large gaps (Table 4.3, Chapter 4:). However, 

we proceeded with the linear multilevel model and did not perform any data transformation 

because, the goal of this analysis was to quantify and describe the variation of refill gaps for each 

DOAC and warfarin, thus, the model did not include any predictor to explain the variation of refill 

gaps. Moreover, mixed-effects models are robust to some violations of the distributional 

assumptions including the skewed distribution245 given a sufficiently large study sample246. 
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The normal distribution assumption was verified based on the visual inspection using the Q-Q 

(quantiles-quantiles) plots of the distributions of level 1 (within-individual, eij ) and level 2 

(between-individual, u0j) raw residuals (Annex 7). The Q-Q plot shows the ordered values of 

residuals against the quantiles of the normal distribution. When the distribution is normal, the 

points should form a roughly straight line247. In our study, the distributions of residuals for all 

oral anticoagulants were “heavy-tailed” with the points falling along the middle line and curves 

on the extremities. 

Linearity and Homoscedasticity assumptions 

For the unconditional mean model, these assumptions were not tested because of no predictors in 

the models. 

For the unconditional growth model, the linearity and homoscedasticity assumptions were verified 

in the warfarin cohort by using a plot with the distribution of level-2 residuals versus the 

dispensation number (Annex 8). Based on this plot, the assumption of linear individual change of 

refill gaps seemed reasonable. The distribution of residuals has approximately equal range and 

variability for all dispensation counts. However, some patients have an extremely large variability 

of refill gaps mainly at treatment initiation. 
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3.4 Second study 

3.4.1 Aim and objectives 

In the second study, I continued exploring the potential for misclassification of exposure when 

using pharmacy claims. We investigated if the way to define exposure to oral anticoagulants may 

affect the estimate of the comparative safety of rivaroxaban versus warfarin and dabigatran 

versus warfarin. We decided to explore this after published controversial results from RCT and 

observational studies. Thus, pivotal RCTs reported a similar risk of major bleeding in patients 

treated with dabigatran and rivaroxaban compared to those treated with warfarin (RR 0.93; 95% 

CI; 0.81-1.07 and HR 1.03; 95%CI:0.96-1.11, respectively)76,77. However, the results from 

observational studies raised concern that in real-world patents, the use of dabigatran and 

rivaroxaban may be associated with an increased risk of major bleeding. Thus, a paper published 

in the Journal of the American Medical Association (JAMA) in 2015 reported that patients 

treated with dabigatran were almost 60% likely to develop major bleeding (HR 1.58; 95% CI, 

1.36 to 1.83)248. Another paper published in the Chest journal found that rivaroxaban was 

associated with a higher risk of major bleeding compared to dabigatran (HR 1.30; 95% CI, 1.10-

1.53)249. In the second study, we investigated if the way to define exposure to oral anticoagulants 

may affect the estimate of the comparative safety of rivaroxaban versus warfarin and dabigatran 

versus warfarin. 

The objectives of the second study were: to evaluate whether a data-driven method to define the 

exposure duration captures the variability in warfarin dispensations better than the days supplied 

method, and to investigate the impact of the method for definition of dispensation duration on the 
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hazard ratios of major bleeding associated with the use of dabigatran or rivaroxaban versus 

warfarin. 

3.4.2 Study cohort 

Individuals with NVAF newly dispensed an oral anticoagulant were identified as described in 

section 3.2 Study population. The cohort entry date was defined as the date of the first dispensation 

for an anticoagulant. The follow-up of individuals ended at the earliest of the following: occurrence 

of major bleeding, end of pharmaceutical coverage, death, discontinuation of the treatment 

allocated at cohort entry, or end of the study period (March 31st, 2017). 

The flowchart of patient selection in the Second study is in  
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Annex 9. 

3.4.3 Exposure definitions  

I identified all dispensations for dabigatran, rivaroxaban, and warfarin and extracted information 

on the dispensing date, days supplied, unit strength, and dispensed quantity. For a given individual, 

all dispensations were sorted in chronological order. 

The duration of dispensations was defined using two approaches: 

1. The duration of dispensation was equal to the recorded days supplied value (this approach is 

used most often in pharmacoepidemiological studies on comparative effectiveness and safety of 

oral anticoagulants); 

2. The duration of dispensation was estimated for an individual based on his previous dispensation 

history (i.e. data-driven approach). 

The data-driven approach or the longitudinal coverage approximation (COV)250, is an algorithm 

that was described and evaluated previously251. Unlike the approach that relies on the recorded 

days supplied value, the longitudinal coverage estimates the duration of each dispensation given 

the observed time interval since drug initiation, the dispensed quantities, and the unit strength. 

Thus, for the prescription dispensed at time ti, the duration of dispensation is estimated from the 

total milligrams of drug dispensed at time ti divided by the average daily dose used from drug 

initiation (t0) to the time of current dispensation (ti)
97. The average daily dose is a quotient of the 

total mg dispensed up until the current dispensation and the number of days passed from drug 

initiation to current dispensation. 
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Then the duration of dispensation is estimated using the formula. 

 
𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑖𝑠𝑝𝑒𝑛𝑠𝑎𝑡𝑖𝑜𝑛 =

𝑇𝑜𝑡𝑎𝑙 𝑚𝑔 𝑑𝑖𝑠𝑝𝑒𝑛𝑠𝑒𝑑 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡𝑖
𝑇𝑜𝑡𝑎𝑙 𝑚𝑔 𝑑𝑖𝑠𝑝𝑒𝑛𝑠𝑒𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡0 𝑎𝑛𝑑 𝑡𝑖−1 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡0 𝑎𝑛𝑑 𝑡𝑖

 
(7) 

 

Figure 3.5 shows an extract from the pharmacy claims dataset for an individual who has three 

consecutive dispensations of warfarin. First dispensation of 30 pills of warfarin 5 mg on day zero 

(01 July 2012); the second dispensation of 30 pills of warfarin 2mg on day 60 (30 August 2012); 

and the third dispensation of 30 pills of warfarin 2mg on day 90 (29 September 2012).  

In this example, the estimated duration of the current dispensation (third dispensation) of warfarin 

is: 

Duration of dispensation =[(30pills*2mg)/(30pills*5mg+30pills*2mg)/90days]=26 days 

             

          

       

            

         

        

    

            

    

1       9190 01 J L 2012  0 5  arfarin

2       9190  0 A  2012  0 2  arfarin

       9190 29  EP2012  0 2  arfarin

 0

   1

  

Figure 3.5 An extract from pharmacy claims to show the estimation of the 

duration of dispansation using the data-driven approach. 
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Moreover, with this approach, the maximum allowed length of the estimated duration of 

dispensation was two and a half of the dispensed quantity at ti. For the first dispensation or when 

the preceding estimated duration exceeded the maximum allowed length, the average daily dose 

was replaced by the daily doses recommended or commonly prescribed to older individuals: 220 

mg for dabigatran252,253, 20 mg for rivaroxaban252, and 3 mg for warfarin254. A previous study 

showed that the longitudinal covering accounted for individual variation in usage patterns and 

accurately approximated the duration of dispensation compared to the simulated duration, 

including medications with large dosage variability, such as vitamin K antagonist phenprocoumon 

and nonsteroidal anti-inflammatory drugs (NSAIDs)251.  

Duration of dispensations was adjusted for identified hospitalization periods, e.g.: if a patient was 

hospitalized for eight days following a dispensation with the duration of 30 days, the expected 

duration of dispensation was extended by eight days (new duration of dispensation =38 days). 

For each individual in the study, I constructed periods of continuous drug exposure using the 

duration of dispensation obtained with both approaches and one of three grace periods (15, 30, and 

60 days) that were used in the previous studies90,114,141,255. The grace period was added to account 

for irregular refill patterns. Therefore, we disregarded any drug stockpiling due to overlaps of the 

subsequent dispensations of the same oral anticoagulant. The follow-up was censored if the gap 

between dispensations exceeded the allowed grace period. In the case of switching to a different 

oral anticoagulant, the follow-up was censored at the date of this new dispensation.  
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3.4.4 Outcome definition 

The outcome of interest was time to a major bleeding event. Major bleeding was defined as 

gastrointestinal, ocular, intracranial, or other bleeding requiring hospitalization. All outcome 

events were identified using ICD-10 codes from hospital discharge summaries using primary, 

principal diagnosis, or the cause of in-hospital death. The admission date to the hospital was 

assigned as the date of the outcome event. We did not use physician claims for identifying the 

outcome events to avoid a detection bias, since regular outpatient visits of individuals treated with 

warfarin may increase the likelihood of less important bleeding being recorded in the physician 

claims database.   

Several studies investigated the validity of reporting major bleeding events in the administrative 

hospital discharge data. Thus, Joos et al. assessed the accuracy of ICD-10 codes for acute 

anticoagulation therapy-related bleeding in patients admitted to the University of Utah hospital 

using patients’ medical records as a reference standard. ICD-10 codes were extracted for diagnoses 

at any position256. In total, the study identified 71 bleeding events from the medical records. The 

reported sensitivity, specificity, PPV, and NPV for intracranial hemorrhage were 100% (95%CI: 

78%–100%), 98% (95%CI: 97%–99%), 58% (95%CI: 37%–77%), and 100% (95%CI: 99.%–

100%), respectively. For gastrointestinal bleeding, reported sensitivity, specificity, PPV, and NPV 

for intracranial hemorrhage were 96% (95%CI: 78%–100%), 97% (95%CI: 96%–98%), 55% 

(95%CI: 38%–79%), and 100% (95%CI: 99.%–100%), respectively. Arnason et al. investigated 

the accuracy of coding (based on ICD-9 codes) of possible warfarin complications in the chart 

abstractions submitted by a university-associated teaching hospital in Ottawa for billing 
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purposes257. The abstracts for 1,964 hospitalizations were validated against hospital medical 

records as a reference standard. In this study, the possible warfarin complications were major 

bleeding or thromboembolism. Major bleeding was defined as an event of intracranial bleeds, GI 

bleeds, hematuria, vaginal bleeding, epistaxis, hemoptysis, hemorrhage not otherwise specified, 

hemarthrosis, or hemopericardium. The study reported that for major bleeding, the sensitivity, 

specificity, PPV, and NPV were 94% (95%CI: 91%–96%), 83% (95%CI: 78%–87%), 87% 

(95%CI: 83%–90%), and 92% (95%CI: 88%–95%), respectively.  

The list of ICD-10 codes that we used for the identification of major bleeding is reported in 

Annex 3. ICD-10 codes for major bleeding were identified from previous publications on the 

comparative effectiveness and safety of oral anticoagulants and the set of codes was endorsed by 

our research group.  

We did not use procedural codes for transfusions because procedures are generally underreported 

in administrative claims data. Thus a study by Lucyk et al. found the sensitivity of blood 

transfusion procedure code was 26%258. 

3.4.5 Statistical analysis 

 e used descriptive statistics to summarize the patients’ demographics, comorbidity profile, and 

use of medications measured at the time of cohort entry. For each anticoagulant, the duration of 

dispensations was estimated using the days supplied and the data-driven approaches. At this stage, 

no grace period was added, and each individual had two alternative durations of dispensation. 

Distributions of the estimated durations in days were summarized with means and standard 

deviations (SD).  
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The mead duration of follow-up was reported. The incidence rates of major bleeding were 

estimated using Poisson regression.   

Logistic regression models were used to estimate the PS of each patient being treated either with 

dabigatran vs. warfarin, or rivaroxaban vs. warfarin given age, sex, and clinical characteristics 

measured at the time of cohort entry and listed earlier (see Section 3.3.7 Propensity scores).  

Next, I assessed the impact of the approach for defining the duration of dispensation on the strength 

of association between treatment with dabigatran or rivaroxaban versus warfarin and major 

bleeding using Cox proportional hazards regression models adjusted for the year of cohort entry 

and deciles of PS. The estimate from this analysis can be interpreted as the relative hazard of major 

bleeding in individuals taking dabigatran or rivaroxaban versus that in individuals taking warfarin, 

adjusted for the year of cohort entry and PSs. The analyses were repeated for each grace period. 

The model building statistics are shown in tables in Annex 10. These tables contain the information 

on model fit statistics (log-likelihood ratio [-2 LOG L], Akaike Information Criterion [AIC], and 

Schwarz information criterion [SBC]), Chi-square test of whether the model with the 

covariate/covariates is better than the model with no variables, and type 3 test of whether there are 

any differences in event rate across any of the levels of the covariate. 

3.4.6 Cox proportional hazard regression 

The Cox proportional hazards model or the proportional hazards regression is the commonly used 

model for censored longitudinal data. It establishes the difference in survival due to treatment 

options or other prognostic factors259.  
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This model was chosen because, in the second and third studies, the outcome of interest was the 

time between the date of cohort entry (time zero) and the study event. Furthermore, the follow-up 

was censored in those patients who did not experience the study events, died, or discontinued the 

oral anticoagulants received at time zero.  

The Cox regression gives the estimate of the hazard ratio (HR) and its confidence interval. The 

hazard is an instantaneous rate of the event of interest at time t. For example, in the second study, 

for each exposure group, the hazard is the instantaneous rate of major bleeding at time t in 

individuals treated with a given anticoagulant. The Cox regression examines the risk sets of 

individuals that are still being followed at the time of occurrence of each event of interest. At each 

time of the event, the exposure values are compared in those who experienced the event, and those 

without the event. 

Mathematically, it is expressed as 

 ℎ(𝑡) = ℎ0(𝑡) ∗ 𝑒𝑥𝑝( 𝛽1𝑥1 + 𝛽2𝑥2 +⋯+ 𝛽𝑝𝑥𝑝) (8) 

Where h(t) is the hazard at time t, ℎ0(𝑡) is the baseline hazard (the hazard rate for those in 

whom all covariates have the reference values), at time t, and 𝑥1 to 𝑥𝑝 are the covariates, 

including the treatment. 

If a study has only one covariate which is a treatment with two exposure categories (treated and 

untreated), the hazard ratio comparing treated with untreated at time t is  
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 𝐻𝑅(𝑡) =
ℎ0(t)exp (𝛽1) 

ℎ0(t)
= exp (𝛽1)  (9) 

 

Cox regression uses the Wald chi-square statistics to test if each explanatory covariate in the model 

has a significant effect on the outcome variable. 

The model assumes that the hazard ratio remains constant over time (proportional hazard 

assumption). In the second and third studies, this assumption was examined graphically by plotting 

the cumulative hazard functions of each treatment group against time since the start of follow-

up259. The cumulative hazard function is the sum of the hazards experienced up to time t. The lines 

of the cumulative hazard functions of treatment groups were reasonably parallel, which signified 

that the proportional hazard assumption was held. 
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3.5 Third study 

3.5.1 Aim and objectives 

The third study aimed to explore the selection bias due to censoring in the DOACs versus warfarin 

groups, and its impact on the hazard ratio estimate of comparative effectiveness and safety. The 

objectives were: to describe the associations between the prognostic variables and censoring in the 

DOACs and warfarin groups; to describe the direction of selection bias due to censoring in the 

DOACs and warfarin groups; to compare two strategies for estimation of censoring weights: 

exposure-stratified and exposure-unstratified; and to estimate and compare the hazard ratios of the 

effect of continuous treatment with warfarin versus DOACs on the composite of stroke, major 

bleeding, myocardial infarction, and all-cause mortality using exposure-stratified and exposure-

unstratified censoring weights. 

3.5.2 Case presentation 

When comparing the effectiveness and safety of DOACs and warfarin using the per-protocol 

analytical approach, the follow-up of individuals is censored at the time of deviation from the 

baseline treatment260. However, reasons to deviate from baseline treatment allocation are distinct 

for DOACs and warfarin initiators. For example, a switch from a DOAC to warfarin may happen 

as a precaution, in the case of a new-onset renal failure, since DOACs are contraindicated in end-

stage renal disease. Renal failure also increases the risks of stroke and bleeding3,39,261,262. On the 

contrary, a switch from warfarin to a DOAC may happen for treatment simplification in individuals 

free of renal failure. Moreover, at the time of the study, the RAMQ drug insurance plan classified 

DOACs as exception drugs for patients with AF. DOACs would be covered if patients met one of 
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two conditions: (1) patients having a history of prior treatment with warfarin but who had failed to 

maintain the targeted therapeutic range, (2) patients for whom the monitoring of anticoagulation 

levels with warfarin was not possible or not available. Thus, the intent for clinicians was to attempt 

warfarin in a short term before switching to DOAC. Because of this differential switching dynamics 

between treatment groups, during the follow-up, sicker individuals with higher outcome risks are 

removed from the DOACs group, whereas healthier individuals with lower outcome risks are 

removed from the warfarin group, resulting in selection bias. 

 Figure 3.6 presents the different mechanisms of censoring in the DOACs versus the warfarin 

treatment group when the censoring is applied at the time of the switch from treatment assigned at 

baseline. In this figure, bleeding is an outcome event, and a new-onset renal failure is a time-

varying prognostic factor. 

t0 Time

DOAC

 arfarin

 witch to warfarin
The follow up is censored

Renal failure  leeding

Figure 3.6 Different mechanisms of censoring in the 

DOACs versus the warfarin treatment group. 
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The IPCWs may be used to correct this selection bias. In this situation, a model estimating the 

probabilities of censoring that is adjusted for treatment value, time of follow-up, and all prognostic 

factors would estimate the average coefficients for prognostic variables across treatment groups. 

For example, a patient with renal failure would more likely be censored in the DOAC treatment 

group and less likely be censored in the warfarin treatment group. However, this model would 

estimate the coefficient for the probability of censoring given renal failure as an average value 

across two treatment groups. This average would obscure the treatment-specific censoring 

probabilities. As a result, applying the IPCWs would fail to eliminate the selection bias associated 

with renal failure. One potential solution for the correct specification of the censoring model in this 

clinical situation is to stratify it by exposure. 

3.5.3 Base cohort definition 

Individuals with NVAF newly dispensed an oral anticoagulant were identified as described in 

Section 3.2 Study population. The cohort entry date was defined as the date of the first dispensation 

for an anticoagulant. We followed individuals until the earliest of the following: occurrence of the 

study outcome, end of pharmaceutical coverage, five years since the initiation of the oral 

anticoagulant, or end of the study period (March 31st, 2017). 

3.5.4 Matched cohort definition 

To balance the observed demographic and clinical characteristics at baseline, patients dispensed 

warfarin were matched 1:1 without replacement to patients dispensed a DOAC on age (±1 year), 

sex, cohort entry date (±2 years), and PSs (0.2 of the standard deviation of logit of propensity 

scores) estimated from baseline clinical predictors of treatment censoring listed in Section 3.3.7 
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Propensity scores. Those individuals without a match were excluded from the study. The balance 

of the baseline characteristics in both exposure groups was assessed using standardized mean 

differences. 

The flowchart of patient selection in the Third study is in  

Annex 12. 

3.5.5 Definition of exposure 

Exposure to DOACs and warfarin was defined based on the pharmaceutical dispensation records. 

The periods of continuous exposure were identified using dispensation dates, reported days 

supplied, and a grace period of 30 days. 

3.5.6 Outcome definition 

The outcome of interest was time to a composite of ischemic or hemorrhagic stroke, systemic 

embolism, major bleeding (intracranial, gastrointestinal, ocular, and any other bleeding 

necessitating hospitalization), myocardial infarction, and all-cause mortality. 

The composite effectiveness and safety outcome corresponds to our research question. This study 

aimed to improve the methodology of observational studies comparing DOACs and warfarin. 

The composite effectiveness and safety outcome was used to make our argument more 

compelling in making a stronger case for the application of exposure-stratified censoring weights. 

Having more outcome events improved the precision of the HR estimate. Furthermore, in this 

study, we hypothesized that because of differential selection bias across the treatment groups, 

each component of the composite outcome may be biased in favor of DOACs. 
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However, there are some disadvantages when using the composite outcome. In general, in studies 

on comparative effectiveness and safety, the study conclusions may be misleading, and 

demonstrated treatment benefits may be assumed to relate to all components when, in fact, only a 

few events of an individual component may contribute to the composite outcome. This may be 

more starkly if the components include the most important clinical events (e.g., myocardial 

infarction, a serious bleeding event requiring hospitalization, or death) and less serious 

components (e.g., bleeding not requiring hospitalization). To communicate the study findings in a 

publication more clearly, it is recommended to present data for all individual components263. 

In our research, each component of the composite outcome was assessed in a previous study 

conducted by our research group (Durand, CMAJ, 2020). This study on the comparative 

effectiveness and safety of DOACs versus warfarin used exposure-stratified censoring weights. 

The study found no difference in the incidence of ischemic stroke or systemic embolization in 

patients with NVAF (HR: 0.98, 95%CI: 0.77-1.25), however, the use of DOACs was associated 

with fewer major bleeding events in patients treated with DOACs versus those treated with 

warfarin (HR: 0.71, 95%CI: 0.64-0.80 )264. 

Stroke, systemic embolism, and major bleeding events were identified using the International 

Classification of Diseases (10th revision) codes from hospital discharge summaries using primary 

or principal diagnoses, or the cause of in-hospital death. The admission date to the hospital was 

assigned as the date of the outcome event. The date of death was obtained from the RAMQ registry 

of beneficiaries’ database . The list of ICD codes is in Annex 3. 
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3.5.7 Covariates 

We collected information on the potential prognostic factors that are listed in Section 3.3.7 

Propensity scores. Our team assumed that these factors may have an impact on initiating or 

stopping warfarin or a DOAC and may increase the risk of the components of the composite 

outcome. These prognostic factors were identified using expert knowledge and information from 

previously published studies on the comparative effectiveness and safety of warfarin and DOACs. 

3.5.8 Analytical approach 

Our goal was to emulate a target trial where study participants who would be prescribed warfarin 

under usual care, and were eligible for DOACs and warfarin treatment, would be randomized to 

receive either warfarin or a DOAC. All subjects would continue their initial treatment for the entire 

follow-up (per-protocol analysis169,265). To balance the observed demographic and clinical 

characteristics at baseline, patients dispensed warfarin were matched in a 1:1 ratio without 

replacement to patients dispensed a DOAC on age (±1 year), sex, cohort entry date (±2 years), and 

propensity scores (0.2 of the standard deviation of logit of propensity scores) estimated from 

baseline clinical predictors of treatment/censoring defined above213. The follow-up was right 

censored at the time of deviation from the baseline treatment allocation, either due to a switch to 

an alternative anticoagulant or treatment cessation for any reason. 

I conducted three analyses. In the first analysis, censoring due to deviation from baseline treatment 

was considered non-informative or completely at random and was not adjusted for. In the second 

analysis, this censoring was considered informative with similar associations between the 

prognostic factors and the probability of censoring in individuals treated with warfarin and DOACs. 
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We adjusted for this censoring with the IPCWs calculated with a common censoring model, 

unstratified by exposure165. In the third analysis, we still considered censoring due to deviation 

from baseline treatment to be informative, however, the dynamic of censoring differed between 

treatment groups (i.e., different associations between the prognostic factors and the probability of 

censoring in individuals treated with warfarin and DOACs). Accordingly, for the third analysis, we 

built IPCWs using exposure-stratified censoring models (i.e.: weights were built separately for 

patients on warfarin and those on DOACs). 

In a sensitivity analysis, I further explored if the mechanism of censoring is different between those 

who switched between treatment groups and those who permanently discontinued treatment with 

oral anticoagulants. For this analysis, censoring due to deviation from baseline treatment was 

considered informative, with a different dynamic of censoring between treatment groups. IPCWs 

were estimated using exposure-stratified censoring models. Furthermore, for each treatment group, 

two sets of IPCWs were estimated, (1) to account for censoring due to switching between treatment 

groups, and (2) to account for censoring due to permanent discontinuation of treatment. 

We did not include in the censoring model variables for health conditions when DOACs became 

absolutely contraindicated (i.e., initiation of hemodialysis in end-stage renal disease, heart valve 

surgery). This was done to avoid the violation of the positivity assumption when estimating 

censoring weights. The positivity assumption states that at any time t, the study individuals with 

any combination of covariates have a greater than zero probability of not being censored. However, 

for patients in the DOACs treatment group who developed end-stage renal disease or underwent 

heart valve surgery, the probability of not being censored (i.e. the probability of continuing 



  

108 

 

treatment with a DOAC) would be zero. Instead, in both treatment groups, the follow-up was right-

censored at the date when these health conditions were recorded. This censoring was assumed as 

being at random conditional on covariates as both the warfarin- and the DOACs-treated individuals 

were expected to have equal probabilities of developing these health conditions after the baseline 

matching. Table 6.2 (Chapter 6) shows the distribution of baseline patient characteristics in 

warfarin and DOACs users before and after matching. Before matching, compared to patients on 

DOACs, patients initiating warfarin were frailer and had a worse prognosis for stroke and bleeding. 

Matching allowed us to balance the prognostic characteristics between the two treatment groups 

and reduce the baseline confounding. Among others, we balanced two treatment groups for 

hypertension, diabetes, and chronic renal disease, the most common causes of end-stage renal 

disease. Furthermore, in the design phase, we exclude patients with recorded valvular heart disease. 

For these reasons, we assumed that the risk of development of the conditions when DOACs become 

contraindicated during the follow-up is similar between the treatment groups. 

Another variable that we did not include in the model for the estimation of censoring weights is 

non-major bleeding defined as bleeding not requiring hospitalization. Treatment discontinuation 

and hence censoring due to events of non-major bleeding may be considered informative, however, 

this censoring should be non-differential across the treatment groups, i.e., patients in both treatment 

groups (DOACs and warfarin) would discontinue treatment after non-major bleeding. Furthermore, 

identifying non-major bleeding from physician claims may lead to a detection bias. Regular 

outpatient visits of individuals treated with warfarin may increase the likelihood of non-major 

bleeding being recorded in the physician claims database. 
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3.5.9 Statistical analysis 

 e used descriptive statistics to summarize the patients’ demographics, comorbidity profile, and 

use of medications measured at the time of cohort entry. The incidence rate of composite 

effectiveness and safety outcome was estimated using Poisson regression. 

Propensity score. A logistic regression model was used to estimate the baseline probabilities of 

each patient being treated with warfarin vs DOACs, given all covariates stated above (see Section 

3.3.7 for the description of PS). Propensity scores were used to create the matched study cohort. 

Descriptive statistics were used to summarize distributions of patients’ characteristics at cohort 

entry. A characteristic was considered as balanced across exposure groups with ≤10 % absolute 

standardized difference266. 

Probability of being censored due to deviation from baseline treatment and IPCWs. To 

estimate the probabilities of being censored, I structured the data in the “counting process” style 

with multiple rows of data per subject. Thus, for each study individual, starting from the time of 

cohort entry (t0), I split the follow-up into 30-day intervals (months, hereafter), and measured the 

changes in the values of covariates (defined in Section 3.3.7) as follows: covariates were measured 

within the year before the cohort entry date, and then updated at the beginning of every month of 

follow-up. Once a medical condition occurred, it remained present for the remainder of the follow-

up time. For exposure to medication, current use was determined, and patients were considered as 

exposed starting from the date of medication dispensation until the end of the dispensation duration, 

plus a 30-day grace period. In addition, for each month, I put an indicator of censoring: i.e., where 

the follow-up of an individual was censored because of deviation from the baseline treatment or 
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this individual continued the treatment assigned at baseline (censored=1 or censored=0, 

respectively). An individual was considered to be “at-ris ” at a given month (time t) if he hadn’t 

yet had the outcome event nor been censored in the previous month (time t-1). Every at-risk patient 

at each month was described as a patient-month. 

Figure 3.7 shows an example of the data format. For each individual, the number of rows was equal 

to the number of months of follow-up, i.e., one row corresponding to each month (t) with the 

updated information on the time-dependent covariates, censoring, and outcome. Thus, for a patient 

with an individual identifier 1 (ID=1), the follow-up time is split into four months. The months of 

follow-up are labeled t1, t2, t3, t4. Next, t-1 refers to the time point a month before t. For example, 

if t=t2, then t-1=t1. 
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For every month, I fitted a pooled logistic regression to estimate the probabilities of being censored 

given sex, age at baseline, month (t), and the vector of covariates with the values updated for the 

previous month (t-1). Thus, in Figure 3.7, the individual with ID=1would have four estimated 

probabilities of being censored for every t. 

      

        
        

            
               

         

 

         

 

         

 

1 1 1 doac 2012 0 0 0 0 0

2 1 2 doac 2012 0 0 1 0 0

 1  doac 2012 0 0 1 0 0

4 1 4 doac 2012 1 0 1 0 0

5 2 1 warfarin 2011 0 0 0 0 0

6 2 2 warfarin 2011 0 1 0 0 0

  1 doac 201 0 0 0 0 0

8  2 doac 201 0 1 0 0 0

9 4 1 doac 201 0 0 0 0 0

10 4 2 doac 201 0 0 1 0 0

11 5 1 warfarin 2012 0 0 0 0 0

12 5 2 warfarin 2012 0 0 0 0 0

1 5  warfarin 2012 0 0 0 0 0

14 5 4 warfarin 2012 0 0 0 1 0

15 6 1 doac 2011 0 0 0 0 0

16 6 2 doac 2011 0 0 0 0 0

1 6  doac 2011 0 0 0 0 1

18  1 warfarin 201 0 0 0 0 0

19  2 warfarin 201 0 0 0 0 0

20   warfarin 201 0 0 0 0 1

Figure 3.7 An example of data format for estimation of the probabilities of remaining 

uncensored. 
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In this study, the assumption was that the probability of censoring given the covariates must be 

constant over the month. This assumption seemed to be reasonable as the covariates could only be 

updated when someone comes in contact with the healthcare system. 

Two sets of probabilities of censoring were estimated: 

1. With an unstratified model:  

PROC LOGISTIC data=dataset; 

MODEL censored=t exposure age sex covariate1 covariate2 … covariate ; 

RUN; 

 

2. With exposure-stratified models: 

PROC LOGISTIC data=dataset (where=(exposure=”w       ”)); 

MODEL censored=t age sex covariate1 covariate2 … covariate ; 

RUN; 

PROC LOGISTIC data=dataset (where=(exposure=”    ”)); 

MODEL censored=t age sex covariate1 covariate2 … covariate ; 

RUN; 

 

Thus, the unstratified model produced average estimates of probabilities of censoring for 

prognostic variables across treatment groups, whereas the exposure-stratified model produced 

exposure-specific estimates of probabilities of censoring. The output from these models also 

contained the estimates of the odds ratios (OR) with 95% confidence intervals (CI) measuring the 

association of each covariate with the probability of censoring. For each censoring model 

(unstratified and exposure-stratified), the ORs (95%CI) were presented in a table (Table 6.3, 
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Chapter 6:). The model fit statistics, test for the global null hypothesis, and Wald chi-square tests 

for each covariate are shown in Annex 14. 

In a sensitivity analysis, for each treatment group, two probabilities of censoring were estimated, 

(1) the probability of censoring due to switching between treatment groups, and (2) the probability 

of censoring due to permanent treatment discontinuation: 

PROC LOGISTIC data=dataset (where=(exposure=”w       ”) and 

(censoring_discontin=0)); 

MODEL censored_switch=t age sex covariate1 covariate2 … covariate ; 

RUN; 

 

PROC LOGISTIC data=dataset (where=(exposure=”w       ”) and (censoring_switch=0)); 

MODEL censored_ discontin =t age sex covariate1 covariate2 … covariateN; 

RUN; 

 

PROC LOGISTIC data=dataset (where=(exposure=”    ”) and (censoring_discontin=0)); 

MODEL censored_switch =t age sex covariate1 covariate2 … covariate ; 

RUN; 

PROC LOGISTIC data=dataset (where=(exposure=”    ”) and and (censoring_switch=0)); 

MODEL censored_ discontin =t age sex covariate1 covariate2 … covariate ; 

RUN; 

The ORs (and 95% CI) measuring the association of each covariate with the probability of 

censoring due to switch or treatment discontinuation are presented in Annex 15. 
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The next step was to estimate the probabilities of remaining uncensored which are:  

1-probabilities of censoring 

Finally, I estimated the IPCWs as the inverse of the product of the probabilities of remaining 

uncensored up to and including the month of follow-up151. 

Thus, in Figure 3.7, for the individual with ID=1, the IPCW for t=3 is estimated as 

 

 𝐼𝑃𝐶𝑊𝑡=3 =
1

𝑃𝑟 𝑢𝑛𝑐𝑒𝑛𝑠𝑜𝑟𝑒𝑑𝑡=1 ∗ 𝑃𝑟 𝑢𝑛𝑐𝑒𝑛𝑠𝑜𝑟𝑒𝑑𝑡=2 ∗ 𝑃𝑟 𝑢𝑛𝑐𝑒𝑛𝑠𝑜𝑟𝑒𝑑𝑡=3 
      (10) 

 

Accordingly, I estimated unstratified and exposure-stratified IPCWs. 

In a sensitivity analysis, IPCWs were estimated for each treatment group as a product of two 

censoring weights (censoring due to switching and censoring due to permanent treatment 

discontinuation)264. 

To reduce the influence of extreme values of the estimated IPCWs on the size of the standard error 

for the hazard ratio estimate, the weights were stabilized. Thus, in the equation above, 1 in the 

numerator was substituted by the conditional probability of not being censored given t and 

treatment group for exposure-unstratified IPCWs, and only t for unstratified IPCWs267. 
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Thus, the numerator was estimated for unstratified and exposure-stratified models as follows: 

1. Unstratified model: 

PROC LOGISTIC data=dataset; 

MODEL censored=t exposure; 

RUN; 

 

2. With exposure-stratified models:  

PROC LOGISTIC data=dataset (where=(exposure=”w       ”)); 

MODEL censored=t; 

RUN; 

PROC LOGISTIC data=dataset (where=(exposure=”    ”)); 

MODEL censored=t; 

RUN; 

 

For sensitivity analysis: 

 

PROC LOGISTIC data=dataset (where=(exposure=”w       ”) and 

(censoring_discontin=0)); 

MODEL censored_switch=t; 

RUN; 

PROC LOGISTIC data=dataset (where=(exposure=”w       ”) and (censoring_switch=0)); 

MODEL censored_ discontin =t; 

RUN; 

 

PROC LOGISTIC data=dataset (where=(exposure=”    ”) and (censoring_discontin=0)); 

MODEL censored_switch =t; 
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RUN; 

PROC LOGISTIC data=dataset (where=(exposure=”    ”) and and (censoring_switch=0)); 

MODEL censored_ discontin =t; 

RUN; 

 

To check if the selection of the model for the numerator was correct, I run the outcome model 

weighted with non-stabilized and then, with stabilized IPCWs. The hazard ratio estimates from the 

models adjusted with non-stabilized and stabilized weights provided identical point estimates aside 

from the larger standard errors for the analyses with non-stabilized weights. 

The distribution of stabilized IPCWs estimated with unstratified and exposure-stratified models 

was presented using box plots. Truncation of censoring weight was not used because of no 

extremely large or small values (Figure 6.3, Chapter 6:). The smallest value was 0.37, and the 

largest was 29.5. 

Applying the IPCWs creates a pseudo population resulting from re-weighting the study subjects 

based on their IPCW values. The re-weighting ensures that covariates are balanced across those 

censored and those who continue in the study. For example, if participants with a certain prognostic 

factor are more likely to be censored, remaining participants with the same prognostic factor 

receive greater weight in the analysis, thereby compensating for those censored. However, the 

pseudo-populations being created with exposure-stratified versus unstratified IPCWs would differ. 

Thus, the pseudo-population created by unstratified IPCWs ensures the balance of those predictors 

of censoring that have a similar effect on censoring in both DOACs and warfarin treatment groups, 

whereas, exposure-stratified IPCWs would create a pseudo-population for each treatment group. 

This creates a balance of both types of predictors of censoring, those with a similar effect on 
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censoring across treatment groups, as well as those with a different effect on censoring in DOACs 

versus warfarin-treated individuals. 

Aside from the correct specification of the censoring model that I explored in the third study, other 

assumptions are required for the IPCWs to create a pseudo-population free of selection bias 

introduced by informative censoring163. First, the non-testable ignorability assumption, i.e. we 

assume that in the current month, censoring occurs at random given the probability of remaining 

uncensored up to the current month, sex, age, treatment assigned at baseline, and the observed 

values of covariates in the previous month. Second, the positivity assumption, that is we assume 

that at any given month, the study individuals with any combination of the observed covariates in 

the previous month, age, sex, and treatment assigned at baseline have a greater than zero probability 

of not being censored. I tested the positivity assumption by examining the distributions of the 

unstratified and exposure stratified IPCWs166. 

Outcome model. The outcome model estimated the risk of the composite outcome in warfarin vs 

DOACs-treated individuals. For this, I fitted three pooled logistic regression models that 

approximated Cox proportional hazards regression models268 with the treatment as the only 

independent variable. 

Thus, with the first unweighted model, I used all at-risk subjects at time t to fit a pooled logistic 

regression model. Thus, the logistic regression model was fitted for every month of follow-up, and 

then the results were pooled across all individuals and all months of follow-up. The only covariate 

in this model was the indicator for the treatment group. In my analysis, the pooled logistic 

regression approximated a Marginal Structural Cox model as the probability of the outcome event 
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at any given time point was low. The exponential of the coefficient of treatment with DOACs could 

be interpreted as the marginal hazards ratio relative to treatment with warfarin. 

The second and third models were models weighted with the unstratified IPCWs and the exposure-

stratified IPCWs, respectively. Again, the logistic regression model was fitted for every month of 

follow-up and weighted with the IPCWs estimated for this particular month. The results were 

pooled across all individuals and all months of follow-up. In the weighted models, the variance of 

the estimated coefficient for treatment was approximated using a robust variance estimator that 

takes into account the weights and repeated measures269. 
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CHAPTER 4: Methodological challenges in assessment of current use of warfarin among 

patients with atrial fibrillation using dispensation data from administrative healthcare 

databases270. 

Sinyavskaya L, Matteau A, Johnson S, Durand M. Pharmacoepidemiology and Drug Safety 

2018;27(9):979-986.  
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4.1 Abstract 

Purpose: Algorithms to define current exposure to warfarin using administrative data may be 

imprecise. The study objectives were to characterize dispensation patterns and to measure gaps 

between expected and observed refill dates for warfarin and direct oral anticoagulants (DOACs). 

Methods: Retrospective cohort study using administrative healthcare databases of the Régie de 

l’assurance-maladie du Québec. We identified every dispensation of warfarin, dabigatran, 

rivaroxaban, or apixaban for patients with AF initiating oral anticoagulants between 2010 and 

2015. For each dispensation, we extracted the date and duration. Refill gaps were calculated as the 

difference between expected and observed dates of successive dispensation. Refill gaps were 

summarized using descriptive statistics. To account for repeated observations nested within 

patients and to assess the components of variance of refill gaps, we used unconditional multilevel 

linear models. 

Results: We identified 61,516 new users. The majority were prescribed warfarin (60.3%), followed 

by rivaroxaban (16.4%), dabigatran (14.5%), apixaban (8.8%). The most frequent recorded 

duration of dispensation was seven days, suggesting the use of pharmacist-prepared weekly 

pillboxes. The average refill gap from the multilevel model was higher for warfarin (9.28 days, 

95%CI:8.97-9.59) compared to DOACs (apixaban 3.08 days, 95%CI: 2.96--3.20, dabigatran 3.70, 

95%CI: 3.56-3.84, rivaroxaban 3.15, 95%CI: 3.03-3.27). The variance of refill gaps was greater 

among warfarin users than among DOAC users. 

Conclusions: The greater refill gaps for warfarin may reflect inadequate capture of the period 

covered by the number of dispensed pills recorded in administrative data. A time-dependent 
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definition of exposure using dispensation data would lead to greater misclassification of warfarin 

than DOACs use.  

4.2 Introduction  

Vitamin K inhibitor warfarin decreases the risk of stroke and other systemic thromboembolism in 

patients with atrial fibrillation (AF)50-52. Clinical use of warfarin is fraught with unpredictable 

individual dosage, the need for frequent monitoring of the International Normalized Ratio (INR), 

and numerous interactions with food and other drugs271. Therefore, the dosage of warfarin is 

frequently adjusted by physicians over the treatment course without communicating with 

community pharmacists dispensing the drug. 

Administrative health databases containing drug dispensation data are commonly used to study 

population-level adherence, and to compare the safety and effectiveness of direct oral 

anticoagulants (DOACs) and warfarin in real-world settings272. Exposure is defined based on 

dispensing information recorded by community pharmacists. A period of continuous exposure is 

assumed when gaps between subsequent dispensations do not exceed an investigator-defined grace 

period, which accounts for irregular refill patterns90,114,248,273,274. However, in the case of warfarin, 

due to individually adaptive dosage adjustments over a single dispensation period, the dispensed 

drug supply may last well beyond the duration recorded by the dispensing pharmacist (e.g., because 

of pill-splitting or/and stockpiling). Thus, the resulting gap between observed and expected dates 

of refill is due to a discrepancy between the posology assumed by the dispensing pharmacist and 

that truly taken by the patient. Furthermore, refill gaps may vary between patients, as well as within 
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individual patients over the treatment course. These may lead to exposure misclassification which 

is likely to be a differential between warfarin and DOACs, as DOACs do not require dose 

adjustments or monitoring. Though there is an algorithm that uses linked data on INR measurement 

to bridge the gaps between warfarin prescriptions48, it cannot be used in some settings, including 

the Québec administrative healthcare databases, in which information on laboratory test results or 

INR testing is lacking. 

We hypothesized that in the Québec administrative healthcare databases, refill gaps and their 

variation are larger for warfarin than for DOACs. Relying on dispensation data to define current 

exposure to anticoagulants will lead to greater misclassification of exposure for warfarin than for 

DOACs. We sought to characterize the dispensation patterns of warfarin, apixaban, dabigatran, and 

rivaroxaban. We also aimed to compare the variation of refill gaps between users of different oral 

anticoagulants, as well as within users of the same oral anticoagulant over the treatment course. 

4.3 Methods 

Data source 

The study was conducted using computerized healthcare databases of the Régie de l’assurance-

maladie du Québec (RAMQ) and the Maintenance et exploitation des données pour l’étude de la 

clientèle hospitalière (MED-ÉCHO)183. The RAMQ administers the government health insurance 

plan for all Québec residents, and prescription drug insurance plan for individuals of 65 years and 

older, welfare recipients, and those not covered by private medical insurance (in total, about 40% 

of Québec’s population)183,184. It routinely collects diagnostic and medical information for 
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physician and hospital reimbursement, and monitoring and management of healthcare programs. 

The RAMQ maintains four medical databases. The registry of beneficiaries’ database contains 

socio-demographic information for all recipients of the health insurance plan. The medical services 

database with fee-for-service physician claims for ambulatory and hospitals services. The MED-

ÉCHO database collects discharge summaries following any hospitalization. The prescription 

database includes insurance plan details, period of coverage, date of prescription, drug 

identification number (DIN), drug class (coded by ASHP, American Hospital Formulary Service), 

generic name, formulation, prescribed dosage, quantity, duration of treatment, gross cost and 

contribution of the insured person. Of note, in Québec, all prescription drugs are paid for by the 

public drug insurance plan. The plan imposes no fixed co-pays, and the contribution paid by 

patients (deductibles and co-insurance) is determined by drug cost and patient income. Therefore, 

data completeness for warfarin and DOACs dispensed at community pharmacies is close to 100%, 

with small exceptions being drugs dispensed while traveling outside of the province. However, the 

RAMQ prescription database does not contain information on treatments provided in hospital 

settings. 

Base cohort definition 

All new users of oral anticoagulants between 1 January 2010 and 15 March 2015 were identified 

as those with no dispensation of any oral anticoagulant in the preceding year. Patients had to be 

aged at least 18 years and have a diagnostic code of AF or atrial flutter (ICD-9 427.3, ICD-10 

I48.x) within a year before initiation of the oral anticoagulant. We excluded those with a diagnosis 

of venous thromboembolism in the 90 days before the first dispensation. We followed patients 
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from the date of the first dispensation until the last dispensation, end of pharmaceutical coverage, 

or end of the study period (March 31, 2015), whichever occurred first. Patients were grouped into 

four cohorts based on the type of prescribed oral anticoagulant (warfarin, dabigatran, apixaban, or 

rivaroxaban). Those who switched between anticoagulants during the follow-up were considered 

as starting a new treatment episode and were re-assigned to the corresponding cohort at the time of 

each switch. 

Matched cohort definition 

To estimate the variation of refill gaps, patients who had at least three consecutive dispensations 

of the same oral anticoagulant were eligible. Patients receiving warfarin and each of the three 

DOACs were matched through a common-referent group, a methodology described elsewhere209. 

Briefly, patients taking apixaban were matched in a 1:1 ratio with users of dabigatran, rivaroxaban, 

and warfarin, and only those with an available match for all three drugs were retained. Matching 

was done based on age, sex, and propensity score (PS) calculated from the variables listed in Table 

4.2. 

Subgroups of weekly pillboxes users: In Québec, to support patients in their adherence to the 

treatment, community pharmacies offer sealed pillboxes of the prescribed medication for a seven-

day period210. The 7-day supply of medications requiring dose adjustments is provided in a plastic 

vial210.  n this text, the term “pillbox” will be used to refer to all  -day drug supplies. 

Pillboxes are automatically prepared and often delivered at home without the need for the patient 

to request dispensation. As this practice can influence treatment adherence, in a secondary analysis 
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we stratified the cohorts according to weekly pillbox use which was defined as having had at least 

four successive dispensations of seven-day duration. 

Exposure definition 

We identified all dispensations of warfarin, dabigatran, rivaroxaban, and apixaban. For each 

dispensation, we extracted the dispensing date, DIN, and the number of days supplied dispensed. 

Refill gap definition 

For each patient, all dispensations for a given oral anticoagulant were ordered chronologically. 

Refill gaps between two successive dispensations were calculated as the absolute number of days 

between the observed and expected refill date (identified from days supplied) of the next 

dispensation. Refill dates were adjusted accordingly for identified hospitalization periods (e.g.: if 

a patient was hospitalized for eight days following a dispensation with 30 days supplied, the 

expected day of refill was calculated as days supplied (30) + days in the hospital (8) = 38 days 

following the dispensation). 

Interpretation of refill gaps. Refill gaps are often used to describe treatment adherence211. This 

assumes that the number of dispensed pills is adequate to cover the period indicated by the 

dispensing pharmacist using the day supplied field. In a situation with complete adherence, when, 

for example, a patient was dispensed 30 pills for 30 days and returns for a refill on the 31st day, the 

refill gap is zero. Alternatively, in a situation of non-adherence, the patient takes a pill every other 

day only, and returns for a refill on day 61st, the resulting refill gap is 30 days. 
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Additionally, refill gaps may capture deviations from prescribed posology that are unknown to the 

dispensing pharmacist, such as in the case of dosage adjustments of warfarin. For example, a patient 

with a one-pill-daily regimen is given 30 pills by his pharmacist who enters 30 days supplied in the 

dispensation database. The following day (for simplicity of calculations), the physician instructs 

the patient to take half a pill every day. This patient, even completely adherent, has pills for 60 

days and returns on day 61 resulting in a refill gap of 30 days. Thus, the refill gaps capture 

information on both adherence and adequacy of the days supplied data. Under the assumption of 

similar adherence between warfarin and DOACs at a population level, any significant increase in 

refill gaps for a given medication would indicate that days supplied data is an imprecise measure 

of the actual number of days of availability of that drug. 

Statistical analysis 

Patients from the base cohort were characterized by age, sex, comorbidity profile, and use of 

medications measured at the time of cohort entry. For the days supplied values, the dispenced 

quantity, strength of the dispenced drug, the calculated number of days between two consecutive 

prescriptions, and the refill gaps, we estimated means with standard deviation (SD), medians with 

interquartile range (IQR), modes, and minimum and maximum values, or the number of 

dispensations with percentage.  

Constitution of matched cohorts. Logistic regression was used to calculate the PS at baseline, or 

each time a patient switched oral anticoagulants. The distributions of PSs estimated for patients 

treated with apixaban and dabigatran; apixaban and rivaroxaban; and apixaban and warfarin are 

in  
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Annex 6. 

Greedy matching212 was performed on age (±1year), sex, and PS (using a caliper of 0.2 standard 

deviations of the logit of PS). 

To account for the clustered structure of the data (multiple prescriptions per patient) and to estimate 

the variation of refill-gaps, we used multilevel linear regression models for the matched cohorts to 

produce estimates of the cluster-adjusted average of refill gaps (fixed effect) and the variance of 

refill gaps partitioned on within- and between-patient components (random effects)214. From the 

variance components, we calculated the intraclass correlation (ICC) that assesses the clustering, or 

similarity of refill gap values in the same patient215. We repeated the multi-level analysis, stratified 

according to the use of pharmacist-prepared weekly pillboxes. 

As warfarin dosage is expected to be adjusted more frequently during the initial dose-finding, we 

examined the longitudinal change of refill-gaps and their variation in the warfarin cohort with an 

unconditional growth model, using an ordered dispensation number as a temporal predictor.  

4.4 Results 

We included 61,516 new users of oral anticoagulants in the study (Table 4.1). At baseline, most 

patients were prescribed warfarin (60.3%), followed by rivaroxaban (16.4%), dabigatran (14.5%), 

and apixaban (8.8%) (Table 4.2). Median age varied from 75 years (IQR: 69-81) in rivaroxaban to 

78 (IQR: 72-85) in apixaban and warfarin patients, with equal proportions of males and females 

among all types of oral anticoagulants (Table 4.2). A higher proportion of warfarin compared to 

DOACs patients had comorbidities, including hypertension, cardio-and cerebra-vascular diseases, 
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diabetes, kidney injury, and chronic renal failure. Warfarin patients more often used antiplatelet 

agents. Among new users of DOAC, a higher proportion of those dispensed apixaban had 

comorbidities than those dispensed dabigatran or rivaroxaban.  

After the base cohort entry, 13,472 (22%) of 61,516 patients switched at least once to another type 

of oral anticoagulant (Annex 5). Overall, over the follow-up, there were 17,214 switches. 

For more than half of all dispensations, the reported number of days supplied was seven days (Table 

4.3). Apixaban 5 mg accounted for 66% of all apixaban dispensations, dabigatran 150 mg for 47% 

of all dabigatran dispensations, and rivaroxaban 20 mg for 26% of all rivaroxaban dispensations.   

For most dispensations, there were no gaps in medication supply (mode=0). The mean refill gap 

value was longer for warfarin compared to DOACs. 

After matching, users of different oral anticoagulants had similar distributions by age, sex, 

comorbidities, and use of other medications (Table 4.4). Median follow-up was 0.86 years for 

apixaban, 2.1 years for dabigatran, 1.4 years for rivaroxaban, and 1.5 years for warfarin cohorts. 

Cluster-adjusted average refill gap in days (the true average, once clustering at the patient level is 

appropriately accounted for) was higher for warfarin (9.28, 95%CI:8.97-9.59) compared to 

apixaban (3.08, 95%CI:2.96--3.20), dabigatran (3.70, 95%CI:3.56-3.84), and rivaroxaban (3.15, 

95%CI:3.03-3.27) (Table 4.5). Clustering of refill gaps within patients was higher for warfarin 

(ICC: 0.67) compared with apixaban (ICC:0.48), dabigatran (ICC:0.53), and rivaroxaban 

(ICC:0.38). This can be interpreted as follows: variation of refill gap values is greater between any 

two warfarin users than between any two DOAC users. 
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Refill gaps in patients on warfarin were longer at treatment initiation and decreased over the follow-

up, but this effect was very modest: on average, the refill gap was 0.72 days shorter for every 10 

dispensations (Table 4.6). 

Stratification by use of weekly pillboxes: Average length of refill gaps considerably differed 

between users and non-users of pharmacist-prepared weekly pillboxes (Table 4.7). Pillbox users of 

all oral anticoagulants had the lowest averages of refill gaps: warfarin 1.80 (95%CI:1.68-1.92), 

apixaban 0.61 (95%CI:0.57-0.65), dabigatran 0.73 (95%CI:0.69-0.77), and rivaroxaban 0.71 

(95%CI:0.65-0.77) days. On the other hand, in non-users of pharmacist-prepared weekly pillboxes, 

the difference in mean refill gaps was even more striking between warfarin (12.56, 95%CI:12.17-

12.95) and apixaban (4.28, 95%CI:4.12-4.44), dabigatran (4.98, 95%CI:4.80-5.16), or rivaroxaban 

(4.25, 95%CI:4.09-4.41). 

4.5 Discussion 

In this large, population-based study based on the analysis of administrative pharmacy records, we 

found that the gaps between observed and expected dates of prescription refill were more than 

twice as long for warfarin than for DOACs. Moreover, compared to a DOAC user, a patient taking 

warfarin had a higher variation of refill gaps over the follow-up, likely, due to frequent dosage 

adjustments, particularly after treatment initiation. Furthermore, compared to DOACs, there was 

also a higher variation of refill gaps among patients taking warfarin, likely, indicating different 

dosing regimens between patients. 
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With administrative data, exposure to oral anticoagulants is often assessed using refill dates, days 

of medication supply, and allowing for a grace period between dispensations, which varies by 

studies from three90 to 60248 days. The relatively rapid onset of action of oral anticoagulants and 

the reversal of their effects upon discontinuation (both for effectiveness and safety outcomes) make 

time-dependent exposure definitions desirable for safety and effectiveness research. Ideally, a 

patient should be classified as exposed starting on the day the drug is dispensed, and for the 

continuity of the days supplied, plus a certain grace period of a few days that should be chosen 

based on the individual drug pharmacokinetics and possible dosage adjustment. Selection of the 

grace period requires careful clinical consideration to account for the pharmacologically pertinent 

period of observation or a precise time when a drug under the study is active in the body275. 

Refill gaps reflect not only adherence but also the discrepancy between the prescribed posology 

registered by the dispensing pharmacist and the true posology due to dosage adjustments by the 

treating physician. In clinical practice, there are frequent warfarin dosage adjustments between two 

dispensations that are based on INR monitoring. Our findings suggest that under the reasonable 

assumption of similar adherence between warfarin and DOACs users at the population level276, the 

high variation in refill gaps for warfarin is due to inadequate capture in the dispensation data of the 

periods covered by the number of dispensed pills. This can be explained by the lack of 

communication between the treating physician, who adjusts warfarin, and the dispensing 

pharmacists. Moreover, at pharmacist-managed warfarin administration services, when the exact 

dose of warfarin is known, pharmacists tend to record a shorter duration of treatment than what is 

planned. This is done to avoid issues with the prescription renewal, as the early claim (if a dose of 
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warfarin is increased) will not be accepted by the pharmacy system (C. Sirois, personal 

communication, June 20, 2022). 

Of importance to pharmacoepidemiological studies of oral anticoagulants, our findings indicate 

that universal application of the same grace period to warfarin and DOACs will lead to 

misclassification of exposure. As this degree of misclassification will be differential, it may bias 

estimates in unpredictable directions. For example, a grace period of three days may correctly 

approximate exposure to DOACs use, however, many patients taking warfarin would be 

erroneously considered unexposed. While a longer grace period (for example 30 days) may be 

more appropriate for warfarin, it would lead to greater misclassification for DOACs, which have 

short average refill gaps. To correctly assign a continuous exposure period of warfarin and DOACs, 

a grace period defined as a percentage of the duration of precedent dispensation could be more 

accurate as opposed to a fixed grace period. However, the data presented here does not allow to 

recommend any grace period in particular, whether relative or absolute. More research is needed 

to determine the appropriate strategy. When comparing the safety and effectiveness of DOACs vs 

warfarin, one should be aware of differential data limitations in dispensing data, and test several 

grace periods in sensitivity analyses to assess the impact of exposure misclassification. 

We also found that patients classified as users of pharmacist-prepared weekly pillboxes had 

markedly shorter refill gaps and their variation within and between patients compared to non-users. 

This supports previous reports that pharmacist-prepared pillboxes may improve patients’ 

adherence to a therapy277. The results seen in patients not using weekly-prepared pillboxes 

reinforce those seen in our entire population: warfarin users have longer refill gaps, and more 
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variation in refill gaps, than DOAC users. In a previous study, adherence to DOACs was found 

superior to that of warfarin, using a refill gap of >89 days. Those results may be explained by 

inadequate interpretation of refill gaps rather than by a true difference in adherence278. 

Our study has some limitations. First, reporting errors in pharmacy claims may result in inaccurate 

estimates of refill gaps. However, we believe that reporting errors are non-differential among users 

of different oral anticoagulants. Second, the use of pharmacy-prepared weekly pillboxes may 

explain the absence of gaps between most of the dispensations. However, this does not imply good 

adherence: pharmacies renew pillboxes automatically if the patient picks up them regularly even 

without consuming the previous drug supply. Third, we assumed that population-level adherence 

is similar between DOACs and warfarin, and that refill gaps variation is explained by inadequate 

capture of the true medication regimen, but similar results would be found if adherence to warfarin 

was lower than adherence to DOACs. However, it has been proposed that, on the contrary, routine 

measures of INR and monitoring visits may favor adherence to treatment279. Nevertheless, we 

acknowledge that differential adherence between oral anticoagulants would influence the results of 

our study, but believe it is unlikely to completely explain our findings. Fourth, a different definition 

of the use of weekly-prepared pillboxes may change the results for this population. Finally, in 

Québec, the public drug insurance program limits the possibility for low-cost drugs, like warfarin, 

to be filled outside of the RAMQ prescription database. However, this possibility exists for persons 

traveling out of the province. This may limit the completeness of our data, but its frequency is 

likely negligible. 
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Our study has several strengths. First, it is based on the prospectively collected longitudinal 

population-based data from the large provincial database, thus avoiding potential selection bias. 

Second, our source population was all individuals eligible for the Québec public drug program, 

including elderly and welfare recipients (40% of the Québec population183) making our results 

generalizable to a similar population. Third, because of the linkage capacities with other provincial 

databases, we characterized our patients in terms of comorbidities profile and medication use. The 

information on hospitalizations was available, allowing us to extract the periods when a patient 

was receiving medication from the hospital pharmacy. 

In conclusion, we found that refill gaps and their variation were greater for warfarin than for other 

oral anticoagulants. This suggests an inadequate capture of the period covered by the number of 

dispensed pills for warfarin. An algorithm defining the current use of oral anticoagulants using 

dispensation data would lead to greater misclassification for warfarin than other oral anticoagulants 

and cause bias in unpredictable directions. This should also be considered when assessing 

adherence to warfarin. 
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4.6 Tables  

 Table 4.1. Flow of study participants for the first study. Québec, 2010-2015. 

 Apixaban Dabigatran Rivaroxaban Warfarin Total 

Total number of new 

users of oral 

anticoagulants between 

01/01/2010 and 

03/15/2015 

6,320 10,894 33,670 74,272 125,156 

Patients with AF or atrial 

flutter 
5,531 9,093 10,633 41,769 67,026 

Excluded those with VTE 

90 days before the date of 

cohort entry 

99 146 565 4,703 5,513 

New users of oral 

anticoagulants in the base 

cohorts 

5,432 8,947 10,071 37,066 61,516 

Total number of oral 

anticoagulant treatment 

episodes in the base 

cohort over the follow-

up† 

9,042 14,135 15,618 39,575 78,730 

Number of matched 

treatment episodes 
7,376 7,376 7,376 7,376 29,504 

Abbreviations: VTE, venous thromboembolism 
†Each treatment switch between oral anticoagulants defines a new treatment episode 
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Table 4.2. Baseline characteristics of the new users of oral anticoagulants in the base cohort of 

the first study. N=61,516, Québec, 2010-2015. 

 Apixaban Dabigatran Rivaroxaban Warfarin 

Cohort size, n (%) 5,432 (8.8) 8,947 (14.5) 10,071 (16.4) 37,066 (60.3) 

Age in years, median (IQR) 78 (72-85) 76 (69-82) 75 (69-81) 78 (71-84) 

Male sex, n (%) 2,675 (49.2) 4,671 (52.2) 5,333 (53.0) 18,856 (50.9) 

Comorbidities*, n (%)     

 Hypertension 3,117 (57.4) 4,690 (52.4) 5,352 (53.1) 24,896 (67.2) 

 Myocardial infarction 155 (2.9) 154 (1.7) 187 (1.9) 2,484 (6.7) 

 Congestive heart failure 1,138 (20.9) 1,430 (16.0) 1,560 (15.5) 11,428 (30.8) 

 Stroke or TIA 672 (12.4) 955 (10.7) 937 (9.3) 6,051 (16.3) 

 Hemorrhage 417 (7.7) 617 (6.9) 634 (6.3) 3,728 (10.1) 

 Diabetes 1,303 (24.0) 1,949 (21.8) 2,197 (21.8) 12,002 (32.4) 

 Peripheral vascular disease 643 (11.8) 864 (9.7) 970 (9.6) 7,297 (19.7) 

 Chronic renal failure 566 (10.4) 489 (5.5) 619 (6.1) 7,672 (20.7) 

 Cancer 945 (17.4) 1,286 (14.4) 1,497 (14.9) 5,846 (15.8) 

 Acute kidney injury 478 (8.8) 318 (3.6) 478 (4.7) 4,923 (13.3) 

 COPD 922 (17.0) 1,320 (14.8) 1,519 (15.1) 8,094 (21.8) 

 Liver disease 114 (2.1) 152 (1.7) 207 (2.1) 1,095 (3.0) 

 Dementia 367 (6.8) 396 (4.4) 414 (4.1) 2,736 (7.4) 

Diseases related to alcohol 

abuse 

154 (2.8) 272 (3.0) 362 (3.6) 1,469 (4.0) 

Medications**, n (%)     

 Medications used for the 

 treatment of hypertension 

5,144 (94.7) 8,448 (94.4) 9,292 (92.3) 35,366 (95.4) 

 Antiplatelets 3,508 (64.6) 5,933 (66.3) 6,287 (62.4) 27,357 (73.8) 

 Antipsychotics 399 (7.3) 525 (5.9) 628 (6.2) 2,706 (7.3) 

 NSAIDs 874 (16.1) 1,576 (17.6) 2,077 (20.6) 5,942 (16.0) 

 Statins 3,223 (59.3) 5,121 (57.2) 5,687 (56.5) 24,148 (65.1) 

* Measured in the year before the base cohort entry date 

**Measured at the time of cohort entry 

Abbreviations: IQR, interquartile range; TIA, transient ischemic attack; COPD, chronic 

obstructive pulmonary disease, NSAIDs, nonsteroidal anti-inflammatory drugs 
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Table 4.3. Patterns of utilization of oral anticoagulants from dispensation level data of the 

base cohort. Québec, 2010-2015. 

 Apixaban Dabigatran Rivaroxaban Warfarin 

Total dispensations, n (%) 147,008 

(5.8) 

500,922 

(19.6) 

333,542  

(13.1) 

1,571,275 

(61.6) 

Duration of the dispensing 

period (days) 

    

 Median (IQR) 7 (7-30) 7 (7-30) 7 (7-30) 7 (7-22) 

 Mean ± SD 14.9 ± 12.8 17.4 ± 14.1 17.0 ± 13.8 13.3 ± 11.6 

 Mode 7 7 7 7 

 Min-Max 0 - 365 0 - 365 0 - 365 0 - 365 

Strength of dispensed tablets  2.5 mg - 

34% 

5 mg – 66%  

110 mg- 

53% 

150 mg – 

47% 

10 mg – 55% 

15 mg- 19% 

20 mg – 26%  

1 mg – 7% 

2 mg – 26% 

2.5 mg – 5% 

3 mg – 9% 

4 mg – 10% 

5 mg  – 40% 

6 mg  – 2% 

7.5 mg  – 0.1%  

10 mg –0.6% 

Dispenced quantity     

 Median (IQR) 14 (14-60) 14 (14-60) 7 (7-30) 7 (7-30) 

 Mean ± SD 16.7 ± 15.3 18.8 ± 17.1 17.7 ± 15.1 13.0± 10.3 

 Mode 14 14 7 7 

 Min-Max 1-360 1-360 1-363 1-360 

Days between dispensations     

 Median (IQR) 7 (7-28) 7 (7-29) 7 (7-29) 7 (7-21) 

 Mean ± SD 14.5 ± 13.2 17.8 ± 15.9 17.0 ± 15.4 14.6 ± 16.8 

 Mode 7 7 7 7 

 Min-Max 0 - 331 0 - 363 0 - 363 0 - 364 

Gaps in medication supply 

(days) 

    

 Median (IQR) 0 (0-1) 0 (0-2) 0 (0-2) 0 (0-3) 

 Mean ± SD 1.6 ± 5.8 2.0 ± 6.9 1.9 ± 7.7 3.8 ± 10.8 

 Mode 0 0 0 0 

 Min-Max 0 - 301 0 - 350 0 - 355 0 - 345 

Abbreviations: IQR, interquartile range; SD, standard deviation, Min, minimum value, Max, 

maximum value 
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Table 4.4.  Patients’ baseline characteristics of matched apixaban, dabigatran, rivaroxaban, 

and warfarin treatment episodes. N=29,504, Québec, 2010-2015. 

 Apixaban Dabigatran Rivaroxaban Warfarin 

Cohort size, n (%) 7,376 (25.0) 7,376 (25.0) 7,376 (25.0) 7,376 (25.0) 

Age in years, median (IQR) 78 (72-84) 78 (72-84) 78 (72-84) 78 (72-84) 

Male sex, n (%) 3,587 (48.6) 3,587 (48.6) 3,587 (48.6) 3,587 (48.6) 

Comorbidities*, n (%)     

 Hypertension 4,102 (55.6) 4,087 (55.4) 4,064 (55.1) 4,113 (55.8) 

 Myocardial infarction 178 (2.4) 190 (2.6) 181 (2.5) 214 (2.9) 

 Congestive heart failure 1,575 (21.4) 1,625 (22.0) 1,558 (21.1) 1,523 (20.6) 

 Stroke or TIA 891 (12.1) 889 (12.1) 862 (11.7) 877 (11.9) 

 Hemorrhage 693 (9.4) 733 (9.9) 706 (9.6) 620 (8.4) 

 Diabetes 1,812 (24.6) 1,846 (25.0) 1,808 (24.5) 1,806 (24.5) 

 Peripheral vascular disease 878 (11.9) 880 (11.9) 846 (11.5) 843 (11.4) 

 Chronic renal failure 682 (9.2) 730 (9.9) 669 (9.1) 653 (8.9) 

 Cancer 1,208 (16.4) 1,184 (16.1) 1,176 (15.9) 1,181 (16.0) 

 Acute kidney injury 469 (6.4) 506 (6.9) 445 (6.0) 418 (5.7) 

 COPD 1,242 (16.8) 1,221 (16.6) 1,219 (16.5) 1,141 (15.5) 

 Liver disease 165 (2.2) 162 (2.2) 156 (2.1) 119 (1.6) 

 Dementia 474 (6.4) 442 (6.0) 457 (6.2) 442 (6.0) 

Diseases related to alcohol 

abuse 
215 (2.9) 217 (2.9) 199 (2.7) 180 (2.4) 

Medications**, n (%)     

 Medications used for the     

 treatment of hypertension 
7,029 (95.3) 7,033 (95.3) 7,045 (95.5) 7,060 (95.7) 

 Antiplatelets 4,231 (57.4) 4,205 (57.0) 4,127 (56.0) 4,289 (58.1) 

 Antipsychotics 515 (7.0) 470 (6.4) 485 (6.6) 451 (6.1) 

 NSAIDs 1,050 (14.2) 1,010 (13.7) 1,014 (13.7) 1,016 (13.8) 

 Statins 4,589 (62.2) 4,572 (62.0) 4,628 (62.7) 4,577 (62.1) 

* Measured in the year before the base cohort entry date 

**Measured at the time of cohort entry 

Abbreviations: IQR, interquartile range; TIA, transient ischemic attack; COPD, chronic 

obstructive pulmonary disease, NSAIDs, nonsteroidal anti-inflammatory drugs 
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Table 4.5. Estimates from multilevel models for the refill gaps in the matched cohorts of 

patients treated with apixaban, dabigatran, rivaroxaban, or warfarin. Québec, 2010-2015. 

 
Apixaban Dabigatran Rivaroxaban Warfarin 

N of patients in the analysis 7,376 7,376 7,376 7,376 

Weighted average of refill gaps  

(SE) 

3.08* 

(0.06) 

3.70 * 

(0.07) 

3.15 * 

(0.06) 

9.28* 

(0.16) 

Variance Components 
    

 Within-person  

 (SE) 

23.95* 

(0.10) 

31.78* 

(0.08) 

38.08* 

(0.13) 

85.89* 

(0.22) 

 Between-person  

 (SE) 

21.83* 

(0.46) 

35.22* 

(0.68) 

23.23* 

(0.51) 

173.44* 

(3.09) 

 Intraclass Correlation, ICC 0.48 0.53 0.38 0.67 

*p<.001 

 Abbreviation: SE standard error 
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Table 4.6. Longitudinal change of refill gaps in the matched 

warfarin cohort for every 10 dispensations. N=7,376, Québec, 

2010-2015. 

 Estimate 

Initial average refill-gap 

(SE) 

9.98 

(0.16) 

Rate of change per 10 dispensations 

(SE) 

-0.72* 

(0.01) 

Variance Components    

 Within-person 

 (SE) 

85.96* 

(0.23) 

 Between-person at initial refill-gap 

 (SE) 

183.46* 

(3.27) 

 Between-person in the rate of change 

 (SE) 

1.04* 

(0.04) 

 Covariance between initial refill-gap 

 and rate of change  

 (SE) 

-13.84* 

(0.34) 

*p<.001 

 Abbreviation: SE standard error   
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Table 4.7. Estimates from multilevel models for the refill gaps by use of pharmacist prepared weekly pillboxes for the matched 

cohorts of patients treated with apixaban, dabigatran, rivaroxaban, or warfarin. Québec, 2010-2015. 

  

Use of weekly pillboxes Non-use of weekly pillboxes 

Apixaban Dabigatran Rivaroxaban Warfarin Apixaban Dabigatran Rivaroxaban Warfarin 

N of patients in the 

analysis 
2,389 2,278 2,319 2,236 4,987 5,098 5,057 5,140 

Weighted average 

of refill gaps  

(SE) 

0.61* 

(0.02) 

0.73* 

(0.02) 

0.71* 

(0.03) 

1.80* 

(0.06) 

4.28* 

(0.08) 

4.98* 

(0.09) 

4.25* 

(0.08) 

12.56* 

(0.20) 

Variance 

Components 
        

     Within-person  

       (SE) 

8.18* 

(0.04) 

8.54* 

(0.03) 

16.09* 

(0.07) 

24.68* 

(0.08) 

56.48* 

(0.41) 

71.88* 

(0.32) 

78.44* 

(0.45) 

206.17* 

(0.93) 

 Between-person  

       (SE) 

0.94* 

(0.05) 

1.01* 

(0.04) 

1.26* 

(0.07) 

6.89* 

(0.23) 

19.53* 

(0.66) 

36.44* 

(0.97) 

21.25* 

(0.72) 

189.76* 

(4.42) 

Intraclass 

Correlation, ICC 
0.10 0.11 0.07 0.22 0.26 0.34 0.21 0.48 

*p<.001 

 Abbreviation: SE standard error   
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CHAPTER 5:  Defining the duration of the dispensation of oral anticoagulants in 

administrative healthcare databases. 

Sinyavskaya, L, Renoux, C, Durand, M. Pharmacoepidemiology and Drug Safety 2022; 31(1): 

105- 109.   



  

142 

 

5.1 Abstract 

Purpose: In clinical practice, warfarin therapy requires frequent dose adjustments. In pharmacy 

claims, the days supplied value may not reflect the true duration of warfarin dispensation. This 

may affect the measures of association comparing the safety of direct oral anticoagulants (DOACs) 

vs. warfarin. 

Methods: Using Québec healthcare administrative databases, we formed a cohort of 55,230 

patients newly treated with oral anticoagulants between 2010 and 2016. The duration of 

dispensations was defined using two approaches: the recorded days supplied value, and the 

longitudinal coverage approximation (data-driven) that may account for individual variation in 

drug usage patterns. Propensity scores adjusted Cox proportional hazards regression models were 

used to estimate the hazard ratio (HR) of major bleeding with dabigatran or rivaroxaban vs. 

warfarin. 

Results: Using the days supplied, the mean (and standard deviation) dispensation durations for 

dabigatran, rivaroxaban, and warfarin were 19 (15), 19 (14), and 13 (12) days, respectively. Using 

the data-driven approach, the durations were 20 (16), 19 (15), and 15 (16) days, respectively. The 

choice of the approach had no impact on the HR estimates. 

Conclusions: In our settings, the data-driven approach closely approximated the recorded days 

supplied value for the standard dose therapies such as dabigatran and rivaroxaban. For warfarin, 

the data-driven approach captured more variability in the duration of dispensations compared to 

the days supplied value, which may better reflect the true drug-taking behavior of warfarin. Both 

approaches may provide valid estimates when comparing the safety of DOACs vs. warfarin. 
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5.2 Introduction 

Administrative healthcare databases are used for the post-marketing studies on the comparative 

effectiveness and safety of direct oral anticoagulants (DOACs) and vitamin K antagonist 

warfarin114,255. To define the duration of dispensations, most studies used the days supplied value. 

However, the days supplied value may be vulnerable to exposure misclassification when 

comparing therapies with different medication use patterns, such as warfarin and DOACs97,270,280. 

Individuals on warfarin need frequent dosing adjustments. The true duration of warfarin supply 

may last longer than the recorded days supplied due, for example, to pill-splitting. In such a case, 

the gaps between dispensations do not necessarily imply poor adherence. Conversely, gaps 

between dispensations for DOACs may mostly be attributable to the lack of adherence. A previous 

study showed that a data-driven approach to defining the duration of dispensation may account for 

past medication use patterns and accurately approximate the duration of dispensation for 

medications with large dosage variability, such as vitamin K antagonist phenprocoumon251. 

We evaluated whether the data-driven approach better captures the variability in the duration of 

warfarin dispensations compared to the days supplied approach. We further investigated how the 

approach used to define the duration of dispensation affects the strength of an association between 

major bleeding and treatment with dabigatran or rivaroxaban vs. warfarin.  
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5.3 Methods 

Study cohort 

Using the computerized administrative healthcare databases of the Régie de l’assurance-maladie 

du Québec (RAMQ), we identified all individuals ≥18 years initiating dabigatran, rivaroxaban, or 

warfarin for non-valvular atrial fibrillation (NVAF) between January 2010 and December 2016. 

An initiator was defined as a person with no dispensation of any oral anticoagulant in the preceding 

year. The date of the first dispensation was defined as the date of cohort entry. Individuals were 

followed until the occurrence of a major bleeding, end of pharmaceutical coverage, discontinuation 

of the treatment allocated at cohort entry, death, or end of study (March 31, 2017), whichever 

occurred first.  

Definition of exposure 

From all dispensations we extracted the dispensing date, days supplied, unit strength, and 

dispensed quantity. The duration of dispensations was defined using two approaches: based on the 

recorded days supplied value and the data-driven approach. 

The data-driven approach or the longitudinal coverage approximation was described and evaluated 

previously251. Unlike the approach that relies on the recorded days supplied value, the data-driven 

approach estimates the duration of dispensation given the observed time intervals since drug 

initiation, the dispensed quantities, and the unit strength. Thus, for the prescription dispensed at 

time ti, the duration of dispensation is estimated from the total milligrams of drug dispensed at 

time ti divided by the average daily dose used from drug initiation (t0) to current dispensation (ti). 

The average daily dose is a quotient of the total mg dispensed from the drug initiation to current 

dispensation and the number of days passed from drug initiation to current dispensation. 
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Then the duration of dispensation is estimated using the next formula. 

𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑖𝑠𝑝𝑒𝑛𝑠𝑎𝑡𝑖𝑜𝑛 =
𝑇𝑜𝑡𝑎𝑙 𝑚𝑔 𝑑𝑖𝑠𝑝𝑒𝑛𝑠𝑒𝑑 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡𝑖

𝑇𝑜𝑡𝑎𝑙 𝑚𝑔 𝑑𝑖𝑠𝑝𝑒𝑛𝑠𝑒𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡0 𝑎𝑛𝑑 𝑡𝑖−1 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡0 𝑎𝑛𝑑 𝑡𝑖

 

For example, a patient receives the first dispensation of 30 pills of warfarin 5 mg on day zero; the 

second dispensation of 30 pills of warfarin 2mg on day 60; and the third dispensation of 30 pills 

of warfarin 2mg on day 90. The estimated duration of the current dispensation (third dispensation) 

of warfarin is: 

[(30pills*2mg)/(30pills*5mg+30pills*2mg)/90days]=26 days 

When applicable, the number of days that a patient spent at the hospital was subtracted from the 

estimated number of days between t0 and ti. This measure was taken to account for the medication 

supply provided by the hospital, which could increase the coverage of the supply obtained at the 

pharmacy.  

The maximum allowed length of the estimated duration of dispensation was two and a half of the 

dispensed quantity at ti
251

. For the first dispensation or when the preceding estimated duration 

exceeded the maximum allowed length, the average daily dose was replaced by the daily doses 

recommended or commonly prescribed to older individuals: 220 mg for dabigatran252, 20 mg for 

rivaroxaban252, and 3 mg for warfarin254.  

For each oral anticoagulant, we constructed the periods of continuous drug exposure using the 

duration of dispensation obtained with both approaches plus one of three grace periods: 15, 30, 

and 60 days114,255. When applicable, the gaps between two consecutive dispensations were adjusted 

for the number of days spent in the hospital. We censored the follow-up if the gap between 

dispensations exceeded the allowed grace period. 
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Outcome definition 

The outcome was time to gastrointestinal, ocular, intracranial, or other bleeding requiring 

hospitalization. The admission date to the hospital was assigned as the date of the outcome event. 

Statistical analysis 

 e used descriptive statistics to summarize the patients’ demographics, comorbidity profile, and 

use of medications measured at the time of cohort entry.  

The distributions of the estimated duration of dispensation in days were summarized with means 

and standard deviations (SD).  

The incidence rates of major bleeding were calculated using Poisson regression.   

We used logistic regression models to estimate the propensity scores of each patient being treated 

either with dabigatran vs. warfarin, or rivaroxaban vs. warfarin given age, sex, and clinical 

characteristics measured in the year before cohort entry. Cox proportional hazard regression 

models adjusted for the year of cohort entry and deciles of propensity scores were used to estimate 

the association between treatment with dabigatran or rivaroxaban versus warfarin and major 

bleeding. The analyses were repeated for each grace period. The model building statistics are in 

Annex 10. The study was approved by the research ethics board of the Centre Hospitalier de 

l’ niversité de  ontréal (C   ). 

5.4 Results 

The study cohort included 55,230 patients initiating an oral anticoagulant for NVAF, of whom 

8,800 (16%) were dispensed dabigatran, 15,683 (28%) rivaroxaban, and 30,743 (56%) warfarin. 

At the time of cohort entry, the median age was 77 (IQR: 70-83) years, and 52% were males. 
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Compared to patients initiating dabigatran or rivaroxaban, patients initiating warfarin were older, 

and have a higher burden of comorbidities, including hypertension, cardio-and cerebra-vascular 

diseases, diabetes, kidney injury, and chronic renal failure. Warfarin patients more often used 

antiplatelet agents (Table 5.1). At least 50% of patients initiating dabigatran were dispensed a 110 

mg dose (median dispensed strengths - 100 mg, IQR: 110-150 mg)  and at least 25 % of patients 

initiating rivaroxaban were dispensed a 15 mg dose (median dispensed strengths - 20 mg, IQR: 

15-20 mg). In patients initiating warfarin, the median estimated daily dose was 4 mg (IQR: 3-5 

mg). 

Using the days supplied and the data-driven approaches, the means and SDs of the defined 

durations were close for dabigatran and rivaroxaban (Figure 5.1). For warfarin, the mean and SD 

were, respectively 15% and 33% greater with the data-driven compared to the days supplied 

approaches. 

In general, with both approaches, longer grace periods resulted in longer follow-up (Table 5.2), a 

greater number of major bleeding events, and lower incidence rates of major bleeding (Table 5.3). 

However, using the same grace period, the estimates on the duration of follow-up, number of major 

bleeding events, and incidence rates of major bleeding were close using both approaches. With 

both approaches and across all grace periods, we consistently found that the hazards of major 

bleeding were 30 to 40% significantly lower in dabigatran vs. warfarin-treated individuals. 

Overall, the hazards were 9 % to 20% lower in rivaroxaban vs. warfarin-treated individuals with 

borderline statistical significance (Table 5.3). 
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5.5 Discussion 

In this study based on the analysis of administrative healthcare datasets, the data-driven approach 

to define the duration of dispensation captured more variability for warfarin compared to the days 

supplied value. However, the choice of the approach, as well as the grace period length, did not 

have a substantial impact on the strength of association between treatment with dabigatran or 

rivaroxaban vs. warfarin and the risk of major bleeding. 

We found that the data-driven approach to define the duration of dispensation may approximate 

the days supplied value for standard-dose therapies such as dabigatran and rivaroxaban. For 

warfarin, a drug with a dose-varying regiment, the data-driven approach may better reflect the true 

drug-taking behavior of warfarin. These findings may have important implications for future 

studies using databases that do not contain information on the intended prescription duration281 or 

databases where the missing information for days supplied is a substantial problem282. 

In our study, the choice of the approach for defining the duration of dispensation, as well as the 

length of the grace period, did not have a differential impact on the incidence rates of major 

bleeding across all oral anticoagulants. Also, both approaches consistently produced very close 

estimates of the HRs comparing the risk of major bleeding in dabigatran or rivaroxaban vs. 

warfarin. This suggests that in our study population, there were few individuals on warfarin having 

long gaps between dispensations. Indeed, we previously found that for up to 75% of warfarin 

dispensations, the gaps were no longer than three days270. This relatively high persistence in the 

therapy may be explained by the usage of the pharmacy-prepared pillboxes that are distributed 

weekly at the community pharmacies in Québec and are aimed to improve clinical outcomes in 

the population 277. However, in settings with different community pharmacy interventions, the 
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approach used to define the duration of dispensations may have a different effect on the study 

estimates. 

In our study, the incidence rates of major bleeding were among the lowest of those reported in 

previous observational studies of individuals with NVAF105. Thus, a systematic review of real-

world observational studies comparing the risk of bleeding in patients with AF reported that the 

overall rate of major bleeding ranged between studies from 1.48 to 8.42 per 100 person-years 

with a median of 3.46 per 100 person-years105.  The low incidence rates in our study may 

partially be explained by a more restrictive definition of major bleeding that included only those 

bleeding events requiring hospitalization. Our finding is consistent with that of a Canadian 

multicenter population-based observational cohort study on the effectiveness and safety of oral 

anticoagulants264. The study was based on the analysis of health care databases from seven 

Canadian provinces, and in each province, data were analyzed following a common research 

protocol. The study found some heterogeneity across provinces in the incidence of major 

bleeding264. The possible explanation for lower rates in Quebec was possibly different healthcare 

practices and management of patients on oral anticoagulants.  

In our study, the estimates of HRs comparing the association between major bleeding and 

treatment with dabigatran vs warfarin are consistent with those reported in meta-analyses of 

observational studies101,103. Thus, a meta-analysis of observational studies reported the pooled HR 

of the association between major bleeding and treatment with dabigatran versus warfarin was 0.75 

(95%CI: 0.62-0.86). However, the same meta-analysis reported that the pooled HR of the 

association between major bleeding and treatment with rivaroxaban versus warfarin was 1.02 

(95%CI: 0.93–1.12). In our study, the direction of the estimates was in favor of rivaroxaban across 

all grace periods and methods for the definition of exposure duration. Furthermore, the RE-LY 
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trial reported the relative risk of major bleeding was 0.93 (95%CI:0.81–1.07) and 0.80 (95%CI: 

0.69–0.93) in patients treated with dabigatran 150 mg versus warfarin and dabigatran 110 mg 

versus warfarin, respectively. The ROCKET AF clinical trial found the HR of major bleeding was 

1.03 (95%CI: 0.96-1.11) in patients on rivaroxaban versus those on warfarin. Our findings were 

more in favor of dabigatran and rivaroxaban. This may be explained by a higher proportion of 

patients treated with reduced doses of dabigatran or rivaroxaban in our setting. Furthermore, in 

real-world clinical settings, patients on warfarin may have a higher risk of bleeding or 

thromboembolism because of poorer INR control compared to the clinical trial setting. Finally, at 

baseline, compared to patients on dabigatran or rivaroxaban, patients initiating warfarin were 

frailer and older, and a higher proportion of patients initiating warfarin had a history of previous 

stroke or bleeding. Although we adjusted for the baseline confounding using PS, the residual 

confounding may bias the estimates in favor of DOACs.  

Our study has some limitations. First, the time of exposure to oral anticoagulants was 

approximated based on information from dispensation claims, and the true drug intake by patients 

was unknown. Second, in some individuals, low adherence to anticoagulants would lead to 

misclassification of unexposed person-time as exposed, especially with longer grace periods. This 

may be more prominent for dabigatran, which is taken twice daily283. However, in this study, we 

aimed to investigate how the operational definition of duration of dispensation may impact the 

effect estimates of the important clinical outcome under the general assumption of good treatment 

adherence at the population level. 

Overall, in our settings, the data-driven approach closely approximated the recorded days supplied 

value for the standard dose therapies such as dabigatran and rivaroxaban. For warfarin, the data-

driven approach captured more variability in the duration of dispensations compared to the days 
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supplied value, which may better reflect the true drug-taking behavior of warfarin. Both 

approaches may provide valid estimates when comparing the safety of DOACs vs. warfarin. 

 

  



  

152 

 

5.6 Table and figure  

Table 5.1. Baseline characteristics of patients treated with dabigatran, rivaroxaban, and 

warfarin. Québec, 2010-2016. 

Characteristic Dabigatran Rivaroxaban Warfarin 

Number of patients 8,800 15,683 30,743 

Age in years, median (IQR) 75 (69-82) 74 (68-80) 78 (71-84) 

Male sex, n(%) 4,663 (53.0) 8,543 (54.5) 15,706 (51.1) 

Comorbidities, n(%)    

 Hypertension 8,277 (94.1) 14,413 (91.9) 29,448 (95.8) 

 Congestive heart failure 1,214 (13.8) 2,047 (13.1) 7,966 (25.9) 

 Coronary atherosclerosis 2,810 (31.9) 4,714 (30.1) 14,695 (47.8) 

 Diabetes 2,183 (24.8) 3,744 (23.9) 10,237 (33.3) 

 Peripheral vascular disease 770 (8.8) 1,294 (8.3) 5,236 (17.0) 

 Chronic renal failure 423 (4.8) 828 (5.3) 5,792 (18.8) 

 Cancer 1,242 (14.1) 2,328 (14.8) 4,869 (15.8) 

 Acute kidney injury 289 (3.3) 675 (4.3) 3,774 (12.3) 

 COPD 1,235 (14.0) 2,245 (14.3) 6,371 (20.7) 

 Liver disease 126 (1.4) 261 (1.7) 780 (2.5) 

 Dementia 533 (6.1) 868 (5.5) 3,005 (9.8) 

 Diseases related to alcohol abuse 265 (3.0) 566 (3.6) 1,188 (3.9) 

 Bleeding 717 (8.1) 1,127 (7.2) 3,246 (10.6) 

 Stroke 898 (10.2) 1,256 (8.0) 4,819 (15.7) 

Medical procedures, n(%)    

 Pacemaker implantation/Catheter 

 ablation 

614 (7.0) 917 (5.8) 2,410 (7.8) 

 PCI/CAB 155 (1.8) 375 (2.4) 2,732 (8.9) 

Medications, n(%)    

 Antiplatelets 4,796 (54.5) 7,982 (50.9) 18,981 (61.7) 

 Antipsychotics 367 (4.2) 786 (5.0) 1,695 (5.5) 

 NSAIDS 406 (4.6) 943 (6.0) 1,233 (4.0) 

 Statins 4,729 (53.7) 8,142 (51.9) 18,459 (60.0) 

 Benzodiazepines 1,961 (22.3) 3,344   (21.3) 8,699 (28.3) 

 Systemic corticosteroids 351 (4.0) 695 (4.4) 1,720 (5.6) 

 H-2 receptor blockers 87 (1.0) 132 (0.8) 333 (1.1) 

 Proton pump inhibitors 3,417 (38.8) 6,200 (39.5) 15,240 (49.6) 

 Opioids 454 (5.2) 1,949 (12.4) 2,532 (8.2) 

 SSRI 612 (7.0) 1,155 (7.4) 2,487 (8.1) 
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Table 5.2. Duration of follow-up of the study individuals by applied 

grace period and approach for defining the duration of dispensation. 

Grace 

period 

Approach Duration of follow-up (person-years) 

Mean Median Total 

15-day Days supplied 1.2 0.6 65,561 

 Data-driven 1.1 0.6 63,369 

30-day Days supplied 1.6 1.0 85,974 

 Data-driven 1.6 1.0 89,429 

60-day Days supplied 1.9 1.3 103,063 

 Data-driven 1.9 1.3 106,273 
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Table 5.3. Hazard ratios for the association between the use of dabigatran or rivaroxaban versus 

warfarin and the risk of major bleeding, using two approaches to define the duration of 

dispensations. N=55,230, Québec, 2010-2016. 

Grace- period Exposure 
N of 

events 

Person-

years 

Incidence rate 

(95% CI) * 

Crude 

HR 

Adjusted HR 

(95% CI) 

15-day Dabigatran 167 14,087 1.18 (1.02-1.38) 0.47 0.63 (0.52-0.75) 

 Days supplied 
Rivaroxaban 347 19,740 1.76 (1.58-1.95) 0.66 0.91 (0.77-1.07) 

Warfarin 863 31,735 2.72 (2.54-2.91) Ref Ref 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

 Dabigatran 164 13,497 1.20 (1.02-1.41) 0.49 0.67 (0.56-0.80) 

 Data-driven 
Rivaroxaban 328 18,480 1.77 (1.59-1.98) 0.67 0.91 (0.77-1.08) 

Warfarin 837 31,392 2.67 (2.49-2.85) Ref Ref 

       

30-day Dabigatran 194 17,745 1.09 (0.95-1.26) 0.46 0.59 (0.50-0.69) 

 Days supplied 
Rivaroxaban 386 23,588 1.64 (1.48-1.81) 0.63 0.81 (0.70-0.95) 

Warfarin 1,132 44,642 2.54 (2.39-2.69) Ref Ref 

       

 Dabigatran 188 17,646 1.06 (0.92-1.23) 0.45 0.58 (0.49-0.68) 

 Data-driven 
Rivaroxaban 378 23,216 1.63 (1.47-1.80) 0.64 0.82 (0.70-0.95) 

Warfarin 1,192 48,568 2.45 (2.32-2.60) Ref Ref 

       

60-day Dabigatran 211 20,013 1.05 (0.92-1.21) 0.46 0.58 (0.50-0.68) 

 Days supplied 
Rivaroxaban 410 26,073 1.57 (1.43-1.73) 0.63 0.79 (0.69-0.91) 

Warfarin 1,350 56,977 2.37 (2.25-2.50) Ref Ref 

       

 Dabigatran 213 20,039 1.06 (0.93-1.21) 0.47 0.60 (0.51-0.69) 

 Data-driven 
Rivaroxaban 410 26,000 1.58 (1.43-1.74) 0.64 0.81 (0.70-0.93) 

Warfarin 1,401 60,233 2.33 (2.21-2.45) Ref Ref 
       

*per 100 person-years 

Abbreviations: N, number; CI, confidence interval; HR, hazard ratio 
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Figure 5.1. Mean and standard deviation of the defined 

duration of dispensations for oral anticoagulants using the 

days supplied and the data-driven approaches. Québec, 2010-

2016. 

 

Abbreviations: SD, standard deviation 
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CHAPTER 6: Evidence of the different associations of prognostic factors with censoring 

across treatment groups and impact on censoring weight model specification: the example 

of anticoagulation in atrial fibrillation284. 

Sinyavskaya L, Schnitzer M, Renoux C, Guertin JR, Talbot D, Durand M. American Journal of 

Epidemiology. 2021; 90(12), 2671–2679. 
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6.1 Abstract 

Applying the inverse probability of censoring weights (IPCWs) may reduce selection bias due to 

informative censoring in longitudinal studies. However, in studies with an active comparator, the 

associations between predictors and censoring may differ across treatment groups, and failure to 

take this into account may result in biased estimates. We used the clinical example of 

anticoagulation treatment with warfarin or a direct oral anticoagulant (DOAC) in atrial fibrillation 

to illustrate this based on an analysis of the Québec administrative databases. The parameter of 

interest was the hazard ratio of the composite of stroke, major bleeding, myocardial infarction, or 

death associated with continuous use of warfarin versus DOACs. Two strategies for the 

specification of the model for estimation of censoring weights were explored: exposure-

unstratified and exposure-stratified. The hazard ratio associated with continuous treatment with 

warfarin versus DOACs adjusted with exposure stratified IPCWs was 1.26 (95% confidence 

interval (CI): 1.20, 1.33). Using exposure-unstratified IPCW, the hazard ratio differed by 15 % in 

favor of DOACs (1.41; 95% CI: 1.34, 1.48). Not accounting for the different associations between 

the predictors and informative censoring across exposure groups may lead to the misspecification 

of censoring weights and a biased estimate of the treatment effect. 

  



  

158 

 

6.2 Introduction 

Informative censoring introduces a selection bias in randomized clinical trials and observational 

studies169,285,286. Informative censoring may occur when study participants are lost to follow-up, in 

case of treatment crossover, or upon treatment cessation151. In addition, in observational studies 

using large population-based databases, informative censoring may happen at the time of 

disenrollment from the health plan287,288. Inverse-probability-of-censoring weights (IPCWs) can 

be used to correct selection bias introduced by informative censoring151,165,168,289. 

One of the assumptions necessary for IPCWs to create a pseudo-population free of selection bias 

is the correct specification of the model used to estimate the IPCWs163. We present a case where 

the association between covariates and censoring probability differs by treatment groups, using an 

observational study of individuals with atrial fibrillation initiating a direct oral anticoagulant 

(DOAC) or warfarin for stroke prevention. Atrial fibrillation is the most common cardiac 

arrhythmia affecting more than 2.7 million Americans290. Anticoagulation is the cornerstone of 

treatment to prevent the intracardiac formation of blood clots and secondary embolization of the 

systemic circulation causing a stroke. The use of warfarin, approved by the FDA in 1954 for stroke 

prevention in atrial fibrillation, has largely been replaced by DOACs (dabigatran, rivaroxaban, 

apixaban, and edoxaban) which began to enter the market in 2010. DOACs’ mar et entry 

represents the major change in atrial fibrillation management in the last 10 years. Following the 

landmark randomized clinical trials that led to regulatory approval of DOACs, there has been much 

interest in estimating the real-life safety and effectiveness of DOACs vs warfarin. A 2018 

systematic review found more than 70 observational studies aiming to estimate the safety and 

effectiveness of DOACs vs warfarin104. 
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The first objective of our study was to describe the associations between the prognostic variables 

and censoring in DOACs and warfarin groups. The second objective was to compare two IPCW 

strategies to estimate the effect of continuous treatment with warfarin versus DOACs on the 

composite of stroke, major bleeding, myocardial infarction, and all-cause mortality. We compared 

three estimates of the hazard ratio obtained by using unweighted, weighted with exposure-

unstratified IPCWs, and weighted with exposure-stratified IPCWs analyses. 
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6.3 Methods 

Case presentation 

We designed an observational study of new initiators of DOACs or warfarin in atrial fibrillation. 

To estimate the sustained treatment effect of warfarin vs DOACs on the occurrence of stroke or 

bleeding, follow-up may be censored at the time of deviation from baseline treatment (per-protocol 

effect)260. However, reasons to deviate from baseline treatment allocation are distinct for DOACs 

and warfarin initiators. For example, a switch from a DOAC to warfarin may happen as a 

precaution, in the case of a new-onset renal failure, since DOACs are contraindicated in end-stage 

renal disease. Renal failure also increases the risk of the outcome3,39,261,262. On the contrary, a 

switch from warfarin to a DOAC may happen for treatment simplification in individuals free of 

renal failure. Therefore, during follow-up, sicker individuals with higher outcome risks are 

removed from the DOACs group, whereas healthier individuals with lower outcome risks are 

removed from the warfarin group, resulting in selection bias. A causal diagram (Figure 6.1 ) 

presents the structure of selection bias due to censoring using the bleeding event as an outcome 

and a new-onset renal failure (henceforth, renal failure) as a time-varying prognostic factor157,291. 

In this situation, a model of censoring probabilities that is adjusted for treatment value, time of 

follow-up, and all prognostic factors, would estimate the average coefficients for prognostic 

variables across treatment groups. Thus, renal failure is expected to be positively associated with 

censoring in DOACs users and negatively associated with censoring among warfarin users. The 

coefficient for the probability of censoring given renal failure would be an average value of the 

treatment-specific censoring probabilities. As a result, applying the IPCWs would fail to eliminate 
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the selection bias associated with renal failure. One potential solution to correctly estimate 

censoring weights in this clinical situation is to use an exposure-stratified censoring model. 

Data source 

This retrospective cohort study was conducted by linking three computerized health care databases 

of the Régie de l’assurance-maladie du Québec (RAMQ). The RAMQ administers the government 

health insurance plan for all Québec residents, and prescription drug insurance plan for individuals 

aged 65 and older, welfare recipients, and those not covered by private medical insurance, totaling 

about 40 % of the Québec population 184. The study data included outpatient and inpatient 

physician claims, hospitalization discharge summaries, and outpatient medication dispensations. 

The RAMQ data have been extensively used for pharmacoepidemiologic research, including 

dispensation patterns, and the effectiveness and safety of oral anticoagulants 187-189. 

Study cohort 

We included all individuals 18 years or older who initiated oral anticoagulation (warfarin or 

DOACs) between January 1, 2010, and December 31, 2016, and enrolled in the database at least 

one year before treatment initiation. DOACs included were dabigatran, rivaroxaban, or apixaban; 

edoxaban was not available during the study period. Treatment initiation was defined as having no 

dispensation for any oral anticoagulant in the year before. Individuals had to receive a diagnostic 

code for atrial fibrillation in the year before initiation of anticoagulation with no record of prior 

valvular heart disease, venous thromboembolism, cardiac valve surgery, or hemodialysis (see 

ICD9 and ICD10 codes in Table 6.1). The cohort entry date was defined as the date of the first 

dispensation for an anticoagulant. We followed individuals until the earliest of the following: 

occurrence of the study outcome, end of pharmaceutical coverage, five years since the initiation 

of the oral anticoagulant, or end of the study period (March 31st, 2017). 
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Definition of exposure 

Exposure to DOACs and warfarin was defined based on the pharmaceutical dispensation records. 

The periods of continuous exposure were identified using dispensation dates, reported days 

supplied, and a grace period of 30 days. 

Outcome definition 

The outcome of interest was time to a composite of ischemic or hemorrhagic stroke, systemic 

embolism, major bleeding (intracranial, gastrointestinal, ocular, and any other bleeding 

necessitating hospitalization), myocardial infarction, and all-cause mortality. Stroke, systemic 

embolism, and major bleeding events were identified using the International Classification of 

Diseases (10th revision) codes from hospital discharge summaries using primary or principal 

diagnoses, or the cause of in-hospital death. The admission date to the hospital was assigned as the 

date of the outcome event. The date of death was obtained from Québec’s health insurance 

database. 

Covariates 

We collected information on the potential prognostic factors that may both have an impact on 

initiating or stopping warfarin or a DOAC and may increase the risk of the components of the 

composite outcome. These prognostic factors were identified using expert knowledge and 

information from previously published studies on the comparative effectiveness and safety of 

warfarin and DOACs. We gathered information on age; sex; and the following medical conditions: 

hypertension, congestive heart failure, coronary artery disease, diabetes, peripheral vascular 

disease, stroke or transient ischemic attack, chronic kidney disease, acute kidney injury, liver 

disease, cancer (excluding non-melanoma skin cancer), chronic obstructive pulmonary disease, 
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prior major bleeding, dementia,  use of revascularization for coronary atherosclerosis (coronary 

artery bypass surgery or percutaneous coronary intervention) or surgical treatment for cardiac 

arrhythmias (implantation of a pacemaker or implantable cardioverter-defibrillator, atrial 

fibrillation ablation or left auricular appendage closure).  Information on comorbid medical 

conditions and surgical treatment was collected from outpatient and inpatient physician claims, 

and hospitalization discharge summaries. A list of ICD codes used to define comorbidities is in 

Annex 3. 

The use of the following medications was also collected from the outpatient medication 

dispensations dataset: antiplatelets, antipsychotics, non-steroidal anti-inflammatory drugs, statins, 

benzodiazepines, systemic corticosteroids, histamine H2-receptor blockers, proton pump 

inhibitors, selective serotonin reuptake inhibitors, and opioids. 

The data was structured in the “counting process” style with multiple rows of data per subject. For 

each study individual, we split the follow-up into 30-day intervals, and measured the changes in 

the values of covariates and the outcome events at every interval, as follows: covariates were 

measured within the year before the cohort entry date, and then updated at the beginning of every 

30-day time-period of follow-up. Once medical conditions occurred, they were assumed to remain 

present for the remainder of the follow-up time. For exposure to medication, current use was 

determined with patients considered exposed from the date of medication dispensation until the 

end of the dispensation duration, plus a 30-day grace period. We assumed that these covariates 

were sufficient to achieve conditional exchangeability when adjusting the baseline confounding 

with matching on propensity scores (see next section) and selection bias due to informative 

censoring with the IPCWs165,292. 
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Analytical approach 

Our goal was to emulate a target trial where study participants who would be prescribed warfarin 

under usual care, and were eligible for DOACs and warfarin treatment, would be randomized to 

receive either warfarin or a DOAC. All subjects would continue their initial treatment for the entire 

follow-up (per protocol analysis169,265). To balance the observed demographic and clinical 

characteristics at baseline, patients dispensed warfarin were matched 1:1 without replacement to 

patients dispensed a DOAC on age (±1 year), sex, cohort entry date (±2 years), and propensity 

scores (0.2 of the standard deviation of logit of propensity scores) estimated from baseline clinical 

predictors of treatment/censoring defined above213. The follow-up was right-censored at the time 

of deviation from the baseline treatment, either due to a switch to an alternative anticoagulant or 

treatment cessation for any reason. Additionally, in both treatment groups, we right-censored the 

follow-up at the date of a recorded health condition when DOACs became absolutely 

contraindicated (i.e., initiation of hemodialysis in end-stage renal disease, heart valve surgery). We 

considered this latter censoring as being at random conditional on covariates as both the warfarin- 

and the DOACs-treated individuals were expected to have equal probabilities of developing these 

health conditions after the baseline matching. 

We conducted three analyses. In the first analysis, the censoring due to deviation from baseline 

treatment was considered as non-informative or completely at random and was not adjusted for. 

In the second analysis, this censoring was considered informative with similar associations 

between the prognostic factors and the probability of censoring in individuals treated with warfarin 

and DOACs. We adjusted with the IPCWs calculated with a common censoring model, unstratified 

by exposure165. In the third analysis, we assumed that the associations between prognostic factors 

and the probability of censoring differ between DOAC- and warfarin-treated individuals. 



  

165 

 

Accordingly, we built IPCWs using exposure-stratified censoring models (i.e.: weights were built 

separately for patients on warfarin and those on DOACs). 

Statistical analysis 

Propensity score. A logistic regression model was used to estimate the baseline probabilities of 

each patient being treated with warfarin vs DOACs, given all covariates stated above. Propensity 

scores were used to create the matched study cohort. Descriptive statistics were used to summarize 

distributions of patients’ characteristics at cohort entry (see Table 6.2). A characteristic was 

considered as balanced across exposure groups with ≤10 % absolute standardized difference266. 

Probability of being censored and IPCWs. To describe the predictors of censoring in each 

treatment group, a pooled logistic regression was used to estimate the probabilities of being 

censored289 for each month of follow-up given sex, age at baseline, month, and the vector of 

covariates with the values updated for the previous months (t-1). Two sets of probabilities of 

censoring were estimated, one utilizing an unstratified model and the second with exposure-

stratified models.  

We presented the odds ratios (OR) with 95% confidence intervals (CI) as an association of each 

covariate with the probability of censoring. The output from logistic regression models to estimate 

probabilities of censoring from the unstratified and exposure-stratified models is in Annex 14. 

In a sensitivity analysis, we further explored if the mechanism of censoring is different between 

those who switched between treatment groups and those who permanently discontinued treatment 

with oral anticoagulants. For this analysis,  censoring due to deviation from baseline treatment was 

considered informative, with a different dynamic of censoring between treatment groups.   

Probabilities of censoring were estimated using exposure-stratified censoring models. 
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Furthermore, for each treatment group, two sets of probabilities of censoring were estimated, (1) 

to account for censoring due to switching between treatment groups, and (2) to account for 

censoring due to permanent discontinuation of treatment.  

We estimated the IPCWs as the inverse of the product of the probabilities of remaining uncensored 

(1-probabilities of censoring) up to and including the month of follow-up151. Accordingly, we 

estimated unstratified and exposure-stratified IPCWs. For the sensitivity analysis, IPCWs were 

estimated for each treatment group as a product of two censoring weights (to account for censoring 

due to switching and censoring due to permanent treatment discontinuation)264.   

To reduce the influence of extreme values of the estimated IPCWs on the size of the standard error 

for the hazard ratio estimate, the weights were stabilized by the conditional probability of not being 

censored given the month of follow-up and treatment group for exposure-unstratified IPCWs, and 

month of follow-up only for unstratified IPCWs267. The hazard ratio estimates from the models 

adjusted with non-stabilized and stabilized weights provided identical point estimates aside from 

the larger standard errors for the analyses with non-stabilized weights. We presented the 

distribution of stabilized IPCWs estimated with unstratified and exposure-stratified models using 

box plots. 

Aside from the correct specification of the censoring model that we explored in our case study, 

other assumptions are required for the IPCWs to create a pseudo-population free of selection bias 

introduced by informative censoring163. First, the non-testable ignorability assumption, i.e. we 

assume that in the current month, censoring occurs at random given the probability of remaining 

uncensored up to the current month, sex, age, treatment assigned at baseline, and the observed 

values of covariates in the previous month. Second, the positivity assumption, that is we assume 

that at any given month, the study individuals with any combination of the observed covariates in 
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the previous month, age, sex, and treatment assigned at baseline have greater than zero probability 

of not being censored. We tested the positivity assumption by examining the distributions of the 

unstratified and exposure stratified IPCWs166. 

Outcome model. To estimate the risk of the composite outcome in warfarin vs DOACs-treated 

individuals, we fitted three pooled logistic regression models that approximated Cox proportional 

hazards regression models268 with the treatment as the only independent variable. We fitted 

unweighted, and two weighted outcome models with the weights changing every month of follow-

up. One model was weighed with the unstratified IPCWs and the other with the exposure-stratified 

IPCWs. In the weighted models, the variance of the estimated coefficient for treatment was 

approximated using a robust variance estimator that takes into account the weights and repeated 

measures269.   

For the sensitivity analysis, a pooled logistic regression model was weighed with the exposure-

stratified censoring weights that were the product of two IPCWs (IPCW for switching and IPCW 

for permanent discontinuation of treatment). 

The study used the de-identified individuals’ data. It was approved by the research ethics board of 

the Centre  ospitalier de l’ niversité de  ontréal (C   ). 
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6.4 Results 

Characteristics of the matched cohort 

The study cohort included 23,927 matched pairs of warfarin- and DOAC-treated individuals with 

balanced distributions of demographic and clinical characteristics (Table 6.2). The flow of study 

participants for the study is shown in  

Annex 12. During the study period, the proportion of censoring due to treatment cessation for any 

reason, or switching from the baseline treatment, was twice as high in the warfarin compared to 

the DOACs group (69 and 36 %, respectively). Of those censored, 41 % of warfarin- and 15 % of 

DOAC-treated individuals were censored due to treatment switch. Furthermore, 390 (0.8%) 

patients were censored because of developing health conditions when the use of DOACs is 

contraindicated. Of those, 148 (0.3%) patients underwent hemodialysis (47 from the DOACs group 

and 101 from the warfarin group), and 242 (0.5%) patients had valve surgery (106 from the 

DOACs group and 136 from the warfarin group).  

The total follow-up was 76,177 person-years. The Kaplan-Meier survival curves (Figure 6.2) 

display that compared to patients on warfarin, those on DOACs had a higher crude cumulative 

survivorship with respect to composite effectiveness and safety outcome. 

The incidence of some major prognostic factors in the study cohort during the follow-up is shown 

in  

 

 

Annex 13. 
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Probabilities of censoring 

Table 6.3 provides the odds ratios estimated from the unstratified and exposure-stratified censoring 

models (used to calculate unstratified and exposure-stratified IPCWs, respectively). In the 

unstratified censoring model, individuals had higher odds of being censored if they were males 

and had comorbid congestive heart failure, cancer, dementia, or alcohol-related disorders, 

underwent surgical treatment for coronary atherosclerosis or cardiac arrhythmias, or were treated 

with concomitant antiplatelets, non-steroidal anti-inflammatory drugs, corticosteroids, or opioids. 

On the other hand, hypertension, concomitant treatment with statins, proton pump inhibitors, or 

serotonin reuptake inhibitors were associated with lower odds of being censored. In the exposure-

stratified censoring model, being male or having comorbid congestive heart failure was associated 

with higher odds of censoring only in the DOACs group, whereas in the warfarin group the odds 

ratios of these variables were close to the null (1.01 and 0.99, respectively). Chronic renal failure 

was associated with higher odds of censoring in DOACs treated individuals (OR 1.34; 

95%CI:1.25-1.43), lower odds of censoring in individuals on warfarin (OR 0.86; 95%CI: 0.82-

0.91), and it was not found to be significantly associated with censoring in the unstratified model 

(OR 1.01; 95%CI: 0.97-1.06). Overall, individuals with more comorbidities and expected poorer 

prognosis had higher odds of being censored in the DOAC group compared to the warfarin group. 

As expected, the odds ratios from the unstratified analysis lay between the two odds ratios from 

the stratified analysis. The sensitivity analysis showed that these differences in characteristics were 

driven by censoring due to the switch between treatment groups (Annex 15).  

Inverse probabilities of censoring weights 

Figure Figure 6.3 presents the distribution of IPCWs derived from the unstratified and stratified 

models. For the exposure-unstratified estimated weights, the overall mean was 1.00. For the 
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exposure stratified IPCWs, the mean weights were 1.00 and 1.02 in the DOACs and warfarin 

groups, respectively. 

 

Comparative effectiveness and safety estimates  

Estimates of the hazard ratios of the composite outcome of stroke, major bleedings, myocardial 

infarction, and death in individuals treated with warfarin vs DOACs are presented in Table 6.4. 

The hazard ratio estimate adjusted with weights unstratified by exposure was 15 % more in favor 

of DOACs than the hazard ratio estimate adjusted with exposure-stratified weights (1.41; 

95%CI:1.34,1.48 and 1.26; 95%CI:1.20,1.33, respectively). Finally, the hazard ratio estimate 

without any adjustments for informative censoring was close to the estimate adjusted with 

unstratified weights (1.38; 95%CI:1.32,1.45). The standard error for the estimated log-hazard ratio 

was only 1.1 % greater when using exposure-stratified versus unstratified weights (0.0264 and 

0.0261, respectively). 

Results from sensitivity analysis were consistent with the results obtained using the exposure-

stratified weights (Annex 16).
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6.5 Discussion 

In this study comparing the continuous use of warfarin versus DOAC, we showed the different 

associations of prognostic variables with censoring in treatment groups. We found that 

prognostically meaningful covariates, such as renal and heart failure, had the opposite direction of 

association with the probability of censoring in the DOAC and warfarin groups. Applying the 

exposure-unstratified censoring weights did not result in any change in the HR estimate compared 

to the unadjusted analysis. Conversely, using exposure-stratified censoring weights changed the 

estimate by 15 % compared to unstratified censoring weights. Together, these results suggest that 

in this particular scenario, IPCWs estimated using the exposure-stratified model may better capture 

the true probabilities of censoring associated with each covariate, and, hence, better correct for 

informative censoring. Although the direction of the HR estimates did not change, the magnitude 

of the difference is clinically significant. 

Randomized controlled trials showed non-inferiority and even superiority of DOACs over warfarin 

in stroke prevention293-295. A recent meta-analysis of observational studies confirmed similar or 

lower risks of major bleeding and stroke with DOACs versus warfarin104. However, in 

observational studies comparing an older and a newer drug, the channeling may result in baseline 

confounding between treatment groups112. Soon after entering the market, DOACs were prescribed 

to individuals with fewer comorbidities and concomitant medications, and those with a lower risk 

of stroke or bleeding113-116. This conservative DOAC prescribing was likely due to existing 

evidence of a higher risk of gastrointestinal bleeding and myocardial infarction in individuals on 
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dabigatran294, as well as the absence of an antidote to reverse the action of DOACs. Further, studies 

reported that over the course of treatment, older patients and those with a higher risk of bleeding 

were switched from a DOAC to warfarin181,182. Consistently, in this study, we found that in the 

DOACs group, individuals who were censored at the deviation from baseline treatment were those 

with higher odds of a new-onset renal or heart failure. Thus, in observational studies comparing 

the effectiveness and safety of DAOCs and warfarin, worse outcomes in individuals on warfarin 

compared to those of DOACs may partially be due to informative censoring.  

Other situations are possible when treatment discontinuation may result in informative censoring 

and selection bias, e.g., low-risk patients with transient atrial fibrillation requiring a few months of 

anticoagulation; or high-risk patients developing a new health condition that increases their risk of 

bleeding when no form of anticoagulation is allowed. However, most likely, the probability of 

censoring for these patients would be similar across treatment groups, hence, the direction of 

selection bias would be similar. Indeed, our sensitivity analysis showed that the differences in 

characteristics of those censored in the DOACs and the warfarin group were driven by censoring 

due to the switch between treatment groups. 

Stratifying by exposure groups to derive the inverse probability weights was used in some previous 

studies. Cook et al. re-analyzed the Women’s  ealth  tudy, a randomized trial of aspirin versus 

placebo on prevention of cardiovascular disease, to estimate the effect of continuous aspirin use on 

cardiovascular prevention. After identifying that predictors of aspirin use differed according to 

initial randomization and past aspirin use, the authors estimated the inverse probability of treatment 

weights separately for each group166. Webster-Clark et al., in their recent paper contrasting warfarin 
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and dabigatran initiators, used exposure-stratified censoring weights “to account for differential 

discontinuation and switching in the two groups”179. To our knowledge, our study is the first to 

formally present the differential association of prognostic factors with censoring for each treatment 

group and show it affects the HR estimates. 

Our study has several limitations. First, the validity of our analyses adjusted with the IPCWs relies 

on the exchangeability assumption that is not empirically testable. Some information on potential 

prognostic factors associated both with censoring and the study outcome is not available in the data 

(e.g. smoking, alcohol consumption, income, education). However, we built our censoring models 

with the best available variables such as chronic obstructive pulmonary disease, diseases related to 

alcohol abuse, hypertension, atherosclerosis, and the use of cholesterol-lowering drugs (statins). 

Next, we matched individuals on warfarin to those on DOACs, thus modifying the population of 

interest from all individuals with atrial fibrillation to only those for whom we found a match. This 

results in lacking external validity for all AF patients. Indeed, before matching, individuals on 

warfarin had more comorbidities, including renal failure, coronary atherosclerosis, and heart 

failure, while individuals on DOACs were younger and had fewer comorbidities. It must be noted 

that not all warfarin initiators may receive treatment with DOACs, as there are some absolute 

contraindications to DOAC therapy, such as hemodialysis or mechanical heart valves. Therefore, 

the parameter of interest of this study is more precisely described as “the safety and effectiveness 

of continuous use of warfarin compared to DOACs among warfarin users eligible to receive a 

DOAC”. This restriction of the external validity is, by definition, applicable to all comparative 

effectiveness studies of warfarin vs DOACs. Finally, in our study, we did not have exact 
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measurements of kidney function, instead, we used ICD-9 and ICD-10 codes for diagnoses of 

chronic kidney disease and procedural codes for initiation of hemodialysis. This may restrict the 

identification of patients with renal failure in whom DOACs were contraindicated, i.e., dabigatran 

is contraindicated when the estimated glomerular filtration rate (eGFR) is <30 mL/min, 

rivaroxaban when it <30 mL/min (at time of the study) or 15 mL/min (at present), and apixaban 

when it is <15 mL/min. Therefore, the results of our study may be subject to residual confounding. 

This may bias the study estimate in favor of the DOAC group. 

Importantly, our study does not contain a simulation to show that using exposure-stratified weights 

reduces bias. Such a simulation model was provided elsewhere by our group for a related example 

and showed that ignoring the distinct associations of prognostic variables with censoring according 

to exposure groups may lead to bias161. In this study, we sought to illustrate the distinct associations 

of prognostic variables with censoring in DOACs and warfarin users obtained from a real-life 

dataset. 

Our study has notable strengths. First, our case study is of clinical importance as DOACs represent 

the most significant change in atrial fibrillation management of the last decade. In the US Medicare 

beneficiaries, utilization of DOACs increased from 13 % of all anticoagulants in 2012 to 53 % in 

2017296. However, the results from studies comparing the safety and effectiveness of sustained 

treatment with DOACs vs. warfarin may be biased because of the failure to adjust for different 

censoring dynamics. In clinical practice, physicians are well-aware of the specific contra-

indications to DOACs, yet those are not always correctly considered in epidemiological studies. A 

recent study reported that compared to DOACs, continuous use of warfarin was associated with a 
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40% higher risk of the composite of ischemic/hemorrhagic stroke, gastrointestinal bleeding, and 

all-cause mortality (HR:1.40, 95%CI:1.33, 1.45)297. This estimate, which is unadjusted for 

informative censoring, is close to our HR estimates obtained with unadjusted and adjusted with 

unstratified censoring weights analyses. Another strength of our study is the use of a large 

pharmaceutical dispensation claims database that represents about 40 % of the Québec population 

and is recognized for its high accuracy, thus minimizing the measurement error. The information 

on exposure to medications is almost complete because, in Québec, all prescription drugs are 

covered by the public drug insurance plan. Further, because of universal entitlement, disenrollment 

from the RAMQ drug plan is uncommon97. An exception is those aged under 65 years who may 

switch to private insurance in case of changes in their employment status.  However, the influence 

of such cases on the study results is likely to be negligible as 75% of our study population was aged 

over 70 years (Table 7.2). For this reason, we did not consider censoring due to disenrollment as 

informative. In other settings, particularly where healthcare insurance depends on employment 

status, disenrollment should be considered informative censoring. 

In this study, we showed that contextualizing and understanding the specifics of clinical 

management according to treatment groups is important for the correct specification of a censoring 

weight model. We propose stratifying probabilities of censoring by exposure as a simple and 

effective method to identify the distinct associations of prognostic variables with censoring in 

treatment groups, which, if present, must be accounted for to effectively correct selection bias. 
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6.6 Tables and figures 

Table 6.1. ICD codes used to identify the cohort of individuals treated with warfarin 

vs DOACs in the Régie de l’assurance-maladie du Québec (RAMQ) databases 

between 2010 and 2016. 

 ICD-9 ICD-10 

Atrial fibrillation and flutter 427.3 I48.x 

 

Venous thromboembolism (VTE), 

including deep vein thrombosis 

(DVT) and pulmonary embolism 

(PE) 

 

415.1, 451.1, 451.2, 

451.81, 451.83, 

451.89, 451.9, 453.2, 

453.8, 453.9 

 

I80.2, I80.3, I80.1, I80.8, 

I80.9, I82.8, I82.9, O22.3, 

O22.30, O22.9, O22.90, 

O87.1, O87.10, I26.9, 

I26.0 

 

Valvular heart disease 

 

391.x, 394.x, 395.x, 

396.x, 397.x, 398.x, 

424.0, 424.1, 424.2, 

424.3, 746.x 

 

I01.x, I05.x, I06.x, I07.x, 

I08.x, I09.x, I43.x, I35.x, 

I36.x, I37.x, I38, I39.x, 

Q24.x 

 

 



  

177 

 

Table 6.2. Characteristics of the base and matched cohorts of individuals treated with warfarin vs DOACs. Québec, 2010-2016. 

Characteristic 
Base cohort Matched cohort 

DOACs Warfarin SD DOACs Warfarin SD 

 No % No %  No % No %  

Number of patients 40,101  30,743   23,927  23,927   

Age in years, median (IQR) a 76 (69-83)  78 (71-84)  0.183 78 (71-84)  78 (71-84)  0.005 

Male sex b 20,802 51.9 15,703 51.1 0.016 12,172 50.9 12,172 50.9 0.000 

Comorbidities b           

 Hypertension 37,460 93.4 29,442 95.8 0.104 22,832 95.4 22,858 95.5 0.005 

 Congestive heart failure 6,283 15.7 7,964 25.9 0.254 4,637 19.4 5,181 21.7 0.056 

 Coronary atherosclerosis 12,909 32.2 14,692 47.8 0.323 9,486 39.6 9,939 41.5 0.039 

 Diabetes 10,182 25.4 10,234 33.3 0.174 6,928 29.0 7,297 30.5 0.034 

 Peripheral vascular disease 3,864 9.6 5,234 17.0 0.219 2,987 12.5 3,290 13.8 0.038 

 Chronic renal failure 2,908 7.3 5,790 18.8 0.349 2,590 10.8 2,966 12.4 0.049 

 Cancer 6,357 15.9 4,869 15.8 0.000 3,607 15.1 3,878 16.2 0.031 

 Acute kidney injury 2,369 5.9 3,773 12.3 0.223 1,809 7.6 2,300 9.6 0.073 

 COPD 6,149 15.3 6,369 20.7 0.140 4,148 17.3 4,544 19.0 0.043 

 Liver disease 738 1.8 780 2.5 0.048 472 2.0 565 2.4 0.027 

 Dementia 2,885 7.2 3,005 9.8 0.093 2,028 8.5 2,205 9.2 0.026 

 Diseases related to alcohol abuse 1,387 3.5 1,188 3.9 0.022 799 3.3 909 3.8 0.025 

 Bleeding 3,304 8.2 3,245 10.6 0.079 2,141 8.9 2,374 9.9 0.033 

 Stroke 4,114 10.3 4,817 15.7 0.162 3,074 12.8 3,244 13.6 0.021 

Medical procedures b           

Pacemaker implantation/ 
Catheter ablation 

2,664 6.6 2,410 7.8 0.046 1,708 7.1 1,713 7.2 0.001 

 PCI/CAB 1,011 2.5 2,731 8.9 0.277 866 3.6 1,106 4.6 0.050 
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Table 6.2. Characteristics of the base and matched cohorts of individuals treated with warfarin vs DOACs. Québec, 2010-2016. 

Characteristic 
Base cohort Matched cohort 

DOACs Warfarin SD DOACs Warfarin SD 

 No % No %  No % No %  

Medications b           

 Antiplatelets 20,803 51.9 18,978 61.7 0.200 14,112 59.0 14,001 58.5 0.009 

 Antipsychotics 2,103 5.2 1,697 5.5 0.012 1,197 5.0 1,297 5.4 0.019 

 NSAIDs 2,010 5.0 1,234 4.0 0.048 1,000 4.2 1,013 4.2 0.003 

 Statins 21,335 53.2 18,458 60.0 0.138 13,659 57.1 13,932 58.2 0.023 

 Benzodiazepines 9,078 22.6 8,697 28.3 0.130 6,172 25.8 6,268 26.2 0.009 

 Systemic corticosteroids 1,878 4.7 1,721 5.6 0.041 1,193 5.0 1,309 5.5 0.022 

 H-2 receptor blockers 389 1.0 333 1.1 0.011 233 1.0 257 1.1 0.010 

 Proton pump inhibitors 16,977 42.3 15,239 49.6 0.146 10,618 44.4 11,227 46.9 0.051 

 Opioids 3,603 9.0 2,532 8.2 0.027 1,801 7.5 1,947 8.1 0.023 

 SSRI 3,139 7.8 2,487 8.1 0.010 1,832 7.7 1,951 8.2 0.018 

Abbreviations: CAB, coronary artery bypass surgery; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; 
NSAIDs, non-steroidal anti-inflammatory drugs; No, number; PCI, percutaneous coronary intervention; SD, absolute 
standardized differences; SSRIs, selective serotonin reuptake inhibitors. 
a continuous variable, starting from the year 2010 
b dichotomous variable  
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Table 6.3. Odds ratio with 95%CI of being censored associated with patient characteristics 
using unstratified and exposure-stratified logistic regression, n=47,854, Québec, 2010-2016. 

Characteristic 

Unstratified Exposure-stratified 

 DOACs Warfarin 

OR 95% CI OR 95% CI OR 95% CI 

DOACs vs warfarin 0.39 0.37, 0.40 - - - - 
Month of follow-up a 0.97 0.97, 0.97 0.96 0.96, 0.96 0.97 0.97, 0.97 
Year of cohort entry a 1.00 0.99, 1.01 0.88 0.87, 0.90 1.05 1.04, 1.06 
Age a 0.99 0.99, 0.99 1.00 1.00, 1.00 0.98 0.98, 0.98 
Male sex () b 1.06 1.03, 1.08 1.14 1.09, 1.20 1.01 0.97, 1.04 
Comorbidities (yes vs no) b       
 Hypertension 0.76 0.71, 0.81 0.61 0.56, 0.67 0.89 0.82, 0.97 
 Congestive heart failure 1.04 1.01, 1.07 1.14 1.08, 1.20 0.99 0.96, 1.03 
 Coronary atherosclerosis 1.01 0.98, 1.04 1.01 0.96, 1.06 1.01 0.98, 1.05 
 Diabetes 0.93 0.91, 0.96 1.01 0.96, 1.06 0.89 0.86, 0.92 
 Peripheral vascular disease 1.03 0.99, 1.07 1.02 0.96, 1.09 1.03 0.98, 1.07 
 Chronic renal failure 1.01 0.97, 1.06 1.34 1.25, 1.43 0.86 0.82, 0.91 
 Cancer 1.20 1.16, 1.24 1.21 1.15, 1.27 1.19 1.14, 1.23 
 Acute kidney injury 1.01 0.96, 1.05 1.17 1.08, 1.26 0.96 0.90, 1.01 
 COPD 1.01 0.98, 1.04 0.99 0.93, 1.04 1.02 0.98, 1.06 
 Liver disease 1.04 0.96, 1.12 1.12 0.99, 1.27 0.98 0.89, 1.07 
 Dementia 1.25 1.19, 1.30 1.52 1.42, 1.63 1.12 1.07, 1.18 

Diseases related to alcohol 
abuse 

1.12 1.05, 1.18 1.12 1.02, 1.24 1.11 1.03, 1.20 

Medical procedures (yes vs no)b       
 PCI/CAB 1.48 1.39, 1.57 1.45 1.30, 1.61 1.47 1.37, 1.59 
 Pacemaker implantation/ 
 Catheter ablation 

1.07 1.03, 1.12 1.11 1.04, 1.18 1.06 1.01, 1.12 

Medications (yes vs no)b       
 Antiplatelets 1.44 1.40, 1.48 1.87 1.77, 1.97 1.25 1.21, 1.30 
 Antipsychotics 1.02 0.97, 1.08 1.08 0.98, 1.18 0.97 0.91, 1.04 
 NSAIDs 1.26 1.17, 1.35 1.33 1.20, 1.47 1.20 1.09, 1.32 
 Statins 0.80 0.77, 0.82 0.64 0.61, 0.67 0.89 0.86, 0.93 
 Benzodiazepines 0.99 0.96, 1.02 1.00 0.95, 1.05 0.99 0.95, 1.03 
 Systemic corticosteroids 1.24 1.17, 1.30 1.22 1.12, 1.34 1.24 1.16, 1.33 
 H-2 receptor blockers 1.04 0.92, 1.17 0.92 0.74, 1.14 1.06 0.91, 1.23 
 Proton pump inhibitors 0.93 0.90, 0.95 0.89 0.85, 0.93 0.96 0.92, 0.99 
 Opioids 1.53 1.46, 1.60 2.16 2.02, 2.31 1.21 1.14, 1.28 
 SSRI 0.93 0.89, 0.97 0.98 0.90, 1.06 0.91 0.86, 0.96 

Abbreviations: CAB, coronary artery bypass surgery; CI, confidence interval; COPD, chronic 
obstructive pulmonary disease; NSAIDs, non-steroidal anti-inflammatory drugs; OR, odds 
ratio; PCI, percutaneous coronary intervention; SSRIs, selective serotonin reuptake inhibitors 

a continuous variable, b dichotomous variable. 
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Table 6.4. Hazard ratios of the composite of stroke, major bleeding, MI, 

and death in individuals treated with warfarin vs DOACs (n=47,854) 

using different definitions of exposure and censoring adjustment. Québec, 

2010-2016. 

Estimate HR 95% CI SE 

Unweighted 1.35 1.28, 1.42 0.0252 

Weighed with unstratified weights 1.41 1.34, 1.48 0.0261 

Weighted with exposure-stratified weights 1.26 1.20, 1.33 0.0264 

Abbreviations: DOACs, direct oral anticoagulants; CI, confidence 

interval; HR, hazard ratio; MI, myocardial infarction; SE, standard error.  
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Figure 6.1 . Structure of bias due to informative censoring in a study of the risk of 

bleeding in individuals treated with oral anticoagulants. 

 

A. Treatment with oral anticoagulants (DOACs or warfarin) increases the risk of 

bleeding. 

Renal failure also increases the risk of bleeding, and it is a contraindication for 

DOACs. When an individual on a DOAC develops renal failure, the DOAC is 

discontinued and the follow-up of this individual is censored. Censoring is a collider 

on the path DOAC→Censoring←Renal Failure→Bleeding. Restriction of the analysis 

to those uncensored (a box around censoring) will result in biased estimates. 

B. The effect of renal failure on censoring is different in two exposure groups. In the 

DOACs group, those with renal failure would be censored. As such, individuals 

without renal failure who have a low risk for bleeding would remain in the study. The 

cumulative rate of bleeding in the DOAC group would be underestimated. 

In the warfarin group, individuals may be censored when they switch to a DOAC for 

convenience purposes and in the absence of renal failure. Therefore, those with renal 

failure and a higher risk of bleeding would remain in the study. The cumulative rate 

of bleeding in the warfarin group would be overestimated. 

Adapted from Howe et al.291  
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Figure 6.2. Kaplan-Meier plot of the composite outcome-free survivorship by treatment, n=47,854, 

Québec, 2010-2016. 
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Figure 6.3. Distribution of IPCWs for individuals treated with warfarin and DOACs, 

estimated with unstratified and exposure-stratified censoring models, Québec, 2010-

2016. 

 

Unstratified Exposure-stratified 

  
Abbreviations: DOACs, direct oral anticoagulants; P25, 25th percentile; P75, 75th 

percentile. 
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CHAPTER 7: Discussion 

7.1 Summary of research 

The overarching goal of this work was to advance methodological practices of 

pharmacoepidemiological studies on the comparative effectiveness and safety of oral 

anticoagulants in AF. Using the Québec administrative databases, we addressed two biases: 

misclassification of exposure to a dose-varying warfarin therapy when using pharmacy claims data, 

and selection bias due to censoring of follow-up at the time of treatment discontinuation in 

individuals exposed to warfarin and those exposed to DOACs. 

The first two studies explored the potential for misclassification of exposure when using pharmacy 

claims, and its effect on the measure of association comparing the safety of DOACs and warfarin. 

The objectives of the first study were to characterize dispensation patterns and to measure gaps 

between expected and observed refill dates for warfarin, rivaroxaban, dabigatran, and apixaban. 

We found that for all oral anticoagulants, the most common duration of dispensation was seven 

days, suggesting the use of pharmacist-prepared weekly pillboxes. After matching individuals 

treated with warfarin and each DOAC, the average refill gap was greater for warfarin compared to 

DOACs. The variance of refill gaps was also greater among warfarin users than among DOAC 

users. Based on expert knowledge and clinical experience, we concluded that these patterns of refill 

gaps in individuals treated with warfarin may reflect the adjustments of warfarin posology by health 

professionals based on INR results. Therefore, defining the duration of warfarin dispensation based 

on the days supplied value may lead to misclassification of exposure to warfarin. 
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From the literature, we identified that a data-driven approach (longitudinal coverage 

approximation, COV) to define the duration of dispensation may account for the past medication 

use patterns and accurately approximate the duration of dispensation for medications with large 

dosage variability, such as vitamin K antagonist phenprocoumon. Thus, the objectives of my 

second study were to evaluate if the data-driven approach better captures the variability in the 

duration of warfarin dispensations compared to the days supplied approach; and to investigate if 

the choice of the approach affects the strength of association between major bleeding and treatment 

with dabigatran or rivaroxaban versus warfarin. The study found that the data-driven approach 

captured more variability for warfarin compared to the days supplied approach. However, the 

choice of the approach had no impact on the HR estimates. These findings may be explained by 

the fact that misclassification of exposure, which was more important for the patients exposed to 

warfarin than those exposed to DOACs, was nonetheless non-differential, i.e., unrelated to the 

study outcome. Another explanation is that in our study, a relatively small number of individuals 

had long gaps between dispensations. Indeed, most of the dispensations were for 7 days, suggesting 

the use of pharmacist-prepared weekly pillboxes aimed to improve adherence. Finally, the lack of 

impact of the chosen approach on the HR estimates may be explained by the low sensitivity of the 

data-driven definition to capture the true duration of warfarin dispensation, and more research is 

needed to assess its validity. 

The third study was designed to address the selection bias due to censoring at the time of treatment 

discontinuation in individuals exposed to warfarin and those exposed to DOACs. The first objective 

was to describe the associations between the prognostic variables and censoring in both treatment 
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groups. The second objective was to compare two IPCW strategies to estimate the measure of 

association between the continuous treatment with warfarin versus DOACs and the composite of 

thromboembolism, major bleeding, myocardial infarction, and all-cause mortality. We compared 

three estimates of the hazard ratio obtained by using unweighted, weighted with exposure-

unstratified IPCWs, and weighted with exposure-stratified IPCWs analyses. We found that 

prognostically meaningful covariates, such as renal and heart failure had the opposite direction of 

association with the probability of censoring in the DOACs and the warfarin groups. Censoring 

weights not accounting for this differential attrition failed to correct for selection bias and resulted 

in the estimate of the comparative treatment effectiveness and safety that favored DOACs. Using 

exposure-stratified censoring weights changed the estimate of comparative effectiveness and safety 

by 15% compared to unstratified censoring weights. With this study, we were able to demonstrate 

that not accounting for the different associations between the predictors and informative censoring 

across exposure groups may lead to misspecification of censoring weights and biased estimate of 

comparative effectiveness and safety. 

7.2 Contribution to literature 

There is a growing number of publications focusing on specific limitations inherent in studies based 

on the analysis of large administrative healthcare datasets97,125. Our research adds to this body of 

literature by highlighting how the specific clinical considerations for the use of warfarin and 

DOACs must be accounted for when designing an observational study to ensure the validity of 

study conclusions. 
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To our knowledge, no previous studies assessed the potential for misclassification of exposure to 

warfarin when using pharmacy claims. However, some recognized that the true duration of 

warfarin dispensation may last longer than the recorded duration, and considered this issue in their 

design. For example, Go et al.48 developed and validated an algorithm that combined data from 

pharmacy claims with data on INR measurement from laboratory files. Azoulay et al.176,177 adapted 

the algorithm developed by Go et al.48 in their studies using the General Practice Research Database 

(CPRD). Webster-Clark et al.178,179 in their studies based on an analysis of the US Medicare data, 

used a definition of exposure time that was tailored to the specific classes of oral anticoagulants. 

Thus, the length of the grace period was different for dabigatran and warfarin. Additionally, the 

Medicare current procedural terminology (CPT) codes for anticoagulation management were used 

to “refresh” the warfarin supply for another  0 days178. However, information on the validation of 

this method is not available. 

The results of this thesis extend beyond identifying the potential for misclassification of exposure 

to warfarin using the days supplied variable (First study) by examining the possible impact of this 

misclassification on the estimates of the comparative safety of DOACs and warfarin, and by 

implementing the data-driven approach that better captured the variability in the duration of 

warfarin dispensations compared to the days supplied (Second study). We recommend the data-

driven approach of defining exposure to warfarin for settings where no laboratory data on INR 

measurement is available, or for settings where laboratory data contains substantial missing 

information on INR measurement. 
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The results of the third study improved the understanding of the source and direction of selection 

bias due to informative censoring that may differentially affect the warfarin and the DOACs 

treatment groups. Previously, Webster-Clark et al.179 in their study comparing dabigatran and 

warfarin-treated individuals, recognized this bias and corrected it in the analysis by using 

exposure-stratified IPCWs. However, to our knowledge, no previous literature described the 

conceptual framework for this bias and demonstrated the differential effect of prognostic factors 

on treatment discontinuation in warfarin and DOACs-exposed individuals. Our study is the first 

to formally illustrate its structure for each treatment group using directed acyclic graphs (DAG) 

and provide insights into the different dynamics of censoring in two treatment groups (Figure 6.1, 

Chapter 6:). In general, DAGs are intended to elucidate and visualize the possible source of 

confounding or bias in a study with the ultimate goal of improving its validity and 

transparency298. Thus, our study adds to the literature encouraging the usage of DAGs in different 

areas of medical research, for example, in cardiovascular299, pulmonary medicine300, or pediatric 

research301. Next, to address the selection bias due to censoring, we focused on the correct 

specification of the statistical model for the estimation of censoring weights, the exposure-

stratified model. In the settings of anticoagulation in NVAF, Webster-Clark et al.179 used 

exposure-stratified censoring weights “to account for differential discontinuation and switching 

in the two groups” when comparing dabigatran vs warfarin initiators. However, in our study, we 

showed that censoring weights that were not stratified by treatment group produced an estimate 

of comparative effectiveness and safety that was biased in favor of DOACs. 
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7.3 Informing methodological best practices 

Previous observational studies on the comparative effectiveness and safety of warfarin and DOACs 

have acknowledged the potential for information bias when using the days supplied value from 

pharmacy claims, and the selection bias due to the differential effect of prognostic factors on 

treatment discontinuation across exposure groups.  

The important contribution of this work to the literature is the recommendation of the data-driven 

approach to define the duration of dispensation as an alternative to the approach based on the days 

supplied value. We concluded that the data-driven approach that relies on the individual dispensing 

history may better account for between- and within-individual variability of warfarin dosage. 

Furthermore, when using administrative databases without supporting information on INR 

measurements, the data-driven approach may reduce the misclassification of exposure to warfarin. 

Future studies based on the analysis of administrative data may use the data-driven approach to 

define exposure to warfarin for their main analysis or sensitivity analyses.  

Currently, there are limited recommendations on the correct specification of the statistical model 

to estimate censoring weights. These recommendations mainly concern the choice of predictors of 

censoring to include in the model and their functional form. In our study the functional form was 

stratification by exposure; alternatively, interaction terms of predictors of censoring with exposure 

can be used. To select the correct functional form of the predictor, one needs to understand the 

mechanism of censoring in each exposure group. In our study, we recommend using DAGs and 

examining the association of important prognostic variables with the probability of censoring in 

each exposure group separately. This recommendation should be applied in all observational 
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studies comparing newer with older therapies. In such settings, the newer therapy may have specific 

target groups and contraindications, whereas, the older therapy may be applied to broader groups 

of patients and be regarded as a mainstay. Furthermore, our recommendation may be pertinent not 

only to observational but also to experimental studies that perform an analysis with censored data. 
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7.4 Strengths and limitations 

The strengths and limitations of each study are described in the relevant chapters. However, several 

global strengths and limitations of this thesis are restated in this section. 

7.4.1 Misclassification of exposure 

The refill gaps were used to capture the deviations from the posology from the days supplied 

recorded in pharmacy claims. We hypothesized that these deviations would be common in those 

on warfarin due to frequent dosage adjustments. The underlying assumptions of the research were, 

first, similar adherence to warfarin and DOACs in the study population, and second, accurate and 

complete information on the days supplied variable recorded in pharmacy claims. Similar 

adherence in the study population assumes that the difference in the variation of refill gaps is 

explained by inadequate capture of the true medication regimen. Thus, hypothetically, different 

levels of adherence to warfarin and DOACs would influence the conclusions of the study. Indeed, 

some previous studies based on the analysis of pharmacy claims data reported higher levels of 

adherence in those taking DOACs than those taking warfarin189,302. However, in these studies, the 

adherence rates were assessed using the refill dates and the days supplied variable that may not 

reflect the true treatment patterns of patients treated with warfarin. Nevertheless, a study using 

medical records of patients taking oral anticoagulants reported similar adherence between DOACs 

and warfarin-treated patients276. 

In the first study, the median follow-up for apixaban was the shortest (0.86 years) among all oral 

anticoagulants (2.1 years for dabigatran, 1.4 years for rivaroxaban, and 1.5 years for warfarin). This 

can be explained by the fact that in Quebec, apixaban became available only in 2014, whereas 
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dabigatran in 2010 and rivaroxaban in 2012. In the first study, because of data availability, the end 

of study date was March 31, 2015. Therefore, for patients on apixaban, we captured only the first 

months of their treatment, during which the medication adherence may be higher than during the 

later months283. However, in the matched individuals, among all DOACs, the mean refill gap was 

only slightly shorter for apixaban (3.08 days) compared to dabigatran (3.7 days) and rivaroxaban 

(3.15 days). 

In the first study, the refill gaps were investigated not to measure adherence but to capture 

deviations from prescribed posology. Under the assumption that adherence to warfarin and DOACs 

is similar at a population level, any significant increase in refill gaps for a given medication would 

indicate that days supplied data is an imprecise measure of the actual number of days of availability 

of that drug. The first study found that the cluster-adjusted average refill gap was more than twice 

as long for warfarin (9.28 days) than for apixaban (3.08 days), dabigatran (3.7 days), and 

rivaroxaban (3.15 days), and the within- and between-patient variation of refill gaps was more than 

twice as higher in warfarin compared to DOAC patients. These findings suggest that such 

difference in refill gaps for warfarin may be due to inadequate capture in the dispensation data of 

the periods covered by the number of dispensed pills. 

We believe that the assumption of similar adherence was held in our population given the strong 

recommendations from the healthcare providers for users of DOACs, and routine monitoring visits 

to healthcare facilities of those treated with warfarin. Moreover, in the first study, we found that 

before matching, at least half of patients taking any oral anticoagulant, had a duration of the 

dispensation of 7 days and a refill gap of 0 days, which gives a medication possession ratio of 
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100%. This high adherence to DOACs and warfarin strengthens our conclusions; however, our 

study was not designed to assess the population adherence rates, as we had no data that measured 

the true adherence. 

Next, we assumed that information in pharmacy claims accurately represents the information from 

physician prescriptions. We did not perform a prior validation study, and to our knowledge, there 

is no published research on the validity of information on oral anticoagulants in the Québec 

pharmacy claims. The lack of validation studies may be explained by the strict data protection 

regulations in Québec, which make such research operationally difficult and time-consuming. 

However, we believe that information in the Québec pharmacy claims is accurate since is it used 

for billing purposes and RAMQ performs routine internal validation of claims data, including 

inspection visits and pharmacy prescription requests202. Moreover, an external validation study of 

all dispensations for a random sample of 65,349 elderly Québec residents found that information 

in the pharmacy claims is accurate and comprehensive131. The missing information was less than 

0.5% for commonly used variables, including an individual identifier, drug name, dispensed 

quantity, date of dispensation, and intended duration of dispensation. Furthermore, the same study 

verified data from pharmacy claims and medical files for 306 individuals. The study found that the 

dispensed quantity and the duration of dispensation were accurate in 69.1% and 72.1% of records, 

respectively. The likely explanation for some inaccurate information on the dispensed quantity and 

duration is that the pharmacist may split a prescription with an extended duration on several 

dispensations. This is done for various reasons: to encourage treatment adherence by increasing 

the number of communications of pharmacists with the patient; to restrict the available drug supply 
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for patient’s safety purposes; to avoid the financial penalties for dispensations with more than 30- 

day supply131. 

The next limitation of this research is that in the first and second studies, the interpretation of the 

results was founded on expert opinion and clinical experience on utilization patterns of DOACs 

and warfarin. There is no “gold standard” to conclude that refill gaps may be associated with the 

prolongation of warfarin supply due to changes in warfarin dosage based on INR results. Ideally, 

the performance of different approaches for estimation of the duration of dispensation should be 

validated against the duration of dispensation estimated with the actual warfarin doses derived from 

medical records. 

We defined the users of weekly pillboxes as any patients with four successive dispensations of 

seven-day duration. However, in practice, some patients get the drugs in pillboxes, while others 

get their drugs in a plastic vial (this is the case when the dose of the drug can be changed) even if 

their other drugs are in the pillbox. Therefore, adherence of those who receive their 7-day supply 

of warfarin in a plastic vial can be compromised if the patient does not manage well with the plastic 

vial. 

The findings of the first and second studies are specific to the RAMQ databases and may not be 

generalizable to other administrative databases. Thus, in our database, for all oral anticoagulants, 

the most common duration of dispensation was 7 days, for most dispensations, there are no refill 

gaps. Again, this may be explained by the usage of pharmacy-prepared weekly pillboxes or plastic 

vials at community pharmacies in Québec, and are aimed to improve clinical outcomes in the 

population277. It is possible, that in settings with different community pharmacy interventions and 
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levels of adherence, the length of refill gaps might be longer. Hence, the approach used to define 

the duration of dispensations may have a different impact on the comparative safety estimates. 

In this research, we assumed that patients followed prescribed treatment based on information from 

dispensation claims, but the true exposure status, as well as TTR for patients on warfarin, was 

unknown. Thus, the medication dispensed does not necessarily indicate exposure to this 

medication, as a drug that is dispensed may not be ingested by the patients118. The same may apply 

to users of weekly pill boxes for whom prescriptions may be automatically renewed at pharmacies 

even if the previous supply is unused. Furthermore, in patients on warfarin, who are compliant with 

the prescribed therapy, dietary fluctuations, food supplements, or over-the-counter agents may lead 

to alteration of the optimal therapeutic INR level. The information on patient diet, use of food 

supplements or over-the-counter agents, as well as INR measurements are not available in RAMQ 

data. 

7.4.2 Selection bias due to censoring 

In the third study, the IPCWs were used to correct the selection bias introduced by censoring at the 

time of discontinuation of treatment dispensed at baseline. In general, the IPCWs might fail to 

eliminate the selection bias in case of violation of the exchangeability assumption. The 

exchangeability assumption implies that those who are censored and those who stay in the study 

are exchangeable, i.e., if these groups were swapped, those who were censored would experience 

the same outcome as those who stayed in the study. This assumption holds under the condition that 

all predictors of censoring and the outcome event are measured and included in the statistical model 

estimating censoring weights. As such, this assumption is not empirically testable and depends on 



  

196 

 

the recorded information in the dataset and expert knowledge. As described in the third study, some 

potential prognostic factors associated both with censoring and the study outcome are not available 

in the data (e.g., smoking, diet, alcohol consumption, income, education, creatinine measures). 

However, we built our censoring models with the best available variables such as diagnoses of 

chronic obstructive pulmonary disease, chronic renal failure, acute kidney injury, diseases related 

to alcohol abuse, hypertension, atherosclerosis, or use of cholesterol-lowering drugs statins. Thus, 

we assume that the most important prognostic factors associated with censoring or their proxies 

were identified using expert knowledge and were included in the model for the estimation of 

censoring weights. 

This study aimed to improve the methodology of observational studies comparing DOACs and 

warfarin. The composite effectiveness and safety outcome was used to make our argument more 

compelling in making a stronger case for the application of exposure-stratified censoirng weights. 

Having more outcome events improved the precision of the HR estimate. In this study, we 

hypothesized that because of differential selection bias across the treatment groups, each 

component of the composite outcome may be biased in favor of DOACs. However, there are 

some disadvantages when using the composite outcome. In general, in studies on comparative 

effectiveness and safety, the study conclusions may be misleading, and demonstrated treatment 

benefits may be assumed to relate to all components when, in fact, only a few events of an 

individual component may contribute to the composite outcome. This may be more starkly if the 

components include the most important clinical events (e.g., myocardial infarction, a serious 

bleeding event requiring hospitalization, or death) and less serious components (e.g., bleeding not 
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requiring hospitalization). To communicate the study findings in a publication more clearly, it is 

recommended to present data for all individual components263. In our research, each component 

of the composite outcome was assessed in a previous study conducted by our research group 

(Durand, CMAJ, 2020)264. The study found no difference in the incidence of ischemic stroke or 

systemic embolization in patients with NVAF (HR: 0.98, 95%CI: 0.77-1.25), however, the use of 

DOACs was associated with fewer major bleeding events (HR: 0.71, 95%CI: 0.64-0.80 )264. 

7.4.3 Other strengths and limitations 

In the second and the third study we presented estimates on the comparative effectiveness and 

safety of DOACs and warfarin. We found that at baseline, compared to patients from the DOACs 

groups, those from the warfarin group were frailer and older, and a higher proportion had a history 

of previous stroke or bleeding. To reduce the confounding, we used PS methods. We estimated the 

PSs from variables that may be associated with the treatment choice (DOACs or warfarin) and the 

probability of the outcome event. These variables included co-morbidities, medical procedures, 

and co-medications. In the second study, the hazard ratio of the association between treatment with 

DOACs versus warfarin and major bleedings was adjusted for the deciles of the PSs and year of 

cohort entry. In the third study, the HRs were estimated using the cohort of individuals treated with 

DOACs and warfarin that were matched on age, sex, year of cohort entry, and PSs. Yet, the HR 

estimates may be subject to residual confounding. For example, the RAMQ databases lack the 

exact measurements of kidney function. Instead, we used proxy variables, such as diagnoses of 

chronic kidney disease or acute renal failure. However, these proxy variables may not precisely 

represent the exact measurements of kidney function to determine patients that have 
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contraindications to DOACs. Hence, the HR estimates in the second and third studies may favor 

DOACs, because DOACs are contraindicated in patients with end-stage or severe chronic renal 

failure. Furthermore, because of the low overall sensitivity of ICD codes, some comorbidities may 

be missed in our studies, including hypertension, diabetes, chronic renal disease, or dementia.  We 

made an effort to enhance the ascertainment of comorbidities by capturing information from 

physician claims, hospital discharge data, as well as the use of prescribed medications as proxies 

for diseases (e.g., use of medications prescribed for treatment of hypertension, or antidiabetic 

medication). 

Unmeasured confounding may arise due to the omission of some potential confounders, such as 

socioeconomic status, smoking, or body mass index. This may bias the study estimates in an 

unpredictable direction. For example, the RAMQ public prescription drug insurance imposes 

monthly deductibles of $22.25 and a patient portion of the co-insurance corresponding to 35% of 

the cost of covered drugs303. Thus, socioeconomically disadvantaged patients may have lower 

access to DOACs. Furthermore, individuals with low socioeconomic status (SES) are likely to 

have more chronic conditions, worse cardiovascular outcomes, and lower life expectancy304. 

Therefore, SES is an important confounding that may influence the choice of oral anticoagulant 

and the risk of thromboembolic or bleeding events. The determinants of socioeconomic status 

(e.g., education, occupation, or income) are not recorded in administrative data, including RAMQ 

data. In Quebec, the deprivation index was created to use as a proxy for lacking socioeconomic 

data in administrative databases305. The deprivation index is based on geographical units 

(enumeration areas or dissemination areas) with a relatively homogeneous population in terms of 
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socioeconomic status. The geographical units can be matched with the three-digit postal code 

variable recorded in the RAMQ database. In our research, we did not use the deprivation index 

because we measured most of the comorbidities included in the CHA2DS2-VASc and HAS-

BLED scores, thus, we directly measured characteristics that may be affected by SES. Overall, 

we believe that all strong confounders were identified either from the previously published 

literature or based on the clinical experience of our research team. Thus, even if some 

unmeasured confounding exists, its effect on the HR estimates is likely negligible. 

The next limitation is that the coding of diagnoses AF in administrative healthcare data may be 

inaccurate. A systematic review of previous validation studies reported that the PPV of the ICD-9 

code for AF (427.3) ranged from 70% to 96%, with a median of 89%, and the sensitivity ranged 

from 57% to 95%, with a median of 79%205. Thus, some errors may be produced when identifying 

patients with AF. This may be particularly challenging in studies of incident cases of the disease306. 

In our research, we used a combination of information from pharmacy claims, physician claims, 

and hospital discharge data. Likely, this improved precision of our case definition307. Furthermore, 

we excluded those with other health conditions requiring oral anticoagulation (i.e., venous 

thromboembolism, valvular disease, or prior cardiac valve surgery). However, these measures 

could not improve the sensitivity of the case definition, and likely some patients initiating oral 

anticoagulation for atrial fibrillation were not included in our study. We assume that this 

misclassification was non-differential between users of warfarin and DOACs. Next, the accuracy 

of ICD codes for valvular disease is also limited. A study found that in general, the specificity of 

ICD-9 codes for valvular heart disease (394.x-397.x, 398.4.x) was high (97%), but sensitivity was 
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low (41%)308,309. Therefore, some patients with valvular disease remained in our study cohort, and 

likely most of these patients were in the warfarin group. Because patients with the valvular disease 

have a higher risk of stroke or bleeding, this misclassification may bias the study results in favor 

of DOACs. 

We identified the outcome events of major bleeding, thromboembolism, or myocardial infarction 

only from hospital discharge data using ICD-10 codes for the primary or principal diagnoses, or 

the cause of in-hospital death. We did not extract the outcome events from the physician claims to 

prevent detection bias, since regular outpatient visits of individuals treated with warfarin may 

increase the likelihood of less important outcomes (especially bleeding) being recorded in the 

physician claims database. 

Joos et al. assessed the accuracy of ICD-10 codes for acute anticoagulation therapy-related bleeding 

in patients admitted to the University of Utah hospital using patients’ medical records as a reference 

standard. ICD-10 codes were extracted for diagnoses at any position256. In total, the study identified 

71 bleeding events from the medical records. The reported sensitivity, specificity, PPV, and NPV 

for intracranial hemorrhage were 100% (95%CI: 78%–100%), 98% (95%CI: 97%–99%), 58% 

(95%CI: 37%–77%), and 100% (95%CI: 99.%–100%), respectively. For gastrointestinal bleeding, 

reported sensitivity, specificity, PPV, and NPV were 96% (95%CI: 78%–100%), 97% (95%CI: 

96%–98%), 55% (95%CI: 38%–79%), and 100% (95%CI: 99.%–100%), respectively. Hall et al. 

provided a validation study of ICD-10 codes for any stroke and TIA for 5,270 events identified 

from Ontario hospital discharge data against the information on these patients in the Ontario Stroke 

Registry (a part of the province-wide system of stroke care management)310. The reported overall 
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sensitivity on ICD-10 code was 82.2% (95%CI:81.0-83.3) and a PPV was 68.8% (95% CI:67.5-

70.0). Arnason et al. investigated the accuracy of coding (based on ICD-9 codes) of possible 

warfarin complications in the chart abstractions submitted by a university-associated teaching 

hospital in Ottawa for billing purposes257. Thus, the abstracts for 1,964 hospitalizations were 

validated against hospital medical records as a reference standard. In this study, the possible 

warfarin complications were major bleeding or thromboembolism. Major bleeding was defined as 

an event of intracranial bleeds, GI bleeds, hematuria, vaginal bleeding, epistaxis, hemoptysis, 

hemorrhage not otherwise specified, hemarthrosis, or hemopericardium. Thromboembolism was 

defined as an event of stroke/ TIA, peripheral vascular disease, or venous thrombosis. The study 

reported that for major bleeding, the sensitivity, specificity, PPV, and NPV were 94% (95%CI: 

91%–96%), 83% (95%CI: 78%–87%), 87% (95%CI: 83%–90%), and 92% (95%CI: 88%–95%), 

respectively. For thromboembolism, the reported sensitivity, specificity, PPV, and NPV were 97% 

(95%CI: 94%–99%), 75% (95%CI: 70%–79%), 63% (95%CI: 57%–68%), and 98% (95%CI: 

96%–99%), respectively. Based on the findings from these previous studies, we may have some 

misclassification of the outcome. For example, the reported PPV for major bleeding was 87% 

(95%CI: 83%–90%), this may suggest that up to 20% of our major bleeding events may be falsely 

positive. On the other hand, the reported sensitivity for major bleeding was 94% (95%CI: 91%–

96%) indicating that up to 10% of patients with major bleeding were not identified with our 

outcome definition.  However, we assumed that this outcome misclassification in non-differential 

across the treatment groups.  
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The second and third studies did not contain a simulation to show that using the data-driven 

approach to define the duration of dispensation or the exposure-stratified weights reduces bias. 

However, some simulations and their results are provided by previously published studies. Thus, 

the study by Meid et al. investigated the agreement of the data-driven approach (longitudinal 

coverage approximation, COV) with the simulated (“true”) duration of dispensation251. The input 

parameters for the simulation were driven from the claims data and the data collected for a large 

cohort study (ESTHER study311). In this study, oral anticoagulants (dabigatran, rivaroxaban, 

apixaban, warfarin, and a second vitamin K antagonist phenprocoumon) were treated as a group, 

however, up to 80% of all dispensations of oral anticoagulants were of phenprocoumon. This study 

found that compared to other approaches of approximation of the duration of dispensation (defined 

daily dose and one tablet per day), the data-driven approach (COV) more closely approximated the 

simulated duration (based on the estimated mean duration, mean relative bias, and mean relative 

absolute error)251. Next, a simulation model on the distinct effect of a prognostic variable (renal 

failure) on the probability of censoring in the DOACs and warfarin groups was provided elsewhere 

by our group161. Using the generated data, this study aimed to estimate the odds ratio of major 

bleeding in those treated with warfarin versus those treated with DOACs. It was shown that not 

accounting for the different effects of renal failure on censoring in the DOACs and warfarin groups, 

the produced odds ratio estimate was biased in favor of DOACs161. 

As defined by the US National Stroke Association (NSA), medication compliance is the "act of 

taking medication on schedule or taking medication as prescribed", whereas, medication 

adherence is the "act of filling new prescriptions or refilling prescriptions on time"312. Poor 
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compliance with warfarin therapy and suboptimal anticoagulation control at the population level 

may partially explain the differences in the magnitude of comparative safety and effectiveness 

estimates that we found in our population and those from pivotal RCTs - generally, our estimates 

are more in favor of DOACs. Other explanation – higher proportion of patients with reduced 

dose. Thus, in our second study, the hazards of major bleeding were 30 to 40% significantly 

lower in dabigatran vs. warfarin-treated individuals (e.g., HR: 0.67, 95% CI: 0.56-0.80 with a 15-

day grace period and the data-driven approach for the definition of duration of dispensation). The 

hazards were 9 % to 20% lower in rivaroxaban vs. warfarin-treated individuals with borderline 

statistical significance (e.g., HR: 0.91, 95% CI: 0.77-1.00 with a 15-day grace period and the 

data-driven approach for the definition of duration of dispensation). Whereas, in the RE-LY trial, 

the reported HR estimates were 0.80, 95% CI: 0.69-0.93 and HR: 0.93, 95% CI: 0.81-1.07 for 

dabigatran 110 mg and dabigatran 150 mg, respectively76. ROCKET-AF trial reported the HR for 

major bleeding in patients treated with rivaroxaban versus those treated with DOACs was 1.04 

(95% CI: 0.90-1.20)293. Furthermore, in our third study, the composite of stroke, systemic 

embolism, major bleeding, MI, and any cause of death in DOACs vs warfarin was HR: 0.74 

(95% CI: 0.67-0.80). The ENGAGE AF-TIMI trial reported that compared to warfarin, the 

composite of systemic embolism, major bleeding, and any cause of death for apixaban was HR: 

0.85 (95%CI: 0.78–0.92)79. RE-LY trial reported that compared to warfarin, the HR for the 

composite of a major vascular event, major bleeding, and any cause of death was  0.91 (95%CI: 

0.82–1.00) for dabigatran 150 mg, and HR: 0.92 (95%CI: 0.84–1.02) for dabigatran 110 mg76. 

Thus, likely due to poor compliance in real-world clinical settings, the results from clinical trials 

cannot be mapped directly to real-world patients, and the estimates from real-world studies 
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measure not the biological effect of DOACs versus warfarin, but the effect of engagement in 

clinical care. Furthermore, in clinical practice, patients on warfarin with poor anticoagulation 

control and a high risk of thromboembolism would likely switch to a DOAC. This may bias the 

comparative safety and effectiveness estimates in studies using a time-varying exposure 

definition.  

In our studies, we used warfarin as the comparator for three DOACs. Another coumarin 

derivative that Health Canada approved for stroke prevention in AF is acenocoumarol. However, 

before the wide use of DOACs, warfarin was prescribed more frequently than acenocoumarol due 

to its longer half-life, and more stable anticoagulation313, and it was preferable for use in AF 

patients requiring a prolonged duration of oral anticoagulant therapy314. Indeed, we found that in 

our data, only 173 patients with AF initiated acenocoumarol between January 1, 2010, and 

December 31, 2016. Furthermore, acenocoumarol was not included in the pivotal randomized 

controlled trials comparing the efficacy and safety of DOACs to vitamin K antagonist warfarin. 

In line with the randomized trials, we did not include patients on acenocoumarol because the 

research interest was to see if our findings would support finding from the pivotal RCT. 

The significant strength of this research is using claims data from a large Canadian province with 

over 2.5 million dispensations for oral anticoagulants (first study), and about 50,000 individuals 

exposed to oral anticoagulants (second and third studies) identified. This large sample gave us the 

statistical power to find the difference in estimates and provide more accurate results for our 

methodological studies. Because of the linkage capacities between the databases, we characterized 

our patients in terms of comorbidity profile, surgical treatment, and current use of medications.  
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Moreover, the RAMQ collects comprehensive follow-up data permitting not only control for the 

baseline characteristics but also the longitudinal changes of prognostic factors. The high accuracy 

of the Québec prescription claims data, including dates of dispensation and the dispensation 

duration, allows for modeling the periods of continuous use to approximate the exposure status.  

7.5 Conclusion 

In this thesis, I explored important methodological issues that may arise when conducting a study 

on the comparative effectiveness and safety of DOACs and a vitamin K antagonist warfarin based 

on the analysis of administrative data. Specifically, I studied the potential exposure 

misclassification when using pharmacy dispensation data, as well as selection bias induced by 

differential attrition across the study groups. 

My findings suggest that, based on the examination of the refill patterns, the days supplied value 

may not adequately reflect the true duration of warfarin dispensations. Further validation studies 

are needed for quantitative measurements of validity of the days supplied value when defining the 

duration of the dispensation of the dose-varying therapies such as warfarin. For example, such 

studies may be based on the review of outpatient records where the updated daily dose of warfarin 

is recorded by physicians. Next, a greater exploration of the predictors of refill gaps and their 

variation in patients treated with warfarin is warranted. For example, the use of cytochrome P-450 

inhibitors (e.g., SSRIs, clopidogrel), loop diuretics, and aspirin may change the INR readings 

thereby leading to modification of warfarin dosage.  
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In our first study, we found that patients classified as users of pharmacist-prepared weekly 

pillboxes had markedly shorter refill gaps and their variation compared to non-users. Thus, for 

patients on DOACs, the weighted average of refill gaps was one day in the users of weekly 

pillboxes versus four to five days in non-users. For warfarin, the weighted averages were two and 

13 days, respectively. Implementation of pharmacy-prepared weekly pillboxes is an intervention 

to improve patient adherence to the treatment210. Previous studies found that poor adherence to 

oral anticoagulants in patients with AF may be associated with a higher risk of thromboembolism 

and bleeding234,315. In the second study, we found that the incidence rates of major bleeding were 

among the lowest of those reported in previous observational studies of individuals with NVAF. 

Better adherence to the therapy in our population may partially explain these findings. Future 

research should evaluate the effectiveness and cost-effectiveness of this intervention in improving 

patients’ adherence and ultimately improving patients’ outcomes. Moreover, more research is 

needed to validate the definition for the user of pharmacy-prepared weekly pillboxes when using 

administrative data. In studies using RAMQ data, for any medication, exposure definition based 

on dispensation data may be more reliable for the users of pharmacy-prepared weekly pillboxes. 

To add value and sophistication to the research based on RAMQ data, it would be desirable to 

increase the scope of the available information. For example, a linkage with individual medical 

records and laboratory files would allow the collection of additional data on warfarin dosage 

modifications, referrals to INR tests, and their results. Presently, in Quebec, pharmacists get more 

access to clinical data such as INR measurement for warfarin, or renal function for direct oral 

anticoagulants. This allows for better monitoring of the dosage of warfarin or a DOAC according 
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to the characteristics of the person. Furthermore, these practices may improve the accuracy of the 

information in pharmacy claims, including the duration of supply, thereby minimizing 

misclassification of exposure. This "period effect" should be accounted for in the design of analysis 

phases of future studies. 

Currently, point-of-care INR testing is available for patients taking warfarin316. This testing can be 

done at home (self-testing), at the nearest physician’s office, or anticoagulation clinic. Based, on 

the test results, the warfarin dose may be adjusted by the patient, his/her clinician, or a pharmacist. 

Presently, these patient-physician or patient-pharmacist interactions are not captured in the RAMQ 

administrative database. However, this information would allow improving the definition of 

exposure to warfarin by incorporating intervening INR measurements to bridge the gaps between 

warfarin dispensations48,317. 

While oral anticoagulants were the focus of this research, the results of this thesis have significant 

practical implications for other areas of pharmacoepidemiologic research. For example, the refill 

gaps and their variation can be explored for other medications with high between-individual dose 

variability and within-individual dose adjustments, therapies with time-varying patterns, or 

symptomatic treatments. Examples of such drugs are inhaled corticosteroids, beta-agonists, insulin, 

NSAIDs, benzodiazepines, or psychotropics. Future studies may explore other factors that 

influence drug adherence or utilization patterns, such as sex, age, or type of prescriber. Moreover, 

refill gaps may differ for each administrative claims data depending on existing insurance plan 

policies, standards of practice at pharmacies, characteristics of the study population, etc. Measuring 
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the refill gaps, and understanding their determinants and dispensation patterns can help in making 

decisions on the definition of exposure, including the choice of an appropriate grace period.  

It will be worth exploring refill gaps in various populations of patients taking other long-term 

treatments (e.g. beta-blockers, statins, antidiabetic drugs) in future studies on the validity of 

pharmacy claims data or studies evaluating new methods for defining the periods of drug exposure. 

Future studies may further investigate the determinants of refill gaps by including predictors in the 

multilevel model. The predictors may be included at both the micro-level and macro-level. For 

example, to account for the within-patient variation of refill gaps, the possible predictors are diet, 

use of drug supplements, concomitant treatment with cytochrome P-450 inhibitors 

. To account for between-patient variation, the predictors may include sex, age, or the presence of 

comorbidities,  area of residence (urban versus rural), types of prescribers, or types of prescription 

drug insurance plans318.  

Moreover, patient characteristics, laboratory results, or blood pressure measurements can be added 

to a multilevel model to create a predictive model providing the estimation of the average daily 

dose. These predictive models may be used to estimate the duration of dispensation. Furthermore, 

these models may be used in day-to-day clinical practice to determine the most robust possible 

starting dose of a drug that should be safe and effective in a patient with a given set of 

characteristics. 

 The results of my thesis showed that the dynamic of censoring is different in the DOACs and the 

warfarin treatment groups. Failure to recognize this and correctly specify the model for 

estimation of censoring weights may result in false study conclusions. In our study, we did not 
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account for the dose of DOACs (standard or reduced). Nonetheless, compared to patients treated 

with standard doses of DOACs, those treated with reduced doses are more likely to be older, have 

renal disease and lower eGFR65,319, and hence, have a higher baseline risk of thromboembolism 

and bleeding. Patients with reduced doses may also have a higher probability of discontinuation 

of a DOAC than those with standard dosing, for example, due to progressive chronic renal 

disease or a new condition that increases the risk of bleeding. These may have an impact on the 

probability of censoring. Thus, additional research is encouraged to investigate and compare the 

predictors of censoring in patients treated with standard doses of DOACs and those treated with 

reduced doses. 

In the third study, we discussed censoring that may introduce a selection bias that may be 

differential between treatment groups. In particular, we discussed a scenario when the prognoses 

of thromboembolism or/and bleeding differ in patients who switch from a DOAC to warfarin and 

those who switch from warfarin to a DOAC. However, there are other situations when treatment 

discontinuation may result in selection bias. For example, patients with a low risk of 

thromboembolism as those with transient AF require a few months of anticoagulation. Another 

group is patients developing a new health condition that increases their risk of bleeding when no 

form of anticoagulation is allowed. In general, contextualizing and understanding the specifics of 

clinical management is essential in the study, including the development of the censoring weight 

model.  

 It is reasonable to assume that the differential censoring mechanism is not unique to DOACs and 

warfarin. To ensure the validity of study conclusions, a greater exploration of censoring 
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mechanisms across other therapeutic areas is warranted. Furthermore, the prior step of all studies 

with an active comparator should be a thoughtful investigation of the mechanisms of censoring in 

each treatment group separately. Areas of particular interest may be newer versus older anticancer 

medications, angiotensin-converting enzyme (ACE) inhibitors versus diuretics in the treatment of 

hypertension, and others. Furthermore, the availability of additional data from laboratory files or 

individual clinical records, including free-text physician notes, would improve the identification of 

the predictors of censoring. To increase the validity of the study design the implementation of more 

robust approaches for measuring prognostic characteristics is warranted. For example, to identify 

severe chronic kidney disease, validated algorithms may be used that were shown to have 

sensitivity from 82.5% to 89.0%, specificity from 97.1% to 98.9%, PPV from 94.5% to 97.7%, and 

NPV from 91.4% to 94.2%. These algorithms use information extracted by linkage of three 

administrative databases, physician claims, hospital discharge data, and pharmacy claims320. 

Finally, the development and implementation of more flexible machine learning approaches may 

further improve the specification of the statistical model for the estimation of censoring weights. 

These may enhance the identification of unknown predictors of censoring or their proxies, as well 

as the determination of the best fitting functional forms for the data. The results of the third study 

have direct implications for research utilizing administrative claims data and for randomized 

clinical trials undertaking the per protocol analysis.  
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Annexes 

Annex 1. Methods and the list of references used for the creation of forest plots displaying 

hazard ratios of stroke and systemic embolism, major bleeding, and GI bleeding reported in 

observational studies comparing DOACs and warfarin. 

 

In the scope of these theses, I extracted some findings from the systematic review and meta-

analyses of observational studies comparing the effectiveness and safety of COACs versus 

warfarin conducted by Escobar et al.101, Bai et al.102, Hirschl et al.103, Deitelzweig et al.105, and 

Lowenstern104. The objective of this analysis was to investigate the consistency in the direction 

and magnitude of the reported effect estimates across the individual observational studies 

comparing dabigatran, rivaroxaban, or apixaban with warfarin. The secondary objective was to 

combine the estimates to produce summary statistics of the effect of exposure to each DOAC vs 

warfarin on the risk of selected effectiveness and safety outcomes. The test for heterogeneity was 

done with the Cochran Q test (X2 test) with a significance level of 0.10. This test examines the 

null hypothesis that the effect estimates are the same across the participating studies106. 

Additionally, I2 test measured the percentage of the total variation in the effect estimates that was 

not due to chance107. The summary statistics were estimated using two methods: the fixed-effect 

method (Mantel-Haenszel), and the random effect method (DerSimonian-Laird) 321. The fixed-

effect method is based on the assumption that the true effect is the same in all participating 

studies, whereas, the random effect method has an assumption that the participating studies are a 

random sample from the hypothetical population of studies, and the magnitude of the true 

estimate may vary across the studies321. 
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Annex 2. List of Drug Identification Numbers (DIN) used to define exposure to 

anticoagulants in all studies of this thesis. 

DIN Ingredient Brand name 

Strength, 

mg 

Warfarin 

10308 Warfarin sodium Warfilone 5 

1918311 Warfarin sodium Coumadin 1 

1918338 Warfarin sodium Coumadin 2 

1918346 Warfarin sodium Coumadin 2.5 

1918354 Warfarin sodium Coumadin 5 

1918362 Warfarin sodium Coumadin 10 

2007959 Warfarin sodium Coumadin 4 

2229741 Warfarin sodium Coumadin 5 

2240205 Warfarin sodium Coumadin 3 

2240206 Warfarin sodium Coumadin 6 

2242680 Warfarin sodium Taro-warfarin 1 

2242681 Warfarin sodium Taro-warfarin 2 

2242682 Warfarin sodium Taro-warfarin 2.5 

2242683 Warfarin sodium Taro-warfarin 3 

2242684 Warfarin sodium Taro-warfarin 4 

2242685 Warfarin sodium Taro-warfarin 5 

2242686 Warfarin sodium Taro-warfarin 6 

2242687 Warfarin sodium Taro-warfarin 10 

2242697 Warfarin sodium Taro-warfarin 7.5 

2242924 Warfarin sodium Apo-warfarin 1 

2242925 Warfarin sodium Apo-warfarin 2 

2242926 Warfarin sodium Apo-warfarin 2.5 

2242927 Warfarin sodium Apo-warfarin 4 

2242928 Warfarin sodium Apo-warfarin 5 

2242929 Warfarin sodium Apo-warfarin 10 

2244462 Warfarin sodium Mylan-warfarin 1 

2244463 Warfarin sodium Mylan-warfarin 2 

2244464 Warfarin sodium Mylan-warfarin 2.5 

2244465 Warfarin sodium Mylan-warfarin 4 

2244466 Warfarin sodium Mylan-warfarin 5 

2244467 Warfarin sodium Mylan-warfarin 10 

2245618 Warfarin sodium Apo-warfarin 3 

2265273 Warfarin sodium Novo-warfarin 1 

2265281 Warfarin sodium Novo-warfarin 2 

2265303 Warfarin sodium Novo-warfarin 2.5 

2265311 Warfarin sodium Novo-warfarin 3 

2265338 Warfarin sodium Novo-warfarin 4 



  

240 

 

2265346 Warfarin sodium Novo-warfarin 5 

2265354 Warfarin sodium Novo-warfarin 6 

2265362 Warfarin sodium Novo-warfarin 7.5 

2265370 Warfarin sodium Novo-warfarin 10 

2287498 Warfarin sodium Mylan-warfarin 3 

2287501 Warfarin sodium Mylan-warfarin 6 

2287528 Warfarin sodium Mylan-warfarin 7.5 

2335611 Warfarin sodium Nu-warfarin 1 

2335638 Warfarin sodium Nu-warfarin 2 

2335646 Warfarin sodium Nu-warfarin 2.5 

2335654 Warfarin sodium Nu-warfarin 3 

2335662 Warfarin sodium Nu-warfarin 4 

2335670 Warfarin sodium Nu-warfarin 5 

2335689 Warfarin sodium Nu-warfarin 10 

2344025 Warfarin sodium Warfarin 1 

2344033 Warfarin sodium Warfarin 2 

2344041 Warfarin sodium Warfarin 2.5 

2344068 Warfarin sodium Warfarin 3 

2344076 Warfarin sodium Warfarin 4 

2344084 Warfarin sodium Warfarin 5 

2344092 Warfarin sodium Warfarin 6 

2344106 Warfarin sodium Warfarin 7.5 

2344114 Warfarin sodium Warfarin 10 

9296 Warfarin Coumadin 2 

9318 Warfarin Coumadin 2.5 

9342 Warfarin Coumadin 10 

585629 Warfarin Coumadin 5 

585637 Warfarin Coumadin 10 

585645 Warfarin Coumadin 2.5 

585653 Warfarin Coumadin 2 

861634 Warfarin Coumadin 1 

2152460 Warfarin sodium Endo warfarin 1 

2152479 Warfarin sodium Endo warfarin 2 

2152487 Warfarin sodium Endo warfarin 2.5 

2152495 Warfarin sodium Endo warfarin 4 

2152509 Warfarin sodium Endo warfarin 5 

2152517 Warfarin sodium Endo warfarin 10 

2242881 Warfarin sodium Coumadin 1 

2242882 Warfarin sodium Coumadin 2 

2242883 Warfarin sodium Coumadin 2.5 

2242884 Warfarin sodium Coumadin 3 

2242885 Warfarin sodium Coumadin 4 

2242886 Warfarin sodium Coumadin 5 
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2242887 Warfarin sodium Coumadin 6 

2242888 Warfarin sodium Coumadin 7.5 

2242889 Warfarin sodium Coumadin 10 

2245817 Warfarin sodium Lin warfarin 3 

2245818 Warfarin sodium Lin warfarin 6 

2311070 Warfarin sodium Coumadin 1 

2311089 Warfarin sodium Coumadin 2 

2311097 Warfarin sodium Coumadin 2.5 

2311100 Warfarin sodium Coumadin 3 

2311119 Warfarin sodium Coumadin 4 

2311127 Warfarin sodium Coumadin 5 

2311135 Warfarin sodium Coumadin 10 

Apixaban 

2377233 Apixaban Eliquis 2.5 

2397714 Apixaban Eliquis 5 

Dabigatran 

2312433 Dabigatran etexilate Pradaxa 75 

2312441 Dabigatran etexilate Pradaxa 110 

2358808 Dabigatran etexilate Pradaxa 150 

Rivaroxaban 

2316986 Rivaroxaban Xarelto 10 

2378604 Rivaroxaban Xarelto 15 

2378612 Rivaroxaban Xarelto 20 

2441535 Rivaroxaban Xarelto 15 

 

  



  

242 

 

Annex 3. List of the International Classification of Diseases (ICD) codes used in all studies 

of the thesis. 

Condition ICD-9 ICD-10 

Venous 

thromboembolism 

(includes deep vein 

thrombosis and 

pulmonary embolism) 

415.1, 451.1, 451.2, 

451.81, 451.83, 451.8, 

451.9, 453.2, 453.8, 

453.9 

 

I80.2, I80.3, I80.1, I80.8, I80.9, I82.8, I82.9, 

O22.3, O22.9, O87.1, I26.9, I26.0 

Valvular disease 391.x, 394.x, 395.x, 

396.x, 397.x, 398.x 

(rheumatic),  

424.0, 424.1, 424.2, 

424.3 (valve disease),  

746.x (congenital 

diseases) 

I01.x, I05.x, I06.x, I07.x, I08.x, I09.x 

(rheumatic) 

I43.x, I35.x, I36.x, I37.x, I38, I39.x (valve 

disease) 

Q23.x (congenital diseases) 

Ischemic Stroke 434.x (ischemic) I63.x(ischemic), I64.x (unspecified) 

Systemic 

embolization 

444.x I74.x 

Intracranial bleeding 430, 431, 432.x I60.x, I61.x, I62.x 

Gastrointestinal 

bleeding 

456.0, 531.0, 531.2, 

531.4, 531.6, 532.0, 

532.2, 532.4, 532.6, 

533.0, 533.2, 533.4, 

533.6, 534.0, 534.2, 

534.4, 534.6, 569.3, 

578.x 

I85.0, I98.3, K25.0, K25.2, K25.4, K25.6, 

K26.0, K26.2, K26.4, K26.6, K27.0, K27.2, 

K27.4, K27.6, K28.0, K28.2, K28.4, K28.6, 

K29.0,  

K55.2, K62.5, K63.8, K92.0, K92.1, K92.2 

Ocular bleeding 
362.8, 363.6, 376.3, 

379.2, 377.4 

H31.3, H35.6, H43.1, H45.0 

Other bleeding 

causing 

hospitalization 

459.0, 596.7, 599.7, 

627.1, 719.1,729.9, 

784.7, 784.8, 786.3 

D68.3, K66.1, M25.0, N02.x, N93.8, N93.9,  

N95.0, R04.x, R31.x, R58 

Myocardial infarction  410.x I21.x 

Congestive heart 

failure 

428.x I50.x 

Hypertension 
401.x, 402.x, 403.x, 

404.x 

I10.x, I11, I12, I13 

Diabetes 250.x E10.x, E11.x, E13.x, E14.x  

Stroke  
433.x, 434.x, 430, 

431, 432.x, 436, 438.x 

I60.x, I61.x, I62.x, I63.x, I64.x, I65.x, I66.x, 

I67.x, I69.x 

Peripheral vascular 

disease 

440.x, 441.x, 443.x, 

444.x, 445.x, 437.x, 

557.x,  

I70.x, I71.x, I73 I74.x K55.1 



  

243 

 

Transient ischemic 

attack 

435.x G45.x 

Chronic renal failure 
403.x, 585.x E10.2x, E11.2x, E13.2x, E14.2x, I12, I13, 

N08.x, N18.x, N19 

Acute kidney injury NA N17.x 

Liver disease 

570, 571.x, 070.2, 

070.3, 070.4x, 070.5x, 

070.6. 070.7x, 070.9, 

572.2, 572.3, 572.4, 

572.8 

B16.x, B17.x, B18.x, B19.x, K70.x, K71.x, 

K72.x, K73.x, K74.x, K76.0, K76.2, K76.6, 

K76.7 

Active cancer 
140.x - 172.x, 174.x - 

209.x 

C00.x - C43.x,  C45.x - C97.x 

Chronic Obstructive 

pulmonary disease 

490, 491.x, 492.x 

496.x 

J40, J41.x, J42, J43.x, J44.x 

Bleeding  

430, 431, 432.0, 

432.1, 432.9, 456.0, 

531.0, 531.2, 531.4, 

531.6,  

532.0, 532.2, 532.4, 

532.6, 533.0, 533.2, 

533.4, 533.6, 534.0, 

534.2, 534.4, 534.6, 

569.3, 578.0, 578.1, 

578.9, 287.8, 287.9, 

596.7, 784.8,  

786.3, 599.7, 627.1, 

459.0, 719.1,  

I60, I61, I62.0, I62.1, I62.9, K92.0, K92.1, 

I85.0, I98.20, I98.3, K22.1, K25.0, K25.2, 

K25.4, K25.6, K26.0, K26.2, K26.4, K26.6, 

K27.0, K27.2, K27.4, K27.6, K28.0, K28.2, 

K28.4, K28.6, K29.0, K63.8, K31.8 K55.2, 

K62.5, K92.2 N02.0, N02.1, N02.2, N02.3, 

N02.4, N02.5, N02.6, N02.7, N02.8, N02.9, 

K66.1, N93.8, N93.9, N95.0, R04.1, R04.2, 

R04.8, R04.9, R31.0, R31.1, R31.8, R58, 

D68.3, H35.6, H43.1, H45.0, M25.0 

Dementia 

290.x, 331.0, 331.1, 

331.2, 797 

F00.0, F00.1, F00.2, F00.9, F01.0, F01.1, 

F01.2, F01.3, F01.8, F01.9, F02.0, F02.1, 

F02.2, F02.3, F02.4, F02.8, F03, F05.1, 

F06.5, F06.6, F06.8, F06.9, F09, G30.0, 

G30.1, G30.8, G30.9, G31.0 G31.1, R54 

Diseases related to 

alcohol abuse 

305.0, 303.0, 303.1, 

303.2, 303.3, 303.9, 

291.4, 291.0, 291.1, 

291.2, 291.3, 291.5, 

291.8, 291.9, 571.2, 

571.1, 571.3, 331.7 

F10.0, F10.1, F10.2, F10.3, F10.4, F10.5, 

F10.6, F10.7, F10.8, Z71.4, F19.2, K70.0, 

K70.1, K70.2, K70.3, K70.4, K70.9, R78.0, 

G31.2, G62.1, G72.1, I42.6, K29.2, K85.2, 

K86.0, T51.0, T51.9, Y91.1, Y91.2, Y91.3, 

Y91.9, Z50.2, Z71.4, Z72.1, Z86.40 

Coronary 

Atherosclerosis 

411 412 413 414 I25 
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Annex 4. List of Anatomical Therapeutic Chemical (ATC) classification codes used in 

studies of this thesis. 

 

 

  

Drug Anatomical Therapeutic Chemical 

(ATC) classification codes 

Aspirin B01AC06, N02BA01 

Other antiplatelet agents  

B01AC (excluding: B01AC06, 

B01AC09, B01AC11, B01AC13, 

B01AC16, B01AC17, B01AC19, 

B01AC21, B01AC25, B01AC27) 

NSAIDS M01A 

H2 receptor blockers A02BA 

Proton pump inhibitors  A02BC, M01AE52, A02BD07 

Anti-hypertensive drugs  

C02AB, C02AC01, C02CA, C02D, 

C02L, C03A,  

C03D, C07, C08C, C08D, C08G, C09,  

Antidiabetic drugs  A10B, A10X 

Insulin A10A 

Statins C10AA, C10BA, C10BX 

Selective serotonin reuptake inhibitors N06AB 

Benzodiazepines  N03AE, N05BA, N05CD 

Antipsychotics (typical and atypical) N05A 

Cholinesterase inhibitors (anti-dementia 

drugs)  

N06DA, N06DX 

Systemic corticosteroids H02AB, H02B, A07EA 

Drug Product Database (DPD) online query managed by Health Canada was used to 

convert ATC codes to DIN codes. DPD contains information on all drugs approved in 

Canada (https://health-products.canada.ca/dpd-bdpp/). 
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Annex 5. Number of individuals who switched from their assigned anticoagulant during the follow-

up by their first switch (N=13,472) for the first study. Québec, 2010-2015. 

 w            
 w                                           w         

                                         

  
 umber at 

baseline 
        

Apixaban 5,4 2  22 (0.4) 149 (2. ) 1   ( . ) 

Dabigatran 8,94  6 4 ( .1)  121  (1 .6)   6 (8.2) 

Rivaroxaban 10,0 1 495 (4.9) 128 (1. )  40  (4.0) 

 arfarin   ,066 1591 (4. ) 4 25 (12. )  191 (8.6)  
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Annex 6. Distribution of propensity scores in treatment groups. 

Annex figure A. Distribution of propensity scores in individuals treated with apixaban and those 

treated with dabigatran before matching (First study). Québec, 2010-2015. 

 

    Percentiles  

 Mean SD Min 5th 25th Median 75th 95th Max 

Apixaban 0.58 0.11 0.14 0.37 0.51 0.59 0.66 0.73 0.83 

Dabigatran 0.62 0.09 0.20 0.45 0.57 0.64 0.69 0.75 0.83 
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Annex figure B. Distribution of propensity scores in individuals treated with apixaban and 

those treated with rivaroxaban before matching (First study). Québec, 2010-2015. 

 

    Percentiles  

 Mean SD Min 5th 25th Median 75th 95th Max 

Apixaban 0.63 0.06 0.40 0.52 0.58 0.63 0.68 0.73 0.88 

Rivaroxaban 0.65 0.07 0.39 0.54 0.60 0.65 0.69 0.76 0.92 
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Annex figure C. Distribution of propensity scores in individuals treated with apixaban and 

those treated with warfarin before matching (First study). Québec, 2010-2015. 

 

    Percentiles  

 Mean SD Min 5th 25th Median 75th 95th Max 

Apixaban 0.79 0.08 0.57 0.66 0.74 0.80 0.85 0.92 0.98 

Warfarin 0.83 0.07 0.58 0.70 0.79 0.84 0.89 0.95 0.99 
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Annex 7. Q-Q (quantiles-quantiles) plots of the distributions of level 1 and level 2 raw 

residuals (First study) for every study cohort. Québec, 2010-2015. 

Apixaban  

Level 1 residuals Level 2 residuals 

  

  

Dabigatran  

Level 1 residuals Level 2 residuals 

  

  



  

250 

 

Rivaroxaban  

Level 1 residuals Level 2 residuals 

  

  

Warfarin  

Level 1 residuals Level 2 residuals 
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Annex 8. Distribution of level-2 residuals versus the dispensation number in the cohort of 

warfarin users. Québec, 2010-2015. 
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Annex 9. The flow of study participants for the second study, Québec, 2010-2016. 

 

 Dabigatran Rivaroxaban Warfarin Total 

Total number of new users of oral 

anticoagulants between 01/01/2010 and 

 1 12 2016, aged ≥18 years, and covered by 

the RAMQ public drug insurance plan at 

least one year before treatment initiation 

12,603 58,903 88,250 159,756 

Diagnosis of AF or atrial flutter in the year 

before the date of cohort entry 
9,716 18,209 46,173 74,098 

Excluded patients with a diagnosis 

of valvular disease in the 12 months 

before cohort entry 

749 1,509 10,037 12,295 

Excluded patients with valvular 

surgery in the 12 months before 

cohort entry 

4 11 315 330 

Excluded patients with VTE in the 

three months before the date of 

cohort entry 

152 980 4230 5,362 

Excluded patients who underwent 

hemodialysis three months before 

cohort entry 

6 10 818 834 

Number of new users of oral anticoagulants 

in the analysis 
8,805 15,699 30,773 55,277 
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Excluded those with the imputed 

date of death which is ≤ the date of 

cohort entry  

5 16 30 51 

Number of new users of oral anticoagulants 

in the analysis 
8,800 15,683 30,743 55,226 

Abbreviations: RAMQ, Régie de l’assurance-maladie du Québec; AF, atrial fibrillation; VTE, venous thromboembolism 
†Each treatment switch between oral anticoagulants defines a new treatment episode 
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Annex 10. Statistics on the fit of the Cox regression model comparing the association between treatment with dabigatran (Annex 

table 10.1) or rivaroxaban (Annex table 10.2) versus warfarin and the risk of major bleeding (Second study). 

Annex table A. Statistics on the fit of the Cox regression model comparing the association between treatment with dabigatran 

versus warfarin and the risk of major bleeding. 

 

Definition of 

exposure 

Statistical model  

 

Model fit statistics Testing global null 

hypothesis: Beta=0, 

Likelihood Ratio 

Chi-Square  

(p-value) 

Type-3 test 

Wald Chi-Square  

(p-value) 

Days supplied     

Grace period 15-day     

 No predictors -2 LOG L = 19932.42   

 Major bleeding= 

treatment 

-2 LOG L = 19840.114 

AIC = 19842.114 

SBC = 19847.051 

92.3095  

(<.0001) 

 

Treatment-78.8366 

(<.0001) 

 Major bleeding= 

treatment+ year of 

cohort entry 

-2 LOG L =19827.469 

AIC = 19841.469 

SBC = 19876.030 

104.9547 (<.0001) Treatment-78.5762 

(<.0001) Year-13.6097 

(0.0343) 

 Major bleeding= 

treatment + year of 

cohort entry  

+ deciles of PS  

-2 LOG L = 19684.402 

AIC = 19716.402 

SBC = 19795.399 

248.0208 (<.0001) Treatment -25.9227 

(<.0001) 

Year-8.9362 (0.1772) 

Dec of PS-130.9498 

(<.0001) 

Grace period 30-day     

 No predictors -2 LOG L = 25991.38   

 Major bleeding= 

treatment 

-2 LOG L = 25871.691 

AIC = 25873.691 

SBC = 25878.880 

119.6931 (<.0001) Treatment -100.5768 

(<.0001) 



  

255 

 

 Major bleeding= 

treatment+ year of 

cohort entry 

-2 LOG L = 25855.886 

AIC = 25869.886 

SBC = 25906.216 

135.4971 (<.0001) Treatment-101.9642 

(<.0001) 

Year-17.1813 (0.0086) 

 Major bleeding= 

treatment + year of 

cohort entry + deciles 

of PS 

-2 LOG L = 25689.524 

AIC = 25721.524 

SBC = 25804.563 

301.8593 (<.0001) Treatment-40.4658 

(<.0001) 

Year-10.4799 (0.1058) 

Dec of PS-150.3218 

(<.0001) 

 

Grace period 60-day     

 No predictors -2 LOG L = 30882.09   

 Major bleeding= 

treatment 

-2 LOG L = 30751.173 

AIC = 30753.173 

SBC = 30758.526 

130.9169 (<.0001) Treatment- 109.2456 

(<.0001) 

 Major bleeding= 

treatment+ year of 

cohort entry 

-2 LOG L = 30732.993 

AIC = 30746.993 

SBC = 30784.465 

149.0971 (<.0001) Treatment-104.2770 

(<.0001) 

Year-19.8788 (0.0029) 

 Major 

bleeding=treatment +  

year of cohort entry  

+ deciles of PS 

-2 LOG L = 30562.600 

AIC = 30594.600 

SBC = 30680.249 

319.4906 (<.0001) Treatment- 45.5785 

(<.0001) 

Year-13.1653 (0.0405) 

Dec of PS-154.5807 

(<.0001) 

     

Data-driven     

Grace period 15-day     

 No predictors -2 LOG L = 19376.96   

 Major bleeding= 

treatment 

-2 LOG L = 19297.715 

AIC = 19299.715 

SBC = 19304.623 

79.2453  

(<.0001) 

Treatment - 68.3395 

(<.0001) 
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 Major bleeding= 

treatment+ year of 

cohort entry 

 

-2 LOG L = 19283.144 

AIC = 19297.144 

SBC = 19331.506 

93.8156  

(<.0001) 

Treatment - 65.7921 

(<.0001) 

Year - 15.3677 

(0.0176) 

 Major bleeding= 

treatment + year of 

cohort entry + deciles 

of PS 

-2 LOG L = 19129.068 

AIC = 19161.068 

SBC = 19239.608 

247.8923 (<.0001) Treatment - 19.0172 

(<.0001) 

Year -9.9363 (0.1274) 

Dec of PS - 135.9258 

(<.0001) 

Grace period 30-day     

 No predictors -2 LOG L = 27130.04   

 Major bleeding= 

treatment 

-2 LOG L = 27009.811 

AIC = 27011.811 

SBC = 27017.041 

120.2263 (<.0001) Treatment -100.1565 

(<.0001) 

 Major bleeding= 

treatment+ year of 

cohort entry 

-2 LOG L = 26995.122 

AIC = 27009.122 

SBC = 27045.731 

134.9151 (<.0001) Treatment -99.9886 

(<.0001) 

Year -15.9280 

(0.0141) 

 Major bleeding= 

treatment + year of 

cohort entry  

+ deciles of PS 

-2 LOG L = 26828.101 

AIC = 26860.101 

SBC = 26943.778 

301.9367 (<.0001) Treatment - 41.9920 

(<.0001) 

Year - 9.3946 (0.1526) 

Dec of PS - 153.7316 

(<.0001) 

Grace period 60-day     

 No predictors -2 LOG L = 31954.09   

 Major bleeding= 

treatment 

-2 LOG L = 31827.114 

AIC = 31829.114 

SBC = 31834.500 

 

126.9762 (<.0001) Treatment - 106.0942 

(<.0001) 
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 Major bleeding= 

treatment+ year of 

cohort entry 

-2 LOG L = 31808.871 

AIC = 31822.871 

SBC = 31860.576 

 

145.2189 (<.0001) Treatment - 101.0998 

(<.0001) 

Year -19.7498 

(0.0031) 

 Major bleeding= 

treatment + year of 

cohort entry 

 + deciles of PS 

-2 LOG L = 31629.778 

AIC = 31661.778 

SBC = 31747.961 

324.3122 (<.0001) Treatment - 43.9228 

(<.0001) 

Year - 13.0990 

(0.0415) 

Dec of PS - 161.1970 

(<.0001) 

Abbreviations: -2 LOG L, log-likelihood ratio; AIC, Akaike Information Criterion; SBC, Schwarz information criterion 
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Annex table B. Statistics on the fit of the Cox regression model comparing the association between treatment with 

rivaroxaban versus warfarin and the risk of major bleeding (Second study). 

 

Definition of 

exposure 

Statistical model  

 

Model fit statistics Testing global null 

hypothesis: Beta=0, 

Likelihood Ratio 

Chi-Square (p-value) 

Type-3 test 

Wald Chi-Square (p 

value) 

Days supplied     

Grace period 15-day     

 No predictors -2 LOG L = 23903.64   

 Major bleeding= 

treatment 

-2 LOG L = 23859.024 

AIC = 23861.024 

SBC = 23866.122 

44.6141  

(<.0001) 

Treatment - 42.3616 

(<.0001) 

 Major bleeding= 

treatment+ year 

-2 LOG L = 23845.607 

AIC = 23859.607 

SBC = 23895.295 

58.0313 

 (<.0001) 

Treatment - 35.7312 

(<.0001) 

Year - 13.2346 

(0.0395) 

 Major bleeding= 

treatment + year of 

cohort entry  

+ deciles of PS 

-2 LOG L = 23678.278 

AIC = 23710.278 

SBC = 23791.852 

225.3595  

(<.0001) 

Treatment - 1.2354 

(0.2664) 

Year - 9.9935 (0.1249) 

Dec of PS - 155.8051 

(<.0001) 

Grace period 30-day     

 No predictors -2 LOG L = 30290.5   

 Major bleeding= 

treatment 

-2 LOG L = 30227.310 

AIC = 30229.310 

SBC = 30234.635 

63.1916  

(<.0001) 

Treatment - 59.1021 

(<.0001) 

 Major bleeding= 

treatment+ year 

-2 LOG L = 30211.840 

AIC = 30225.840 

SBC = 30263.116 

78.6614 (<.0001) Treatment - 54.9798 

(<.0001) 
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Year - 15.5451 

(0.0164) 

 Major bleeding= 

treatment + year of 

cohort entry  

+ deciles of PS 

-2 LOG L = 30044.793 

AIC = 30076.793 

SBC = 30161.996 

245.7080 (<.0001) Treatment - 7.2441 

(0.0071) 

Year - 10.0899 

(0.1209) 

Dec of PS - 158.2763 

(<.0001) 

Grace period 60-day     

 No predictors -2 LOG L = 35366.63   

 Major bleeding= 

treatment 

-2 LOG L = 35296.948 

AIC = 35298.948 

SBC = 35304.421 

69.6849 (<.0001) Treatment - 64.7331 

(<.0001) 

 Major bleeding= 

treatment+ year 

-2 LOG L = 35280.168 

AIC = 35294.168 

SBC = 35332.480 

86.4647 (<.0001) Treatment - 60.3831 

(<.0001) 

Year - 17.0684 

(0.0090) 

 Major bleeding= 

treatment + year of 

cohort entry  

+ deciles of PS 

-2 LOG L = 35106.102 

AIC = 35138.102 

SBC = 35225.671 

260.5313 (<.0001) Treatment - 10.3858 

(0.0013) 

Year - 11.2860 

(0.0799) 

Dec of PS - 165.4101 

(<.0001) 

 

     

Data-driven     

Grace period 15-day     

 No predictors -2 LOG L = 23000.69   

 Major bleeding= 

treatment 

-2 LOG L = 22962.133 

AIC = 22964.133 

38.5551 (<.0001) Treatment - 36.6158 

(<.0001) 
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SBC = 22969.194 

 Major bleeding= 

treatment+ deciles of 

PS 

-2 LOG L = 22945.458 

AIC = 22959.458 

SBC = 22934.881 

55.2305 (<.0001) Treatment - 34.3467 

(<.0001) 

Year - 16.4643 

(0.0115) 

 Major bleeding= 

treatment + year of 

cohort entry  

+ deciles of PS 

-2 LOG L = 22774.841 

AIC = 22806.841 

SBC = 22887.809 

225.8475 (<.0001) Treatment - 1.1523 

(0.2831) 

Year - 11.5657 

(0.0724) 

Dec of PS - 158.2877 

(<.0001) 

Grace period 30-day     

 No predictors -2 LOG L = 31378.9   

 Major bleeding= 

treatment 

-2 LOG L = 31318.340 

AIC = 31320.340 

SBC = 31325.699 

60.5637 (<.0001) Treatment - 56.4715 

(<.0001) 

 Major bleeding= 

treatment+ deciles of 

PS 

-2 LOG L = 31304.191 

AIC = 31318.191 

SBC = 31355.702 

74.7134 (<.0001) Treatment - 52.5400 

(<.0001) 

Year - 14.2601 

(0.0269) 

 Major bleeding= 

treatment + year of 

cohort entry  

+ deciles of PS 

-2 LOG L = 31130.867 

AIC = 31162.867 

SBC = 31248.609 

248.0367 (<.0001) Treatment - 7.1637 

(0.0074) 

Year - 8.6177 (0.1962) 

Dec of PS - 165.0179 

(<.0001) 

Grace period 60-day     

 No predictors -2 LOG L = 36397.55   

 Major bleeding= 

treatment 

-2 LOG L = 36330.881 

AIC = 36332.881 

SBC = 36338.383 

66.6698 (<.0001) Treatment - 61.9377 

(<.0001) 
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 Major bleeding= 

treatment+ deciles of 

PS 

-2 LOG L = 36313.798 

AIC = 36327.798 

SBC = 36366.310 

83.7529 (<.0001) Treatment - 55.9931 

(<.0001) 

Year - 17.2132 

(0.0085) 

 Major bleeding= 

treatment + year of 

cohort entry  

+ deciles of PS 

-2 LOG L = 36128.559 

AIC = 36160.559 

SBC = 36248.586 

268.9916 (<.0001) Treatment - 8.8573 

(0.0029) 

Year - 11.4248 

(0.0761) 

Dec of PS - 175.8959 

(<.0001) 

 

Abbreviations: -2 LOG L, log-likelihood ratio; AIC, Akaike Information Criterion; SBC, Schwarz information criterion 
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Annex 11. Number of events, person-years of follow-up, and hazard ratios of the composite 

of ischemic stroke or systemic thromboembolism associated with the use of dabigatran 

versus warfarin and rivaroxaban versus warfarin using two approaches to define the duration 

of dispensation (Second study). 

 

  

Grace period Exposure Events 
Person-

years 

Incidence rate 

(95% CI)* 

Crude 

HR 

Adjusted HR 

(95% CI) 

15-day Dabigatran 88 14,109 0.62 (0.51-0.77) 0.64 0.93 (0.72-1.22) 

Days supplied 
Rivaroxaban 138 19,856 0.69 (0.59-0.82) 0.69 1.17 (0.90-1.52) 

Warfarin 333 31,997 1.04 (0.93-1.16) Ref Ref 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

 Dabigatran 86 13,519 0.64 (0.51-0.78) 0.66 0.92 (0.71-1.19) 

Data-driven 
Rivaroxaban 136 18,599 0.73 (0.62-0.86) 0.73 1.18 (0.90-1.53) 

Warfarin 325 31,638 1.03 (0.92-1.04) Ref Ref 

       

30-day Dabigatran 109 17,786 0.61 (0.51-0.74) 0.65 0.88 (0.70-1.11) 

Days supplied 
Rivaroxaban 168 23,736 0.71 (0.61-0.82) 0.73 1.07 (0.84-1.35) 

Warfarin 442 45,112 0.98 (0.89-1.07) Ref Ref 

       

 Dabigatran 108 17,686 0.61 (0.50-0.74) 0.67 0.88 (0.70-1.10) 

Data-driven 
Rivaroxaban 165 23,366 0.71 (0.61-0.82) 0.74 1.10 (0.87-1.39) 

Warfarin 466 49.070 0.95 (0.87-1.04) Ref Ref 

       

60-day Dabigatran 120 20,094 0.60 (0.50-0.71) 0.67 0.88 (0.71-1.08) 

Days supplied 
Rivaroxaban 182 26,246 0.69 (0.60-0.80) 0.73 1.09 (0.87-1.35) 

Warfarin 533 57,721 0.92 (0.85-1.01) Ref Ref 

       

 Dabigatran 120 20,118 0.60 (0.50-0.71) 0.67 0.86 (0.69-1.06) 

Data-driven 
Rivaroxaban 182 26,174 0.69 (0.60-0.80) 0.73 1.06 (0.85-1.32) 

Warfarin 557 61,031 0.91 (0.84-0.99) Ref Ref 

       

*per 100 person-years 

Abbreviations: CI, confidence interval; HR, hazard ratio 
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Annex 12. The flow of study participants for the third study, Québec, 2010-2016. 

 All 

DOACs 

Warfarin Total 

Total number of new users of oral 

anticoagulants between 01/01/2010 and 

 1 12 2016, aged ≥18 years, and covered by 

the RAMQ public drug insurance plan at 

least one year before treatment initiation 

95,215 88,250 183,465 

Diagnosis of AF or atrial flutter in the year 

before the date of cohort entry 
46,523 46,173 92,696 

Excluded patients with a diagnosis 

of valvular disease in the 12 months 

before cohort entry 

4,622 10,037 14,659 

Excluded patients with valvular 

surgery in the 12 months before 

cohort entry 

39 315 354 

Excluded patients with VTE in the 

three months before the date of 

cohort entry 

1,679 4230  5,909 

Excluded patients who underwent 

hemodialysis three months before 

cohort entry 

33 818 851 

Number of new users of oral anticoagulants 

in the analysis 
40,150 30,773 70,923 

Excluded those with the imputed 

date of death which is before or 

equal to the date of cohort entry  

49 30 79 

Number of new users of oral anticoagulants 

in the analysis 
40,101 30,743 70,844 

Number of patients in the matched cohort 23,927 23,927 47,854 

Abbreviations: RAMQ, Régie de l’assurance-maladie du Québec; AF, atrial fibrillation; 

VTE, venous thromboembolism 
†Each treatment switch between oral anticoagulants defines a new treatment episode 
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Annex 13. Incidence of some major prognostic factors in the study cohort during the follow-

up in the third study, Québec, 2010-2017 (Third study). 

 All 

(No=47,854) 

Total follow-

up = 76,177 

years 

DOACs 

(No=23,927) 

Total follow-up= 

44,647 years 

Warfarin 

(No=23,927) 

Total follow-up= 

31,530 years 

 No(%) No(%) No(%) 

Chronic renal failure 2,664 (5.6) 1,364 (5.7) 1,300 (5.4) 

Hypertension 939 (2.0) 554 (2.3) 385 (1.6) 

Congestive heart failure 4,523 (9.4) 2,418 (10.1) 2,105 (8.8) 

Cancer 3,261 (6.8) 1,914 (8.0) 1,347 (5.6) 

Dementia 2,817 (5.9) 1,444 (6.0) 1,373 (5.7) 

Diseases related to alcohol 

abuse 

657 (1.4) 343 (1.4) 314 (1.3) 

Diabetes 1,632 (3.4) 929 (3.9) 703 (2.9) 

percutaneous coronary 

intervention/ coronary 

artery bypass surgery 

417 (0.9) 242 (1.0) 175 (0.7) 

Pacemaker implantation/ 

Catheter ablation 

2,351 (4.9) 1,418 (5.9) 933 (3.9) 

Abbreviations: No, number 
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Annex 14. Partial output from SAS PROC LOGISTIC to run a model to estimate 

probabilities of censoring (Third study). 

 

Annex table A. Output from SAS PROC LOGISTIC to run a model to estimate probabilities of 

censoring using exposure unstratified model. 

 

Model Fit Statistics 

Criterion Intercept Only Intercept and Covariates 

AIC 231960.22 218853.85 

SC 231971.98 219230.27 

-2 Log L 231958.22 218789.85 

 

Testing Global Null Hypothesis: BETA=0 

Test Chi-Square DF Pr > ChiSq 

Likelihood Ratio 13168.3671 31 <.0001 

Score 13290.6222 31 <.0001 

Wald 12288.0285 31 <.0001 

 

Characteristic Estimate 

Standard 

Error 

Wald 

Chi-

Square 

Pr > Chi-

Square 

Intercept -0.2752 9.1619 0.0009 0.9760 

DOACs vs warfarin -0.9515 0.0150 4041.59

36 

<.0001 

Month of follow-up -0.0317 0.000596 2819.77

92 

<.0001 

Year of cohort entry -0.00062 0.00456 0.0183 0.8924 

Age -0.0134 0.000799 280.809

2 

<.0001 

Male sex 0.0542 0.0139 15.2683 <.0001 

Hypertension -0.2739 0.0321 72.6021 <.0001 

Congestive heart failure 0.0391 0.0155 6.3879 0.0115 

Coronary atherosclerosis 0.00763 0.0143 0.2846 0.5937 

Diabetes -0.0706 0.0147 23.0250 <.0001 

Peripheral vascular disease 0.0304 0.0184 2.7258 0.0987 

Chronic renal failure 0.0135 0.0214 0.3969 0.5287 

Cancer 0.1826 0.0159 131.945

5 

<.0001 

Acute kidney injury 0.00597 0.0237 0.0634 0.8012 

COPD 0.00879 0.0162 0.2931 0.5882 

Liver disease 0.0373 0.0383 0.9486 0.3301 
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Characteristic Estimate 

Standard 

Error 

Wald 

Chi-

Square 

Pr > Chi-

Square 

Dementia 0.2196 0.0212 107.487

4 

<.0001 

Diseases related to alcohol abuse 0.1092 0.0308 12.5968 0.0004 

PCI/CAB 0.3899 0.0308 160.623

8 

<.0001 

Pacemaker implantation/Catheter 

ablation 

0.0694 0.0203 11.6835 0.0006 

Antiplatelets 0.3634 0.0154 554.990

8 

<.0001 

Antipsychotics 0.0217 0.0280 0.6008 0.4383 

NSAIDS 0.2289 0.0354 41.7044 <.0001 

Statins -0.2288 0.0143 254.422

6 

<.0001 

Benzodiazepines -0.00585 0.0152 0.1480 0.7005 

Systemic corticosteroids 0.2119 0.0276 58.9130 <.0001 

H-2 receptor blockers 0.0388 0.0625 0.3857 0.5346 

Proton pump inhibitors -0.0740 0.0140 27.7911 <.0001 

Opioids 0.4236 0.0224 356.561

9 

<.0001 

SSRI -0.0730 0.0232 9.8814 0.0017 

 

 

Association of Predicted Probabilities and Observed Responses 

Percent Concordant 69.2     Somers' D 0.411 

Percent Discordant 28.0     Gamma 0.423 

Percent Tied 2.8 Tau-a         0.021 

Pairs 23195025256 c 0.706 
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Annex table B. Output from SAS PROC LOGISTIC to run a model to estimate probabilities of 

censoring for patients treated with DOACs using an exposure stratified model (Third study). 

 

Model Fit Statistics 

Criterion Intercept Only Intercept and Covariates 

AIC 88509.724 84001.604 

SC 88520.951 84349.645 

-2 Log L 88507.724 83939.604 

 

Testing Global Null Hypothesis: BETA=0 

Test Chi-Square DF Pr > ChiSq 

Likelihood Ratio 4568.1196 30 <.0001 

Score 4968.3518 30 <.0001 

Wald 4623.0671 30 <.0001 

 

Characteristic Estimate 

Standard 

Error 

Wald 

Chi-

Square 

Pr > Chi-

Square 

Intercept 245.2 16.9853 208.4239 <.0001 

Month of follow-up -0.0384 0.00105 1341.946

9 

<.0001 

Year of cohort entry -0.1235 0.00844 213.9343 <.0001 

Age 0.000023 0.00138 0.0003 0.9870 

Male sex 0.1334 0.0236 31.9483 <.0001 

Hypertension -0.4929 0.0484 103.4947 <.0001 

Congestive heart failure 0.1298 0.0265 23.9434 <.0001 

Coronary atherosclerosis 0.0109 0.0245 0.1970 0.6571 

Diabetes 0.0127 0.0251 0.2556 0.6132 

Peripheral vascular disease 0.0208 0.0318 0.4304 0.5118 

Chronic renal failure 0.2915 0.0350 69.3316 <.0001 

Cancer 0.1899 0.0266 50.8477 <.0001 

Acute kidney injury 0.1551 0.0398 15.1680 <.0001 

COPD -0.0126 0.0280 0.2020 0.6531 

Liver disease 0.1170 0.0641 3.3253 0.0682 

Dementia 0.4209 0.0346 147.6004 <.0001 

Diseases related to alcohol abuse 0.1176 0.0515 5.2059 0.0225 

PCI/CAB 0.3690 0.0540 46.7733 <.0001 

Pacemaker implantation/Catheter 

ablation 

0.1018 0.0332 9.3912 0.0022 

Antiplatelets 0.6238 0.0266 548.6978 <.0001 

Antipsychotics 0.0742 0.0465 2.5404 0.1110 

NSAIDS 0.2820 0.0527 28.5941 <.0001 

Statins -0.4425 0.0241 337.6873 <.0001 
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Characteristic Estimate 

Standard 

Error 

Wald 

Chi-

Square 

Pr > Chi-

Square 

Benzodiazepines -0.00306 0.0258 0.0141 0.9056 

Systemic corticosteroids 0.2025 0.0466 18.9038 <.0001 

H-2 receptor blockers -0.0816 0.1104 0.5462 0.4599 

Proton pump inhibitors -0.1168 0.0238 24.1762 <.0001 

Opioids 0.7704 0.0344 500.9038 <.0001 

SSRI -0.0224 0.0396 0.3201 0.5715 

 

 

 

Association of Predicted Probabilities and Observed Responses 

Percent Concordant 67.2 Somers' D 0.394 

Percent Discordant 27.8 Gamma 0.415 

Percent Tied 5.1 Tau-a         0.012 

Pairs 4685268582 c 0.697 
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Annex table C. Output from SAS PROC LOGISTIC to run a model to estimate probabilities of 

censoring for patients treated with warfarin using an exposure stratified model (Third study). 

 

Model Fit Statistics 

Criterion Intercept Only Intercept and Covariates 

AIC 137228.82 133502.11 

SC 137239.71 133839.48 

-2 Log L 137226.82 133440.11 

 

Testing Global Null Hypothesis: BETA=0 

Test Chi-Square DF Pr > ChiSq 

Likelihood Ratio 3786.7115 30 <.0001 

Score 3679.9176 30 <.0001 

Wald 3542.6536 30 <.0001 

 

 

Characteristic Estimate 

Standard 

Error 

Wald 

Chi-

Square 

Pr > Chi-

Square 

Intercept -99.1031 10.7384 85.1710 <.0001 

Month of follow-up -0.0276 0.000721 1459.342

4 

<.0001 

Year of cohort entry 0.0487 0.00534 83.2709 <.0001 

Age -0.0202 0.000978 428.2248 <.0001 

Male sex 0.00544 0.0172 0.1001 0.7517 

Hypertension -0.1188 0.0430 7.6291 0.0057 

Congestive heart failure -0.00811 0.0191 0.1813 0.6703 

Coronary atherosclerosis 0.0120 0.0177 0.4644 0.4956 

Diabetes -0.1149 0.0182 39.9903 <.0001 

Peripheral vascular disease 0.0260 0.0226 1.3232 0.2500 

Chronic renal failure -0.1480 0.0268 30.3787 <.0001 

Cancer 0.1713 0.0199 74.4314 <.0001 

Acute kidney injury -0.0448 0.0293 2.3357 0.1264 

COPD 0.0184 0.0200 0.8490 0.3568 

Liver disease -0.0214 0.0477 0.2001 0.6546 

Dementia 0.1162 0.0268 18.8659 <.0001 

Diseases related to alcohol abuse 0.1054 0.0384 7.5299 0.0061 

PCI/CAB 0.3873 0.0377 105.7075 <.0001 

Pacemaker implantation/Catheter 

ablation 

0.0597 0.0257 5.3887 0.0203 
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Characteristic Estimate 

Standard 

Error 

Wald 

Chi-

Square 

Pr > Chi-

Square 

Antiplatelets 0.2243 0.0189 141.2769 <.0001 

Antipsychotics -0.0292 0.0350 0.6932 0.4051 

NSAIDS 0.1839 0.0480 14.6740 0.0001 

Statins -0.1127 0.0179 39.5701 <.0001 

Benzodiazepines -0.00957 0.0188 0.2589 0.6109 

Systemic corticosteroids 0.2143 0.0343 39.0494 <.0001 

H-2 receptor blockers 0.0581 0.0758 0.5873 0.4435 

Proton pump inhibitors -0.0458 0.0174 6.9079 0.0086 

Opioids 0.1915 0.0297 41.6030 <.0001 

SSRI -0.0979 0.0287 11.6452 0.0006 

 

 

 

 

Association of Predicted Probabilities and Observed Responses 

Percent Concordant 62.7 Somers' D 0.281 

Percent Discordant 34.6 Gamma 0.288 

Percent Tied 2.7 Tau-a         0.023 

Pairs 6236304361 c 0.640 
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Annex 15. Odds ratio with 95%CI of being censored associated with patient characteristics 

using exposure-stratified logistic regression, by type of censoring, n=47,854, Québec, 2010-

2016 (Third study). 

Annex table A. Odds ratio with 95%CI of being censored associated with patient characteristics 

using exposure-stratified logistic regression, censoring due to switching between treatment 

groups, n=47,854, Québec, 2010-2016 

 

 DOACs Warfarin 

Characteristic OR 95% CI OR 95% CI 

Month of follow-up 0.94 0.94, 0.95 0.99 0.99, 0.99 

Year of cohort entry 0.75 0.71, 0.78 1.21 1.19, 1.23 

Age 1.03 1.02, 1.04 0.98 0.97, 0.98 

Male sex 0.85 0.75, 0.97 0.93 0.88, 0.98 

Comorbidities     

 Hypertension 1.24 0.80, 1.93 1.11 0.96, 1.30 

 Congestive heart failure 1.93 1.68, 2.20 0.91 0.85, 0.96 

 Coronary atherosclerosis 1.09 0.95, 1.26 0.93 0.88, 0.99 

 Diabetes 1.34 1.17, 1.52 0.90 0.85, 0.96 

 Peripheral vascular disease 1.05 0.89, 1.24 0.98 0.90, 1.05 

 Chronic renal failure 2.81 2.40, 3.29 0.57 0.51, 0.62 

 Cancer 1.03 0.88, 1.20 0.99 0.93, 1.06 

 Acute kidney injury 1.38 1.16, 1.65 0.88 0.79, 0.97 

 COPD 1.10 0.95, 1.27 1.07 1.00, 1.14 

 Liver disease 1.09 0.77, 1.52 0.99 0.85, 1.16 

 Dementia 0.90 0.73, 1.09 1.01 0.92, 1.10 

 Diseases related to alcohol abuse 0.88 0.64, 1.20 1.17 1.03, 1.32 

Medical procedures     

 PCI/CAB 1.74 1.32, 2.29 1.06 0.92, 1.21 

 Pacemaker implantation/Catheter 

 ablation 

1.11 0.93, 1.33 1.00 0.91, 1.09 

Medications     

 Antiplatelets 1.51 1.31, 1.74 1.14 1.07, 1.22 

 Antipsychotics 0.90 0.69, 1.18 0.94 0.84, 1.06 

 NSAIDS 0.99 0.68, 1.42 1.40 1.21, 1.62 

 Statins 0.97 0.85, 1.11 1.00 0.94, 1.06 

 Benzodiazepines 1.23 1.07, 1.40 1.07 1.01, 1.14 

 Systemic corticosteroids 1.52 1.22, 1.90 1.14 1.02, 1.28 

 H-2 receptor blockers 1.10 0.66, 1.83 0.95 0.73, 1.22 

 Proton pump inhibitors 1.03 0.90, 1.17 1.03 0.97, 1.09 

 Opioids 0.97 0.76, 1.22 1.11 1.00, 1.22 

 SSRI 0.94 0.76, 1.16 0.98 0.89, 1.07 
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 DOACs Warfarin 

Characteristic OR 95% CI OR 95% CI 
Abbreviations: CAB, coronary artery bypass surgery; CI, confidence interval; 
COPD, chronic obstructive pulmonary disease; NSAIDs, non-steroidal anti-
inflammatory drugs; OR, odds ratio; PCI, percutaneous coronary intervention; 
SSRIs, selective serotonin reuptake inhibitors 

Annex table B. Odds ratio with 95%CI of being censored associated with patient 

characteristics using exposure-stratified logistic regression, censoring due to permanent 

treatment discontinuation n=47,854, Québec, 2010-2016. 

 DOACs Warfarin 

Characteristics OR 95% CI OR 95% CI 

Month of follow-up 0.97 0.96, 0.97 0.96 0.96, 0.97 

Year of cohort entry 0.91 0.89, 0.92 0.97 0.96, 0.98 

Age 1.00 0.99, 1.00 0.98 0.98, 0.98 

Male sex 1.19 1.13, 1.25 1.05 1.00, 1.09 

Comorbidities     

 Hypertension 0.58 0.53, 0.64 0.79 0.72, 0.88 

 Congestive heart failure 1.04 0.98, 1.10 1.04 1.00, 1.09 

 Coronary atherosclerosis 1.00 0.95, 1.05 1.06 1.02, 1.11 

 Diabetes 0.97 0.92, 1.02 0.89 0.85, 0.93 

 Peripheral vascular disease 1.02 0.95, 1.09 1.06 1.00, 1.11 

 Chronic renal failure 1.15 1.06, 1.24 1.05 0.99, 1.12 

 Cancer 1.24 1.17, 1.31 1.30 1.24, 1.36 

 Acute kidney injury 1.12 1.02, 1.22 1.00 0.93, 1.07 

 COPD 0.97 0.92, 1.03 0.99 0.95, 1.04 

 Liver disease 1.14 1.00, 1.30 0.97 0.87, 1.09 

 Dementia 1.65 1.54, 1.77 1.19 1.12, 1.27 

 Diseases related to alcohol abuse 1.16 1.05, 1.29 1.09 0.99, 1.19 

Medical procedures     

 PCI/CAB 1.41 1.26, 1.58 1.74 1.59, 1.90 

 Pacemaker implantation/Catheter 

 ablation 

1.11 1.03, 1.19 1.10 1.03, 1.17 

Medications     

 Antiplatelets 1.92 1.82, 2.03 1.31 1.25, 1.37 

 Antipsychotics 1.10 1.00, 1.21 0.98 0.90, 1.07 

 NSAIDS 1.37 1.23, 1.52 1.09 0.97, 1.23 

 Statins 0.61 0.58, 0.64 0.84 0.80, 0.88 

 Benzodiazepines 0.96 0.91, 1.02 0.95 0.91, 0.99 

 Systemic corticosteroids 1.18 1.07, 1.31 1.29 1.19, 1.40 

 H-2 receptor blockers 0.90 0.71, 1.14 1.12 0.94, 1.34 

 Proton pump inhibitors 0.87 0.83, 0.92 0.92 0.88, 0.96 

 Opioids 2.39 2.22, 2.56 1.27 1.18, 1.36 
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 DOACs Warfarin 

Characteristics OR 95% CI OR 95% CI 

 SSRI 0.99 0.91, 1.07 0.87 0.81, 0.93 

Abbreviations: CAB, coronary artery bypass surgery; CI, confidence interval; 

COPD, chronic obstructive pulmonary disease; NSAIDs, non-steroidal anti-

inflammatory drugs; OR, odds ratio; PCI, percutaneous coronary intervention; 

SSRIs, selective serotonin reuptake inhibitors 
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Annex 16. Sensitivity analysis. Hazard ratios of the composite of stroke, major bleeding, MI, 

and death in individuals treated with warfarin vs DOACs (n=47,854) using different 

definitions of exposure and censoring adjustment. Québec, 2010-2016 (Third study). 

Estimate HR 95% CI SE 

Unweighted 1.35 1.28, 1.42 0.0252 

Weighed with unstratified weights 1.41 1.34, 1.48 0.0261 

Weighted with exposure-stratified weights 1.26 1.20, 1.33 0.0264 

Weighted with exposure-stratified weights 

estimated from two probabilities of 

censoring (switch between treatment groups 

and permanent treatment discontinuation) 

1.26 1.19, 1.35 0.0266 

Abbreviations: DOACs, direct oral anticoagulants; CI, confidence 

interval; HR, hazard ratio; MI, myocardial infarction; SE, standard error.  
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