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Abstract
Objective  Unlike several other national health agencies, 
French health authorities recommended that the newer 
direct oral anticoagulant (DOAC) agents only be prescribed 
as second choice for the treatment of newly diagnosed non-
valvular atrial fibrillation (NVAF), with vitamin K antagonists 
(VKA) remaining the first choice. We investigated the patterns 
of use of DOACs versus VKA in the treatment of NVAF in 
France over the first 5 years of DOAC availability. We also 
identified the changes in patient characteristics of those who 
initiated DOAC treatment over this time period.
Methods  Based on the French National Health 
Administrative Database, we constituted a population-
based cohort of all patients who were newly treated for 
NVAF between January 2011 and December 2015. Trends 
in drug use were described as the percentage of patients 
initiating each drug at the time of treatment initiation. A 
multivariate analysis using logistic regression model was 
performed to identify independent sociodemographic and 
clinical predictors of initial anticoagulant choice.
Results  The cohort comprised 814 446 patients who had 
received a new anticoagulant treatment for NVAF. The 
proportion of patients using DOACs as initial anticoagulant 
therapy reached 54% 3 months after the Health Ministry 
approved the reimbursement of dabigatran for NVAF, and 
61% by the end of 2015, versus VKA use. In the multivariate 
analysis, we found that DOAC initiators were younger and 
healthier overall than VKA initiators, and this tendency was 
reinforced over the 2011–2014 period. DOACs were more 
frequently prescribed by cardiologists in 2012 and after 
(adjusted OR in 2012: 2.47; 95% CI 2.40 to 2.54).
Conclusion  Despite recommendations from health 
authorities, DOACs have been rapidly and massively 
adopted as initial therapy for NVAF in France. Observational 
studies should account for the fact that patients selected 
to initiate DOAC treatment are healthier overall, as failure 
to do so may bias the risk–benefit assessment of DOACs.

Introduction 
Non-valvular atrial fibrillation (NVAF) is the 
most common sustained cardiac arrhythmia 
and its age-adjusted prevalence has been 

increasing over time.1 2 NVAF is associated 
with high morbidity and mortality, as it 
increases the risks of stroke and systemic 
thromboembolic events.2 In light of this, the 
use of an oral anticoagulant is recommended 
in patients with NVAF at medium or high risk 
of stroke.3–7 For more than 50 years, vitamin 
K antagonists (VKA), such as warfarin, were 
the only effective therapy available for stroke 
prevention in patients with NVAF.8 However, 
the efficacy and safety of VKAs are closely 
related to the quality of anticoagulation, 
which is open to substantial interpatient and 
intrapatient variability and requires close 
biological monitoring.8–10 

To respond to physicians’ and patients’ 
expectations of more user-friendly drugs, 
research on new drugs has intensified over 
the last few years. This has prompted the 
development of direct oral anticoagulants 
(DOAC) that inhibit thrombin or factor Xa. 

Strength and limitations of this study

►► With a source database covering 66 million inhab-
itants and exhaustive information on anticoagulant 
deliveries in France, our study is the largest to report 
penetration of direct oral anticoagulants (DOACs) on 
the market.

►► The extensive size of the cohort comprising 814 446 
individuals provides reliable information even for the 
most recent DOAC available at the time of the study, 
apixaban.

►► The administrative database used does not include 
clinical results nor does it include outpatients’ diag-
nosis codes. To account for outpatients, we based 
our definition of non-valvular atrial fibrillation (NVAF) 
on drug dispensation, using the most likely treat-
ment scheme for NVAF. We conducted sensitivity 
analyses to ensure that our results are consistent.  
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Large randomised clinical trials (RCTs) have compared 
the efficacy of DOACs with that of warfarin in patients 
with NVAF.11–13 A recent meta-analysis of these RCTs has 
shown that the frequency of strokes and/or systemic 
embolic events is 19% lower with DOACs than it is with 
warfarin. Moreover, compared with warfarin, DOACs have 
been shown to present similar risks of major bleeding but 
higher risks of gastrointestinal bleeding.14 The benefit–
risk ratio of DOACs nevertheless varies across individual 
agents and according to patient's profile.15 16

In France, the direct thrombin inhibitor dabigatran was 
the first DOAC to be approved for the primary preven-
tion of venous thromboembolism in orthopaedic surgery 
(in 2008) and stroke in NVAF (in 2011). Reimbursement 
of dabigatran for the treatment of NVAF was approved in 
July 2012. Two new oral direct factor Xa inhibitors, rivar-
oxaban and apixaban, were made available for patients 
with NVAF in September 2012 and January 2014, respec-
tively. Given the initial lack of specific antidotes and of 
data on these drugs’ efficacy and safety in real life, French 
health authorities recommended that VKAs remain the 
standard therapy. They also recommended that DOACs be 
offered as an alternative therapy only to patients with low 
adherence to VKAs or unstable international normalised 
ratios (INRs) on VKAs.17 To date, it is not clear how the 
expectations of clinicians and the recommendations of 
health authorities have impacted the choice of anticoag-
ulant for newly treated patients with NVAF. Nor is it clear 
how patients’ characteristics have influenced treatment 
choice.

In view of the above, we conducted a study in the 
French National Health administrative database. This 
study based on claims data, aimed to identify the initial 
oral anticoagulant therapy used in a cohort of patients 
newly diagnosed with NVAF for the prevention of stroke 
and systemic thromboembolism. It also sought to describe 
changes in the characteristics of patients who initiated 
treatment during the first 5 years of DOAC availability in 
France.

Method
Study design and source of data
The retrospective population-based cohort of patients 
with NVAF was formed from data provided by the French 
National Health Insurance System (NHIS).18 The NHIS 
guarantees universal health coverage to all segments of 
the population and includes both a drug delivery database 
and a hospital discharge database. The NHIS comprises 
health insurance schemes for salaried workers, self-em-
ployed workers, agricultural workers and farmers, as well 
as 12 other insurance schemes. Together, these schemes 
provide health insurance to approximately 66 million 
inhabitants, which corresponds to approximately 99% 
of the French population.19 Detailed description of the 
NHIS database is provided elsewhere.20 21

In France, drugs are available only in pharmacies, and 
a medical prescription is required to obtain anticoagulant 

drugs. All reimbursement claims for prescriptions 
processed and filled in pharmacies are submitted to the 
NHIS via a single electronic system. This drug delivery 
database is linked to the hospital discharge database 
through a unique personal identifier allocated to every 
individual. The second database provides medical infor-
mation on all patients discharged from hospitals, along 
with associated  10th version of International Classifica-
tion of Diseases diagnosis codes. However, no clinical 
diagnosis is provided in this database for consultations by 
health professionals in an ambulatory care setting.

Cohort definition
We defined a cohort of all patients 18 years and older 
who were newly treated for NVAF between 1  January 
2011 and 31 December 2015. Cohort entry was defined 
by the delivery of anticoagulant therapy (VKA or DOAC) 
combined with either an antiarrhythmic agent (flecainide, 
propafenone, amiodarone, quinidine, disopyramide or 
sotalol) or a rate control treatment (beta-blocker, calcium 
channel blockers—verapamil and diltiazem—or digoxin) 
within a time window of +/−30 days. The date of cohort 
entry was the latest date of delivery of either drug, within 
the 30-day window. We excluded patients with less than 
1 year of data available in the database before cohort 
entry, as well as patients who had received anticoagulant 
treatment or had a history of cardiac valvular replace-
ment in the 12 months before inclusion. Therefore, 
the anticoagulant therapy received at cohort inclusion 
corresponded to a new anticoagulant therapy. Lastly, we 
excluded patients who had undergone lower limb ortho-
paedic surgery within +/−30 days of inclusion.

Exposure
We identified patients’ exposure to initial anticoagulant 
treatment. We compared patients initiating VKA treat-
ment—acenocoumarol, fluindione, warfarin (the three 
most commonly used VKAs in France)—to patients 
receiving any of the three DOACs available during the 
study period (dabigatran, rivaroxaban or apixaban).

Study covariates
The following characteristics of patients were identified 
in the year prior to cohort entry using treatment and/
or hospital discharge code (see  online supplementary 
table): high blood pressure, coronary artery disease 
(including myocardial infarction and ischaemic heart 
disease), congestive heart failure, diabetes, a personal 
history of cancer, renal failure, liver failure, dementia, a 
history of bleeding and history of ischaemic stroke. Expo-
sure to treatment other than anticoagulants—aspirin or 
other non-steroidal anti-inflammatory drugs  (NSAIDs), 
antiplatelet agents (other than aspirin), corticosteroids—
was identified in 3 months prior to cohort entry. We also 
determined whether initial anticoagulant therapy was 
prescribed by a general practitioner, a cardiologist or a 
physician with another specialty. To estimate the risk of 
major bleeding, we calculated a modified HAS-BLED 
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score (hypertension, abnormal renal and/or liver func-
tion, stroke/transient ischaemic attack, bleeding, labile 
INR, age >65, antiplatelet/NSAID use or alcohol abuse).22 
Labile INR was not included in the score because it is 
unavailable in the database. Alcohol abuse was deter-
mined based on the hospital discharge database. To esti-
mate the risk of stroke, we calculated the CHA2DS2-VASc 
score (congestive heart failure, hypertension, age  ≥75, 
diabetes mellitus, stroke/transient ischaemic attack, 
vascular disease, age 65–74 and sex).23

Data analysis
Descriptive statistics were computed for continuous data 
(mean,+/− SD or median and range) and for categorical 
data (frequency and proportion). Trends in drugs use 
were described as the number of new patients treated 
each month and as the percentage of each anticoagulant 
prescribed at the time of treatment initiation.

Patients’ characteristics were described according to 
initial anticoagulant therapy received. In bivariate compar-
isons, the characteristics of patients and prescribers were 
compared according to the type of anticoagulant, using 
a t-test for continuous variables and a χ2 test for cate-
gorical variables. To identify independent predictors of 
initial anticoagulant choice, we performed a multivar-
iate analysis using five logistic regression models, one 
for each calendar year of anticoagulant initiation. The 
model included all the variables that were associated with 
a p value <0.20 in the bivariate comparisons. These vari-
ables were selected using a backward selection approach. 
Further, we defined two other cohorts for the sensitivity 
analyses: (1) one cohort was defined more restrictively—
it included patients who were newly treated with an anti-
coagulant combined with an antiarrhythmic agent or a 
rate control treatment other than beta-blocker agents 
within a time window of +/-30 days; (2) the other cohort 
was defined according to broader inclusion criteria—it 
comprised all patients newly treated with an anticoagu-
lant, regardless of other potential concomitant therapies.

To assess the impact of timeline events on the uptake 
process (ie, market authorisation of each drug, reim-
bursement approval/downgrade and security warnings 
from national health agency), we fitted a segmented 
regression model adjusted on: (1) drug coded into four 
categories (VKA, dabigatran, rivaroxaban and apixaban); 
(2) time (linear and square terms) and (3) each time-
line event. A timeline event was coded as a dichotomous 
variable valued 0 before the event and 1 after. All these 
covariates were included in a primary model, then a back-
ward selection procedure was applied to select covariates 
associated at a significant level (p<0.05). To evaluate the 
trends and the impact of timeline events on each drug, 
we entered an interaction term for each drug and other 
covariates (time and timeline events).

Statistical significance was set at 0.05. All p values were 
two sided.

All statistical analyses were performed using SAS V.9.4 
(SAS institute).

Results
In France, 1  772  399 individuals were delivered a 
prescription for either a VKA or a DOAC between 
1 January 2011 and 31 December 2015 (figure 1). Out 
of this sample, we identified 872 970 individuals who 
received a new prescription for an anticoagulant (VKA 
or DOAC) combined with a prescription for an antiar-
rhythmic agent or a rate control treatment within a time 
window of +/−30 days. Ultimately, the cohort comprised 
814 446 patients newly treated for NVAF: 506 821 
subjects initiated VKA, 94 468 dabigatran, 169 524 rivar-
oxaban and 43 633 apixaban.

Figure  2 illustrates the percentages of patients initi-
ating one of the different anticoagulant treatments over 
the study period. A sharp rise in DOAC use was observed 
starting in mid-2012. As of October 2012, DOACs were 
used more frequently than VKAs as initial anticoagulant 
therapy, representing 54% of all anticoagulant prescrip-
tions (30% for dabigatran and 24% for rivaroxaban). In 
the last quarter of 2015, this percentage reached 61% 
(4% for dabigatran, 34% for rivaroxaban and 24% for 
apixaban). The proportion of patients initiating dabiga-
tran began to decline 6 months after reimbursement was 
approved and even more so after October 2013. Rivarox-
aban use increased sharply as early as September 2012. 
This drug was the most frequently initiated DOAC in early 
2013, and it remained so until December 2015, when it 
was surpassed by apixaban (26% vs 28% in December 
2015).

Figure 2 illustrates the percentages of patients initiating 
one of the different anticoagulant treatments over the 
study period. The segmented regression model identified 
five significant change points. The two first change points 
(lines a and b in figure 2) corresponded to a sharp rise 
in DOAC initiation in July 2012 and in September 2012, 
corresponding respectively to dabigatran and rivarox-
aban reimbursement approval time. As of October 2012, 
DOACs were used more frequently than VKAs as initial 
anticoagulant therapy, representing 54% of all antico-
agulant prescriptions (30% for dabigatran and 24% for 
rivaroxaban). The third change  point identified was 
in September 2013 (line d, figure  2) with a significant 
decrease in the use of DOACs at the time security warn-
ings were issued by the French health authorities. From 
January 2014 (fourth change point—line c on figure 2), 
DOACs initiation increased again, corresponding to 
the time point where apixaban received reimbursement 
approval. A final significant change  point (line e) was 
identified in September 2015 and was linked to a reduc-
tion in dabigatran reimbursement. In December 2015, 
apixaban was the most prescribed DOAC (28% vs 26% 
for rivaroxaban).

The mean age of newly treated patients was 74.9 
(SD: 11.7), and 50.2% of patients were male (table 1). 
Most subjects were treated for high blood pressure 
(94.4%), and 22.2% were treated for diabetes. Patients 
who received DOACs had less comorbidities and were 
on average younger than those who were prescribed 
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VKAs (73.8 years (SD: 11.5) vs 75.6 years (SD: 11.9) 
p<0.0001). General practitioners prescribed VKAs 
(67.5%) more frequently than DOACs (32.5%) as 
initial anticoagulant therapy, whereas cardiologist 
favoured DOACs (51.2%). Patients receiving apixaban 
were older than those receiving other DOACs (76.2 vs 
72.9 for rivaroxaban and 74.1 for dabigatran). They 
also had more comorbidities, such as high blood pres-
sure and heart or renal failure (table 1). Patients with 
lower HAS-BLED or lower CHA2DS2-VASc scores were 
more likely to initiate DOACs (figure 3).

The characteristics and associated treatments of 
DOAC initiators as compared with VKA initiators 
changed over the 5-year period (table  2). Older 

subjects (>=75 years) were less likely to initiate DOAC 
treatment than VKA treatment. The adjusted OR 
decreased from 0.86 in 2011 (95% CI 0.80 to 0.92) to 
0.62 in 2014 (95% CI 0.61 to 0.64). Overall, patients 
with comorbidities—especially renal failure—were 
less likely to receive DOAC treatment, and this nega-
tive association was reinforced over the study period 
(adjusted OR for 2014: 0.22; 95% CI 0.21 to 0.23). 
The negative association was not reinforced in 2015, 
likely due the fact that a larger proportion of patients 
received apixaban. However, because apixaban was 
only available at the end of the study period, further 
data are needed to confirm this hypothesis. Patients 
with a history of bleeding prior to cohort entry were 

Figure 1  Flowchart describing cohort constitution. AF, atrial fibrillation ; VKA, vitamin K antagonist.
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less likely to receive DOAC treatment (adjusted OR 
for 2015: 0.56; 95% CI 0.53 to 0.59). Since 2012, cardi-
ologists have been strongly associated with initial 
prescription of DOACs, after accounting the patients’ 
characteristics.

The sensitivity analyses conducted for the two other 
cohorts provided similar results: a rapid increase in the 
use of DOAC over time, and a healthier profile of patients 
receiving DOACs compared with those receiving VKAs 
(see online supplementary material cohort 1 and 2).

Discussion
Less than 6 months after reimbursement was approved, 
DOACs became the most frequently prescribed initial 
anticoagulant therapy for NVAF in France. Starting in the 
third quarter of 2012, DOACs were delivered to over 60% 
of all patients newly treated for NVAF. Dabigatran, rivar-
oxaban and, in late 2015, apixaban were used one after 
the other as the most frequent initial DOAC therapy for 
NVAF. The proportion of dabigatran initiators declined 
largely after 2013. DOAC initiators were younger and 

Figure 2  Time trends in the prescription of anticoagulants in newly treated patients with atrial fibrilation between 2011 and 
2015 in France (n=814 446). Significant change points in trends identified a segmented regression model. (a) Dabigatran 
reimbursement approval, (b) rivaroxaban reimbursement approval (c) and apixaban reimbursement approval, (d) security 
warning (risks of bleeding haemorrhages) from the national health agency, (e) downgrade of dabigatran reimbursement. DOACs, 
direct oral anticoagulants; VKA, vitamin K antagonist.
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healthier than VKA users, and this tendency was rein-
forced over time. The use of DOACs varied over time 
depending on the availability of new drugs and on the 
national recommendations and safety warnings in place.

National trends in anticoagulant sales volumes have also 
been reported in other countries, revealing an important 
upsurge in DOAC use.24–26 Most studies based on regis-
tries or cohorts of patients with NVAF have reported 
dabigatran use rates ranging from 5% to 25%, which is 
lower than what we found in our study.27–30 However, in 
the USA, Desai et al have reported an increase in DOAC 
use for the 2010–2013 period which is similar to the one 
we observed, with a peak of 62% of patients initiating 
DOAC treatment among a cohort of anticoagulant initi-
ators.31 These common trends in results observed are 
surprising given the differences in populations, health 
systems, drug coverage and, most importantly, clinical 

recommendations on the use of DOACs for the treatment 
of NVAF between countries. Indeed, in France, health 
authorities do not recommend DOACs as initial antico-
agulant therapy, unless the patient has poor adherence to 
VKAs or unless biological monitoring of VKA treatment is 
difficult.17 However, physicians are still free to opt for any 
of the available treatment and their personal beliefs on 
efficacy and safety influences their choices.

The sharp rise in DOAC use in France was observed 
as of mid-2012, shortly after the NHIS approved the 
reimbursement of dabigatran. Specifically, dabigatran 
was authorised as an anticoagulant for the treatment of 
NVAF in August 2011; reimbursement of treatment was 
preapproved in February 2012, and it was fully approved 
in July 2012. Starting in November 2012, DOACs were 
used more frequently than VKAs as initial anticoagulant 
therapy. The reimbursement of rivaroxaban was fully 

Table 1  Characteristics of patients and prescribers at anticoagulant treatment initiation (2011–2015)

VKA
N=506 821

Dabigatran
N=94 468

Rivaroxaban
N=169 524

Apixaban
N=43 633

Demographic characteristics

 � Mean age (SD) 75.6 (11.9) 74.1 (11.3) 73.0 (11.5) 76.2 (11.1)

 � Male 49.3% 52.3% 52.0% 49.5%

Clinical characteristics*

 � High blood pressure 95.4% 92.1% 92.5% 94.7%

 � Ischaemic heart disease 28.6% 19.7% 17.4% 17.6%

 � Heart failure 27.8% 18.9% 15.2% 21.5%

 � Diabetes 23.6% 19.9% 19.7% 20.8%

 � Cancer 16.5% 14.0% 12.8% 11.1%

 � Renal failure 10.9% 2.3% 2.4% 4.1%

 � Liver failure 1.7% 0.7% 0.7% 0.6%

 � Dementia 5.2% 3.1% 2.9% 3.3%

 � History of ischaemic stroke 9.6% 8.4% 6.0% 9.0%

 � History of bleeding 6.3% 2.9% 3.1% 3.9%

 � HAS-BLED score, mean (SD) 2.7 (0.9) 2.4 (0.9) 2.4 (0.9) 2.5 (0.9)

 � CHA2DS2-VASc, mean (SD) 3.9 (1.5) 3.5 (1.5) 3.3 (1.4) 3.7 (1.4)

Other treatments at cohort entry†

 � Aspirin 45.8% 43.3% 40.9% 43.6%

 � NSAIDs 13.7% 16.6% 16.9% 13.0%

 � Antiplatelet agents (other than aspirin) 15.8% 12.1% 10.9% 12.4%

 � Corticosteroids 14.0% 12.2% 12.7% 12.1%

 � Protons-pump inhibitors 48.9% 40.7% 41.2% 43.9%

Prescriber of first anticoagulant

 � General practitioner 64.4% 50.2% 51.9% 50.4%

 � Cardiologist 22.2% 38.9% 38.0% 37.9%

 � Other specialist 4.8% 4.4% 4.7% 4.6%

 � Unknown 8.6% 6.5% 5.4% 7.1%

*D efined in the  12  months  prior to cohort entry. 
†Defined in the 3 months prior to cohort entry. 
NSAIDs, non-steroidal anti-inflammatory drugs; SD, standard deviation;  VKA, vitamin K antagonist.
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approved in September 2012, and the drug was used 
more frequently than dabigatran as initial anticoagulant 
therapy as of January 2013. This rapid uptake of DOACs 
in the drug market may be explained by the fact that 
alternatives to VKAs had long been expected. Indeed, a 
recent study indicates that DOACs were considered equal 
or preferred to VKAs by respectively 48.5% and 33.3% of 
surveyed physicians.32 The speed of adoption of DOACs 
is similar to that described for other new drugs, which 
usually reaches a plateau 6 to 12 months after they are 
launched.33 This speed varies according to the specialty of 
the prescriber, and specialists are generally more prompt 
to adopt new drugs33—as was the case in our study. Never-
theless, some studies have reported no impact of physi-
cian specialty on the prescription of DOACs.27 30 The 
differences we observed between the prescriptions of 
general practitioners (GP) and those of cardiologists may 
reflect the gap between national and European clinical 
guidelines. Indeed, French Health Authorities recom-
mend VKAs as initial anticoagulant therapy, whereas the 
European Society of Cardiology favours DOACs.3 GPs in 
the rest of Europe have taken a more cautious approach 
towards DOACs. This is especially the case in the treat-
ment of elderly populations, most likely because there 
remains substantial uncertainty concerning the effective-
ness and safety of DOACs in unselected elderly patients 
with NVAF.34

Our results indicate that the characteristics of patients 
who initiated treatment with DOACs rather than VKAs 
evolved over the first few years of drug commercialisa-
tion. In the first year, we observed a selection process with 
healthier patients using DOACs more frequently than 
VKAs as initial therapy.31 This tendency was reinforced 
as DOAC initiators became healthier over time. It may 
reflect the evolution of the perception of efficacy and 
safety of these new drugs by physicians. The prescription 
of DOACs to healthier patients is an issue that needs to 
be addressed, as these molecules may offer higher  risk 
patients greater benefits than VKAs,35 and because their 
cost-effectiveness depends on the severity of patients’ 
condition.36 Observational studies that aim to evaluate 
the risks and benefits associated with DOACs as well as 
cost-effectiveness studies should carefully account for the 
fact that patients selected to initiate DOAC treatment are 
healthier overall, as well as for the selection of patients on 
the different types of DOACs.37 Failure to do so may lead 
to underestimating the potential risks associated with 
DOACs in real-life studies.

The fact that DOAC initiation is less frequent among 
patients with comorbidities may result from a warning 
issued by different health agencies such as in France, 
Europe or USA.35 This tendency seems to be linked to the 
diminishing use of dabigatran observed at the end of 2013, 
when the French medicine safety agency released warnings 

Figure 3  HAS-BLED and CHA2DS2-VASc scores associated with DOAC vs VKA initiation according to year of therapy 
initiation. Crude ORs and 95% CI. DOAC, direct oral anticoagulant ; VKA, vitamin K antagonist.
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on bleeding risks associated with the drug.38–40 At the time, 
French health authorities informed health professionals 
that DOACs are not recommended as initial therapy for 
NVAF, unless the patient has poor adherence to VKAs or 
unless biological monitoring of VKA treatment is difficult. 
However, while these recommendations were followed by 
a temporary decrease in DOAC use, a few months later, 
DOACs were once again the most frequently prescribed 
anticoagulants for patients newly treated for NVAF.

Our study has several strengths. The source database 
covers 66 million inhabitants and nearly 99% of the French 
population, which means that our findings are independent 
of individual health coverage. Moreover, we had access to 
exhaustive information on anticoagulant delivery because 
these treatments are delivered on prescription alone. As 
a result, our study is the largest to report penetration of 
DOACs on the market (particularly in the case of apixaban, 
which is the most recent DOAC available) and to describe 
variations in the characteristics of patients over time.

Nevertheless, some limitations must also be acknowl-
edged. The NHIS administrative database does not include 
clinical or biological results nor does it include outpatients’ 
diagnosis codes. To capture outpatient diagnosis of AF, 
we based our definition of NVAF on drug dispensation, 
using the most likely treatment scheme for NVAF. Insofar 
as the results of our sensitivity analyses are consistent, we 
can be confident that our findings regarding the choice 
of the initial therapy and the patients’ characteristics are 
not too sensitive to the definition of NVAF. Moreover, 69% 
of patients who were hospitalised during follow-up had a 
diagnostic code of NVAF in the hospital discharge database 
(data not shown). We did not use long duration diseases 
codes to define AF as these codes have various limitation, 
for example, their use has been shown to differ between the 
insurance schemes included in the database,41 and there 
was an important discrepancy between them and hospital 
discharge codes. These long duration disease codes were 
only used to define some covariates but only in combina-
tion with drugs delivery and/or hospital codes. We did not 
exclude patients with deep vein thrombosis or pulmonary 
embolism at inclusion. They represented 4.4% of the study 
sample. We conducted a sensitivity analysis excluding these 
patients and obtained similar results (data not shown). 
Another limitation of our study is due to the 2015 data that 
may be partially incomplete. Indeed, for patients who do 
not have their NHIS card and attend a pharmacy that is not 
their regular pharmacy—a paper reimbursement form may 
be issued. The data are then recorded when the paper form 
is sent to the NHIS and integrated later in the database. 
When the 2015 data were made available, paper claims were 
likely to have not been all included. However, this changes 
the total number of users but not the proportion of users of 
the different drugs.

The rapid and massive adoption of DOACs as initial 
therapy for NVAF will impact treatment expenditures 
because of the important increase in costs associated with 
these new drugs (in the USA, these costs accounted for 
more than 90% of insurer spending on anticoagulants 

in 2014).31 Future observational studies should carefully 
account for the fact that patients selected to initiate DOAC 
treatment are healthier overall, and that this tendency is 
reinforced over the first few years of drug commercialisa-
tion. Failure to do so may bias the risk–benefit assessment 
of DOACs.
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