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Purpose: To evaluate associations between first-time use of direct oral anticoagulants or 
vitamin K antagonists and bleeding risk or mortality in the elderly with atrial fibrillation in 
a real-world setting in Sweden.
Patients and Methods: The study population comprises first-time users, above age 60, of 
dabigatran, apixaban, rivaroxaban, or warfarin, with first atrial fibrillation occurrence 
within 6 months before dispensing (2012–2016). Outcomes were gastrointestinal, any, or 
intracranial bleeding, and mortality. Exposure started at first dispensing of a study drug. 
Follow-up continued until outcome, end of drug supply, dispensing of another study drug, 
death or end of study (December 2016). We conducted a propensity score matched, 
nationwide register-based cohort study including three treatment groups: direct thrombin 
inhibitors, direct factor Xa inhibitors and vitamin K antagonists, each compared to the 
other two, focusing on subgroups of age and sex. Cox proportional hazard models adjusted 
for CHA2DS2VASc and HAS-BLED scores provided hazard ratios with 95% confidence 
intervals.
Results: The matched study populations consisted of 7,264 patients for the direct 
thrombin inhibitors vs vitamin K antagonists comparison, 12,566 patients for the direct 
factor Xa inhibitors vs vitamin K antagonists comparison and 6,606 patients for the direct 
factor Xa inhibitors vs direct thrombin inhibitors comparison, in total 26,436 patients. 
Numerically high, but imprecise, hazard ratios for gastrointestinal bleeding were 
observed for women aged 75–80, 80–85, or above 85 years, eg 6.00 (1.02, 113.47) for 
direct thrombin inhibitors vs vitamin K antagonists. For both sexes, numerically high 
hazard ratios for any bleeding were observed in ages 80–85, or above 85 years, eg 2.90 
(1.01, 10.41) for direct thrombin inhibitors vs vitamin K antagonists. Numerically high 
HRs for intracranial bleeding were observed for women aged 75–80 or 80–85 years, eg 
2.70 (0.65, 18.19) for direct factor Xa inhibitors vs vitamin K antagonists. Excess 
mortality was observed in both sexes, across age groups, for naive and experienced 
anticoagulant users.
Conclusion: The observed increased gastrointestinal bleeding risk in first-time users of 
direct thrombin inhibitors or direct factor Xa inhibitors is consistent with previous studies. 
The possible risk of excess mortality merits further studies.
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Introduction
Atrial fibrillation (AF) is a potent risk factor for stroke and 
an important cause of mortality. The prevalence of AF in 
Sweden was 2.9% in 2010 for ages 20 years and above, 
rising with age, up to 14.3% by age 84 years.1 Lindberg 
et al found the prevalence of AF to be 4.9% among 
a cohort aged 60 years or older.2

Earlier, warfarin was the most common treatment in 
patients with AF for the prevention of stroke, but nowa
days the direct oral anticoagulants (DOACs) have gained 
use. The direct thrombin inhibitor (DTI) dabigatran has 
been available for stroke prevention in AF in Sweden 
since December 2011. The direct factor Xa inhibitors 
(Xabans) rivaroxaban and apixaban have been available 
since September 2008 and May 2012, respectively.

There are several benefits with DOACs such as its 
simple fixed-dose regimen, no routine laboratory monitor
ing due to reduced variability in the anticoagulation effect, 
and potentially fewer drug interactions.3–5 However, there 
are reports on major bleedings, more specifically gastro
intestinal bleedings associated with DOACs, especially in 
elderly users and users with renal impairment.6–9 Further, 
real-world data regarding bleeding risks have been 
conflicting.7,10–12

The randomized evaluation of long-term anticoagula
tion therapy (RE-LY) study found that compared to war
farin, dabigatran 150 mg was superior with respect to 
stroke and systemic embolism and similar with respect to 
major bleedings, and that dabigatran 110 mg was similar 
with respect to stroke and systemic embolism and superior 
with respect to major bleedings.13 In the Apixaban for 
Reduction in Stroke and Other Thromboembolic Events 
in Atrial Fibrillation (ARISTOTLE) trial, it was found that 
apixaban was superior to warfarin with respect to stroke, 
systemic embolism, bleedings, and mortality.14 In the 
Rivaroxaban Once Daily Oral Direct Factor Xa 
Inhibition Compared with Vitamin K Antagonism for 
Prevention of Stroke and Embolism Trial in Atrial 
Fibrillation (ROCKET AF), it was demonstrated that riv
aroxaban was noninferior to warfarin for stroke and sys
temic embolism, and no significant difference of major 
bleedings was found.15

The aim of the current study was to evaluate the 
association between first-time use of DOACs or vitamin 
K antagonists (VKAs) and the risk for bleedings and all- 
cause mortality in elderly patients diagnosed with AF, in 
a real-world clinical setting in Sweden.

Patients and Methods
Data Sources
The study population was derived through linkage of 
national population-based registers, enabled via the unique 
identification number assigned to each citizen.16 In 2016 
the Swedish population comprised almost 10 million 
people.

The Swedish patient register (NPR) started in 1964. The 
inpatient part of the register gained full coverage from 1987 
and information from outpatients was included starting from 
2001. The validity of the register is high with positive pre
dictive values generally 85–95% for the majority of 
diagnoses.17 From NPR (using inpatient data from 1997 
and outpatient data from 2001) information about AF, bleed
ing outcomes, comorbidities, CHA2DS2VASc, and HAS- 
BLED scores (Supplemental Table 1) were retrieved using 
the International Classification of Diseases 10th revision 
(ICD-10). Hospitalization days and the number of visits to 
specialized care were also obtained from NPR.

The Swedish prescribed drug register (PDR) started in 
July 2005 and contains all community pharmacy dispensed 
medicines recorded by the Anatomic Therapeutic Chemical 
Classification system (ATC).18 Using PDR we retrieved dis
pensing data on dabigatran (ATC: B01AE07), apixaban 
(ATC: B01AF02), rivaroxaban (ATC: B01AF01), warfarin 
(ATC: B01AA03), other anticoagulants and other drugs 
(Supplemental Table 2 and 3). We also retrieved data on 
dispensing county, private clinic prescriber, and urban area 
living from PDR. The Swedish cancer register provided 
information on any cancer (ICDO2/3 codes: C00-D48) 
from 1997 onwards. From the Swedish register of care and 
social services for the elderly and for persons with impair
ments, we retrieved information on certain municipal ser
vices. Level of education was retrieved from the Swedish 
education register and the date of death was retrieved from 
the Swedish cause of death register.

Study Design and Population
We conducted a propensity score matched, nationwide reg
ister-based cohort study in Sweden with data covering 
1 December 1997 to 31 December 2016. Essentially, in 
Sweden 2012–2016, VKAs equal warfarin, DTIs equal dabi
gatran etexilate and Xabans equal rivaroxaban and apixaban. 
The study population comprised first-time users, above the 
age of 60, of DTIs, Xabans, or VKAs, with the first-time 
occurrence of AF (ICD-10: I48) within 6 months before 
dispensing date (January 2012 – November 2016). 
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Exclusion criteria were: hip or knee surgery (surgical codes 
NF and NG) within 5 weeks before dispensing, or any of the 
following conditions: stroke (I61-I64), deep vein thrombosis 
(I80.2) pulmonary embolism (I26), bleedings (Supplemental 
Table 4), inherited or acquired bleeding disorders (D564, 
D58, D66, D67, D680, D681, D682, D684, D685), any 
cancer within 6 months before dispensing, or hospitalized 
at dispensing.

Exposure
Start of exposure was the date of the first dispensing of 
either dabigatran, apixaban, rivaroxaban, or warfarin 
(index date). Patients were followed until the occurrence 
of an outcome, end of the supply of the index drug, 
dispensing of another study drug, death or end of study 
(31 December 2016). Duration of each dispensing was 
calculated as the dispensing date plus the number of days 
supplied according to the WHO defined daily dose.19 For 
a subsequent dispensing to count as continuous supply, 
a maximum gap of 75 days, capturing 90% of all refills, 
was allowed between two dispensing dates, overlapping 
duration was cut short.

Outcomes
The primary outcome was gastrointestinal bleeding. 
Secondary outcomes were intracranial bleeding, any 
bleeding (a composite of other bleeding, gastrointestinal 
bleeding and intracranial bleeding) and all-cause mortality 
(Supplemental Table 4).

Statistical Analysis
The main analysis was subgrouped by age and sex simul
taneously. We also performed analyses for one-way sub
groupings: sex, age or previous use of other anticoagulants 
(experienced: within 2 years, naïve: more than 2 years). 
Baseline characteristics were reported by means and stan
dard deviations for quantitative characteristics and with 
frequencies and proportions for qualitative characteristics.

We included three treatment groups; DTIs, Xabans and 
VKAs. Each group was compared to the other two, result
ing in DTIs vs VKAs, Xabans vs VKAs and Xabans vs 
DTIs. In order to assure balanced characteristics, separate 
propensity score (PS) 1:1 matching was employed for each 
of the three comparisons before analyzing. Patients were 
matched selected randomly with no replacement using PS 
matching based on a greedy matching algorithm with 0.09 
as the largest distance between matches.20 PS was 
obtained from logistic regression models with the 

following baseline information (recorded ever before dis
pensing date) included: age (60–74, 75–79, 80–84 and 85+ 
years), dispensing county (21 counties), urban city living 
(yes/no), education (9-year compulsory school, high 
school, tertiary education and missing), dispensing period 
(quarters 2012–2016), private clinic (yes/no), number of 
hospitalization days (1–3, 4–10, >10), number of visits in 
specialized care (1–3, 4–10, >10), granted hours of muni
cipal services (<45, 45–90, >90), indicators of vascular 
disease, congestive heart failure, transient ischemic attack, 
embolism, diabetes, hypertension, alcohol abuse, renal 
disease, abnormal renal and hepatic function, staying at 
a nursing home, simultaneous intake of more than five 
other drugs (Supplemental Table 3), indicators (yes/no) 
of aspirin, clopidogrel, non-steroidal anti-inflammatory, 
antidepressant, antibiotic and antiarrhythmic drugs. The 
PS matching was evaluated by standardized distances 
between the matched groups and judged to be nonequiva
lent if the difference was greater than 0.25 standard 
deviations.

Cox proportional hazard models adjusted for 
CHA2DS2VASc and HAS-BLED scores were used to 
calculate hazard ratios (HR) with 95% confidence intervals 
(CI) corresponding to a 5% significance level with days 
since index date as time-scale. The assumption of propor
tional hazards was tested through an interaction term 
between the logarithm of time to the event and the expo
sure. All analyses were performed with SAS® Enterprise 
Guide, Version 7.1 (SAS Institute Inc., Cary, NC, USA)

Ethical Approval
The current research was performed by employees at the 
Swedish National Board of Health and Welfare (NBHW) 
in collaboration with employees at Karolinska Institutet. 
NBHW is a government agency and may, in accordance 
with Swedish law, use population-based registers to follow 
and analyze health and social conditions among the popu
lation without the requirement of ethical permission.

Results
The eligible population comprised 4,384 first time DTI 
users, 21,944 first time VKA users and 19,349 first time 
Xabans users. The matched study populations consisted of 
7,264 patients for the DTIs vs VKAs comparison, 12,566 
patients for the Xabans vs VKAs comparison and 6,606 
patients for the Xabans vs DTIs comparison (Figure 1), in 
total 26,436 patients.
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Characteristics of the Study Populations
Table 1 presents the baseline characteristics of first-time 
users of DTIs, Xabans and VKAs. Standardized differ
ences are presented in Supplemental Table 5.

Analytical results
We analyzed one primary and three secondary outcomes, 
each for DTIs vs VKAs, Xabans vs DTIs and Xabans vs 
VKAs. The main analysis was subgrouped by sex and age 
category simultaneously, Table 2. Additional analyses 
were subgrouped by sex, age category or user status 

(naïve, experienced), Supplemental Tables 6-8. All results 
are given as HRs with 95% CIs. Only results from the 
main analysis for comparisons with VKAs are listed as 
text.

Gastrointestinal Bleeding
In general, the numerically highest HRs were observed for 
women in the age categories; 75–80, 80–85 and above 85 
years of age. In particular, for DTIs vs VKAs, the numeri
cally highest HRs were seen for women in the age groups 
below 75, 75–80 and 80–85; 1.97 (0.90, 4.60), 2.29 (0.67, 
10.40) and 6.00 (1.02, 113.47), respectively. Conversely, 

First time users of
Dabigatran (N = 5 427), Warfarin (N = 28 925) and direct factor Xa inhibitors (N = 24 510)

Dabigatran
N = 4 384
Warfarin

N = 21 944

1:1 propensity score matched 
Dabigatran
N = 3 632
Warfarin
N = 3 632

Not matched
Dabigatran
N =  752
Warfarin

N = 18 312

Direct factor Xa inhibitors
N =19 349
Dabigatran
N = 4 384

1:1 propensity score matched
Direct factor Xa inhibitors

N = 3 303
Dabigatran
N = 3 303

Not matched
Direct factor Xa inhibitors

N =  16 046
Dabigatran
N = 1 081

Direct factor Xa inhibitors
N = 19 349
Warfarin

N = 21 944

1:1 propensity score matched
Direct factor Xa inhibitors

N = 6 283
Warfarin
N = 6 283

Not matched
Direct factor Xa inhibitors

N = 13 066
Warfarin

N = 15 661

Exclusions1:
Valvular disorders/diseases (N = 7 464)2

Valvular procedures (N = 180)2

Hip or knee surgery (N = 299)3

Stroke (N = 1 294)4

Deep vein thrombosis (N = 125)4

Pulmonary embolism (N = 418)4

Bleedings (N = 997)4

Bleeding disorders (N = 25)4

Cancer (N = 3 419)4

Hospitalised at drug dispensing (N = 763)

Figure 1 Flow chart of the study population. All patients were 60 years of age or older and with a diagnosis of atrial fibrillation within 6 months before start of treatment 
with dabigatran, direct factor Xa inhibitors or with warfarin. 
Notes: 1Individuals could fulfil more than one exclusion criteria. 2To include only non-valvular atrial fibrillation, excluding valvular atrial fibrillation. 3To exclude thrombosis 
prophylaxis after elective knee/hip joint replacements, look-back period is 5 weeks. 4To exclude patients at altered risk for the outcomes, look-back period is 6 months.
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Table 1 Baseline Characteristics for All Included, Matched Individuals by Propensity Score Matched Cohorts and Index Drug. All 
Patients Were 60 Years of Age or Older and with a Diagnosis of Atrial Fibrillation Within 6 Months Before Start of Treatment with 
Direct Thrombin Inhibitors, Direct Factor Xa Inhibitors or with Vitamin K Antagonists

Characteristics Direct Thrombin 
Inhibitors vs Vitamin 
K Antagonists

Direct Factor Xa 
Inhibitors vs Direct 
Thrombin Inhibitors

Direct Factor Xa 
Inhibitors vs Vitamin 
K Antagonists

DTI VKA XAB DTI XAB VKA

Total, n 3632 3632 3303 3303 6283 6283
Age, mean (SD) 72.8 (7.7) 73.1 (7.8) 73.0 (7.7) 72.7 (7.7) 75.6 (8.5) 75.6 (8.3)

Female, n (%) 1705 (46.9%) 1714 (47.2%) 1545 (46.8%) 1557 (47.1%) 3120 (49.7%) 3125 (49.7%)

CHA2DS2VASc,a mean (SD) 3.0 (1.5) 3.0 (1.5) 2.9 (1.5) 2.9 (1.5) 3.4 (1.6) 3.4 (1.6)
Modified HAS-BLED,b mean (SD) 2.2 (1.0) 2.2 (1.0) 2.1 (1.0) 2.1 (1.0) 2.4 (1.1) 2.4 (1.1)

Hospitalization (days), mean (SD) 0.9 (3.1) 0.9 (3.3) 0.9 (2.9) 0.9 (3.1) 1.4 (4.0) 1.4 (4.0)

Municipal services (hours), mean (SD) 1.3 (10.2) 1.1 (9.2) 1.1 (8.6) 1.4 (10.1) 2.6 (14.5) 2.7 (14.9)
Number of simultaneous drugs, mean (SD) 5.3 (2.9) 5.4 (3.0) 5.2 (2.9) 5.3 (2.9) 5.9 (3.1) 6.0 (3.2)

Number of visits in specialized care, mean (SD) 1.3 (2.0) 1.3 (2.0) 1.1 (1.9) 1.1 (1.9) 1.0 (1.9) 1.0 (1.9)

Private clinic, n (%) 100 (2.8%) 93 (2.6%) 131 (4.0%) 126 (3.8%) 64 (1.0%) 58 (0.9%)
Urban living, n (%) 1818 (50.1%) 1819 (50.1%) 1602 (48.5%) 1620 (49.0%) 2906 (46.3%) 2830 (45.0%)

Education
9-year compulsory, n (%) 1134 (31.2%) 1121 (30.9%) 967 (29.3%) 996 (30.2%) 2379 (37.9%) 2362 (37.6%)

High school, n (%) 1361 (37.5%) 1393 (38.4%) 1272 (38.5%) 1255 (38.0%) 2492 (39.7%) 2440 (38.8%)

Tertiary education, n (%) 1092 (30.1%) 1067 (29.4%) 1019 (30.9%) 1015 (30.7%) 1341 (21.3%) 1396 (22.2%)
Missing, n (%) 45 (1.2%) 51 (1.4%) 45 (1.4%) 37 (1.1%) 71 (1.1%) 85 (1.4%)

Comorbidities
Abnormal renal function, n (%) 68 (1.9%) 63 (1.7%) 45 (1.4%) 55 (1.7%) 344 (5.5%) 328 (5.2%)

Abnormal hepatic function, n (%) 6 (0.2%) 7 (0.2%) 7 (0.2%) 6 (0.2%) 23 (0.4%) 16 (0.3%)
Alcohol intake, n (%) 121 (3.3%) 125 (3.4%) 105 (3.2%) 104 (3.1%) 170 (2.7%) 158 (2.5%)

Bleedings, n (%) 446 (12.3%) 451 (12.4%) 434 (13.1%) 418 (12.7%) 938 (14.9%) 948 (15.1%)

Congestive heart failure, n (%) 755 (20.8%) 763 (21.0%) 629 (19.0%) 638 (19.3%) 1697 (27.0%) 1667 (26.5%)
Diabetes, n (%) 496 (13.7%) 485 (13.4%) 423 (12.8%) 427 (12.9%) 1023 (16.3%) 1015 (16.2%)

Disorders of thyroid gland, n (%) 330 (9.1%) 330 (9.1%) 288 (8.7%) 299 (9.1%) 597 (9.5%) 590 (9.4%)

Embolism, n (%) 27 (0.7%) 32 (0.9%) 23 (0.7%) 25 (0.8%) 64 (1.0%) 61 (1.0%)
Hepatic disease, n (%) 61 (1.7%) 61 (1.7%) 50 (1.5%) 51 (1.5%) 124 (2.0%) 107 (1.7%)

Hypertension, n (%) 2409 (66.3%) 2428 (66.9%) 2108 (63.8%) 2132 (64.5%) 4483 (71.4%) 4498 (71.6%)

Ischemic stroke, n (%) 151 (4.2%) 137 (3.8%) 129 (3.9%) 133 (4.0%) 328 (5.2%) 317 (5.0%)
Peripheral arterial disease, n (%) 132 (3.6%) 141 (3.9%) 126 (3.8%) 110 (3.3%) 328 (5.2%) 324 (5.2%)

Renal disease, n (%) 64 (1.8%) 56 (1.5%) 40 (1.2%) 49 (1.5%) 328 (5.2%) 313 (5.0%)

Transient ischemic attack, n (%) 160 (4.4%) 163 (4.5%) 137 (4.1%) 142 (4.3%) 335 (5.3%) 343 (5.5%)
Vascular disease, n (%) 317 (8.7%) 323 (8.9%) 289 (8.7%) 282 (8.5%) 817 (13.0%) 810 (12.9%)

Comedication
Antiarrhythmics, n (%) 84 (2.3%) 87 (2.4%) 64 (1.9%) 59 (1.8%) 189 (3.0%) 212 (3.4%)

Antibiotics, n (%) 1 (0.0%) 2 (0.1%) 0 (0.0%) 1 (0.0%) 1 (0.0%) 2 (0.0%)

Antidepressants, n (%) 194 (5.3%) 204 (5.6%) 186 (5.6%) 180 (5.4%) 396 (6.3%) 385 (6.1%)
Antimycotics, n (%) 1 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.0%) 1 (0.0%) 0 (0.0%)

Low dose acetylsalicylic acid, n (%) 1243 (34.2%) 1257 (34.6%) 1005 (30.4%) 998 (30.2%) 2232 (35.5%) 2223 (35.4%)

Clopidogrel, n (%) 110 (3.0%) 103 (2.8%) 95 (2.9%) 89 (2.7%) 281 (4.5%) 287 (4.6%)
NSAIDs,c n (%) 204 (5.6%) 194 (5.3%) 180 (5.4%) 185 (5.6%) 302 (4.8%) 301 (4.8%)

Other previous anticoagulants, n (%) 1725 (47.5%) 1749 (48.2%) 1470 (44.5%) 1444 (43.7%) 3252 (51.8%) 3283 (52.3%)

Steroids, n (%) 142 (3.9%) 144 (4.0%) 141 (4.3%) 124 (3.8%) 304 (4.8%) 311 (4.9%)

Notes: aScore based on congestive heart failure, hypertension, age, diabetes, stroke, vascular disease and sex. bScore based on hypertension, abnormal renal function, 
abnormal hepatic function, stroke, bleedings, age, medicines and alcohol intake. cAnti-inflammatory and antirheumatic products, non-steroids. 
Abbreviations: DTI, direct thrombin inhibitors; VKA, vitamin K antagonists; XAB, direct factor Xa inhibitors.

Dovepress                                                                                                                                                           Linder et al

Clinical Epidemiology 2020:12                                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1033

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Ta
bl

e 
2 

H
az

ar
d 

R
at

io
s 

w
ith

 9
5%

 C
on

fid
en

ce
 In

te
rv

al
s,

 fo
r 

Ea
ch

 O
ut

co
m

e 
an

d 
C

om
pa

ri
so

n,
 b

y 
Se

x 
an

d 
A

ge
. A

ll 
Pa

tie
nt

s 
W

er
e 

60
 Y

ea
rs

 o
f A

ge
 o

r 
O

ld
er

 a
nd

 w
ith

 a
 D

ia
gn

os
is

 o
f A

tr
ia

l 
Fi

br
ill

at
io

n 
W

ith
in

 6
 M

on
th

s 
Be

fo
re

 S
ta

rt
 o

f T
re

at
m

en
t 

w
ith

 D
ir

ec
t 

T
hr

om
bi

n 
In

hi
bi

to
rs

, D
ir

ec
t 

Fa
ct

or
 X

a 
In

hi
bi

to
rs

 o
r 

w
ith

 V
ita

m
in

 K
 A

nt
ag

on
is

ts

O
ut

co
m

e
C

om
pa

ri
so

n
M

en
W

om
en

60
–7

4
75

–7
9

80
–8

4
85

+
60

–7
4

75
–7

9
80

–8
4

85
+

Bl
ee

di
ng

s
D

T
I v

s 
V

K
A

0.
76

 (
0.

53
, 1

.0
9)

0.
62

 (
0.

37
, 1

.0
5)

2.
90

* 
(1

.0
1,

 1
0.

41
)

2.
42

 (
0.

72
, 1

0.
94

)
0.

88
 (

0.
52

, 1
.5

0)
1.

45
 (

0.
72

, 3
.0

5)
1.

13
 (

0.
47

, 2
.7

3)
0.

84
 (

0.
33

, 2
.1

0)

X
A

B 
vs

 V
K

A
0.

75
 (

0.
53

, 1
.0

4)
0.

89
 (

0.
57

, 1
.3

8)
1.

40
 (

0.
79

, 2
.5

6)
1.

28
 (

0.
74

, 2
.2

5)
0.

85
 (

0.
55

, 1
.3

3)
1.

62
 (

0.
90

, 3
.0

2)
1.

89
* 

(1
.0

3,
 3

.6
5)

0.
99

 (
0.

63
, 1

.5
6)

X
A

B 
vs

 D
T

I
1.

03
 (

0.
68

, 1
.5

7)
1.

27
 (

0.
66

, 2
.4

9)
1.

31
 (

0.
56

, 3
.2

2)
1.

68
 (

0.
64

, 4
.8

0)
1.

25
 (

0.
64

, 2
.4

8)
1.

24
 (

0.
66

, 2
.3

9)
1.

17
 (

0.
54

, 2
.6

2)
1.

70
 (

0.
64

, 4
.9

7)

G
as

tr
o-

in
te

st
in

al
 b

le
ed

in
g

D
T

I v
s 

V
K

A
0.

80
 (

0.
35

, 1
.7

9)
0.

55
 (

0.
17

, 1
.7

0)
0.

95
 (

0.
11

, 7
.9

3)
1.

60
 (

0.
15

, 3
4.

46
)

1.
97

 (
0.

90
, 4

.6
0)

2.
29

 (
0.

67
, 1

0.
40

)
6.

00
* 

(1
.0

2,
 1

13
.4

7)
1.

52
 (

0.
25

, 1
1.

58
)

X
A

B 
vs

 V
K

A
0.

65
 (

0.
31

, 1
.3

0)
0.

72
 (

0.
31

, 1
.6

5)
1.

96
 (

0.
65

, 7
.2

0)
0.

89
 (

0.
32

, 2
.5

5)
0.

67
 (

0.
27

, 1
.6

3)
3.

19
* 

(1
.0

1,
 1

4.
02

)
1.

30
 (

0.
48

, 3
.8

6)
1.

34
 (

0.
65

, 2
.9

3)

X
A

B 
vs

 D
T

I
0.

90
 (

0.
40

, 2
.0

2)
1.

04
 (

0.
29

, 3
.7

4)
1.

61
 (

0.
28

, 1
2.

30
)

0.
59

 (
0.

03
, 6

.1
8)

0.
39

 (
0.

11
, 1

.1
8)

0.
98

 (
0.

36
, 2

.6
9)

0.
54

 (
0.

14
, 1

.9
0)

2.
16

 (
0.

60
, 1

0.
05

)

In
tr

ac
ra

ni
al

 b
le

ed
in

g
D

T
I v

s 
V

K
A

0.
65

 (
0.

24
, 1

.7
1)

0.
14

* 
(0

.0
1,

 0
.8

4)
N

E
N

E
0.

47
 (

0.
02

, 4
.9

1)
1.

22
 (

0.
29

, 6
.0

9)
0.

76
 (

0.
03

, 1
9.

45
)

0.
37

 (
0.

02
, 3

.9
7)

X
A

B 
vs

 V
K

A
0.

47
 (

0.
20

, 1
.0

3)
0.

95
 (

0.
31

, 2
.9

7)
1.

04
 (

0.
23

, 5
.3

3)
0.

86
 (

0.
22

, 3
.5

0)
1.

01
 (

0.
37

, 2
.8

4)
1.

22
 (

0.
37

, 4
.7

1)
2.

70
 (

0.
65

, 1
8.

19
)

0.
68

 (
0.

23
, 2

.0
1)

X
A

B 
vs

 D
T

I
0.

92
 (

0.
17

, 5
.0

0)
3.

03
 (

0.
39

, 6
1.

27
)

0.
84

 (
0.

03
, 2

1.
23

)
0.

96
 (

0.
04

, 2
4.

33
)

N
E

1.
18

 (
0.

20
, 9

.0
2)

1.
53

 (
0.

14
, 3

3.
05

)
N

E

D
ea

th
D

T
I v

s 
V

K
A

2.
85

* 
(1

.2
0,

 7
.8

3)
0.

57
 (

0.
23

, 1
.3

7)
1.

36
 (

0.
22

, 1
0.

39
)

1.
37

 (
0.

45
, 4

.5
5)

6.
71

* 
(1

.2
0,

 1
25

.5
1)

2.
55

 (
0.

73
, 1

1.
74

)
6.

24
* 

(1
.0

3,
 1

19
.9

0)
2.

05
 (

0.
66

, 7
.5

7)

X
A

B 
vs

 V
K

A
1.

99
* 

(1
.1

1,
 3

.7
6)

1.
51

 (
0.

75
, 3

.2
4)

1.
21

 (
0.

64
, 2

.3
3)

2.
91

* 
(1

.5
5,

 5
.9

6)
1.

70
 (

0.
76

, 4
.1

7)
1.

15
 (

0.
47

, 2
.9

5)
1.

84
 (

0.
85

, 4
.4

1)
2.

03
* 

(1
.3

1,
 3

.2
6)

X
A

B 
vs

 D
T

I
0.

83
 (

0.
41

, 1
.6

5)
1.

10
 (

0.
39

, 3
.1

6)
4.

57
* 

(1
.1

6,
 3

0.
31

)
1.

10
 (

0.
40

, 3
.1

5)
1.

60
 (

0.
53

, 5
.3

1)
0.

88
 (

0.
28

, 2
.7

1)
1.

41
 (

0.
49

, 4
.6

2)
1.

81
 (

0.
81

, 4
.4

2)

N
ot

e:
 *

St
at

is
tic

al
ly

 s
ig

ni
fic

an
t 

at
 t

he
 5

%
 s

ig
ni

fic
an

ce
 le

ve
l. 

A
bb

re
vi

at
io

ns
: D

T
I, 

di
re

ct
 t

hr
om

bi
n 

in
hi

bi
to

rs
; V

K
A

, v
ita

m
in

 K
 a

nt
ag

on
is

ts
; X

A
B,

 d
ir

ec
t 

fa
ct

or
 X

a 
in

hi
bi

to
rs

; N
E,

 n
ot

 e
st

im
ab

le
.

Linder et al                                                                                                                                                           Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                                   

Clinical Epidemiology 2020:12 1034

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


the numerically lowest HR was observed for men 75–80 
years, 0.55 (0.17, 1.70). For Xabans vs VKAs, the numeri
cally highest HRs were observed for women 75–80 years 
and for men 80–85 years; 3.19 (1.01, 14.02) and 1.96 
(0.65, 7.20), respectively. The numerically lowest HR 
0.65 (0.31, 1.30) was seen for men 60–75 years.

Any Bleeding
In general, the numerically highest HRs were observed in 
the highest age groups 80–85 and above 85 years for both 
sexes. In particular, for DTIs vs VKAs, the numerically 
highest HRs were observed for men in the age groups 80– 
85 and above 85 years; 2.90 (1.01, 10.41) and 2.42 (0.72, 
10.94), respectively. Conversely, the numerically lowest 
HR 0.62 (0.37, 1.05) was seen for men 75–80 years. For 
Xabans vs VKAs, the numerically highest HRs were 
observed for women in the age groups 75–80 and 80–85, 
1.62 (0.90, 3.02) and 1.89 (1.03, 3.65), respectively.

Intracranial Bleeding
In general, the numerically highest HRs were observed for 
women in the higher age categories; 75–80 and 80–85 
years of age. In particular, for DTIs vs VKAs, a numeri
cally low HR 0.14 (0.01, 0.84) was observed for men 75– 
80 years of age. For Xabans vs VKAs, a numerically high 
HR 2.70 (0.65, 18.19) was observed for women 80–85 
years and a numerically low HR 0.47 (0.20, 1.03) for 
men 60–75 years.

Mortality
For mortality, no general pattern was observed. In parti
cular, for DTIs vs VKAs, numerically high, but imprecise, 
HRs were seen for women 60–75 and 80–85 years of age; 
6.71 (1.20, 125.51) and 6.24 (1.03, 119.90), respectively. 
Also, a numerically low HR 0.57 (0.23, 1.37) was 
observed for men 75–80 years. For Xabans vs VKAs, a 
numerically high HR 2.91 (1.55, 5.96) was observed for 
men above 85 years.

Discussion
Even though there are a plethora of studies on DOACs 
already published, few comprise large, Nordic, unselected 
populations of patients with AF from nationwide registers 
including all available DOACs simultaneously to compare 
bleeding outcomes between each DOAC class and VKAs, 
additionally describing sex and age differences. In this obser
vational nationwide register study, we found the following 
statistically significant associations of increased risk at the 
5% level when comparing DTIs or Xabans with VKAs: 

gastrointestinal bleeding in women, overall and in age groups 
75–80 and 80–85; any bleeding in both men and women 
80–85 years of age, and also overall for the age group 
80–85 years; all-cause mortality in both sexes, across differ
ent age groups and for both naive and experienced users. 
However, part of the risks may be attributed to the patient 
characteristics and could be a consequence of confounding 
by indication.21 The differences between the reported results 
in this and previous studies may also lie in different metho
dological approaches.

Case reports have raised awareness about the risk of 
gastrointestinal bleedings associated with dabigatran.6,8,22 

For apixaban and rivaroxaban, there are less reports on 
gastrointestinal bleedings.23,24 A meta-analysis including 
43 randomized controlled trials showed an increased risk 
for gastrointestinal bleedings in patients treated with new 
oral anticoagulants for venous thromboembolism or acute 
coronary syndrome.25 A French nationwide propensity 
matched cohort study showed no difference in bleeding or 
other outcomes between VKAs and DOACs, suggesting 
equal caution to be exercised by physicians in both 
groups.12 However, a retrospective study of commercially 
insured people in the US found no significant risk for gastro
intestinal bleedings when comparing dabigatran or rivarox
aban with warfarin. They noted that the excess risk of 
gastrointestinal bleedings with dabigatran relative to warfarin 
reported in other studies may be age dependent and concen
trated among the oldest, a population that was not well 
represented in their study.10 Similarly, a retrospective pro
pensity matched study based on administrative claims data in 
the US showed similar gastrointestinal bleeding risks in 
dabigatran or rivaroxaban and warfarin.26 A Danish study, 
with a similar design to ours, showed no risk of gastrointest
inal bleedings associated with low- or high-dose dabigatran 
use.11 This could be due to differing administrations of 
DOACs or due to the underreporting of adverse events of 
the new oral anticoagulants, though a third Danish nation
wide cohort study described that oral anticoagulant naïve 
dabigatran users initiated proton pump inhibitors more 
often than those treated with warfarin.27 A Food and Drug 
Administration study of Medicare beneficiaries found an 
increased risk of gastrointestinal bleedings in new users of 
dabigatran compared to warfarin in elderly patients with non- 
valvular atrial fibrillation.7 The present study found more 
than two-fold risks for gastrointestinal bleedings associated 
with DTIs or Xabans as compared to VKAs among female 
patients aged 75–80 or 80–85 years with AF. Graham et al 
also reported a two-fold increased risk of gastrointestinal 
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bleedings in women aged 85 years and older.7 A meta- 
analysis including eight studies comprising 9,417 patients 
concluded that women suffer more bleeding complications 
compared to men when using a DOAC for venous 
thromboembolism.28 This indicates that greater attention 
should be given in DOAC treated women with non- 
valvular AF.

The present study could not find any elevated bleeding 
risk with respect to user status (naïve or experienced). 
A short-term observational Danish study among patients 
with AF indicated an association between bleeding risk and 
VKA experience status for the 110 mg dose of dabigatran.29 

A sub-study of the RE-LY trial found no difference in bleed
ing risk when comparing VKA-experienced with VKA-naïve 
users.30 Nevertheless, another Danish register study showed 
an increased risk of gastrointestinal bleedings among VKA 
initiators of warfarin, but no excess risk of bleedings when 
comparing dabigatran to warfarin users irrespective of VKA 
experience.31

Nathan et al performed reviews of case reports of 
bleeding events involving dabigatran, Xabans and warfarin 
in the food and drug administration adverse event report
ing system and found a signal between DOAC use and 
life-threatening or serious bleeding.32 The present study 
found a more than two-fold risk of any bleeding for men 
80–85 or 85 and above years of age.

Eikelboom et al found that dabigatran compared to 
warfarin had lower risks of intracranial bleeding.33 In our 
study, we found a protective effect of dabigatran over 
warfarin for men 75–80 years of age. On the other hand, 
we found a more than two-fold risk of intracranial bleed
ing associated with Xabans as compared to VKAs in 
women 80–85 years of age.

The Medicare study noted a significant 87% risk of all- 
cause mortality in patients more than or equal to 75 years in 
association with dabigatran use. In a large meta-analysis, the 
new oral anticoagulants were significantly associated with 
a lower risk of mortality.34 The current study found excess 
risks of mortality for both DTIs and Xabans as compared to 
VKAs in both sexes and varying age groups.

The current study used nationwide data from well- 
characterized registers precluding recall bias. It only 
included first-time users of DTIs, Xabans or VKAs, 
given the potential risk of channeling toward DTIs or 
Xabans due to previous compliance problems or adverse 
effects with VKAs. We compared DTIs and Xaban users 
separately and did not combine the two classes since they 

might have different risk profiles. The use of propensity 
scores enabled well-balanced comparison groups.

This was a real-world study using national registers; 
therefore, residual confounding cannot be ruled out. There 
is no information available in the national registers on time in 
therapeutic range (TTR) for warfarin users. Lack of knowl
edge on TTR precludes analyses of good and poorly con
trolled warfarin users and their bleeding risk. It has been 
shown that high values of TTR correlate with a reduction in 
complications such as bleeding and thrombosis.35 However, 
it has been reported that TTR of warfarin users in Sweden is 
high (mean value 76.2%) compared to TTR in some clinical 
trials.13,35,36 We did not have access to the prescribed dose 
and prescriptions may be guided by the patients bleeding risk 
and hence other doses than the recommended may be used as 
presented in a French study.12 The definition of diseases 
relied on ICD-10 codes from hospital care and since some 
diseases are diagnosed in primary care (not included in NPR) 
the study might have missed milder cases of AF. However, it 
has been shown that only 12% of the AF diagnoses in 
Stockholm county council (2006–2010) are covered exclu
sively by primary care, ie 88% of the diagnoses were 
captured.37 For hypertension, it has been shown that the 
specificity defined through the prescription of at least two 
classes of antihypertensive drugs was almost 95%.38 The 
CHA2DS2VASc and HAS-BLED scores were based on 
recorded diagnoses and may be underestimated. However, 
this approach has been used successfully in previous studies 
and was adopted for comparative reasons.11,27,31,39 We inves
tigated the objectives in an incident cohort and have not 
estimated risks in switchers, also we compared only drug 
classes, not specific drugs. The study did not have informa
tion on some lifestyle factors related to the outcomes, such as 
body mass index, smoking, physical activity, hemoglobin 
levels and alcohol consumption. Lastly, the present results 
are based on filled prescriptions assuming adherence.

Conclusion
The results are consistent with previous studies showing 
an increased risk in mainly gastrointestinal bleedings in 
first-time users of DTIs and Xabans. The risks of all-cause 
mortality merit further studies and a special attention from 
care-providers to vulnerable groups.
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