
ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 18, NO. 2 ✦ MARCH/APRIL 2020

131

Anticoagulants’ Safety and Effectiveness in General 
Practice: A Nationwide Prospective Cohort Study

ABSTRACT
PURPOSE Most real-world studies on anticoagulants have been based on health 
insurance databases or performed in secondary care. The aim of this study was 
to compare safety and effectiveness between patients treated with vitamin K 
antagonists (VKAs) and patients treated with direct oral anticoagulants (DOACs) 
in a general practice setting.

METHODS The CACAO study (Comparison of Accidents and their Circumstances 
with Oral Anticoagulants) is a multicenter prospective cohort study conducted 
among ambulatory patients taking an oral anticoagulant. Participants were patients 
from the study’s cross-sectional phase receiving oral anticoagulants because of 
nonvalvular atrial fibrillation, for secondary prevention of venous thromboembo-
lism, or both. They were followed as usual for 1 year by their general practitioners, 
who collected data on changes in therapy, thromboembolic events, bleeding, and 
deaths. All events were adjudicated by an independent committee. We used a pro-
pensity score and a Cox regression model to derive hazard ratios.

RESULTS Between April and December 2014, a total of 3,082 patients were 
included. At 1 year, 42 patients (1.7%) had experienced an arterial or venous event; 
151 (6.1%) had experienced bleeding, including 47 (1.9%) who experienced major 
bleeding; and 105 (4.1%) had died. There was no significant difference between 
the VKA and DOAC groups regarding arterial or venous events, or major bleeding. 
The VKA group had a lower risk of overall bleeding (hazard ratio = 0.65; 95% CI, 
0.43-0.98) but twice the risk of death (hazard ratio = 1.98; 95% CI, 1.15-3.42).

CONCLUSIONS VKAs and DOACs had fairly similar safety and effectiveness in 
general practice. The substantially higher incidence of deaths with VKAs is con-
sistent with known data from health insurance databases and calls for further 
research to understand its cause.

Ann Fam Med 2020;18:131-138. https://doi.org/10.1370/afm.2495.

INTRODUCTION

Oral anticoagulants are widely prescribed in general practice, 
where their main indications are atrial fibrillation and venous 
thromboembolic disease. These medications have well-proven 

effectiveness for those indications but are associated with increased 
bleeding risk.1 In ambulatory care, anticoagulants are involved in 12% of 
suspected adverse drug reactions and are the leading cause of emergency 
department admission for such reactions, because of bleeding.2,3

The pattern of anticoagulant prescribing is changing. Direct oral 
anticoagulants (DOACs) have been developed as an alternative to vita-
min K antagonists (VKAs). Since their introduction in 2009, DOACs have 
accounted for a steadily increasing share of the total,4 reaching 38.0% 
among all patients receiving anticoagulants in France as of 2016.1 The many 
available medications have diverse pharmacokinetic and pharmacodynamic 
profiles, leading to different treatment choices, taking into account potential 
medication interactions and patients’ adherence, age, and renal function.1

Several real-world studies have provided results confirming those 
of phase 3 trials of DOACs, showing at least similar efficacy as VKAs 
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and possibly better safety.1,5-14 Most of these studies, 
however, were based on health insurance databases, 
had a retrospective design, and were performed in 
secondary or tertiary care populations. Primary care 
clinicians continue to face practical issues in manag-
ing anticoagulant therapy, such as nonmajor bleeding, 
changes in anticoagulant therapy, patients’ individual 
history, and adherence.

The aim of this study was to compare safety and 
effectiveness between VKAs and DOACs in a general 
practice setting.

METHODS
The CACAO study (Comparison of Accidents and 
their Circumstances with Oral Anticoagulants) is a 
multicenter prospective observational cohort study 
conducted by general practitioners throughout France 
among unselected ambulatory patients receiving an 
oral anticoagulant. The 463 investigators from 391 
practices cover 290 rural or urban towns, and are dis-
tributed over 47 counties of France.

Study Eligibility
We identified participants in phase 1 of the CACAO 
study for follow-up.15 In that first, cross-sectional 
phase, every patient aged 18 years or older taking 
an oral anticoagulant and consulting a general prac-
titioner investigator, for any reason, was eligible. 
Patients receiving injectable anticoagulants and those 
younger than the age of 18 years were excluded. Each 
investigator enrolled all consecutive eligible patients 
for 3 months, beginning between April and October 
2014. To be included in the phase 2 follow-up study, 
patients from phase 1 had to have a nonvalvular atrial 
fibrillation or thromboembolic indication for antico-
agulation, and to need anticoagulation for more than 
3 months. Among patients receiving an anticoagulant 
for more than 1 year, every patient receiving a DOAC 
was matched to 3 patients receiving VKAs on sex, age, 
indication for anticoagulation, duration of anticoagu-
lant therapy, and renal function.

Data Collection
During 1 year of follow-up, patients received usual 
care from their general practitioner, without any 
mandatory appointments. Every 3 months, general 
practitioners collected data on bleeding events accord-
ing to the International Society on Thrombosis and 
Haemostasis classification16,17; on the thrombotic of 
ischemic stroke, deep vein thrombosis (DVT), pulmo-
nary embolism (PE), and acute coronary syndrome; on 
death; and on changes to anticoagulant therapy and 
the reasons for changes. 

General practitioners also collected items for 
the CHA2DS2-VASc score (congestive heart failure, 
hypertension, age, diabetes, previous stroke/transient 
ischemic attack–vascular)18 and for the HAS-BLED 
score (hypertension, abnormal liver/renal function, 
stroke history, bleeding history or predisposition, labile 
international normalized ratio, elderly, drug/alcohol 
use).19 Both scores range from 0 to 9, with higher scores 
indicating greater risk for stroke (CHA2DS2-VASc) or 
major bleeding (HAS-BLED). These scores were auto-
matically calculated. 

Data were collected anonymously on an electronic 
case report form. All events were adjudicated by an 
independent committee.

Statistical Analysis
Characteristics of the study population are reported 
as numbers and percentages, with means and standard 
deviations. Comparisons were performed using the χ2 
or Fisher exact test for categorical variables and the 
Student t test for continuous variables.

We calculated person-years of follow-up from the 
date of inclusion to the occurrence of first endpoint, 
death, or end of follow-up. Incidence rates were calcu-

Figure 1. Flow diagram for the CACAO study.

CACAO = Comparison of Accidents and their Circumstances with Oral 
Anticoagulants.

11 Patients (0.9%) 
with missing data

23 Patients (0.8%) 
missing date for 

latest status

16 Patients (0.9%) 
with missing data

7,154 Patients included in cross-sectional phase 1

3,082 Patients included in follow-up phase 2

3,071 Patients followed up for 1 year

3,048 Patients included in analysis of 1-year outcomes

1,882 Patients selected by the propensity matching

1,866 Patients included in propensity-matched analysis
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lated as number of events divided by person-years. No 
imputation of missing data was planned.

Occurrence of death, arterial or venous events, and 
bleeding during the year of follow-up was analyzed 
with the Kaplan-Meier method. Incidence rates and 
hazard ratios (HRs) by anticoagulant class (VKA vs 
DOAC) were calculated with a Cox regression model. 
For arterial or venous events, and for hemorrhagic 
events, we used the Fine and Gray method20 to cal-
culate absolute risk of events taking into account the 
competing risk of death.

To further compare VKA- and DOAC-treated 
patients, we performed a second matching using a 
propensity score. The propensity 
model included age (4 age groups) 
and sex; personal history of hyper-
tension, DVT and/or PE, diabetes 
mellitus, symptomatic heart fail-
ure, peripheral arterial disease, 
bleeding requiring hospitalization, 
or cancer; Timed Up and Go test 
as estimated by the general prac-
titioner; CHA2DS2-VASc score at 
the time of atrial fibrillation (0-1 vs 
≥2); HAS-BLED score at the time 
of atrial fibrillation (≤3 vs >3); 
renal failure (present vs absent); 
indication for anticoagulation (2 
classes); associated antiplatelet or 
nonsteroidal anti-inflammatory 
drug therapy; number of associ-
ated medications; duration of anti-
coagulant treatment (≤1 year vs 
>1 year); patient adherence as per-
ceived by the general practitioner 
(2 classes); and general practitioner 
sex and age (continuous variable). 
Patients for whom matching was 
not possible were excluded from 
the propensity analysis.

We performed analyses using 
Stata version 15.0 (StataCorp, 
LLC). A 2-sided P <.05 was con-
sidered significant.

Ethics
The CACAO study was 
approved by the ethical commit-
tee of the University Hospital 
of Saint-Etienne (IRBN112014/
CHUSTE). Its protocol is reg-
istered with ClinicalTrials.gov 
(NCT02376777). All patients 
received written information 

about the study, emphasizing their right to decline 
participation or to withdraw at any time. No written 
informed consent was required for inclusion.

RESULTS
Between April and December 2014, the 463 general 
practitioners included 7,154 patients in the first phase of 
the study, of whom 3,082 were included in the follow-up 
phase: 1,946 patients (63.1%) were receiving a VKA and 
1,136 patients (36.9%) were receiving a DOAC (Figure 
1). Characteristics at the start of the follow-up phase 
were fairly well balanced between groups (Table 1).

Table 1. Characteristics of Patients at Start of Follow-Up (N = 3,082)

Characteristic
VKAa 

(n = 1,946)
DOACa 

(n = 1,136) P
Totala 

(N = 3,082)

Age   

Mean (SD), y 75.0 (11.5) 73.3 (12.3) <.001 74.4 (11.8)

≥75 years, No. (%) 1,138 (58.5) 599 (52.7) .002 1,737 (56.4)

Male, No. (%) 1,095 (56.3) 594 (52.3) .03 1,689 (54.8)

Weight, mean (SD), kg 80.1 (18.0) 78.9 (17.7) .08 79.7 (17.9)

Body mass index     

Mean (SD), kg/m2 28.8 (5.8) 28.4 (5.6) .13 28.6 (5.7)

>30 kg/m2, No. (%) 576 (35.7) 336 (34.9) .68 912 (35.4)

Medical history, No. (%)     

Hypertension 1,367 (70.3) 757 (66.6) .04 2,124 (68.9)

DVT and/or PE 467 (24.0) 186 (16.4) <.001 653 (21.2)

Diabetes mellitus 469 (24.1) 253 (22.3) .25 722 (23.4)

Coronary heart disease and/
or MI

393 (20.2) 156 (13.7) <.001 549 (17.8)

Symptomatic heart failure 336 (17.3) 141 (12.4) <.001 477 (15.5)

Stroke and/or TIA 303 (15.6) 172 (15.1) .75 475 (15.4)

Peripheral arterial disease 220 (11.3) 101 (8.9) .03 321 (10.4)

Bleeding requiring 
hospitalization

146 (7.5) 54 (4.8) .003 200 (6.5)

Cancer 65 (3.3) 27 (2.4) .13 92 (3.0)

Timed Up and Go test as esti-
mated by GP, No. (%)b

  <.001  

<14 seconds 1,022 (52.5) 695 (61.2)  1,717 (55.7)

14-30 seconds 473 (24.3) 238 (21.0)  711 (23.1)

>30 seconds 229 (11.8) 108 (9.5)  337 (10.9)

CHA2DS2-VASc score, No. (%)c,d   .007  

0 20 (1.2) 29 (2.9)  49 (1.9)

1 98 (6.1) 65 (6.5)  163 (6.2)

≥2 1,499 (92.7) 900 (90.5)  2,399 (91.9)

continues

2N = 2 times the upper limit of normal; 3N = 3 times the upper limit of normal; ALT = alanine amino-
transferase; AST = aspartate aminotransferase; CHA2DS2-VASc = congestive heart failure, hypertension, age 
(>75 = 2 points), diabetes, previous stroke/transient ischemic attack (2 points)–vascular; DOAC = direct oral 
anticoagulants; DVT = deep vein thrombosis; GP = general practitioner; HAS-BLED = hypertension, abnormal 
liver/renal function, stroke history, bleeding history or predisposition, labile international normalized ratio, 
elderly, drug/alcohol use; MI = myocardial infarction; NSAID = nonsteroidal anti-inflammatory drug; PE = pul-
monary embolism; TIA = transient ischemic attack; VKA = vitamin K antagonist.

a Denominators may be less than shown in column heads because of missing data for some characteristics. 
b Longer time indicates poorer mobility.
c Calculated for 2,611 patients with nonvalvular atrial fibrillation.
d Scores range from 0 to 9; higher scores indicate greater stroke risk.
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Overall, 11 patients (0.4%) were excluded from 
analysis because of missing data. Patients in the 
DOAC group as compared with counterparts in the 
VKA group more often had a definitive stopping of 
their anticoagulation (12.0% vs 6.9%; P < .001) and at 

least 1 switch of anticoagulant class (4.0% vs 2.2%; 
P = .005) (Table 2). Among those switching, DOAC 
recipients more commonly did so because of intoler-
ance (17.8% vs 0%; P = .006) or altered renal function 
(26.7% vs 2.3%; P = .001). 

During the year of follow-up, 
105 patients (4.1%) died; 151 
(6.1%) experienced bleeding 
events, including 47 (1.9%) who 
experienced major bleeding 
events; and 42 (1.7%) experi-
enced arterial or venous events: 
14 ischemic strokes, 11 myocar-
dial infarctions, 9 DVTs, 5 PEs, 
3 transient ischemic attacks, 
and 1 arterial thrombosis of 
the lower limb. Relative to the 
DOAC group, the VKA group 
had a lower risk of any bleeding 
(HR = 0.67; 95% CI, 0.49-0.92) 
driven mainly by a lower risk of 
minor bleeding (HR = 0.49; 95% 
CI, 0.25-0.96), but a higher risk 
of death (HR = 2.37; 95% CI, 
1.45-3.85) (Table 3).

The propensity-matched 
analysis was based on 1,866 
patients: 935 (50.1%) were receiv-
ing a VKA and 931 (49.9%) 
were receiving a DOAC (Table 
4). The receiver operating char-
acteristic curve model for the 
propensity model had an area 
under the curve of 0.675, indicat-
ing moderately good matching. 
Sixteen patients (0.9%) were 
excluded from analysis because 
of missing data. Relative to the 
DOAC group, the VKA group 
had a lower risk of any bleed-
ing (HR = 0.65; 95% CI, 0.43-
0.98) but a higher risk of death 
(HR = 1.98; 95% CI, 1.15-3.42) 
(Table 5).

DISCUSSION
Main Findings
We report the results of the 
first French national prospec-
tive cohort study of ambulatory 
patients receiving oral anticoagu-
lant therapy, a study designed 
and conducted by and for general 

Table 1. Characteristics of Patients at Start of Follow-Up 
(N = 3,082) (continued)

Characteristic
VKAa 

(n = 1,946)
DOACa 

(n = 1,136) P
Totala 
(N = 3,082)

HAS-BLED score, No. (%)c,e   <.001  

≤3 1,293 (80.0) 883 (88.8)  2,176 (83.3)

>3 324 (20.0) 111 (11.2)  435 (16.7)

Renal failure (clearance), No. (%)   .07  

None (≥60 mL/min) 1,317 (67.7) 805 (70.9)  2,122 (68.9)

Moderate (30-60 mL/min) 513 (26.4) 257 (22.6)  770 (25.0)

Severe (15-30 mL/min) 19 (1.0) 7 (0.6)  26 (0.8)

Terminal (<15 mL/min) 1 (0.1) 0 (0)  1 (0)

Hepatic function, No. (%)   .04  

AST and/or ALT >3N and/or 
bilirubin >2N

12 (0.6) 2 (0.2)  14 (0.5)

AST and/or ALT <3N and bili-
rubin <2N

1,434 (73.7) 875 (77.0)  2,309 (74.9)

Indication for anticoagulation, 
No. (%)

  .001  

Nonvalvular atrial fibrillation 1,619 (83.2) 994 (87.5)  2,613 (84.8)

Treatment of DVT/PE 327 (16.8) 142 (12.5)  469 (15.2)

Anticoagulant, No. (%)   …  

Acenocoumarol 113 (5.8) …  113 (3.7)

Apixaban … 66 (5.8)  66 (2.1)

Dabigatran … 440 (38.7)  440 (14.3)

Fluindione 1,397 (71.8) …  1,397 (45.3)

Rivaroxaban … 630 (55.5)  630 (20.4)

Warfarin 436 (22.4) …  436 (14.1)

Number of concomitant medica-
tions with risk for interaction, 
No. (%)f

  .82  

None 798 (41.0) 478 (42.1)  1,276 (41.4)

1 795 (40.9) 452 (39.8)  1,247 (40.5)

≥2 353 (18.1) 206 (18.1)  559 (18.1)

Duration of anticoagulant 
treatment >1 year, No. (%)

1,446 (74.3) 582 (51.3) <.001 2,028 (65.8)

Patient adherence as perceived 
by GP

  .10  

Not or not very adherent 103 (5.4) 76 (6.8)  179 (5.9)

Rather or completely adherent 1,820 (94.6) 1,041 (93.2)  2,861 (94.1)

2N = 2 times the upper limit of normal; 3N = 3 times the upper limit of normal; ALT = alanine amino-
transferase; AST = aspartate aminotransferase; CHA2DS2-VASc = congestive heart failure, hypertension, age 
(>75 = 2 points), diabetes, previous stroke/transient ischemic attack (2 points)–vascular; DOAC = direct oral 
anticoagulants; DVT = deep vein thrombosis; GP = general practitioner; HAS-BLED = hypertension, abnormal 
liver/renal function, stroke history, bleeding history or predisposition, labile international normalized ratio, 
elderly, drug/alcohol use; MI = myocardial infarction; NSAID = nonsteroidal anti-inflammatory drug; PE = pul-
monary embolism; TIA = transient ischemic attack; VKA = vitamin K antagonist.
a Denominators may be less than shown in column heads because of missing data for some characteristics. 
b Longer time indicates poorer mobility.
c Calculated for 2,611 patients with nonvalvular atrial fibrillation.
d Scores range from 0 to 9; higher scores indicate greater stroke risk.
e Scores range from 0 to 9; higher scores indicate greater risk for major bleeding.
f Concomitant medications from medical records were statins, amiodarone, antiplatelet agents, serotonin 
reuptake inhibitors, fibrate, verapamil, NSAIDs, quinidine, carbamazepine, tacrolimus, cyclosporine, anticoagu-
lants, systemic antifungal agents, rifampicin, protease inhibitors.
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practitioners. During the year of follow-up, about 2% 
of patients had an arterial or venous event; roughly 6% 
had bleeding, including 2% with major bleeding; and 
slightly more than 4% died. After propensity matching, 
there was no significant difference between patients 
receiving VKAs and patients receiving DOACs regard-
ing arterial or venous events and major bleeding. The 
VKA group had a 35% lower risk of any bleeding but 
almost double the risk of all-cause mortality; the latter 
difference was not due to deaths from bleeding.

Comparison With Existing Literature
Our participants’ age and sex were similar to those 
of patients in previous cohort studies (mean age = 74 
years in our cohort vs 70 years in previous cohorts; 
female = 45.2% vs 39% to 47%), but the rate of renal 
impairment was higher in 
our study (25.8% vs 4.5% to 
10.1%).11,13,21 Risk scores vary 
widely in the previous literature: 
the proportion of patients with 
a CHA2DS2-VASc score of 2 or 
greater ranges from 59% to 90%, 
whereas it was 91.9% in our study, 
and the proportion with a HAS-
BLED score of 3 or greater varies 
from 6.3% to 41%, whereas the 
proportion with a score exceeding 
3 was 16.7% in our study.

Incidence rates were similar 
to those of cohorts studies for 

any bleeding (6.1% in our study vs 
2.85% to 4.83% in previous stud-
ies), major bleeding (1.9% vs 1.12% 
to 4.04%), and mortality (4.1% vs 
4.62% to 7.41%).11,13,21 All phase III 
trials and real-world cohort studies 
have shown a higher rate of death in 
VKA groups, but their hazard ratios 
were not always significant and were 
mostly smaller than ours,1,11,13,21-24 
which was 1.98 (95% CI, 1.15-3.42). 
This elevated risk was mainly due 
to sudden deaths and deaths from 
malignancies, infections, and unde-
termined causes, and not to bleed-
ing, suggesting it may stem from 
an external cause independent of 
anticoagulation therapy, such as our 
recruitment in primary care; other 
contextual factors missed in our 
matching process; or a lack of statis-
tical power in our study.

Our VKA group had a lower 
risk of any bleeding compared with our DOAC group 
(HR = 0.65; 95% CI, 0.43-0.98), which differs from 
the finding in phase III trials and previous cohort 
studies.1,11,13, 21-24 This difference could be due to our 
recording of minor bleeding and to our prospective 
design, which allowed for possible declarative bias, as 
physicians were perhaps more suspicious and watchful 
for patients receiving DOACs because of the recent 
marketing of these drugs.

Strengths and Limitations
The multicenter nature and national size of our study 
may help improve the generalizability of its findings. 
Given that the investigator was the patient’s usual 
physician in 95% of cases, data were more readily 
accessible, permitting easy completion of the study 

Table 2. Changes in Anticoagulation During Year of Follow-Up, 
by Anticoagulant Class at Start of Follow-Up (N = 3,071)

Anticoagulation 
Change

VKA,  
No. (%) 

(n = 1,941)

DOAC,  
No. (%)  

(n = 1,130) P Value

Total,  
No. (%) 

(N = 3,071)

Definitive stop 134 (6.9) 135 (12.0) <.001 269 (8.8)

≥1 temporary stop 126 (6.5) 67 (5.9) .54 193 (6.3)

≥1 switch of drug class 43 (2.2) 45 (4.0) .005 88 (2.9)

Reason for switcha     

Unstable INR 26 (60.5) 0 (0) … 26 (29.6)

Patient demand 11 (25.6) 9 (20.0) .53 20 (22.7)

Change of indication 0 (0) 2 (4.4) .50 2 (2.3)

Medication intolerance 0 (0) 8 (17.8) .006 8 (9.1)

Adherence problem 4 (9.3) 1 (2.2) .20 5 (5.7)

Renal function 1 (2.3) 12 (26.7) .001 13 (14.8)

Hepatic function 0 (0) 2 (4.4) .50 2 (2.3)

Thrombosis event 0 (0) 3 (6.7) .24 3 (3.4)

Bleeding event 2 (4.7) 8 (17.8) .09 10 (11.4)

Other 8 (18.6) 9 (20.0) .87 17 (19.3)

INR = international normalized ratio; DOAC = direct oral anticoagulant; VKA = vitamin K antagonist.

a For the 88 patients who had at least 1 switch.

Table 3. One-Year Outcomes, by Anticoagulant Class at Outcome 
(N = 3,048; 2,641 Person-Years)

Outcome

VKA, 
No. (%) 

(n = 1,932)

DOAC, 
No. (%) 

(n = 1,116)

Total, 
No. (%) 

(N = 3,048) HR (95% CI)

≥1 arterial or venous  
event

26 (1.6) 16 (1.8) 42 (1.7) 0.89 (0.48-1.66)

Any bleeding 83 (5.2) 68 (7.6) 151 (6.1) 0.67 (0.49-0.92)

Major bleeding 27 (1.7) 20 (2.2) 47 (1.9) 0.75 (0.42-1.33)

Nonmajor but clinically 
relevant bleeding

40 (2.5) 30 (3.3) 70 (2.8) 0.74 (0.46-1.18)

Minor bleeding 16 (1.0) 18 (2.0) 34 (1.3) 0.49 (0.25-0.96)

All-cause death 85 (5.2) 20 (2.2) 105 (4.1) 2.37 (1.45-3.85)

DOAC = direct oral anticoagulant; HR = hazard ratio; VKA = vitamin K antagonist.
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form. In France, there are no anticoagulation clin-
ics, and anticoagulation monitoring and international 
normalized ratio management are usually performed 
by general practitioners, limiting the impact of the 
absence of mandatory follow-up appointments. Data 
were collected from patients’ 
medical records, and there was 
no audit to verify that general 
practitioners did not miss any 
events. In France, however, 
patients have to register with 
a unique general practitioner 
or receive financial penalties, 
which limits that potential 
measurement bias. It is possible 
that physicians who agreed to 
participate in the study were 
more engaged in continuing 
medical education, medical 
research, and/or the anticoagu-
lant topic than the average gen-
eral practitioner. This possible 
recruitment bias should have a 
tendency to lead to underesti-
mation of our outcomes, which 
are nevertheless important for 
practice. All events were adju-
dicated by a central committee, 
which reinforces the credibility 
of our results.

Given the context of con-
tinuing medical education of 
investigators, which imposed 
a minimum and a maximum 
cluster size, a complete initial 
matching was not possible. 
Inclusion of an average of 
just 4.8 patients per practice, 
however, obviated the need 
to adjust for clustering. The 
observed statistical power was 
low, especially regarding bleed-
ing events and arteriovenous 
events. Propensity match-
ing reduced the sample size 
but showed a good quality 
of the model (area under the 
curve = 0.675), which further 
reinforces our findings.

Conclusions
In this study, arteriovenous 
events and major bleeding 
events did not differ between 

patients receiving VKAs and patients receiving 
DOACs. The near doubling of mortality risk in the 
VKA group as compared with the DOAC group is 
consistent with known data from health insurance data-
bases and calls for further research to explore its origin.

Table 4. Characteristics of Patients in the Propensity-Matched Sample 
(N = 1,882)

Characteristic
VKA  

(n = 941)
DOAC 

(n = 941)
P  

Value
Total 

(N = 1,882)

Age group, No. (%)   .61  

<50 years 45 (4.8) 40 (4.3)  85 (4.5)

50-70 years 232 (24.7) 254 (27.0)  486 (25.8)

70-80 years 301 (32.0) 303 (32.2)  604 (32.1)

≥80 years 363 (38.6) 344 (36.7)  707 (37.6)

Male, No. (%) 503 (53.5) 504 (53.6) .96 1,007 (53.5)

Medical history, No. (%)    

Hypertension 644 (68.4) 640 (68.0) .84 1,284 (68.2)

DVT and/or PE 162 (17.2) 169 (18.0) .67 331 (17.6)

Diabetes mellitus 220 (23.4) 214 (22.8) .74 434 (23.1)

Coronary heart disease and/or MI     

Symptomatic heart failure 131 (13.9) 133 (14.1) .89 264 (14.0)

Stroke and/or TIA     

Peripheral arterial disease 304 (32.3) 312 (33.1) .69 616 (32.7)

Bleeding requiring hospitalization 46 (4.9) 49 (5.2) .75 95 (5.1)

Cancer 21 (2.2) 25 (2.7) .55 46 (2.4)

Timed Up and Go test as estimated by 
GP, No. (%)

  .83  

 <14 seconds 546 (58.0) 556 (59.1)  1,102 (58.6)

14-30 seconds 213 (22.6) 206 (21.9)  419 (22.3)

>30 seconds 90 (9.6) 96 (10.2)  186 (9.9)

CHA2DS2-VASc score, No. (%)   .74  

0-1 77 (8.2) 81 (8.6)  158 (8.4)

≥2 864 (91.8) 860 (91.4)  1,724 (91.6)

HAS-BLED score, No. (%)   .89  

≤3 827 (87.9) 829 (88.1)  1,656 (88.0)

>3 114 (12.1) 112 (11.9)  226 (12.0)

Renal failure, No. (%)   .49  

No (clearance ≥60 mL/min) 629 (66.8) 652 (69.3)  1,281 (68.1)

Yes (clearance <60 mL/min) 255 (27.1) 233 (24.8)  488 (25.9)

Indication for anticoagulation, No. (%)   .89  

Nonvalvular atrial fibrillation 811 (86.2) 809 (86.0)  1,620 (86.1)

Treatment of DVT/PE 130 (13.8) 132 (14.0)  262 (13.9)

Concomitant medications with risk for 
interaction, No. (%)

    

≥2 medications 165 (17.5) 164 (17.4) .98 329 (17.5)

NSAID 13 (1.4) 12 (1.3) .84 25 (1.3)

Antiplatelet agent 80 (8.5) 75 (8.0) .68 155 (8.2)

Duration of anticoagulant therapy >1 
year, No. (%)

552 (58.7) 572 (60.8) .35 1,124 (59.7)

Age of GP, mean (SD), y 49.8 (10.0) 50.2 (9.7) .36 50.0 (9.9)

Sex of GP, male, No. (%) 694 (73.8) 695 (73.9) .96 1,389 (73.8)

Patient adherence as perceived by GP, 
No. (%)

  .93  

Not or not very adherent 63 (6.7) 64 (6.8)  127 (6.8)

Rather or completely adherent 878 (93.3) 877 (93.2)  1,755 (93.6)

Note: See footnotes in Table 1.
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To read or post commentaries in response to this article, see it 
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Table 5. One-Year Outcomes in the Propensity-Matched Sample, by 
Anticoagulant Class at Outcome (N = 1,866; 1,618 Person-Years)

Outcome
VKA,  

No. (%)
DOAC,  
No. (%)

Total,  
No. (%) HR (95% CI)

≥1 arterial or venous event 15 (1.9) 14 (1.9) 29 (1.9) 1.00 (0.48-2.07)

Any bleeding 38 (4.9) 55 (7.4) 93 (6.1) 0.65 (0.43-0.98)

Major bleeding 8 (1.0) 17 (2.3) 25 (1.6) 0.45 (0.19-1.03)

Nonmajor but clinically relevant 
bleeding

21 (2.7) 22 (2.9) 43 (2.8) 0.90 (0.50-1.64)

Minor bleeding 9 (1.1) 16 (2.1) 25 (1.6) 0.52 (0.23-1.18)

All-cause death 40 (5.0) 19 (2.5) 59 (3.8) 1.98 (1.15-3.42)

Sudden death/dysrhythmia 10 (1.3) 1 (0.1)  ...  ...
Heart failure 4 (0.5) 3 (0.4)  ...  ...
Myocardial infarction 1 (0.1) 0 (0)  ...  ...
Ischemic stroke/systemic embolism 

(other than embolic stroke)
0 (0) 2 (0.3)  ...  ...

Hemorrhagic stroke 1 (0.1) 1 (0.1)  ...  ...
Extracranial hemorrhage 1 (0.1) 5 (0.7)  ...  ...
Other vascular death 1 (0.1) 1 (0.1)  ...  ...
Malignancy 7 (0.9) 1 (0.1)  ...  ...
Infection 8 (1.0) 0 (0)  ...  ...
Respiratory 0 (0) 2 (0.3) ...  ...
Trauma/accidental 0 (0) 1 (0.1) ...  ...
Hepatobiliary/liver failure 0 (0) 1 (0.1) ...  ...
All other nonvascular death 0 (0) 0 (0) ...  ...
Undetermined death 7 (0.9) 1 (0.1) ...  ...

DOAC = direct oral anticoagulant; HR = hazard ratio; VKA = vitamin K antagonist.
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