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Abstract 

Aim: Edoxaban treatment for stroke prevention in atrial fibrillation (AF) has mainly been investigated 

in randomized controlled trials, and data reflecting clinical practice are limited. We ascertained the 

clinical effectiveness and safety of edoxaban 30mg and 60mg once daily among Danish patients with 

AF. 

Methods and results: This was an observational study based on Danish nationwide registries collecting 

information for administrative purposes. From June 2016 through November 2018 we identified 3,405 

patients initiating edoxaban. After exclusions, 2,285 AF patients were followed for the effectiveness 

outcome of thromboembolism (ischemic stroke and/or systemic embolism) and bleeding outcomes 

(composite of major bleeding, gastrointestinal bleeding, and intracranial hemorrhage), as well as 

bleeding requiring hospitalization. Population mean age was 75 years and 43% were female; 643 

patients received the 30mg edoxaban dosage regimen and 1,642 initiated 60mg edoxaban. During 

follow-up, we observed 41 thromboembolic events and 89 bleeding events of which 40 events required 

hospitalization. Among patients with 30mg edoxaban the rate (per 100 person-years) of 

thromboembolism was 2.07 versus 1.62 for 60mg edoxaban. Rates of bleeding were similar for the two 

dosages at approximately 3.85. Bleeding requiring hospitalization occurred at a rate of 1.74 for 30mg 

edoxaban and 1.69 with 60mg edoxaban. 

Conclusion: In this nationwide cohort of Caucasian AF patients treated with edoxaban for stroke 

prevention, the clinical effectiveness and safety was in line with data from the ENGAGE AF-TIMI 48 

trial. Studies investigating comparative effectiveness and safety for edoxaban in comparison with other 

choices of antithrombotic treatment options are needed. 

Keywords: Edoxaban, atrial fibrillation, anticoagulant treatment, stroke  
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Introduction 

Stroke prevention is central to the clinical management of patients with nonvalvular atrial fibrillation 

(AF).1 Four different non-vitamin K antagonist oral anticoagulants (NOACs) have shown non-inferiority 

or superiority in randomized clinical trials for efficacy when compared to warfarin, but with an appealing 

safety profile largely driven by lower risk of intracerebral haemorrhage.2 Since the market entry of 

NOACs, the prescribing physicians now have a range of treatment options where individual patient 

characteristics can be factored into the treatment choice(s), as reflected in recent guidelines.3–5 

Despite similar indications for stroke prevention in AF, the NOACs have drug-drug differences including 

different degree of elimination through renal excretion, volume of distribution, hepatic metabolism, 

cytochrome P-450 enzymatic system, once daily vs twice daily dosing, and indications for dose 

reductions. Given the availability of different NOACs, prescribers should be able to fit the drug to the 

patient characteristics allowing targeted/individualized effective stroke prevention in patients with AF.3 

Edoxaban is a factor Xa-inhibitor similar to apixaban and rivaroxaban, and received indication for stroke 

prevention in AF in Denmark in June 2016 – approximately four years after the other agents in this class 

of drugs. Edoxaban is prescribed once daily in 60mg, while dose reduction to 30mg once daily is needed 

in patients with one or more of the three following characteristics: a creatinine clearance between 15-

50mL/min; bodyweight ≤60kg; concurrent use of certain P-glycoprotein inhibitors. Previous 

observations from Denmark have indicated a niche use, e.g. the majority of patients being experienced 

oral anticoagulant users (either with warfarin or another NOAC).6,7 Additionally, edoxaban users had 

higher prevalence of prior bleeding events, and more often chronic kidney failure compared with users 

of other NOAC agents.  
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Published studies evaluating effectiveness and safety of edoxaban in AF patients have mostly 

investigated Asian populations or very small Caucasian populations.8–11 Currently, there is a paucity of 

evidence on data reflecting clinical practice in Caucasian AF patients. Therefore, we aimed to assess the 

effectiveness and safety of edoxaban in a mainly Caucasian population using data from the well-validated 

Danish nationwide registries. 
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Methods 

This was an observational cohort study based on data from the Danish nationwide administrative 

registries holding quality data available for epidemiological research. This study was approved by the 

Danish Data Protection Agency (ref. Northern Region of Denmark, 509-00006). Ethics approval is not 

required for registry-based studies in Denmark, and Danish data legislation only allows access to data 

by authorized researchers in Danish public health research. 

Data sources and study population 

We used the Danish nationwide registries that continuously collect data for administrative purposes. In 

this study, four registries were cross-linked using a unique identifier to obtain demographic and clinical 

characteristics of incident edoxaban users. Specifically, we used the Danish National Patient Register 

that contains discharge diagnoses for hospital admissions defined in terms of International 

Classification of Diseases revision 10 [ICD-10].12 The Danish National Prescription Registry records 

purchase date, Anatomical Therapeutic Chemical [ATC] classification code, and package details for 

prescription purchases.13 The Danish Civil Registration System holds information on sex, date of birth, 

vital and emigration status.14 The Danish National Laboratory Registry accumulating clinical 

biochemical and immunological measurements since 2013 based on the international NPU coding 

(Nomenclature for Properties and Units).15 The data coverage for this registry was approximately 80% 

for all laboratory measurements claimed in Denmark (data from the Middle Region of Denmark are 

currently not available). 

Patients with AF considered for inclusion were incident edoxaban users from July 1st 2016 through 

November 1st 2018. In details, we identified all individuals claiming an edoxaban (ATC: B01AF03) 

prescription in the designated period, and characterized the patient at the date of first purchase (baseline 
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date). We excluded patients with migration status within the last year to allow for sufficient lookback 

period. Additional exclusion criteria were: i) prior venous thromboembolism (VTE) defined as one 

diagnosis within one year, or two or more VTE diagnoses using full lookback period; ii) no hospital AF 

diagnosis before baseline or up to 30 days after edoxaban initiation; iii) use of edoxaban dosage not 

approved for the AF indication (i.e. other dosages than 30mg/60mg), see supplemental Figure 1 for 

study population flowchart. 

Demographics and clinical characteristics 

Baseline comorbidities were ascertained from hospital diagnoses using the full lookback period 

available; baseline medication use was ascertained from prescription claims within the year before 

edoxaban initiation. Both primary and secondary discharge codes in either in-hospital or ambulatory 

settings were extracted (codes from emergency wards were not considered due to poor positive 

predictive values). Concurrent medication use was defined by at least one claimed prescription within 

the last year prior to baseline. Medication for nearly all chronic diseases are subsidized in Denmark, 

hence virtually any medical treatment involving general practice is covered by data captured in the 

Danish National Prescription Registry. The individual CHA2DS2-VASc score was calculated using 

information on comorbidities using complete hospital records history; concomitant medication during 

the preceding year was obtained at baseline, as done previously.16 Data on kidney function were 

obtained by records in the Danish National Laboratory Registry to derive the individual estimated 

glomerular filtration rate (eGFR) using the Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI).17 We included one record of kidney function between three months before and up to seven 

days after baseline. If more than one measurement was available, we used the measurement closest to 
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the baseline date. Cut-off values for eGFR were defined as 15-29mL/min/1.72m2, 30-

49mL/min/1.72m2, and >49mL/min/1.72m2, or ‘missing’ if data was not available. 

Follow-up and outcomes 

Patients were followed up in the Danish National Patient Registry. The primary effectiveness outcome 

of thromboembolism was comprised by a composite outcome of ischemic stroke and systemic 

embolism. For this outcome, we only considered hospital record codes at the primary position (i.e. the 

reason for hospital contact) to increase the validity of the coding.18,19 The safety outcomes were a 

composite of all bleedings including intracranial bleeding, gastrointestinal bleeding, and major 

bleeding in other anatomic sites (supplemental Table 1). The safety outcomes were based on hospital 

records of the codes in both the primary and secondary position. To allow for a thorough clinical 

perspective of the safety outcome, we also investigated the primary safety outcome in conjunction with 

hospitalization (‘bleeding requiring hospitalization’). All-cause mortality was investigated as an 

independent endpoint, and stratified according to patient’s status on cancer diagnosis within three years 

before initiation of edoxaban treatment, realizing that cancer (whether active or cured) is associated 

with mortality.  

Statistics 

We provided descriptive characteristics at the time of first prescription claim as proportions for discrete 

variables and means and standard deviations (SD) for continuous variables and stratified by exposure to 

30mg edoxaban or 60mg edoxaban. For outcome analyses, we used time-to-event data to examine the 

associated risk of outcomes under edoxaban treatment. These were calculated based on the time from 

first prescription claim until the outcome of interest, or an administrative censoring event death (if not 

the endpoint of interest), emigration, end of study, whichever came first. We calculated crude event 
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rates per 100 person-years according to strength of first edoxaban prescription claim. In addition, the 

development of outcome risk over time was depicted using the cumulative incidence curve for one-year 

follow-up, based on the Aalen-Johansen estimator taking competing risk of death into the consideration 

for the absolute risk calculations. Two subgroup outcome analyses were undertaken to examine patients 

according to: i) status on prior oral anticoagulant use, categorized as ‘OAC experienced’ and ‘OAC 

naïve’; and ii) according to age <75 years or ≥75 years. Additionally, baseline characteristics of the 

23.4% of the identified patients initiating edoxaban (in both dosages) without a hospital record of AF 

(see Supplemental Figure 1) was also provided to allow for thorough evaluation on how edoxaban has 

been prescribed in Denmark (disregarding accuracy of AF coding in the hospital). Point estimates were 

reported with 95% confidence intervals (CIs). Analyses were performed using STATA/MP (v. 15.1).  
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Results 

A total of 3,405 subjects initiating edoxaban from June 2016 through November 2018 were identified. 

After excluding patients who were not considered using edoxaban for stroke prevention in AF, 2,285 

patients (43% females; mean age 75 years) were eligible for the study (Supplemental Figure 1).  

Baseline characteristics 

Demographic and clinical characterization of patients initiating edoxaban 30mg (N = 643) or 60mg (N 

= 1,642) is provided in Table 1. Patients initiating the 30mg dosage of edoxaban were more often 

female (56.6% vs 38.2% for 60mg edoxaban) and were older (mean age 80.5 years vs 73.0 years). The 

mean CHA2DS2-VASc score was higher among those using 30mg edoxaban (4.2 vs 3.2 points) as 

reflected by the comorbidity profile and medication use, including: heart failure (41.4% vs 24.5%); 

vascular disease (24.7% vs 17.1%); ischemic heart disease (35.1% vs 25.0%); and a higher proportion 

of previous bleeding episodes associated with hospital contact (26.4% vs 17.4%). The 30mg edoxaban 

initiators had a lower mean eGFR (53.8 mL/min vs 72.0 mL/min), were more often OAC experienced 

(65.3% vs 56.3%), most frequently shifting from warfarin treatment (41.5%). Among 30mg and 60mg 

edoxaban users, 10.1% and 9.6% used P-gp inhibitors at baseline, and 8.7% and 0.4% had an eGFR<30 

at the time of initiation of edoxaban treatment. Additionally, 17.9% and 9.7%, respectively, may have 

had at least one indication for reduced dose edoxaban (based on baseline use of P-gp inhibitors or 

eGFR<30). The overall median time of follow-up was 0.95 (IQR: 0.55 to 1.52) years. Approximately 

21% of the patients only claimed a single prescription of edoxaban during the follow-up period. 

Almost one-fourth (23.5%) had a hospital diagnosis of cancer with a median time since last hospital 

record of cancer of 3.5 years, and 17.5% had a cancer diagnosis within three years prior to edoxaban 
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initiation. The anatomical site of the cancer varied little by edoxaban dosage, expect for gastrointestinal 

cancer (11.6% with 30mg vs 17%) and lung cancer (9.9% vs 5.2%).  

Main outcome analyses 

For the effectiveness outcome of thromboembolism, we observed a total of 41 events that primarily 

were ischemic strokes. The cumulative incidence curves (Figure 1) show that the risk of 

thromboembolism occurred uniformly during the first year after treatment imitation. The corresponding 

event rates for 30mg edoxaban was 2.07 (per 100 person-years) and 1.62 for 60mg edoxaban users 

(Table 2). A total of 89 bleeding events was identified; only a few gastrointestinal or intracranial 

bleeding episodes were observed, while the remaining bleeding events were in other anatomical 

positions. The event rate of the safety outcome was very similar among those using 30mg edoxaban 

and 60mg with a rate of 3.87 and 3.85, respectively. As expected, event rates for bleeding leading to 

hospitalization were markedly lower than the overall rate of bleeding: for patients using 30mg 

edoxaban the rate was 1.74 vs 1.69 for those using 60mg edoxaban. The rate of all-cause mortality was 

markedly higher among edoxaban 30mg users: 16.48 per 100 person-years vs 6.27 among 60mg users. 

Importantly, the relative high all-cause mortality rate was largely driven by patients with a cancer 

diagnosis within the last three years and advanced age (Table 2 and Table 3). The mortality rate in 

these subgroups were 24.25 for 30mg users and 13.50 among 60mg users. 

Subgroup analyses 

Supplemental Table 2 describes the characteristics of 940 OAC naïve and 1345 OAC experienced 

edoxaban initiators. When analyzing the effectiveness outcome stratified by OAC experience, the rate 

of thromboembolism was 2.02 among OAC naïve vs 1.56 among OAC experienced; the events were 

distributed uniformly throughout the follow-up (Figure 2 and Table 3). Bleeding rates also differed 
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little when stratifying the cohort based on OAC experienced and OAC naïve (4.00 vs 3.76). Rates for 

bleeding leading to hospitalization were lower than the overall rate of bleeding: 1.92 for OAC naïve 

and 1.56 for OAC experienced. All-cause mortality were generally similar in the two strata. 

Supplemental Table 3 presents baseline characteristics for patients stratified by age <75 years or age 75 

years or older. Thromboembolic complications occurred at a similar rate in the two groups: 1.69 and 

1.79, respectively. Bleeding rates were lowest for patients aged <75 years (2.61) and was almost twice 

as high in the elderly subgroup (5.00). Similarly, rates for bleeding requiring hospitalization were 

lowest for patients at age <75 and higher among the elderly: 1.16 and 2.21, respectively. Not 

surprisingly, all-cause mortality was also highest among the elderly (rate of 14.31 vs 3.18 among 

patients aged <75 years).  

Demographic and clinical characteristics for patients with no hospital AF diagnosis (excluded from 

main analyses) were generally alike the study population, apart from these patients more frequently 

being OAC naïve (74.9%), see supplemental Table 4. 
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Discussion 

In this large observational study of a mainly Caucasian population of Danish AF patients initiating 

edoxaban, our principal findings were the following: i) edoxaban 60mg was more often used than 

30mg, and the latter group had a more severe comorbidity profile; ii) thromboembolic events were 

generally rare and the rate ranged 1.6 to 2.1 (per 100 person-years) for 60mg and 30mg edoxaban, 

respectively. The overall bleeding events was observed at a rate of 3.8, while bleeding events requiring 

hospital admission was markedly lower with a rate of approximately 1.7; iii) all-cause mortality rates 

were high and mainly driven by patients of advanced age and patients with a cancer diagnosis within 

the last three year prior to edoxaban initiation. These observed rates of effectiveness and safety 

outcomes were comparable with what has been reported previously for other NOAC agents using data 

from the Danish nationwide registries.20,21  

Stroke prevention with edoxaban became available in Denmark in June 2016 following the results from 

the ENGAGE AF-TIMI 48 trial published in 2013.22 This study was a three-arm randomized controlled 

trial designed to evaluate the long-term efficacy of edoxaban 60mg vs edoxaban 30mg vs warfarin 

(dose adjusted). In a population of 21,105 patients with AF, the study showed that edoxaban in both 

dose regimens was noninferior to warfarin in stroke prevention, but with significantly lower bleeding 

outcomes among patients randomized to edoxaban. While this was a multinational trial, the proportion 

of patients from Western Europe was 3,229 (15.3%). 

In the ETNA-AF-Europe registry including 13,638 AF patients receiving edoxaban for stroke 

prevention, the mean age was 73.6 years.23 In comparison with our study, the patients in the ETNA-

AF-Europe registry were more often hypertensive (63.2% vs 76.9%), but with markedly fewer with 

prior ischemic stroke (19.1% vs 5.9%) and heart failure (29.2% vs 5.8%). Additionally, the study 
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population of this observational study were generally older than in the ENGAGE AF-TIMI 48 trial (72 

years vs 75 years). Conversely, patients in the current study were less likely to have heart failure (29% 

vs 56%), diabetes (18% vs 36%), and prior stroke (19% vs 28%). Importantly, inclusion in the 

randomized trial required a CHADS2 score ≥2, while the summary of product characteristics 

recommends at least one ‘qualifying risk factor’ including age ≥75 years, stroke or transient ischemic 

attack, heart failure, diabetes, or hypertension requiring treatment for recommending edoxaban 

treatment for stroke prevention in AF. These inclusion criteria formed a specific high-risk population of 

stroke in the ENGAGE AF-TIMI 48 trial, while the SMPC recommendations open for inclusion of 

patients with a lower stroke risk. On the other hand, the proportion of patients developing cancer during 

the ENGAGE AF-TIMI 48 trial period was relatively low (5.5%)24, which was likely related to the 

exclusion criteria of cancer in the trial. In our study, the proportion of patients with recent cancer was 

more than three-fold higher.   

In the current study thromboembolic events occurred at a rate of 1.62 for 60mg edoxaban users and 

2.07 for 30mg edoxaban users. Based on these data, it is not possible to untangle if the higher rates for 

the lower dose edoxaban were related to a lower effectiveness because of the lower dose, or associated 

with the difference in thromboembolic risk and CHA2DS2-VASc score profile (4.2 vs 3.2). 

Notwithstanding this finding, the reported event rates of thromboembolism was very similar to what 

was observed in the composite ‘stroke’ outcome in the ENGAGE AF-TIME 48 trial: the rate was 1.49 

for 60mg edoxaban and 1.91 for the lower dose.22 This is reassuring and our data adds to the current 

evidence that edoxaban is an effective treatment for stroke prevention in Caucasians.  

The bleeding rates in any anatomical position was observed at a rate of 3.85 and was similar for the two 

dosages. In the randomized controlled trial, the major bleeding rates (defined according to the 
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International Society on Thrombosis and Haemostasis) were 2.75 for 60mg edoxaban and 1.61 for 

30mg edoxaban; however, for the outcome of ‘clinically relevant nonmajor bleeding’, the rates were 

8.67 and 6.60, respectively.22 In general, bleeding outcome data obtained from a randomized controlled 

trial are difficult to compare with outcome data from observational studies, since patients treated in 

everyday clinical practice are not monitored according to a defined trial protocol (including 

adjudicative event registration). However, to provide clinical perspective, we also calculated event 

rates for bleeding outcomes requiring hospitalization. These rates were approximately 50% lower than 

the primary (composite) bleeding outcome, and suggests that many of the observed bleeding events 

were less severe and did not require hospitalization. In a post-hoc analysis of the ENGAGE AF-TIMI 

48 trial data, Aisenberg et al. reported that the occurrence of gastrointestinal bleeding was likely to be 

associated with the edoxaban dose.25 We were not able to replicate this finding, which may be related 

to very few observations of gastrointestinal bleeding events in our cohort. 

Recently, observational studies evaluating the comparative effectiveness and safety of edoxaban (and 

other NOACs) vs warfarin have emerged. Lee et al. studied a population of Korean patients treated 

with edoxaban, who were free from stroke (ischemic and hemorrhagic) and gastrointestinal bleeding at 

baseline.8 During a relative short median follow-up period, they reported ischemic stroke rates at 4.06 

and 2.34 for patients treated with 30mg and 60mg edoxaban, respectively. Hospitalization for major 

bleeding events were highest for the lower dose of edoxaban (3.19 vs 1.62 for 60mg edoxaban). When 

the population was matched to a warfarin treated population using a calculated propensity score, they 

observed a lower risk for patients treated with edoxaban in comparison with warfarin for all six studied 

clinical outcomes. The data from the Korean nationwide cohort suggests that the burden from AF in 
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terms of risk for clinical outcomes are higher among ethnic Asian patients, which has also been 

observed in other epidemiological investigations in Asian populations.10,26,27 

Limitations 

We used a nationwide cohort of all residents in Denmark who claimed a prescription for edoxaban to 

identify a cohort of patients receiving edoxaban for stroke prevention in AF. However, 24% of the 

identified edoxaban users did not have a clear indication for the treatment, i.e. no VTE or AF diagnose 

records, which are the two indications for edoxaban treatment in Denmark. Whether or not these 

patients have been diagnosed with AF or VTE at the general practitioner only, and therefore not 

captured in the Danish National Patient Registry, is unclear. Nevertheless, the validity and coding 

accuracy of the applied registers have been validated previously, and have sufficiently high qualities to 

be used for epidemiological research.19,28,29 We did not have access to bodyweight in data, which is one 

of the dose reduction criteria for edoxaban. In addition, we used eGFR to ascertain the status of renal 

function of the studied patients. We note that the dose reduction criteria for edoxaban in relation to 

kidney function should be based on creatinine clearance derived from serum creatinine. The assessment 

of outcomes were based on an intention-to-treat approach, hence adherence to edoxaban treatment 

during follow-up was not factored into the analyses. The proportion of patients claiming only a single 

prescription of edoxaban warrants further studies on adherence and treatment persistence. We did not 

include a treatment comparator in our study, thus the results do not allow for comparative effectiveness 

and safety inference between edoxaban and other OAC treatment options. However, the observed event 

rates were in line with what was observed in the ENGAGE AF-TIMI 48 trial.  

 

Conclusion 
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In this nationwide cohort of AF patients receiving edoxaban treatment for stroke prevention we 

observed clinical effectiveness and safety similar to what have been reported for other NOACs in 

Denmark. Edoxaban treatment in AF has been effective and safe in this Caucasian population. 

Additional studies are warranted to specifically assess comparative effectiveness and safety for 

edoxaban in comparison with other choices of antithrombotic treatment options. 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article-abstract/doi/10.1093/ehjcvp/pvz070/5644339 by guest on 11 D

ecem
ber 2019

Acc
ep

ted
 au

tho
r m

an
us

cri
pt



Funding 

This work was supported by an unrestricted research grant from Daiichi-Sankyo Europe GmbH. This 

funding source had no role in the design of this study, its execution, analyses, interpretation of the data, 

or decision to submit results. 

 

Acknowledgements  

The data was provided by the Danish Health Data Authority. 

 

Conflicts of Interests 

All authors have completed the ICMJE Form for Disclosure of Potential Conflicts of Interest. Dr Lip 

has served as a consultant for Bayer/Janssen, Bristol-Myers Squibb/Pfizer, Medtronic, Boehringer 

Ingelheim, Novartis, Verseon, and Daiichi-Sankyo; and Speaker for Bayer, Bristol-Myers 

Squibb/Pfizer, Medtronic, Boehringer Ingelheim, and Daiichi-Sankyo. No fees were directly received 

personally. Dr Larsen has served as an investigator for Janssen Scientific Affairs, LLC, and Boehringer 

Ingelheim and received speaking fees from Bayer, Bristol-Myers Squibb/Pfizer, Boehringer Ingelheim, 

MSD, and AstraZeneca. Dr Nielsen has received speaking fees from Boehringer Ingelheim, consulting 

fees from Bayer and Daiichi-Sankyo, and grant support from Bristol-Myers Squibb/Pfizer and Daiichi-

Sankyo. Dr Skjøth has received consulting fees from Bayer. The other authors report no conflicts. 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article-abstract/doi/10.1093/ehjcvp/pvz070/5644339 by guest on 11 D

ecem
ber 2019

Acc
ep

ted
 au

tho
r m

an
us

cri
pt



References 

1.  Lip G, Freedman B, Caterina R De, Potpara TS. Stroke prevention in atrial fibrillation: Past, present and 

future. Comparing the guidelines and practical decision-making. Thromb Haemost 2017;117:1230–1239.  

2.  Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz MD, Camm AJ, Weitz 

JI, Lewis BS, Parkhomenko A, Yamashita T, Antman EM. Comparison of the efficacy and safety of new 

oral anticoagulants with warfarin in patients with atrial fibrillation: A meta-analysis of randomised trials. 

Lancet 2014;383:955–962.  

3.  Lip GYH, Banerjee A, Boriani G, Chiang CE, Fargo R, Freedman B, Lane DA, Ruff CT, Turakhia M, 

Werring D, Patel S, Moores L. Antithrombotic Therapy for Atrial Fibrillation: CHEST Guideline and 

Expert Panel Report. Chest 2018;154:1121–1201.  

4.  January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC, Ellinor PT, Ezekowitz MD, 

Field ME, Furie KL, Heidenreich PA, Murray KT, Shea JB, Tracy CM, Yancy CW. 2019 

AHA/ACC/HRS Focused Update of the 2014 AHA/ACC/HRS Guideline for the Management of Patients 

With Atrial Fibrillation: A Report of the American College of Cardiology/American Heart Association 

Task Force on Clinical Practice Guidelines and the Heart R. J Am Coll Cardiol 2019;74:104–132.  

5.  Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, Castella M, Diener H-CC, Heidbuchel 

H, Hendriks J, Hindricks G, Manolis AAS, Oldgren J, Popescu BA, Schotten U, Putte B Van, Vardas P, 

Agewall S, Camm J, Baron Esquivias G, Budts W, Carerj S, Casselman F, Coca A, Caterina R De, 

Deftereos S, Dobrev D, Ferro JM, Filippatos G, Fitzsimons D, et al. 2016 ESC Guidelines for the 

management of atrial fibrillation developed in collaboration with EACTS. Eur Heart J 2016;37:2893–

2962.  

6.  Pottegård A, Grove EL, Hellfritzsch M. Use of direct oral anticoagulants in the first year after market 

entry of edoxaban: A Danish nationwide drug utilization study. Pharmacoepidemiol Drug Saf 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article-abstract/doi/10.1093/ehjcvp/pvz070/5644339 by guest on 11 D

ecem
ber 2019

Acc
ep

ted
 au

tho
r m

an
us

cri
pt



2018;27:174–181.  

7.  Haastrup SB, Hellfritzsch M, Rasmussen L, Pottegård A, Grove EL. Use of Non-Vitamin K Antagonist 

Oral Anticoagulants 2008-2016: A Danish Nationwide Cohort Study. Basic Clin Pharmacol Toxicol 

2018;123:452–463.  

8.  Lee S-R, Choi E-K, Han K-D, Jung J-H, Oh S, Lip GYH. Edoxaban in Asian Patients With Atrial 

Fibrillation: Effectiveness and Safety. J Am Coll Cardiol 2018;72:838–853.  

9.  Russo V, Attena E, Mazzone C, Melillo E, Rago A, Galasso G, Riegler L, Parisi V, Rotunno R, Nigro G, 

D’Onofrio A. Real-life Performance of Edoxaban in Elderly Patients With Atrial Fibrillation: a 

Multicenter Propensity Score-Matched Cohort Study. Clin Ther 2019;  

10.  Chan Y-H, Lee H-F, See L-C, Tu H-T, Chao T-F, Yeh Y-H, Wu L-S, Kuo C-T, Chang S-H, Lip GYH. 

Effectiveness and Safety of Four Direct Oral Anticoagulants in Asian Patients With Nonvalvular Atrial 

Fibrillation. Chest 2019;  

11.  Lee S-R, Choi E-K, Kwon S, Han K-D, Jung J-H, Cha M-J, Oh S, Lip GYH. Effectiveness and Safety of 

Contemporary Oral Anticoagulants Among Asians With Nonvalvular Atrial Fibrillation. Stroke 

2019;STROKEAHA119025536.  

12.  Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L, Sørensen HT. The Danish National 

Patient Registry: a review of content, data quality, and research potential. Clin Epidemiol Dove Press; 

2015;7:449–490.  

13.  Kildemoes HW, Sørensen HT, Hallas J. The Danish National Prescription Registry. Scand J Public 

Health 2011;39:38–41.  

14.  Nguyen-Nielsen M, Svensson E, Vogel I, Ehrenstein V, Sunde L. Existing data sources for clinical 

epidemiology: Danish registries for studies of medical genetic diseases. Clin Epidemiol 2013;5:249–262.  

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article-abstract/doi/10.1093/ehjcvp/pvz070/5644339 by guest on 11 D

ecem
ber 2019

Acc
ep

ted
 au

tho
r m

an
us

cri
pt



15.  Danish Health Data Authority. NPU terminology for laboratories. 2017. 

https://sundhedsdatastyrelsen.dk/da/rammer-og-retningslinjer/om-terminologi/npu (9 July 2019) 

16.  Nielsen PB, Larsen TB, Skjøth F, Overvad TF, Lip GYH. Stroke and thromboembolic event rates in atrial 

fibrillation according to different guideline treatment thresholds: A nationwide cohort study. Sci Rep 

2016;6:27410.  

17.  Stevens LA, Schmid CH, Greene T, Zhang YL, Beck GJ, Froissart M, Hamm LL, Lewis JB, Mauer M, 

Navis GJ, Steffes MW, Eggers PW, Coresh J, Levey AS. Comparative performance of the CKD 

Epidemiology Collaboration (CKD-EPI) and the Modification of Diet in Renal Disease (MDRD) Study 

equations for estimating GFR levels above 60 mL/min/1.73 m2. Am J Kidney Dis 2010;56:486–495.  

18.  Krarup L-H, Boysen G, Janjua H, Prescott E, Truelsen T. Validity of stroke diagnoses in a National 

Register of Patients. Neuroepidemiology 2007;28:150–154.  

19.  Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L, Sørensen HT. The Danish National 

Patient Registry: a review of content, data quality, and research potential. Clin Epidemiol Dove Press; 

2015;7:449–490.  

20.  Nielsen PB, Skjøth F, Søgaard M, Kjældgaard JN, Lip GYH, Larsen TB. Effectiveness and safety of 

reduced dose non-vitamin K antagonist oral anticoagulants and warfarin in patients with atrial fibrillation: 

propensity weighted nationwide cohort study. BMJ 2017;356:j510.  

21.  Larsen TB, Skjøth F, Nielsen PB, Kjældgaard JN, Lip GYH. Comparative effectiveness and safety of 

non-vitamin K antagonist oral anticoagulants and warfarin in patients with atrial fibrillation: propensity 

weighted nationwide cohort study. BMJ 2016;353:i3189.  

22.  Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL, Waldo AL, Ezekowitz MD, 

Weitz JI, Spinar J, Ruzyllo W, Ruda M, Koretsune Y, Betcher J, Shi M, Grip LT, Patel SP, Patel I, 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article-abstract/doi/10.1093/ehjcvp/pvz070/5644339 by guest on 11 D

ecem
ber 2019

Acc
ep

ted
 au

tho
r m

an
us

cri
pt



Hanyok JJ, Mercuri M, Antman EM. Edoxaban versus Warfarin in Patients with Atrial Fibrillation. N 

Engl J Med 2013;369:2093–2104.  

23.  Caterina R De, Kelly P, Monteiro P, Deharo JC, Asmundis C De, López-De-Sá E, Weiss TW, 

Waltenberger J, Steffel J, Groot JR De, Levy P, Bakhai A, Zierhut W, Laeis P, Kerschnitzki M, Reimitz 

PE, Kirchhof P. Characteristics of patients initiated on edoxaban in Europe: Baseline data from edoxaban 

treatment in routine clinical practice for patients with atrial fibrillation (AF) in Europe (ETNA-AF-

Europe). BMC Cardiovasc Disord BMC Cardiovascular Disorders; 2019;19:1–11.  

24.  Fanola CL, Ruff CT, Murphy SA, Jin J, Duggal A, Babilonia NA, Sritara P, Mercuri MF, Kamphuisen 

PW, Antman EM, Braunwald E, Giugliano RP. Efficacy and Safety of Edoxaban in Patients With Active 

Malignancy and Atrial Fibrillation: Analysis of the ENGAGE AF - TIMI 48 Trial. J Am Heart Assoc 

2018;7:e008987.  

25.  Aisenberg J, Chatterjee-Murphy P, Friedman Flack K, Weitz JI, Ruff CT, Nordio F, Mercuri MF, Choi 

Y, Antman EM, Braunwald E, Giugliano RP. Gastrointestinal Bleeding With Edoxaban Versus Warfarin: 

Results From the ENGAGE AF-TIMI 48 Trial (Effective Anticoagulation With Factor Xa Next 

Generation in Atrial Fibrillation-Thrombolysis In Myocardial Infarction). Circ Cardiovasc Qual 

Outcomes 2018;11:e003998.  

26.  Zhou Z, Hu D. An epidemiological study on the prevalence of atrial fibrillation in the Chinese population 

of mainland China. J Epidemiol 2008;18:209–216.  

27.  Iguchi Y, Kimura K, Aoki J, Kobayashi K, Terasawa Y, Sakai K, Shibazaki K. Prevalence of Atrial 

Fibrillation in Community-Dwelling Japanese Aged 40 Years or Older in Japan. Circ J 2008;72:909–913.  

28.  Kildemoes HW, Sørensen HT, Hallas J. The Danish National Prescription Registry. Scand J Public 

Health 2011;39:38–41.  

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article-abstract/doi/10.1093/ehjcvp/pvz070/5644339 by guest on 11 D

ecem
ber 2019

Acc
ep

ted
 au

tho
r m

an
us

cri
pt



29.  Rix TA, Riahi S, Overvad K, Lundbye-Christensen S, Schmidt EB, Joensen AM. Validity of the 

diagnoses atrial fibrillation and atrial flutter in a Danish patient registry. Scand Cardiovasc J 

2012;46:149–153.  

  

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article-abstract/doi/10.1093/ehjcvp/pvz070/5644339 by guest on 11 D

ecem
ber 2019

Acc
ep

ted
 au

tho
r m

an
us

cri
pt



List of table and figures 

Table 1: Patient characteristics according to initial edoxaban dosage prescription 

Table 2: Number of outcomes and event rate per 100 person-years – stratified according to initial dosage. 

Table 3: Number of outcomes and event rate per 100 person-years – subgroup analyses. 

 

Figure 1: Cumulative incidence curve of thromboembolism for 1-year follow-up – stratified according to initial 

dosage.  

Figure 2: Cumulative incidence curve of thromboembolism for 1-year follow-up – subgroup analyses. 

 

Supplemental Table 1: ICD10 codes and ATC-codes 

Supplemental Table 2: Patient characteristics according to OAC experience status 

Supplemental Table 3: Patient characteristics according to age above and below 75 years 

Supplemental Table 4: Patient characteristics of patients with no AF indication 

Supplemental Figure 1: Flowchart of patient population 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article-abstract/doi/10.1093/ehjcvp/pvz070/5644339 by guest on 11 D

ecem
ber 2019

Acc
ep

ted
 au

tho
r m

an
us

cri
pt



Table 1: Patient characteristics according to initial edoxaban dosage prescription 

Characteristics, % (N) 60mg edoxaban 30mg edoxaban All P-value 

Number  1642 643 2285  

Demographics  

Females 38.2 (627) 56.6 (365) 43.4 (991) <0.01 

Mean age (SD) 73.0 (9.4) 80.5 (10.0) 75.1 (10.2) <0.01 

  Age <65 15.8 (260) 6.4 (41) 13.2 (301) <0.01 (diff) 

  Age 65-69 15.2 (249) 5.4 (35) 12.4 (284) 

  Age 70-74 23.2 (381) 12.4 (80) 20.2 (461) 

  Age 75-79 21.7 (357) 16.3 (105) 20.2 (462) 

  Age 80-84 13.9 (228) 19.6 (126) 15.5 (354) 

  Age 85-89 7.3 (120) 24.1 (155) 12.0 (275) 

  Age ≥90 2.9 (47) 6.4 (41) 6.5 (148) 

Clinical characteristics  

AF diagnosed within 30 

days after treatment 

initiation  

5.4 (89) 2.3 (15) 4.6 (104) 

<0.01 

Median years since AF 

diagnosis (IQR) 

2.7 (0.1-8.2) 3.5 (0.3-8.4) 3.1 (0.1-8.2) 

0.03 

Mean eGFR (SD) 

mL/min/1.73m2 

72.0 (14.2) 53.8 (19.9) 66.7 (18.0) 

<0.01 

  eGFR >49 /1.73m2 71.6 (1175) 40.9 (263) 62.9 (1438) <0.01 (diff) 

  eGFR 30-49 /1.73m2 4.4 (73) 29.5 (190) 11.5 (263) 

  eGFR 15-29 /1.73m2 0.4 (7) 8.7 (56) 2.8 (63) 
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  eGFR missing 23.6 (387) 20.8 (134) 22.8 (521) 

Chronic kidney disease 3.7 (61) 14.2 (91) 6.7 (152) <0.01 

Mean CHA2DS2-VASc 

score (SD) 

3.2 (1.7) 4.2 (1.7) 3.5 (1.7) 

<0.01 

  0 risk factors (1 for 

females) 

4.1 (67) 0.9 (6) 3.2 (73) 

<0.01 (diff) 

  1 risk factor (2 for 

females) 

15.7 (257) 6.4 (41) 13.0 (298) 

  2-4 risk  58.2 (955) 50.9 (327) 56.1 (1282) 

  >4 risk factors 22.1 (363) 41.8 (269) 27.7 (632) 

Mean HAS-BLED 

score (SD) 

2.3 (1.1) 2.6 (1.2) 2.4 (1.1) 

<0.01 

Heart failure 24.5 (402) 41.4 (266) 29.2 (668) <0.01 

Hypertension 62.4 (1025) 65.2 (419) 63.2 (1444) 0.23 

Diabetes 17.1 (281) 21.3 (137) 18.3 (418) 0.02 

Stroke 17.7 (290) 22.9 (147) 19.1 (437) <0.01 

Vascular disease 17.1 (280) 24.7 (159) 19.2 (439) <0.01 

CPD 15.2 (250) 20.2 (130) 16.6 (380) <0.01 

Ischemic heart disease 25.0 (411) 35.1 (226) 27.9 (637) <0.01 

CABG procedure 3.7 (60) 5.3 (34) 4.1 (94) 0.08 

PCI procedure 9.1 (149) 11.2 (72) 9.7 (221) 0.13 

Liver disease -- (<5) -- (<5) -- (<5) - 

Prior bleeding event 17.4 (286) 26.4 (170) 20.0 (456) <0.01 
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  Intracerebral 

hemorrhage 

0.9 (14) 1.4 (9) 1.0 (23) 

0.25 

  Gastrointestinal 

bleeding 

2.2 (36) 4.5 (29) 2.8 (65) 

<0.01 

  Major bleeding 13.9 (229) 19.8 (127) 15.6 (356) <0.01 

Alcohol abuse 5.3 (87) 3.4 (22) 4.8 (109) 0.06 

Cancer history  

Cancer diagnosis 22.2 (365) 26.7 (172) 23.5 (537) 0.02 

Cancer within 3 years 16.7 (275) 19.6 (126) 17.5 (401) 0.11 

Median years with 

cancer (IQR)† 

3.56 (1.11-8.04) 3.12 (0.59-9.80) 3.51 (0.88-8.65) 

0.72 

  Breast 12.6 (46) 11.6 (20) 12.3 (66) 0.69 

  Gastrointestinal 17.0 (62) 11.6 (20) 15.3 (82) 0.44 

  Lung 5.2 (19) 9.9 (17) 6.7 (36) 0.01 

  Genitourinary 21.6 (79) 21.5 (37) 21.6 (116) 0.36 

  Gynecological 4.4 (16) 4.1 (7) 4.3 (23) 0.81 

  Hematological 7.9 (29) 7.6 (13) 7.8 (42) 0.68 

  Metastatic or other 31.2 (114) 33.7 (58) 32.0 (172) 0.09 

Oral anticoagulant treatment   

OAC Naive 43.7 (717) 34.7 (223) 41.1 (940) <0.01 

OAC Experienced 56.3 (925) 65.3 (420) 58.9 (1345) <0.01 

  Warfarin  34.8 (571) 41.5 (267) 36.7 (838) <0.01 

  Dabigatran  6.3 (103) 7.0 (45) 6.5 (148) 0.80 

  Rivaroxaban  5.8 (96) 4.4 (28) 5.4 (124) 0.88 
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  Apixaban  3.7 (60) 5.1 (33) 4.1 (93) 0.14 

  Dual NOAC  2.0 (33) 2.5 (16) 2.1 (49) 0.48 

  Both warfarin and 

NOAC  

3.8 (62) 4.8 (31) 4.1 (93) 

0.26 

Other medications   

Aspirin 20.7 (340) 19.1 (123) 20.3 (463) 0.42 

Beta-blocker 53.7 (882) 63.8 (410) 56.5 (1292) <0.01 

Clopidogrel 7.9 (130) 10.4 (67) 8.6 (197) 0.06 

Renin-angiotensin 

system inhibitors 

(ACEi/ARBs) 

51.0 (837) 52.4 (337) 51.4 (1174) 

0.55 

NSAID 15.9 (261) 10.1 (65) 14.3 (326) <0.01 

Statins 44.5 (730) 47.3 (304) 45.3 (1034) 0.23 

Loop diuretics 24.3 (399) 46.8 (301) 30.6 (700) <0.01 

Non-loop diuretics 35.0 (574) 39.0 (251) 36.1 (825) 0.07 

CYP-PGP inhibitors 1.9 (31) 4.4 (28) 2.6 (59) <0.01 

PGP inhibitors 9.6 (157) 10.1 (65) 9.7 (222) 0.70 

Proton-pump inhibitors 28.9 (475) 35.8 (230) 30.9 (705) <0.01 

Vasodilators 4.4 (73) 6.4 (41) 5.0 (114) 0.07 

Calcium 30.6 (502) 32.5 (209) 31.1 (711) 0.39 

Proportion of patients 

with one edoxaban 

claim*  

21.6 (355) 20.2 (130) 21.2 (485) 

0.50 

†At least one record of cancer diagnosis within the last three years. *The study inclusion event was the only 

observed prescription claim of edoxaban. “--“ indicates masking due few cell numbers. SD: Standard deviation. 
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IQR: Interquartile range. AF: Atrial fibrillation. eGFR: Estimated glomerular filtration rate. CPD: Chronic 

pulmonary disease. CABG: Coronary artery bypass grafting. PCI: Percutaneous cardiac intervention. OAC: Oral 

anticoagulant treatment. NOAC: Non-vitamin k antagonist oral anticoagulants. ACE: Angiotensin converting 

enzyme. ARB: Angiotensin receptor blocker. NSAID: Non-steroidal anti-inflammatory drug. CYP-PGP: 

Cytochrome p450 and P-Glycoproteins.
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Table 2: Absolute number of outcomes and event rate per 100 person-years – stratified according to initial dosage.  

 60mg edoxaban 30mg edoxaban 

 Number of events Event rate (95% CI) Number of events Event rate (95% CI) 

Thromboembolism 28 1.62 (1.12 - 2.35) 13 2.07 (1.20 - 3.56) 

  Ischemic stroke 26 1.51 (1.03 - 2.21) 11 1.74 (0.97 - 2.35) 

  Systemic embolism <5 0.12 (0.03 - 0.46) <5 0.31 (0.08 - 1.26) 

Bleeding events 65 3.85 (3.02 - 4.91) 24 3.87 (2.60 - 5.78) 

  Major bleeding 55 3.25 (2.49 - 4.23) 19 3.06 (1.95 - 4.80) 

  Gastrointestinal bleeding <5 0.23 (0.09 - 0.61) <5 0.47 (0.15 - 1.46) 

  Intracranial bleeding 7 0.40 (0.19 - 0.85) <5 0.47 (0.15 - 1.46) 

  Bleeding requiring 

hospitalization 

29 1.69 (1.17 - 2.43) 11 1.74 (0.97 - 3.15) 

All-cause mortality 109 6.27 (5.19 - 7.56) 105 16.48 (13.61 - 19.95) 

  All-cause mortality among 

patients with recent cancer* 

23 13.50 (8.97 - 20.31) 20 24.25 (15.64 - 37.59) 

*Cancer diagnosis within three years 
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Table 3: Primary effectiveness and safety outcomes in subgroup analyses   

 OAC experienced OAC naïve 

 Number of events Event rate (95% CI) Number of events Event rate (95% CI) 

Thromboembolism 19 2.02 (1.29 - 3.17) 22 1.56 (1.03 - 2.37) 

Bleeding events 37 4.00 (2.90 - 5.52) 52 3.76 (2.86 - 4.93) 

  Bleeding requiring 

hospitalization 

18 1.92 (1.21 - 3.04) 22 1.56 (1.03 - 2.37) 

All-cause mortality 77 8.11 (6.49 - 10.14) 137 9.60 (8.12 - 11.35) 

    All-cause mortality among 

patients with recent cancer* 

15 17.23 (10.39 - 28.58) 28 16.88 (11.66 - 24.45) 

 Age <75 years Age ≥75 years 

 Number of events Event rate (95% CI) Number of events Event rate (95% CI) 

Thromboembolism 19 1.69 (1.08 - 2.66) 22 1.79 (1.18 - 2.71) 

Bleeding events 29 2.61 (1.82 - 3.76) 60 5.00 (3.88 - 6.44) 

  Bleeding requiring 

hospitalization 

13 1.16 (0.67 - 1.99) 27 2.21 (1.51 - 3.22) 

All-cause mortality 36 3.18 (2.29 - 4.40) 178 14.31 (12.35 - 16.57) 

    All-cause mortality among 

patients with recent cancer* 

5 5.48 (2.28 - 13.17) 38 23.50 (17.10 - 32.30) 

*Cancer diagnosis within three years 
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