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Aims Direct oral anticoagulants (DOACs) at reduced dosage regimens are the first choice of ischaemic stroke (IS) prevention for 
patients with atrial fibrillation (AF) and elevated bleeding risk or renal insufficiency. We compared the outcomes of reduced 
dose DOACs and warfarin.

Methods 
and results

We included all new-onset patients with AF in Finland from 2011 to 2018. Adjusted hazard ratios (HRs) for IS, intracranial 
haemorrhage (ICH), bleeding, and mortality were calculated for dabigatran (n = 2 672), rivaroxaban (n = 1 866), apixaban 
(n = 3 936), and warfarin (n = 43 548). Patients on warfarin were grouped into quartiles by their individual time-in- 
therapeutic range (TTR), with the second best TTR quartile as a reference group for comparisons. Risk of IS was highest in 
the low TTR quartiles of warfarin, lowest in the best TTR quartile (0.65 95% confidence interval, 0.51–0.83), and did not differ 
for dabigatran, rivaroxaban, and apixaban compared with the second best TTR quartile. Risk of ICH was highest in low TTR 
quartiles of warfarin (HRs 7.20, 5.48–9.46 and 1.91, 1.44–2.55), and was not different in patients on dabigatran, rivaroxaban, 
and apixaban. Risk of all-cause death and bleeding were lowest in the two best TTR quartiles, and highest in the poorest TTR 
group. Mortality was higher for dabigatran, rivaroxaban, and apixaban, compared with the second best TTR quartile of warfarin.

Conclusion DOACs with reduced doses are efficient and safe stroke prevention therapy in high-risk patients with AF when compared 
with warfarin therapy of sufficient TTR. In this comparison, warfarin therapy of excellent TTR-quality was associated with 
the lowest risk of bleeding and mortality.
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        Key message

● Reduced dose DOACs were 
efficient and safe in stroke 
prevention of  new-onset AF 
when compared to warfarin 
therapy of  sufficient TTR

 
● Warfarin therapy of  excellent 

TTR-quality was associated 
with low risk of  adverse 
outcomes.
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Introduction
The world-wide prevalence of atrial fibrillation (AF) is increasing due to 
improved diagnostic screening and prolonged life-expectancy, and in
crease especially in octogenarians is expected.1,2 Patients with AF are 
at elevated risk of ischaemic stroke (IS), even though the risk between 
individuals varies considerably depending on their characteristics and 
comorbidities.3 Oral anticoagulation (OAC) therapy reduces the risk 
of IS in patients with AF, either with direct oral anticoagulants 
(DOACs), or vitamin K antagonists (VKAs), such as warfarin. In the 
last decade, both randomized controlled trials (RCTs) and observation
al studies have shown DOACs to be the first choice of stroke preven
tion over VKAs in non-valvular AF, even though some patients still 
continue on warfarin therapy.4–10

While OAC therapy effectively reduces the risk of stroke in AF, it also 
increases the risk of adverse bleeding events such as intracranial haemor
rhage (ICH). In particular, the risks are elevated for patients with AF who 
are elderly, who suffer from multiple comorbidities, or use multiple con
comitant medications.11 The attributes associated with increased risk of 
IS are also often the same increasing the risk of adverse bleeding,12 and in 
clinical decision-making tools, such as CHA2DS2-VASc and HAS-BLED 
scores, have previously been used to estimate the net benefit of OAC 
therapy in AF patients.3,13 The European guidelines for stroke prevention 
in AF suggest the use of DOACs for patients with moderate or high risk 
of IS, and DOACs in reduced doses for patients with elevated risk of 
bleeding, who are elderly, pose low body weight, and have either severe 
renal dysfunction or concomitant medication with possible adverse inter
actions.14 (see Supplementary material online, table S3).

The landmark RCTs and initial large observational studies of DOACs 
did not include large number of patients eligible for dose-reduction cri
teria of DOACs, and patients with reduced dose DOACs were not for
mally studied with sufficient statistical power in the pivotal apixaban and 
rivaroxaban RCTs, where patients on DOACs were mostly younger 
than the average AF patient in real-world studies.15 A meta-analysis 
of RCTs, revealed that patients with reduced dose DOACs had higher 
thromboembolic and bleeding rates than patients with standard dose 
DOACs, but the benefit-harm profile of appropriately adjusted re
duced dose DOACs remained consistently better than warfarin, 
whether patients met the dose reduction criteria or not.16 Similar re
sults have been published from a handful of observational studies, 
where reduced dose DOACs were mainly associated with lower risk 
of IS than warfarin,17–19 while indicating similar or mostly DOAC fa
vouring rates of adverse events.18,19

With the increasing prevalence of elderly AF patients in the general 
population, need for dose-reduction assessment of DOACs will likely 
increase. Some patients also continue on warfarin therapy, where the 
outcomes are associated with the quality of care measured by individ
ual time-in-therapeutic range (TTR).20 In a recent RCT of frail pa
tients with AF, switching from international normalized ratio 
(INR)—guided VKA therapy to DOAC therapy, was also associated 
with increased bleeding risk, and no significant change in thrombo
embolic events.17

In this study, we assessed the effectiveness and safety of reduced 
dose DOACs and warfarin treatment patients with new-onset AF in 
a real-world setting covering all levels of care, while considering the in
dividual TTR information of patients using warfarin.
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Methods
Study design and data
The Finnish AntiCoagulation in Atrial Fibrillation Study (FinACAF) 
(ClinicalTrials Identifier: NCT04645537; ENCePP Identifier: EUPAS 
29845) is a nationwide registry study with comprehensive data on all re
corded patients with AF between 1 January 2004 and 31 December 2018 
in Finland. The study links individual patient health records and laboratory 
data from primary, secondary, and tertiary care as well as data regarding edu
cation, socio-economic status, income, taxing, and place of domicile. The 
study rationale and design have been reported previously.18

In this observational retrospective study of unselected patients with AF, 
patients were identified by International Classification of Diseases (ICD-10) 
diagnosis code I48 by using all national registries: The Care Register of 
Health Care (HILMO) for hospitalizations and secondary care outpatient 
visits, the Care Register of Health Care (AvoHILMO) for primary health 
care visits, and the National Reimbursement Register maintained by the 
Social Insurance Institution (KELA) for filled drug prescriptions. Data of pa
tient comorbidities, diagnoses, cause of death, socio-economic status and 
place of domicile, registry data was obtained from National Prescription 
register, National Causes of Death Register, National Cancer Registry, six 
regional laboratory databases, Finnish population register, Finnish Tax regis
ter, Social HILMO, and The Register of Completed Education and Degrees 
(see Supplementary material online, Table S1).

Study population and baseline characteristics
All Finnish patients with new-onset non-valvular AF between years 2011 
and 2018 who had not received prior OAC therapy, and who had labora
tory data available for analysis were studied. Study patients were grouped 
by the initiated OAC: warfarin, dabigatran 110 mg, rivaroxaban 15 mg, apix
aban 2.5 mg, or edoxaban 30 mg. Patients on warfarin were further divided 
into quartiles according to their individual TTR values.

Patients with previous OAC use, who either had filled an OAC prescrip
tion between 2004 and 2006 or within 1 year before the AF diagnosis were 
excluded from study. Patients with mitral stenosis or mechanical prosthetic 
heart valves were also excluded. Furthermore, patients without any OAC 
purchases and patients who initiated standard dose DOAC after AF diagno
sis were excluded from analysis. Patient selection process is detailed in 
Supplementary material online, Figure S1.

Baseline comorbidities preceding AF diagnosis were identified by 
either ICD-10 codes, medication purchases, or laboratory data (see 
Supplementary material online, Table S2). Glomerular filtration rates 
were also included for analysis. Income quintiles were formed to minimize 
confounding by socio-economic factors. Baseline medication was defined as 
a purchase during the year prior diagnosis of AF, with purchases 30 days 
prior to AF diagnosis excluded to avoid confounding.

Exposure to oral anticoagulation and 
time-in-therapeutic range
The follow-up for outcomes and exposure to OAC therapy begun at the 
first OAC drug purchase after AF diagnosis of AF and were continued until 
the end of drug exposure or for maximum of 730 days if no other criteria 
for termination of exposure were met.

The drug consumption was estimated by manufacturers recommended 
reduced dose regimens of each DOAC as follows: One pill per day for riv
aroxaban 15 mg and edoxaban 30 mg, and two pills per day for apixaban 
2.5 mg, and dabigatran 110 mg. The exposure to DOACs ended 30 days 
after the calculated depletion of the purchased drugs unless subsequent 
purchases were made to continue the exposure. Crossover to another 
OAC or change in dosage also terminated the exposure.

For warfarin, subsequent INR-measurements of 60-day intervals were also re
quired in addition to subsequent purchases. Exposure to warfarin was termi
nated also if 180 days passed without a new warfarin purchase, or at the 
purchase of any other OAC. For both DOACs and warfarin, exposure was ter
minated at the occurrence of any study outcome. A detailed description of OAC 
exposure in the study is visualized in Supplementary material online, Figure S2.

To determine the quality of warfarin therapy, individual TTR values for eli
gible patients were calculated by using Rosendaal’s method.19 The percent
age of times observed INR-values fell between 2.0 (≥) and 3.0 (≤) was 

calculated if a patient had at least three subsequent INR-measurements with
in a maximum interval of 60 days between each measurement. Patients with 
warfarin were then assigned into quartiles according to their respective TTR 
values.21

Eligibility for direct oral anticoagulant dose 
reduction
The eligibility criteria for DOAC dose reduction were applied according to 
the European Society of Cardiology (ESC) guidelines14 and the European 
Heart Rhythm Association (EHRA) practical guide,22 derived from 
manufacturer- given criteria on dose adjustment of each DOAC (see 
Supplementary material online, Table S3).

Study outcomes
IS was set as the primary outcome of treatment efficacy, defined as the first 
ICD-10 diagnosis I63 to occur during follow-up. Similarly, ICD-10 diagnosis 
codes for ICH—both non-traumatic and traumatic, as well as any bleeding 
as a composite outcome of intra- and extracranial bleeding, were studied to 
assess safety of treatment. All-cause mortality under OAC exposure was 
studied, and additionally gastrointestinal (GI) bleeding was studied as a sec
ondary study outcome.

The events of IS, ICH, and any bleeding were acquired from the hospital 
care register, and the dates of death from the National Cause of Death 
register. For IS, ICH, or bleeding, both new and recurrent event were ac
cepted as an outcome, if the recurrent episode fulfilled the following cri
teria: (i) event was the main diagnosis of hospitalization, (ii) a minimum of 
90 days had elapsed since the previous diagnosed event and (iii) The event 
occurred under the exposure of the first initiated OAC after diagnosis of 
AF. Further definitions of outcomes are given in Supplementary material 
online, Table S2.

To assess possible bias of inadequate dose reduction in our reduced dose 
DOAC groups, we analysed the prevalence of available dose-lowering cri
teria in all treatment groups. The most common causes of death in treat
ment groups were also analysed to further assess if the differences in 
mortality as an outcome could be explained by the choice of OAC therapy.

Statistical analysis
Patient characteristics are reported as counts and percentages, or as means 
and medians with standard deviations (SD) or interquartile ranges, respect
ively. Counts and crude rates of outcomes (IS, ICH, any bleeding, and mor
tality) per 100 patient years (py) are reported for each treatment group.

An inverse probability of treatment weighted analysis (IPTW) was ap
plied to obtain balanced treatment populations that represent the average 
treatment effect for the population.23 These treatment weights were de
rived by generalized boosted model with 10 000 regression trees, and the 
underlying covariates in the propensity model included age, sex, vascular 
disease, previous stroke or transient ischaemic attack, diabetes, hyperten
sion, cancer, use of statin or antithrombotic medication, CHA2DS2-VASc, 
and HAS-BLED scores. During the study period CHA2DS2-VASc and 
HAS-BLED scores were widely used, hence CHA2DS2-VASc, and a modi
fied HAS-BLED-score were calculated.24 The balance between the studied 
groups was obtained by examining the standardized mean differences be
tween each treatment group. A threshold of 0.1 was used in the analysis 
to obtain a sufficient balance between the weighted groups.

To estimate hazard ratios (HRs) of outcomes with 95% confidence inter
vals between treatment groups, a Cox-regression analysis was used. As ap
plied previously,21 the second best (3rd) TTR quartile of warfarin was 
selected as a reference group for risk estimation, it being the closest repre
sentative with the DOAC groups on visual inspection, and to give DOACs a 
point of comparison with warfarin treatment of reasonably good quality. A 
significance threshold of 0.05 was considered for the P-values. The statistical 
analyses were conducted using R version 4.2.1 (R Foundation for Statistical 
Computing, Vienna, Austria).

Results
In total, 52 384 patients with new-onset non-valvular AF (46.1% male, 
mean age 75.7 years) between years 2011 and 2018 who initiated 
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reduced dose DOAC, or warfarin were analysed (Table 1). Altogether 
43 548 (83.7%) patients initiated warfarin, 2672 (5.1%) low dose dabi
gatran, 1866 (3.6%) rivaroxaban, 3936 (7.6%) apixaban, and 182 (0.3%) 
edoxaban. The mean and median TTR values for patients with warfarin 
as whole were 66% and 72%, respectively. The mean TTR values 
(range) warfarin quartiles were 32% (0–52%) in the lowest TTR quar
tile, 65% (52–72%) in the second TTR quartile, 77% (72–83%) in the 
third TTR quartile, and 90% (83–100%) in the highest TTR quartile. 
The mean exposure length for all treatment groups was 408 days over
all and varied between 235 days (lowest warfarin quartile) and 512 days 
(4th warfarin quartile). Patients with edoxaban were excluded from the 
main analyses due to the small numbers of patients with insufficient ex
posure time. Supplementary material online, Table S4, illustrates the in
cidence of the study endpoints IS, ICH, and all-cause mortality, with 
edoxaban included.

The mean ages in warfarin quartiles (73.6–75.3 years) were lower than 
in DOAC groups, with mean age of 80.5 years for dabigatran, 79.6 years 
for rivaroxaban, and 84.2 years for apixaban. The most common co
morbidities in treatment groups were hypertension (77.7–87.0%) and dys
lipidaemia (53.3–65.6%). In general, patients with DOACs had a higher 
baseline prevalence of dyslipidaemia, coronary heart disease, dementia, 
any vascular disease, and cancer than patients with warfarin. Patients 
with apixaban had the highest mean CHA2DS2-VASc score of 4.78 
(1.45), and the highest 12.2% prevalence of renal dysfunction. In turn, pa
tients in the highest TTR quartile of warfarin had the lowest 
CHA2DS2-VASc-score 3.50 (1.67), and the lowest prevalence of renal dys
function (2.5%). Patients on DOACs were less likely to use beta blocker 
medication than those on warfarin but were more likely to have preceding 
antithrombotic or statin medication compared with warfarin. The baseline 
differences were reduced to <0.1 in standardized differences at maximum, 
after the study populations were analysed with IPTW.

Ischaemic stroke and intracranial 
haemorrhage
A total of 875 events of IS, and 452 events of ICH were recorded during 
the follow-up. Among patients on warfarin, the rates of IS were 3.45/ 
100 patient years (py), 1.79/100 py, 1.18/100 py, and 0.74/100 py 
from the lowest to the highest TTR quartile, respectively (Table 2). 
Among patients on DOAC, the rates of IS were 1.63/100py for dabiga
tran, 1.49/100py for rivaroxaban, and 1.63/100 py for apixaban. The 
weighted rates of IS in warfarin quartiles were 3.70, 1.87, 1.21, and 
0.79/100 py from the highest to the lowest TTR quartile. Similarly, 
the weighted rates of IS for reduced dose DOAC users were 1.34/ 
100 py for dabigatran, 1.25/100 py for rivaroxaban, and 0.96/100 py 
for apixaban. The cumulative incidence curves for IS and ICH in OAC 
groups are observed in Figure 1.

The weighted risk of IS in OAC groups was compared with the 3rd 
quartile of warfarin (mean TTR 77%) as a reference group, and a signifi
cantly higher risk of IS was observed in the two lowest quartiles of war
farin. In turn, patients in the highest TTR quartile, and patients on 
dabigatran, rivaroxaban, and apixaban had a similar or non-significantly 
lower risk of IS when compared with the 3rd TTR quartile, with HRs of 
0.65 (0.51–0.83), 1.08 (0.74–1.57), 1.00 (0.62–1.60), and 0.76 (0.53– 
1.09), respectively (Figure 2).

The ICH rates among warfarin quartiles were 3.60, 0.99, 0.51, and 
0.32/100 py from the lowest to the highest TTR quartile. The corre
sponding rates of ICH were 0.68/100py for dabigatran, 1.06/100 py 
for rivaroxaban, and 1.09/100 py for apixaban. After balancing baseline 
characteristics with IPTW, the weighted rate of ICH was highest in the 
lowest TTR quartile of warfarin (Table 2). The risk of ICH was highest in 
the lowest quartiles of warfarin, and similar or non-significantly elevated 
in other groups, when compared with the second best TTR quartile of 
warfarin (Figure 2). Frequencies for subclasses of spontaneous ICHs are 
given in Supplementary material online, Table S6.

Bleeding
The rates of overall bleeding events (both intra- and extracranial com
bined) were highest in the 1st and 2nd TTR quartiles of warfarin, and 
the lowest in 3rd and 4th quartiles of warfarin, with rates of 14.8, 5.4 
3.7, and 2.7/100 py. For DOACs the rates of bleeding events were 6.6/ 
100py for dabigatran, 9.8/100 py for rivaroxaban, and 6.7/100 py for apix
aban. Weighted rates of any bleeding for reduced dose DOACs were 6.7 
for dabigatran, 8.9 for rivaroxaban, and 6.4 for apixaban.

After IPTW analysis, the risk of bleeding was lowest in the best quartile 
of warfarin with HR 0.72 (0.63–0.82) when compared with 3rd TTR quar
tile, and significantly (P < 0.001) higher in every other treatment group 
(Figure 2).

Gastrointestinal bleeding
The rates of GI bleeding were 4.97, 1.66, 0.85, and 0.43/100 py from the 
lowest to the highest TTR quartile of warfarin, respectively. For re
duced dose DOACs, the rates were 2.52/100py for dabigatran, 3.70/ 
100 py for rivaroxaban, and 2.06/100 py for apixaban, see cumulative 
rates in Supplementary material online, Figure S4. The respective 
weighted rates were 5.21, 1.73, 0.89, and 0.45/100 py from the lowest 
to the highest TTR quartile of warfarin, and 2.30/100 py for dabigatran, 
3.47/100 py for rivaroxaban, and 1.76/100 py for apixaban (Table 2). 
HRs are given in Supplementary material online, Figure S5.

All-cause mortality
The observed mortality rates in warfarin quartiles were 16.45, 5.33, 2.31, 
and 1.53/100 py, from the lowest to the highest TTR quartile, respectively. 
The mortality rates in DOAC groups were 4.31/100 py for dabigatran, 8.11/ 
100 py for rivaroxaban, and 11.40/100 py for apixaban. After balancing the 
baseline characteristics with IPTW method, the corresponding weighted 
mortality rates for warfarin quartiles were 18.08, 5.86, 2.58, and 1.73/100 
py from lowest to the highest TTR quartile, respectively. The weighted 
mortality rates for reduced dose DOACs were 3.97/100 py for dabigatran, 
6.78/100 py for rivaroxaban, and 7.97/100 py for apixaban (Figure 2).

Patient eligibility for direct oral 
anticoagulant dose reduction
The most prominent measure of any dose-reduction criteria with reduced 
dose DOACs was Age ≥ 80, which was factual for 67.8% of dabigatran, 
60.8% of rivaroxaban, and 83.1% of apixaban using patients. The least fre
quent dose-reduction criterion in all treatment groups was the use of ver
apamil, ranging from 0.6% to 1.3% in the treatment groups (Table 3).

At least one dose reduction criterion was met in 82.5% of patients 
with dabigatran, 83.1% of rivaroxaban, and 93.5% of apixaban. The cor
responding percentages for warfarin were 53.7%, 54.6%, 50.1%, and 
44.7% from the lowest to the highest TTR quartile, respectively.

Cause of death analysis
The most common causes of death in reduced dose DOAC and warfarin 
groups were chronic ischaemic heart disease (19.8% and 19.8%, respect
ively), Alzheimer disease (9.3% and 9.0%, respectively), and hypertensive 
heart disease (7.8% and 5.3%, respectively) see Supplementary material 
online, Table S5. When comparing the proportion of deaths associated 
with our study outcomes, IS, ICH, and bleeding, we observed no propor
tional increase of these causes for reduced dose DOACs in comparison to 
warfarin (see Supplementary material online, Figure S3).

Discussion
In a comprehensive on-treatment analysis of all patients with AF in 
Finland, reduced dose DOACs were efficient and safe in stroke 
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prevention of elderly patients with new-onset AF, when compared 
with warfarin therapy. For warfarin, the rates of IS, ICH, bleeding, 
and mortality were associated with the quality of treatment measured 
by TTR, and patients with suboptimal TTR had considerably higher 
risk of adverse outcomes when compared with other treatment 
groups.

To our knowledge, this is the first nationwide observational study of 
reduced dose DOACs and warfarin with the individual TTR measured 
quality of warfarin treatment available, and the first one to include pa
tients from all levels of care, including primary care patients.

Compared with warfarin, patients on reduced dose DOACs were 
older and had higher prevalence of several comorbidities such as renal 
insufficiency, dementia, cancer, previous bleeding, or any vascular dis
ease, including coronary artery disease, and they were also more likely 
to have a history of antithrombotic medication or statin use and were 
less likely to have history of beta blocker use. A finding mostly attribu
ted to dose-reduction criteria of DOACs.14,22

The overall rate of IS varied between 0.74 and 3.45/100 py in war
farin TTR quartiles and between 1.49 and 1.63/100 py for reduced 
dose DOACs, For reduced dose DOACs, IS rates were lower than re
ported in a previous study of similar approach by Nielsen et al.25 where 
the crude rate of IS for reduced dose DOACs varied between 2.77 and 
6.44/100 py in a follow-up of 1–2.5 years, while in some other previous 
studies with reduced dose DOACs, no crude rates of IS were pub
lished.26,27 When comparing the rates of IS between reduced dose 
and standard dose receiving patients, our results were mostly in accord
ance with previous studies.9,28 Also, the risk of IS was very similar in re
duced dose DOAC groups, when compared with warfarin therapy of 
good TTR. Slight variance in outcomes compared with previous studies 

could be explained by our inclusion of primary care patients, follow-up 
regimen, or the on-treatment analysis requiring continuous INR- 
measurements and/or uninterrupted drug-purchases from patients. 
Due to differences in baseline characteristics, however, the rates of 
IS for reduced dose DOACs were higher than observed in our previous 
study of standard dose DOACs.21

As expected, the poorest TTR quartiles had significantly elevated risk 
of ICH in our cohort, compared with the 3rd TTR quartile with the ICH 
rate varying 10-fold from 0.32 to 3.60/100 py from the highest to the 
lowest TTR group. For reduced dose DOACs, the rates of ICH ranged 
from 0.68/100 py of dabigatran to 1.09/100 py of apixaban, which were 
very similar to rates observed in standard dose DOAC receiving pa
tients in this same study cohort.21

Previously, elevated risk for major bleeding has been observed for re
duced dose rivaroxaban and high mean TTR-warfarin therapy.27

Overall, the crude rates of bleeding for reduced dose DOACs were 
somewhat higher when compared with the previously mentioned study 
by Nielsen et al.25 which presented varying bleeding rates from 4.76 to 
6.60/100 py, which in this study ranged from 6.6 of dabigatran to 9.8/ 
100 py of rivaroxaban, and as a result could be attributed to differences 
in study protocol.

Similarly to ICH, the lowest TTR quartiles had a significantly elevated 
risk of GI bleeding, compared with the third TTR quartile. Additionally, 
GI bleeding rates for reduced dose dabigatran, rivaroxaban, and apixa
ban support the hypothesis proposed by Vanassche et al., suggesting 
that among DOACs, rivaroxaban, and dabigatran may be associated 
with a higher risk of GI bleeding than apixaban. This increased risk is 
likely due to the partial conversion of dabigatran into its active form 
within the GI tract, and the high intraluminal concentrations of 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Number of events, and both crude and weighted incidence rates of study outcomes per 100 patient years 
in new-onset atrial fibrillation atrial fibrillation stratified by time-in-therapeutic range (TTR) quartiles of warfarin 
and direct oral anticoagulant type

Warfarin 1st 
TTR quartile 

(lowest)

Warfarin 2nd 
TTR quartile

Warfarin 3rd 
TTR quartile

Warfarin 4th TTR 
quartile (highest)

Dabigatran Rivaroxaban Apixaban

Ischaemic stroke
Events (n) 238 236 178 102 43 24 54
Crude rate 3.45 1.79 1.18 0.74 1.63 1.49 1.63

Weighted rate 3.70 1.87 1.21 0.79 1.34 1.25 0.96

Intracranial haemorrhage
Events (n) 249 131 78 44 18 17 36

Crude rate 3.60 0.99 0.51 0.32 0.68 1.06 1.09

Weighted rate 3.80 1.03 0.54 0.34 0.70 0.90 0.70
Any bleeding
Events (n) 987 690 548 361 170 151 217

Crude rate 14.8 5.4 3.7 2.7 6.6 9.8 6.7
Weighted rate 15.5 5.5 3.8 2.8 6.7 8.9 6.4

All-cause mortality
Events (n) 1147 709 351 211 114 131 378
Crude rate 16.45 5.33 2.31 1.53 4.31 8.11 11.40

Weighted rate 18.08 5.86 2.58 1.73 3.97 6.78 7.97

GI bleeding
Events (n) 341 219 129 59 66 59 68

Crude rate 4.97 1.66 0.85 0.43 2.52 3.70 2.06

Weighted rate 5.21 1.73 0.89 0.45 2.30 3.47 1.76

Rates depict events per 100 patient years. Abbreviations: n = count, TTR, time-in-therapeutic range, GI, Gastrointestinal.
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rivaroxaban measured in the intestinal lumen.29 Overall, these results 
are comparable to findings from a Swedish cohort of AF patients.27

The all-cause mortality rate for reduced dose DOACs in this study 
(4.3–11.4/100 py) was somewhat lower than in the above-mentioned 
Danish cohort,25 and in warfarin quartiles the mortality rate varied 
10-fold according to TTR, from 16.45 to 1.53/100 py. When compared 
with the warfarin reference quartile, the mortality rate was significantly 
higher in all reduced dose DOACs. These differences in bleeding and 
mortality risk between reduced dose DOACs and warfarin are a novel 
finding compared with previous studies, which is, in part, is explained by 
comparison to higher TTR of warfarin treatment than previous 
studies.20,27

To further assess the overall mortality rate, especially for apixaban 
(11.40/100 py), and for rivaroxaban (9.11/100 py), we analysed the pri
mary causes of death for both warfarin and reduced dose DOACs, in 
which no obvious difference was found in the most common causes 
of deaths nor in IS, ICH, or bleeding as a primary cause of death.

A recent meta-analysis of observational studies found no significant 
difference between outcomes of patients using reduced dose 
DOACs when comparing patient outcomes of both on-label and off- 
label dose reduction,30 even though previous evidence points that in
appropriate dosing of DOACs can increase patients’ mortality and 
bleeding risk.31–33 Although our study did not consider whether the 

dosing reduction of DOACs was appropriate or inappropriate, pa
tients’ eligibility for DOAC dose-reduction criteria was determined. 
The dose-reduction criteria for DOACs, except dabigatran, were set 
before the landmark RCTs, and differed for each DOAC. Therefore, 
the proportion of patients filling any available dose-reduction criterion 
was characterized. In our sensitivity analysis 82.5–93.5% of patients in 
reduced dose DOAC groups fulfilled at least one criterion of dose re
duction, which indicates that most patients on reduced dose DOACs 
to be close with guideline recommended population for dose reduc
tion. This finding is also supported by observing the baseline character
istics of both patients on reduced and standard dose DOACs in 
Finland.21

Differing from previous studies, we studied the treatment outcomes 
in all levels of care, while ensuring that warfarin treatment was investi
gated under optimal conditions with individual levels of TTR, since the 
outcomes of warfarin treated patients have improved up to very high 
TTR percentages of over 80%.34 The rates of outcomes in this study 
were in line with previous studies, but for comparison of the risks of 
study outcomes between established TTR quartiles of warfarin and re
duced dose DOACs, no published results of similar approach were 
available for comparison. Moreover, as known from previous studies 
of TTR as well as the pivotal DOAC RCTs, reporting of TTR may differ 
from study to study, and direct comparison of TTR values between 

A B

C D

Figure 1 Crude cumulative incidence of (A) ischaemic stroke, (B) intracranial haemorrhage, (C ) any bleeding, and (D) all-cause mortality in patients 
with new-onset atrial fibrillation, stratified by oral anticoagulation type and time-in-therapeutic range (TTR) quartiles of warfarin.
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studies has been proven to be methodologically challenging, even if 
using a well-established tool such as Rosendaal’s method.35

Our study evaluated warfarin treatment when ‘at its best’ but also 
when poorest and compared the outcomes with reduced dose 
DOACs, with observed low rates of IS, ICH, overall bleeding and death 
in the highest TTR quartiles. Since no current clinical tool can be used to 
reliably predict the prospective TTR-level of an individual patient, the 
superior results of the highest TTR quartiles should not be interpreted 
as a suggestion to initiate warfarin therapy over reduced dose DOACs 
as a first drug of choice for new-onset AF patients.21 Rather, it must be 
acknowledged that the highest TTR quartiles represent only a particular 
subgroup of warfarin using patients, and thus, the favourable outcomes 
in this group may be influenced by factors beyond OAC therapy. 
Secondly, the baseline characteristics of treatment groups differed sig
nificantly in certain aspects (i.e. mean age 84.2 years in apixaban group, 
vs. 73.7 years in the 4th TTR quartile of warfarin group), which may 
have effect on the outcomes despite the use of IPTW balancing. 
Nonetheless, given these considerations, it remains reasonable to as
sume that continuing warfarin therapy of excellent long-term TTR 
can be regarded as a viable treatment strategy for IS prevention.

Strengths and limitations
A major strength of our study is the large nationwide cohort of unse
lected patients from all levels of healthcare including comprehensive in
formation of our patients. In Finland, the whole population is covered 
by taxation-based healthcare and drug reimbursement system, where 

it is ensured that treatments are accessible to all citizens, and that pre
scription drugs are reimbursed. In this study, we have covered all diag
nosed patients with AF in Finland—including hospitalizations and 
primary, secondary, and tertiary outpatient clinics—while previous 
studies of similar approach may have been subject to selection or infor
mation bias due including patients only from hospital level.

We also acknowledge some limitations. This study was non- 
randomized and observational study and is a subject to both confound
ing bias and typical limitations of observational studies. Conclusions 
regarding causality are not to be drawn from the results. Our study 
relies on administrative data, which is limited by the quality of the regis
tries used. Despite our comprehensive approach, there may remain a 
range of unmeasured or unknown confounders or errors that could 
have had an impact on our results. Also, some important information 
on other confounders such as bodyweight, smoking, alcohol, and sub
stance abuse, ethnicity, use of aspirin, and hereditary information 
were not available in our data.

Conclusion
In this nationwide analysis with primary care patients included, reduced 
dose DOACs were efficient and safe in stroke prevention of new-onset 
AF, when compared with good quality warfarin. Within warfarin groups 
the risk of poor outcomes was associated with low TTR, while warfarin 
therapy of excellent TTR-quality was associated with the lowest risk of 
bleeding and mortality.

Figure 2 Hazard ratios (HRs) and 95% confidence intervals (CIs) from inverse probability of treatment weighted Cox-regression models for reduced 
dose direct oral anticoagulants and warfarin in time-in-therapeutic range (TTR)-quartiles. Hazard ratios are given for (A) ischaemic stroke, (B) intracra
nial haemorrhage, (C ) any bleeding, and (D) mortality. Reference groups (1) = Warfarin patients of the second best (third) TTR -quartile.
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Table 3 Dose-reduction criteria of direct oral anticoagulants in patients with new-onset atrial fibrillation, 
stratified by time-in-therapeutic range (TTR) quartiles of warfarin and direct oral anticoagulant type

Warfarin 1st 
TTR quartile 

(lowest)

Warfarin 2nd 
TTR quartile

Warfarin 3rd 
TTR quartile

Warfarin 4th TTR 
quartile (highest)

Dabigatran Rivaroxaban Apixaban

Age ≥ 80 years Events (n) 3785 4356 4031 3479 1812 1135 3 272
% 36.5 40.0 37.0 31.9 67.8 60.8 83.1

Verapamil use 

bleeding

Events (n) 70 78 66 88 15 25 27

% 0.6 0.7 0.6 0.8 0.6 1.3 0.7
GFR <50 Events (n) 1933 1812 1456 1105 307 687 1 248

% 19.9 18.4 14.8 11.8 15.5 47.7 38.7

Previous 
bleeding

Events (n) 1434 1252 1071 1001 436 322 727
% 13.2 11.5 9.8 9.2 16.3 17.3 18.5

Any criteria Events (n) 5470 5605 5145 4454 2059 1436 3 599

% 53.7 54.6 50.1 44.7 82.5 83.1 93.5

Abbreviations: GFR, Glomerular filtration rate; TTR, Time-in-therapeutic range.

Reduced dose DOACs and time-in-therapeutic range defined warfarin in new-onset AF                                                                                          9

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeaf046#supplementary-data


Horizon 2020 research and innovation programme under grant agree
ment no. 899871; K.E.J.A.: Research grants: The Finnish Foundation for 
Cardiovascular Research; Speaker: Bayer, BMS-Pfizer-alliance and 
Boehringer-Ingelheim. Member in the advisory boards: Bayer, 
BMS-Pfizer-alliance, and Astra-Zeneca.

References
1. Kornej J, Börschel CS, Benjamin EJ, Schnabel RB. Epidemiology of atrial fibrillation in the 

21st century: novel methods and new insights. Circ Res 2020;127:4–20.
2. Lehto M, Haukka J, Aro A, Halminen O, Putaala J, Linna M, Mustonen P, Kinnunen J, 

Kouki E, Niiranen J, Luojus A, Tiili P, Itäinen-Strömberg S, Hartikainen J, Airaksinen 
JKE. Comprehensive nationwide incidence and prevalence trends of atrial fibrillation 
in Finland. Open Heart 2022;9:e002140.

3. Lip GYH, Nieuwlaat R, Pisters R, Lane DA, Crijns HJGM. Refining clinical risk stratifica
tion for predicting stroke and thromboembolism in atrial fibrillation using a novel risk 
factor-based approach. Chest 2010;137:263–272.

4. Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek EM, Hanna M, Al-Khalidi 
HR, Ansell J, Atar D, Avezum A, Bahit M. C, Diaz R, Easton JD, Ezekowitz JA, Flaker 
G, Garcia D, Geraldes M, Gersh BJ, Golitsyn S, Goto S, Hermosillo AG, Hohnloser 
SH, Horowitz J, Mohan P, Jansky P, Lewis BS, Lopez-Sendon JL, Pais P, Parkhomenko 
A, Verheugt FWA, Zhu J, Wallentin L. Apixaban versus warfarin in patients with atrial 
fibrillation. N Engl J Med 2011;365:981–992.

5. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, Breithardt G, Halperin JL, Hankey 
GJ, Piccini JP, Becker RC, Nessel CC, Paolini JF, Berkowitz SD, Fox KAA, Califf RM. Rivaroxaban 
versus warfarin in nonvalvular atrial fibrillation. N Engl J Med 2011;365:883–891.

6. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, Pogue J, Reilly 
PA, Themeles E, Varrone J, Wang S, Alings M, Xavier D, Zhu J, Diaz R, Lewis BS, 
Darius H, Diener H-C, Joyner CD, Wallentin L. Dabigatran versus warfarin in patients 
with atrial fibrillation. N Engl J Med 2009;361:1139–1151.

7. Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL, Waldo AL, 
Ezekowitz M, Weitz JI, Špinar J, Ruzyllo W, Ruda M, Koretsune Y, Betcher J, Shi M, 
Grip LT, Patel SP, Patel I, Hanyok JJ, Mercuri M, Antman EM. Edoxaban versus warfarin 
in patients with atrial fibrillation. N Engl J Med 2013;369:2093–2104.

8. Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz MD, Camm 
AJ, Weitz JI, Lewis BS, Parkhomenko A, Yamashita T, Antman EM. Comparison of the 
efficacy and safety of new oral anticoagulants with warfarin in patients with atrial fibrilla
tion: a meta-analysis of randomised trials. Lancet 2014;383:955–962.

9. Lip GYH, Keshishian A, Li X, Hamilton M, Masseria C, Gupta K, Luo X, Mardekian J, 
Friend K, Nadkarni A, Pan X, Baser O, Deitelzweig S. Effectiveness and safety of oral 
anticoagulants among nonvalvular atrial fibrillation patients: the ARISTOPHANES study. 
Stroke 2018;49:2933–2944.

10. Larsen TB, Skjøth F, Nielsen PB, Kjældgaard JN, Lip GYH. Comparative effectiveness and 
safety of non-vitamin K antagonist oral anticoagulants and warfarin in patients with atrial 
fibrillation: propensity weighted nationwide cohort study. BMJ 2016;353:i3189.

11. Chang S-H, Chou I-J, Yeh Y-H, Chiou M-J, Wen M-S, Kuo C-T, See Lai-Chu, Kuo 
Chang-F. Association between use of non–vitamin K oral anticoagulants with and with
out concurrent medications and risk of Major bleeding in nonvalvular atrial fibrillation. 
JAMA 2017;318:1250–1259.

12. Barnes GD, Gu X, Haymart B, Kline-Rogers E, Almany S, Kozlowski J, Besley D, Krol GD, 
Froehlich JB, Kaatz S. The predictive ability of the CHADS2 and CHA2DS2-VASc scores 
for bleeding risk in atrial fibrillation: the MAQI2 experience. Thromb Res 2014;134:294–299.

13. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-Lundqvist C, Boriani G, 
Castella M, Dan GA, Dilaveris PE, Fauchier L, Filippatos G, Kalman JM, La Meir M, Lane 
DA, Lebeau JP, Lettino M, Lip GYH, Pinto FJ, Thomas GN, Valgimigli M, Van Gelder IC, 
Van Putte BP, Watkins CL; ESC Scientific Document Group. 2020 ESC guidelines for the 
diagnosis and management of atrial fibrillation developed in collaboration with the 
European Association for Cardio-Thoracic Surgery (EACTS). Eur Heart J 2021;42:373–498.

14. Van Gelder IC, Rienstra M, Bunting KV, Casado-Arroyo R, Caso V, Crijns HJGM, De 
Potter TJR, Dwight J, Guasti L, Hanke T, Jaarsma T, Lettino M, Løchen ML, Lumbers 
RT, Maesen B, Mølgaard I, Rosano GMC, Sanders P, Schnabel RB, Suwalski P, 
Svennberg E, Tamargo J, Tica O, Traykov V, Tzeis S, Kotecha D; ESC Scientific 
Document Group. 2024 ESC guidelines for the management of atrial fibrillation devel
oped in collaboration with the European Association for Cardio-Thoracic Surgery 
(EACTS). Eur Heart J 2024;45:3314–3414.

15. Rutherford OCW, Jonasson C, Ghanima W, Söderdahl F, Halvorsen S. Effectiveness and 
safety of oral anticoagulants in elderly patients with atrial fibrillation. Heart 2022;108: 
345–352.

16. Wang K-L, Lopes RD, Patel MR, Büller HR, Tan DS-Y, Chiang C-E, Giugliano RP. Efficacy 
and safety of reduced-dose non-vitamin K antagonist oral anticoagulants in patients with 
atrial fibrillation: a meta-analysis of randomized controlled trials. Eur Heart J 2019;40: 
1492–1500.

17. Carmo J, Ferreira J, Costa F, Carmo P, Cavaco D, Carvalho S, Morgado Francisco, 
Adragão Pedro, Mendes M. Non-vitamin K antagonist oral anticoagulants compared 
with warfarin at different levels of INR control in atrial fibrillation: a meta-analysis of ran
domized trials. Int J Cardiol 2017;244:196–201.

18. Joosten LPT, Van Doorn S, Van De Ven PM, Köhlen BTG, Nierman MC, Koek HL, 
Hemels MEW, Huisman MV, Kruip M, Faber LM, Wiersma NM, Buding WF, Fijnheer 
R, Adriaansen HJ, Roes KC, Hoes AW, Rutten FH, Geersing G-J. Safety of switching 
from a vitamin K antagonist to a non-vitamin K antagonist oral anticoagulant in frail older 
patients with atrial fibrillation: results of the FRAIL-AF randomized controlled trial. 
Circulation 2024;149:279–289.

19. Lehto M, Halminen O, Mustonen P, Putaala J, Linna M, Kinnunen J, Kouki E, Niiranen J, 
Hartikainen J, Haukka J, Airaksinen KEJ. The nationwide Finnish anticoagulation in atrial 
fibrillation (FinACAF): study rationale, design, and patient characteristics. Eur J Epidemiol 
2022;37:95–102.

20. Rosendaal FR, Cannegieter SC, van der Meer FJ, Briët E. A method to determine the 
optimal intensity of oral anticoagulant therapy. Thromb Haemost 1993;69:236–239.

21. Lehto M, Luojus A, Halminen O, Haukka J, Putaala J, Linna M, Luojus A, Halminen O, 
Haukka J, Putaala J, Linna M, Mustonen P, Kinnunen J, Lehtonen O, Teppo K, Tiili P, 
Kouki E, Itäinen-Strömberg S, Niemi M, Aro AL, Hartikainen J, Airaksinen KEJ. 
Time-in-therapeutic-range defined warfarin and direct oral anticoagulants in atrial fibril
lation: a nationwide cohort study. Ann Med 2024;56:2364825.

22. Steffel J, Collins R, Antz M, Cornu P, Desteghe L, Haeusler KG, Oldgren J, Reinecke H, 
Roldan-Schilling V, Rowell N, Sinnaeve P, Vanassche T, Potpara T, Camm AJ, Heidbüchel 
H; External reviewers. 2021 European Heart Rhythm Association practical guide on the 
use of non-vitamin K antagonist oral anticoagulants in patients with atrial fibrillation. 
Europace 2021;23:1612–1676.

23. McCaffrey DF, Griffin BA, Almirall D, Slaughter ME, Ramchand R, Burgette LF. A tutorial 
on propensity score estimation for multiple treatments using generalized boosted mod
els. Stat Med 2013;32:3388–3414.

24. Teppo K, Lip GYH, Airaksinen KEJ, Halminen O, Haukka J, Putaala J, Mustonen P, Linna 
M, Hartikainen J, Lehto M. Comparing CHA2DS2-VA and CHA2DS2-VASc scores for 
stroke risk stratification in patients with atrial fibrillation: a temporal trends analysis 
from the retrospective Finnish AntiCoagulation in atrial fibrillation (FinACAF) cohort. 
Lancet Reg Health Eur 2024;43:100967.

25. Nielsen PB, Skjøth F, Søgaard M, Kjældgaard JN, Lip GYH, Larsen TB. Effectiveness and safety 
of reduced dose non-vitamin K antagonist oral anticoagulants and warfarin in patients with 
atrial fibrillation: propensity weighted nationwide cohort study. BMJ 2017;356:j510.

26. Perreault S, Dragomir A, Côté R, Lenglet A, De Denus S, Dorais M, White-Guay B, 
Brophy J, Schnitzer ME, Dubé M-P, Tardif J-C. Comparative effectiveness and safety 
of low-dose oral anticoagulants in patients with atrial fibrillation. Front Pharmacol 
2022;12:812018.

27. Jansson M, Själander S, Sjögren V, Björck F, Renlund H, Norrving B, Själander A. Reduced 
dose direct oral anticoagulants compared with warfarin with high time in therapeutic 
range in nonvalvular atrial fibrillation. J Thromb Thrombolysis 2023;55:415–425.

28. Rutherford OCW, Jonasson C, Ghanima W, Söderdahl F, Halvorsen S. Comparison of 
dabigatran, rivaroxaban, and apixaban for effectiveness and safety in atrial fibrillation: a 
nationwide cohort study. Eur Heart J Cardiovasc Pharmacother 2020;6:75–85.

29. Vanassche T, Hirsh J, Eikelboom J, Ginsberg J. Organ-specific bleeding patterns of anti
coagulant therapy: lessons from clinical trials. Thromb Haemost 2014;112:918–923.

30. Joosten LPT, Van Maanen R, Van Den Dries CJ, Rutten FH, Hoes AW, Granger CB, 
Hemels MEW, Geersing G-J, van Doorn S. Clinical consequences of off-label reduced 
dosing of non-vitamin K antagonist oral anticoagulants in patients with atrial fibrillation: 
a systematic review and meta-analysis. Open Heart 2023;10:e002197.

31. Caso V, De Groot JR, Sanmartin Fernandez M, Segura T, Blomström-Lundqvist C, 
Hargroves D, Antoniou S, Williams H, Worsley A, Harris J, Caleyachetty A, Vardar B, 
Field P, Ruff CT. Outcomes and drivers of inappropriate dosing of non-vitamin K antag
onist oral anticoagulants (NOACs) in patients with atrial fibrillation: a systematic review 
and meta-analysis. Heart 2023;109:178–185.

32. Atar D, Grundvold I. On-label reduced doses of non-vitamin K anticoagulants prove safe 
and efficient; yet how to ensure the correct dose for the right patient? Eur Heart J 2019; 
40:1501–1503.

33. Steinberg BA, Shrader P, Thomas L, Ansell J, Fonarow GC, Gersh BJ, Kowey PR, 
Mahaffey KW, Naccarelli G, Reiffel J, Singer DE, Peterson ED, Piccini JP. Off-label dosing 
of non-vitamin K antagonist oral anticoagulants and adverse outcomes. J Am Coll Cardiol 
2016;68:2597–2604.

34. Lehto M, Niiranen J, Korhonen P, Mehtälä J, Khanfir H, Hoti F, Lassila R, Raatikainen P. 
Quality of warfarin therapy and risk of stroke, bleeding, and mortality among patients 
with atrial fibrillation: results from the nationwide FinWAF registry: quality of warfarin 
therapy. Pharmacoepidemiol Drug Saf 2017;26:657–665.

35. Reiffel J. Time in the therapeutic range (TTR): an overly simplified conundrum. J Innov 
Card Rhythm Manag 2017;8:2643–2646.

10                                                                                                                                                                                               A. Luojus et al.


	Reduced dose direct oral anticoagulants and time-in-therapeutic-range defined warfarin in new-onset atrial fibrillation: a report from the nationwide FinACAF study
	Introduction
	Methods
	Study design and data
	Study population and baseline characteristics
	Exposure to oral anticoagulation and time-in-therapeutic range
	Eligibility for direct oral anticoagulant dose reduction
	Study outcomes
	Statistical analysis

	Results
	Ischaemic stroke and intracranial haemorrhage
	Bleeding
	Gastrointestinal bleeding
	All-cause mortality
	Patient eligibility for direct oral anticoagulant dose reduction
	Cause of death analysis

	Discussion
	Strengths and limitations

	Conclusion
	Lead author biography
	Data availability
	Supplementary material
	Ethical approval
	Funding
	Conflict of interest
	References


