
Clinical Therapeutics/Volume 45, Number 4, 2023 

Original Research 

Mortality on DOACs Versus on Vitamin K 

Antagonists in Atrial Fibrillation: Analysis of the 

Hungarian Health Insurance Fund Database 

Tímea Papp, MD 

1 ; Zoltán Kiss, MD 

2 ; György Rokszin, MD 

3 ; Ibolya Fábián, MSc 

3 , 4 ; 
László Márk, PhD, MD 

5 ; Zsuzsa Bagoly, PhD, MD 

6 ; Dávid Becker, Prof PhD 

7 ; 
Béla Merkely, Prof Phd 

7 ; Dániel Aradi, PhD, MD 

7 , 8 ; Csaba András Dézsi, Prof PhD 

9 , 10 ; 
Zoltán Járai, Prof PhD 

11 ; and Zoltán Csanádi, Prof PhD 

1 

1 Department of Cardiology, Faculty of Medicine Debrecen, University of Debrecen, 
Debrecen, Hungary; 2 Second Department of Medicine and Nephrology-Diabetes Center, 
Faculty of Medicine Pécs, University of Pécs, Pécs, Hungary; 3 RxTarget Ltd, Szolnok, 
Hungary; 4 University of Veterinary Medicine, Budapest, Hungary; 5 Department of 
Cardiology, Békés County Central Hospital Pándy Kálmán Branch, Gyula, Hungary; 
6 Division of Clinical Laboratory Sciences, Department of Laboratory Medicine, Faculty of 
Medicine Debrecen, University of Debrecen, Debrecen, Hungary; 7 Heart and Vascular 
Centre, Faculty of Medicine, Semmelweis University, Budapest, Hungary; 8 Heart Centre 
Balatonfüred, Balatonfüred, Hungary; 9 Faculty of Health and Sport Sciences, Széchenyi 
István University, Gy ̋or, Hungary; 10 Department of Cardiology, Petz Aladár University 
Teaching Hospital, Gy ̋or, Hungary; and 

11 Department of Cardiology, St. Imre University 
Teaching Hospital, Budapest, Hungary 

ABSTRACT 

Purpose: Limited real-world data are available on 

the survival of patients treated with vitamin K antag- 
onists (VKAs) versus with direct oral anticoagulants 
(DOACs) for nonvalvular atrial fibrillation (AF). In this 
nationwide registry, we analyzed the mortality risk of 
patients with nonvalvular AF taking DOACs versus 
VKAs, with a special attention to the early treatment 
period. 

Methods: The Hungarian National Health In- 
surance Fund (NHIF) database was searched to 

identify patients treated with VKA or DOAC as 
a thromboembolic prophylaxis for nonvalvular AF 

between 2011 and 2016. The overall and the early 

(0–3, 4–6, and 7–12 months) mortality risks with the 
2 types of anticoagulation were compared. A total of 
144,394 patients with AF treated with either a VKA 

(n = 129,925) or a DOAC (n = 14,469) were enrolled. 
Findings: A 28% improvement in 3-year survival 

with DOAC treatment compared with VKA treatment 

was shown. Mortality reduction with DOACs was con- 
sistent across different subgroups. However, younger 
patients (30–59 years old) initiated on DOAC therapy 

had the greatest RRR (53%) in mortality. Furthermore, 
DOAC treatment also yielded a benefit of greater 
magnitude (HR = 0.55; 95% CI, 0.40–0.77, P = 0.001) 
in the lower (0-1) CHA 2 DS 2 -VASc score segment and 

in those with fewer (0–1) bleeding risk factors (HR = 

0.50, CI 0.34–0.73, P = 0.001). The RRR in mortality 

with DOACs was 33% within the first 3 months, and 

6% in the second year. 
Implications: Thromboembolic prophylaxis with 

DOACs in this study yielded significantly lower 
mortality compared with VKA treatment in patients 
with nonvalvular AF. The largest benefit was shown 
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in the early period after treatment initiation, as 
well as in younger patients, those with a lower 
CHA 2 DS 2 -VASc score, and those with fewer bleed- 
ing risk factors. ( Clin Ther. 2023;45:333–346.) ©
2023 The Author(s). Published by Elsevier Inc. 
This is an open access article under the CC BY-NC- 
ND license ( http://creativecommons.org/licenses/by- 
nc-nd/4.0/ ) 

Key words: atrial fibrillation, direct oral antico- 
agulant, mortality risk reduction, thromboembolism, 
vitamin K antagonist. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Atrial fibrillation (AF) is the most frequently en-
countered cardiac arrhythmia in clinical practice,
with an estimated prevalence of 3% in the general
population worldwide 1 , 2 and between 2.37% and
2.67% in Hungary.3 The incidence and prevalence of
AF display a constantly rising tendency,4 , 5 with an
expected 2.5-fold increase in the next 3 decades, as
a result of the aging population and more efficient
diagnostic and treatment options.6 , 7 Due to a set of
associated comorbidities and the significantly increased
mortality,8 AF poses an enormous health care burden.9 

It is well known that patients with AF are more
prone to developing thromboembolic complications
such as ischemic stroke, leading to a higher mortality
risk, which could be significantly reduced by antico-
agulation with either vitamin K antagonists (VKAs)
or direct oral anticoagulants (DOACs).10 , 11 Although
VKAs have been widely used for anticoagulation in
AF, DOACs are recommended based on the latest
guidelines,12 considering the several shortcomings of
VKA therapy. These include a narrow therapeutic
range, the frequent need for international normalized
ratio (INR) monitoring and dose adjustments, and
numerous food and drug interactions.13 In addition,
Azoulay et al 14 suggested that patients treated with
VKAs may be at an increased risk of thromboembolism
during the first 30 days of treatment, not only because
of the delay in reaching therapeutic INR values but
also as a result of an increased prothrombotic activity
attributed to the early depletion of protein C due to
its short half-life early after the initiation of VKA
treatment. 

Real-world registries confirmed the benefit of
DOACs compared with VKA, similarly to what was
shown in the randomized clinical trials.15 However,
334 
limited data exist regarding hard end points on
short- versus long-term therapy with different oral
anticoagulants (OACs).16 Herein, we studied the all-
cause mortality in patients diagnosed with nonvalvular
AF in Hungary between 2011 and 2016, treated with
either a VKA or a DOAC. We also analyzed the
mortality risk with the 2 treatment options early after
the initiation of therapy versus long term. 

PATIENTS AND METHODS 

Patient Population 

This nationwide, retrospective, longitudinal study
included patients with AF from January 1, 2011,
through December 31, 2016, using the Hungarian
National Health Insurance Fund (NHIF) database.
Because Hungary has a single, state-owned insurance
company, the NHIF database contains data on in-
hospital, outpatient, and prescription activities of al-
most 100% of the Hungarian population. International
Classification of Diseases, Tenth Revision was used
to select patients with AF from the database. To
verify patients newly diagnosed with AF during the
study period (2011–2016), a 2-year screening was
also performed through the previous years (2009–
2010). Patients with at least 2 occurrences of ICD
code I48 (AF diagnosis) within a period of 30
to 365 days, related to in-hospital, outpatient, or
prescribing activities, with a prescription of VKA or
DOAC therapy for AF diagnosis were included in
the analysis. DOAC medications available in Hungary
during this period included dabigatran, rivaroxaban,
and apixaban. Patients with only one occurrence of
the I48 ICD code who died within 60 days of disease
onset were also included in the analysis if they had at
least one VKA or DOAC prescription. The index date
of diagnosis was defined as the date of the first ICD
I48 record. Patients with valvular AF (mechanical heart
valves, severe mitral stenosis; ICD-10 codes I05 and
I3420), those who died in the first 14 days after AF
diagnosis, or who were aged < 30 years were excluded
from this analysis ( Figure 1 ). 

The dates of death were retrieved from the NHIF
database. Stroke as a prior event was defined as
at least 2 occurrences of a primary or a secondary
discharge ICD-10 code of stroke (I61, I6290, I63,
I64, and I74) in outpatient or inpatient records before
AF diagnosis. Data on INR are not available in the
NHIF database and therefore were not used in the
assessment of bleeding risk. Antiplatelet treatment
Volume 45 Number 4 
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Figure 1. Patient population flowchart. AF = atrial fibrillation; DOAC = direct oral anticoagulant; VKA = vitamin 

K antagonist. 
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Table I. Thrombotic risk profile characterization. 

CHA 2 DS 2 -VASc score ICD/ATC/NOMESCO Codes Comment Points 

C Congestive heart 
failure 

ICDs: I50 and I42, I110, J81 Two incidences of any 
of these codes 

1 

H Hypertension ICDs: I10 Antihypertensive drugs, 
ATC: C02A, C02B, C02C, C02L, 
C03A, C03B, C03D, C03E, C03X, 
C07B, C07C, C07D, C08G, C02DA, 
C09BA , C09DA , C02DB, C02DD, 
C02DG, C07A, C07B, C07C, C07D, 
C07F, C08, C09BB, C09DB, C09AA, 
C09BA, C09BB, C09CA, C09DA, 
C09DB, C09XA02, C09XA52 

Occurrence of ICD 

together with 

fulfillment of a 

hypertension drug with 

at least twice redeem 

of an ATC drug within 

a period of 30 to 365 

days 

1 

A Age Age 65–74 years 1 

≥75 years 2 

D Diabetes mellitus ICDs: E10, E11, or E14; ATC: A10 Two incidences of 
T2DM ICDs or two 

prescriptions of 
antidiabetic treatment 

1 

S Stroke/TIA/previous 
thromboembolism 

ICDs: I61, I6290, I63, I64, I74; ICHI 
codes for CT/MRI: 34410, 34411, 
34412, 34490, 34914 and 34915, 
I6310, I6340, I7400, I7410, I7420, 
I7430, I7440, I7450, I7480, I7490 

Two incidences of any 
of these codes 

2 

VA Vascular disease 
(peripheral artery 
disease, myocardial 
infarction) 

ICDs: I21, I22, I700, I701, I702, I703, 
I704, I705, I706, I707, I708, I709, 
I2500, I2510, I7039, I2300, I2310, 
I2320, I2330, I2340, I2350, I2360, 
I2370, I2380, I2390, I701, I702, 
I703, I704, I705, I706, I707, I708, 
I709, I7039, I2100, I2110, I2120, 
I2130, I2140, I2190, I2200, I2210, 
I2280, I2290, I2300, I2310, I2320, 
I2330, I2340, I2350, I2360, I2370, 
I2380, I2390 

Two incidences of any 
of these codes 

1 

Sc Sex category Male 0 

Female 1 

ATC = Anatomical Therapeutic Chemical; CT = computed tomography; ICD = International Classification of Diseases; 
MRI = magnetic resonance imaging; NOMESCO = Nordic Medico-Statistical Committee; T2DM = type 2 diabetes mellitus; 
TIA = transient ischemic attack; ICHI = International Classification of Health Interventions. 

 

 

 

 

 

 

 

 

was defined as the prescription of either aspirin or
another platelet aggregation inhibitor (ie, clopidogrel,
ticagrelor, prasugrel) treatment. Parameters were used
to calculate thromboembolic risk according to the
336 
CHA 2 DS 2 -VASc score ( Table I ). For the assessment of
bleeding risk, the elements of the HAS-BLED score
were collected except for “Labile INR,” as those
parameters were not available in the database; the term
Volume 45 Number 4 
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bleeding risk is therefore used consistently throughout
the article ( Table II ). 

The overall effect of VKA versus DOAC as the initial
therapy on mortality was calculated from the diagnosis
of AF until the end point event (death) occurred or until
the end of follow-up. Patients were followed up until
the end of the study period (October 30, 2017) or up
to 36 months of treatment. 

The relative risk of mortality was also calculated
separately for different follow-up durations after the
initiation of OAC therapy: 0- to 3-month, 4- to
6-month, 7- to 12-month, and 13- to 24-month
time frames. Furthermore, outcomes were calculated
according to age, sex, CHA 2 DS 2 -VASc score, and
bleeding risk. The following age groups were created
for analysis: 30 to 59 years, 60 to 79 years, and ≥80
years. 

The study protocol was reviewed and confirmed by
the NHIF (identification number: S04/161/2016). 

Statistical Analysis 
Baseline statistics were determined for both therapy

arms. The 3-year survival rates were plotted on Kaplan-
Meier curves, and hazard ratios (HRs) were determined
by using Cox regression. For the total population and
comorbidities, we adjusted for age and sex; in the other
cases, adjustment was made only for sex. Survival and
relative risk reduction (RRR) were also calculated for
different time points of follow-up, including 0 to 3
months, 4 to 6 months, 6 to 12 months, and 13 to 24
months. 

To calculate the relative risk, we determined the
number of deaths during the examined period (event
number), the sum of patients still living in the last
month of the period, and the number of patients who
died during the period. The direct standardization
method was applied on the data, in which the standard
population was created uniting the therapy arms. The
analysis was performed by using R version 3.6.1
(R Foundation for Statistical Computing, Vienna,
Austria). 

RESULTS 

Baseline Characteristics 
Between January 1, 2011, and December 31, 2016,

a total of 144,394 patients with AF meeting the study
inclusion criteria were identified ( Figure 1 ). Overall,
49.89% of the studied population was male, and the
mean (SD) age was 71.8 (10.75) years. During this
April 2023 
period, 14,469 patients with AF were initiated on
DOAC treatment and 129,925 patients started on VKA
therapy for thromboembolic prophylaxis ( Table III ).
The mean age of the AF population in the DOAC
arm was 73.5 (11.31) years, the mean CHA 2 DS 2 -
VASc score was 4 (1.78), and the mean bleeding risk
score was 3.2 (1.2); these characteristics in the VKA
arm were 71.7 (10.67) years, 3.7 (1.7), and 3 (1.16),
respectively ( P < 0.0001). The proportion of patients
with associated heart failure was 13.19% in the DOAC
arm and 12.93% in the VKA arm ( P = 0.377). The
occurrence of a prior stroke was slightly higher in the
DOAC arm (19.85% vs 13.02%; P < 0.0001). 

36 Months’ Survival With DOAC Therapy Versus 
VKA Therapy 

The survival rate at 36 months was 77.31% with
VKA and 80.78% with DOAC treatment, which
corresponds to a 28% improvement in the 3-year
survival on DOAC, adjusted by regression during the
follow-up (HR, 0.72; 95% CI, 0.69–0.75; P < 0.001
( Figure 2 ). If the RRR = (CER –EER)/CER formula is
used to calculate the RRR, where CER is the event rate
in the control group (VKA treatment), and EER is the
event rate in the experiment group (DOAC treatment),
the raw value of the RRR is 15.3%. There was no
clinically relevant difference in the 3-year survival
benefits of DOAC therapy between female and male
patients (HR for male patients, 0.72 [95% CI, 0.67–
0.77; P < 0.001]; HR for female patients, 0.72 [95%
CI, 0.67–0.77; P < 0.001]). 

The overall mortality benefit with a DOAC was
also consistent across other subgroups of age, initial
risk for thromboembolism, and bleeding; however,
the relative benefit was even more apparent in some
subsets of patients ( Figure 3 ). Importantly, younger
(aged 30–59 years) patients with AF initiated on DOAC
therapy had the greatest RRR (53%) in mortality
compared with VKA therapy; nonetheless, the benefit
was still significant in the octogenarian cohort (RRR,
20%). DOAC treatment also yielded a benefit of
greater magnitude in the lower CHA 2 DS 2 -VASc score
segments: the HR was 0.55 (95% CI, 0.40–0.77;
P = 0.001) in the 0 to 1 score range, whereas this
benefit decreased to 21% when the CHA 2 DS 2 -VASc
score was ≥7 at the time of AF diagnosis. Similarly,
lower bleeding risk was also associated with a more
marked benefit of DOAC therapy (RRR, 50%) than in
patients with ≥4 risk factors (RRR, 22%). 
337 
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Table II. Bleeding risk profile characterization. 

Bleeding Risk 
Factors 

ICD/ATC/NOMESCO Codes Comment Points 

Hypertension ICDs: I10 Antihypertensive drugs, ATC: 
C02A, C02B, C02C, C02L, C03A, C03B, 
C03D, C03E, C03X, C07B, C07C, 
C07D, C08G, C02DA, C09BA, C09DA, 
C02DB, C02DD, C02DG, C07A, C07B, 
C07C, C07D, C07F, C08, C09BB, 
C09DB, C09AA, C09BA, C09BB, 
C09C A , C09DA , C09DB, C09XA02, 
C09XA52 

Occurrence of ICD together with 

fulfillment of a hypertension drug with 

at least twice redeem of an ATC drug 
within a period of 30 to 365 days 

1 

Abnormal 
liver/renal 
function 

ICDs (ICD-10): B15, B16, B17, B18, 
B19, C22, K70, K71, K72, K73, K74, 
K75, K76, K77, Z944, I982, D684C, 
Q618A 

One occurrence of defined ICDs in out 
and inpatient (as primary or secondary 
discharge code) records of liver chronic 
liver disease, cirrhosis, and hepatitis 

1 

ICDs (ICD-10): N02, N03, N04, N05, 
N06, N07, N08, N11, N12, N14, N18, 
N19, N26, N158, N159, N160, N162, 
N163, N164, N168, Q612, Q613, 
Q615, Q619, E102, E112, E132, E142, 
I120, M300, M313, M319, M321B 

One occurrence of defined ICDs in 

outpatient and inpatient (as primary or 
secondary discharge code) records of 
chronic glomerulonephritis, chronic 
tubulointerstitial nephropathy, diabetic, 
and hypertensive nephropathy among 
others 

Stroke history ICDs: I61, I6290, I63, I64, I74; ICHI 
codes for CT/MRI: 34410, 34411, 
34412, 34490, 34914 and 34915, 
I6310, I6340, I7400, I7410, I7420, 
I7430, I7440, I7450, I7480, I7490 

Two incidences of any of these codes 1 

Bleeding history ICDs: D62, I60, I61, I62, R31, R04, 
D500, H313, H356, H431, H450, I312, 
I850, K250, K252, K254, K256, K260, 
K262, K264, K266, K270, K272, K274, 
K276, K280, K282, K284, K286, K625, 
K661, K920, K921, K922, S064, S065, 
S066, J942, K228F, K298A, K638B, 
K638C, K838F, K868G, I864A, H052A, 
S368D, G951A, I6000 I6010 I6020 

I6030 I6040 I6050 I6060 I6070 6080 

I6090, I8500, K2500, K2520, K2540, 
K2560, K2600, K2620, K2640, K2660, 
K2700, K2720, K2740, K2760, K2800, 
K2820, K2840, K2860, K2900, K6250, 
K9220 

● One occurrence of following bleeding 
ICD only in inpatient (as primary or 
secondary discharge code) records: 
intr acr anial bleeding, major 
gastrointestinal bleeding, respiratory, 
renal/urinary tract, ocular, 
retroperitoneal or pericardial bleeding, 
and bleeding attributed to anemia 

● Only bleeding episodes requiring 
hospitalization were used 

● Intr acr anial bleeding is defined as 
intr acerebr al hemorrhage, 
nontr aumatic/tr aumatic subar achnoid 

hemorrhage, traumatic subdural 
hemorrhage, and traumatic epidural 
hemorrhage 

1 

( continued on next page ) 
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Table II. ( continued ) 

Bleeding Risk 
Factors 

ICD/ATC/NOMESCO Codes Comment Points 

Labile INR Not included for score calculation as data on INR levels were not available 
Elderly Age ≥75 years 1 

Drugs/alcohol 
abuse 

ICDs: F10, K70, E52, T51, K860, E244, 
G312, I426, O354, Z714, Z721, G621, 
G721, K292, L278A, ATC: N07BB, 
Acetylsalicylic acid: ATC: B01AC06, 
N02BA01, NSAID: ATC: M01A 

(excludes glucosamine M01AX05) 

One occurrence of defined ICDs in out 
and inpatient (as primary or secondary 
discharge code) records of 
alcohol-related diagnosis codes or at 
least 1 dispensed prescription of an 

alcohol antagonist drug used to treat 
chronic alcoholism 

1 

ATC = Anatomical Therapeutic Chemical; CT = computed tomography; ICD = International Classification of Diseases; 
INR = international normalized ratio; MRI = magnetic resonance imaging; NOMESCO = Nordic Medico-Statistical Committee; 
ICHI = International Classification of Health Interventions, NSAID = Non-steroidal anti-inflammatory drug. 

Table III. Baseline patient characteristics. 

On DOAC On VKA P 

Age (Mean ±SD) 73.5 ±11.31 71.7 ±10.67 < 0 .0001 

Female (%) 51.01 50.01 0 .1568 

CHA 2 DS 2 -VASc score 
(Mean ±SD) 

4 ±1.78 3.7 ±1.7 < 0 .0001 

Bleeding risk factors 
(Mean ±SD) 

3.2 ±1.2 3 ±1.16 < 0 .0001 

Total 14469 129925 

DOAC = direct oral anticoagulant; VKA = vitamin K antagonist. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time-Dependent Differences of Mortality Risk 

When the mortality risks in the 2 treatment arms
were compared at different time points of the follow-
up period, the most significant relative benefit was
found in the first 3 months after the AF diagnosis
( Figure 4 ). The overall RRR of all-cause mortality in
the DOAC arm was 33% in the first 3 months, and 6%
in the second year. These time-dependent differences
were more obvious in female patients (RRR, 41% at
3 months and 5% throughout the second year) than in
male patients (RRR, 31% and 7%, respectively). 
April 2023 
Mortality risks at different time points of the follow-
up period were also analyzed in the various age groups
( Figure 5 ). The largest difference in RRR in relation to
treatment duration was observed in the 30- to 59-year-
old age group with an RRR of 68% (95% CI, 0.22–
0.45; P < 0.001) in the first 3 months, and an RRR of
33% (95% CI, 0.51–0.86; P = 0.002) between 4 and 6
months. Similar trends with smaller differences in RRR
at different time points of follow-up were observed in
the older age groups. 
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Figure 2. Cumulative 36 months’ survival of patients with atrial fibrillation treated with direct oral anticoagulants 
(DOACs) or vitamin K antagonists (VKAs). HR = hazard ratio. 

Figure 3. Adjusted 3-year mortality-free survival of patients with atrial fibrillation receiving direct oral 
anticoagulant (DOAC) treatment compared with vitamin K antagonist (VKA) therapy, according to 

age, sex, CHA 2 DS 2 -VASc score, and bleeding risk factors. HR = hazard ratio. 

 

 

 

 

 

 

 

 

 

DISCUSSION 

A meta-analysis of the 4 pivotal clinical trials 11

comparing warfarin with all DOAC drugs currently
available for the treatment of patients with nonvalvular
AF found a 10% reduction of mortality with DOAC
340 
therapy. It is well known that studies based on
real-world practice might provide somewhat different
conclusions compared with the tightly controlled
setting of clinical trials. We analyzed the data of
> 140,000 patients from the Hungarian insurance
Volume 45 Number 4 
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Figure 4. Adjusted risk of mortality of investigated population with atrial fibrillation treated with direct oral 
anticoagulants (DOACs) compared with vitamin K antagonist (VKA) treatment according to the 
duration of follow-up and sex. 

Figure 5. Adjusted mortality risk of the investigated patient population treated with direct oral anticoagulants 
(DOACs) versus vitamin K antagonists (VKAs) according to the duration of follow-up and age range. 

 

 

 

 

 

 

 

 

database and found a 3-year mortality rate of
19.22% for patients taking DOACs and 22.69% in
those receiving VKA therapy, which corresponds to
a significant 28% reduction in all-cause mortality
April 2023 
( Figure 2 ). These results are similar to the 33% RRR
reported in a meta-analysis of 21 Asian registries.17

An even more marked 49% RRR was reported with
DOACs in Taiwanese patients aged > 65 years.18 Data
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from the Danish National registry 

19 showed a 35%
and 37% RRR on annual mortality with apixaban and
dabigatran, respectively, but no significant difference
with rivaroxaban. Registry data from Sweden indicated
an 11% RRR in favor of DOAC therapy.20 However,
no mortality benefit was found in another analysis that
included patients with time in therapeutic range (TTR)
> 70% on warfarin therapy.21 

These differences regarding the relative benefit of
DOACs over VKA are largely related to the diversity
in the quality of warfarin therapy: poor patient
compliance as reflected by suboptimal TTR values
is associated with a more marked advantage with
DOACs compared with warfarin.22 TTRs reported
in randomized trials are known to be higher than
those measured in community practice: a meta-analysis
found a 66.4% mean TTR in randomized trials while
only 56.7% in registries.23 Wide variations in TTR
values can be observed even in randomized trials,
including a post hoc analysis of the ROCKET-AF
study (Rivaroxaban Once Daily Oral Direct Factor
Xa Inhibition Compared with Vitamin K Antagonism
for Prevention of Stroke and Embolism Trial in
Atrial Fibrillation) depending not only on patient
characteristics but also on geographical regions.24 

This likely represents socioeconomic differences and
the attitude of patients regarding following strict
recommendations, which require significant long-term
compromise on a daily basis with no apparent,
perceivable effect on their health. Indeed, the optimal
value of TTR ≥70% is difficult to achieve in clinical
practice. Cotté et al 25 reported an average TTR range
between 65.3% and 72.6% in Western European
countries, with the 70% cutoff met only in the United
Kingdom. Moreover, in a study covering a larger
geographical area, including 45 countries, Singer et al 24

reported an even more pronounced regional variability
of TTR, with an average value of only 50% in
Eastern Europe. TTR is also influenced by age, body
mass index, concomitant medications, and genetic
factors.26 

The compliance and persistence of Hungarian
patients are poor as far as statin therapy is concerned.27

In a study based on the prescription database of the
Hungarian NHIF,28 the 1-year persistence with VKA
versus with DOACs was reported at 53.9% and 72.6,
respectively, and a difference of even greater magnitude
was found in those naive to OAC therapy (39% and
342 
65.7%). A better persistence at 1 year with DOACs
compared with VKA was also shown in an analysis
from the GLORIA-AF registry (Global Registry on
Long-Term Oral Antithrombotic Treatment in Patients
With Atrial Fibrillation).29 These differences might
be of larger magnitude in some geographical regions,
resulting in an even more significant advantage with
the use of DOACs. 

Of note, the baseline thromboembolic risk in our
Hungarian patient cohort was higher (4 [1.78] on
DOACs and 3.7 [1.7] on VKAs) compared with this
risk in most real-world data or in the Phase III studies.
This could likely be attributed to the reluctance of
many Hungarian patients to take any OAC medication
long term, which thereby results in the inappropriate
practice of restricting initiation of antithrombotic
therapy mostly to those with a very high CHA 2 DS 2 -
VASc-score. Nonetheless, our mortality data also
confirm the superiority of DOAC treatment for nonva-
lvular AF in this high-risk population, an observation
relevant to many geographical regions with similar
attitude and pattern of thromboembolic prophylaxis
worldwide. 

The overall mortality benefit with a DOAC was
consistent in our study across different subgroups of
age, sex, initial risk for both thromboembolism, and
bleeding. Surprisingly, an even more marked relative
risk reduction was observed in younger patients and in
those with lower CHA 2 DS 2 -VASc-scores, representing
a more favorable thromboembolic and bleeding risk
profile ( Figure 3 ). A plausible explanation for this
finding may be that younger patients with fewer
comorbidities are less aware of their health problems,
which influences their adherence to the prescribed
anticoagulant medication, particularly to VKA ther-
apy.27 , 30 Singer et al 24 reported a TTR at 33.3% among
patients with a CHA 2 DS 2 -VASc score of 1, supporting
the concept that the excess mortality of the patients
undergoing anticoagulation with VKA is likely related
to inadequate compliance. Importantly, a meta-analysis
of the 4 randomized DOAC trials 31 found that cardiac
death (heart failure, sudden cardiac death, and my-
ocardial infarction altogether) accounted for 46% of
total mortality, whereas thromboembolic or bleeding-
related fatal events were found at a surprisingly low
rate each of < 6%. These numbers were calculated,
however, for the whole study groups of these trials;
anticoagulation-related events (thromboembolism and
Volume 45 Number 4 
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bleeding) likely have a more significant contribution
to total mortality in younger patients with fewer
comorbidities. 

In addition to the long-term comparison, we also
evaluated the short-term mortality with DOACs versus
VKA therapy ( Figures 4 and 5 ) as higher complication
rates including death have been reported within the first
30 days after initiation of VKA therapy, a phenomenon
also referred to as the “VKA stress test.”32 Difficulties
faced by the patients and the treating physicians
during the initiation and the early phase of VKA
therapy include dose optimization, diet restrictions,
and the need for regular and frequent monitoring
of the INR. A time-dependent difference was also
evident in a database study performed in the United
Kingdom,33 as TTR at the first INR measurement
was only 40%, which then rose to 60% by the tenth
measurement. Furthermore, better compliance with
DOACs throughout the early phase of OAC therapy
was also suggested by the 1-year follow-up results
of the GLORIA-AF registry, as drug persistence with
DOACs was better at the beginning of treatment
compared with that of VKA therapy.29 

In addition to the compliance issues and the
difficulties obtaining a therapeutic INR level, the early
prothrombotic activity of VKAs has to be considered
as a potential explanation for the higher complication
rates at therapy initiation.14 , 34 , 35 The additional risk
involved with all these mechanisms can be mitigated
with the use of DOACs, which might explain why the
success and the safety of this therapy are less sensitive
to patient cooperation than anticoagulation initiation
with VKA.36 , 37 Our data support this theory, as we
found a substantially higher relative risk of all-cause
mortality with VKAs compared with DOACs in the
early phase after AF diagnosis than in later treatment
periods: the overall RRR of all-cause mortality in the
DOAC arm was 33% (41% in female patients and 31%
in male patients) in the first 3 months, whereas it was
6% (5% in female patients and 7% in male patients)
throughout the second year ( Figure 4 ). In addition,
the increased benefit of DOAC treatment early after
therapy initiation was even more pronounced in
patients aged < 60 years ( Figure 5 ), also in support of
the compliance problems in younger patients.27 Indeed,
the relative difference in the short- versus the long-
term term benefit of DOACs was greater in our study
than what has been reported in the few available
studies.19 
April 2023 
The current study revealed no significant sex-related
differences during long-term follow-up: male patients,
similarly to female patients, had a 28% better survival
rate at 3 years with DOAC therapy. However, in the first
6 months after initiation of anticoagulant treatment,
female patients had significantly higher survival rates
with DOAC therapy compared with male patients;
RRR in female patients treated with DOAC was 40%,
whereas in male patients this value ranged between
23% and 31% during the first 6 months of the
therapy. Female sex by itself is a known risk factor
for stroke and consequently for a higher all-cause
mortality in case of AF, due to a generally older age at
AF diagnosis, sex-related differences in cardiovascular
remodeling, and hormone level fluctuations during
the menstrual cycle, hormone therapy, pregnancy, or
menopause.38 , 39 In an editorial comment, Renda and
De Caterina 

40 attributed the higher early mortality of
female patients treated with VKA to the fluctuations
in anticoagulation control at the beginning of therapy,
a potential risk eliminated with DOAC treatment. The
advantage from DOAC therapy was also reported by
Law et al 41 : DOAC treatment compared with VKA
treatment resulted in a 45% reduction in all-cause
mortality in women but not in men. 

The current study had several strengths. In this
nationwide registry of a nonvalvular AF population,
we were able to provide a detailed evaluation of
mortality risk comparing VKA and DOAC treatment
in patients with variable thromboembolic and bleeding
risk at different time points after therapy initiation.
The sample size of the patient groups, the high number
of events, and the long follow-up provided sufficient
power for the analysis, and the observations are
relevant to routine care practice. 

As a limitation, this study included patients having
had at least 2 recorded visits, whereas data from
patients with silent AF and nonadherent patients were
not recorded. Furthermore, due to the retrospective
nature of our study, we were not able to calculate
TTR because laboratory test results were not available
in the database. The use of ICD codes as proxies
for AF diagnosis and the presence of other medical
conditions represent major limitations. Another limi-
tation is that the adherence rate was not estimated by
tracking the filling of prescriptions and dispensation
records. 

Similarly, the exact cause of mortality and co-
morbidities could not be determined. To assess
343 
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the risk of thromboembolism and bleeding in the
2 groups, we calculated the CHA 2 DS 2 -VASc and
bleeding risk scores. Although propensity matching
was not performed, these scores indicated that patients
on DOAC had higher risk for both thromboembolism
and for bleeding. Therefore, favorable outcome results
found with DOACs were shown despite less favorable
baseline characteristics. In our registry, DOACs were
underused compared with VKAs during the study
period (2011–2016) as reimbursement for DOAC
therapy by health insurance has been available in
Hungary since May 2014, and relatively few patients
could afford the therapy before that time. 

CONCLUSIONS 

In this large nationwide retrospective database study,
we showed that DOAC treatment of patients with
nonvalvular is associated with an overall mortality
risk reduction across different groups of sex, age, and
thromboembolic and bleeding risk. More pronounced
RRR was observed in the early period after the diagno-
sis of AF, in the younger age cohort, in female patients,
and in those with lower initial thromboembolic and
bleeding risk. These data support the use of DOACs in
preference to VKA in the whole spectrum of patients
with nonvalvular AF, including younger individuals
with fewer comorbidities. Different magnitude of
benefit can be expected from DOAC therapy compared
with VKA prophylaxis in patients with AF based on
the difference in TTR values specific to a geographical
region. 
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