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ABSTRACT
Background:  Little is known how individual time-in-therapeutic-range (TTR) impacts the 
effectiveness and safety of warfarin therapy compared to direct oral anticoagulants (DOACs) in 
patients with atrial fibrillation (AF).
Objective:  To compare the effectiveness and safety of standard dose DOACs to warfarin in 
patients with AF, while categorizing warfarin treated patients into quartiles based on their 
individual TTR.
Materials and methods:  We conducted a nationwide study including all patients with new-onset 
AF between 2011 and 2018 in Finland. Hazard ratios (HR) were calculated using Cox regression 
analysis with the inverse probability of treatment weighted method to assess the risks of ischaemic 
stroke (IS), intracranial haemorrhage (ICH) and mortality for users of apixaban (n  =  12,426), 
dabigatran (n  =  4545), rivaroxaban (n  =  12,950) and warfarin (n  =  43,548).
Results:  The median TTR for warfarin users was 72%. Compared to the second best TTR quartile 
(reference), the risk of IS was higher in the two poorest TTR quartiles, and lower in the best  
TTR quartile and on rivaroxaban [2.35 (95% confidence interval, 1.85–2.85), 1.44 (1.18–1.75), 0.60 
(0.47–0.77) and 0.72 (0.56–0.92)]. These differences were non-significant for apixaban and 
dabigatran. HR of ICH was 6.38 (4.88–8.35) and 1.87 (1.41–2.49) in the two poorest TTR groups, 
1.44 (1.02–1.93) on rivaroxaban, and 0.58 (0.40–0.85) in the best TTR group compared to the 
reference group. Mortality was higher in the two poorest TTR groups and lowest in the best TTR 
group.
Conclusions:  The outcome was unsatisfactory in the two lowest TTR quartiles – in half of the 
patients treated with warfarin. The differences between the high TTR groups and standard dose 
DOACs were absent or modest.

Introduction

The prevalence of atrial fibrillation (AF) continues to 
increase, and AF stands as the leading cause of isch-
aemic stroke (IS) [1,2]. However, the risk of stroke can 
be considerably mitigated through appropriate oral 
anticoagulation (OAC) therapy, using either warfarin or 

direct oral anticoagulants (DOACs) [3,4]. Effective anti-
coagulation with warfarin necessitates diligent moni-
toring of the international normalized ratio (INR) [5,6]. 
Consequently, DOACs are now preferred over warfarin 
for the treatment of non-valvular AF due in part to 
their simpler dosing regimen [7–9]. Nevertheless, there 
remains a subset of AF patients who continue to 
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receive warfarin treatment for various reasons, such as 
its lower cost.

While the differences in the thromboembolic risk 
between patients on DOACs and warfarin have been 
relatively minor, DOAC therapy has shown a signifi-
cantly reduced risk of intracranial bleeding. These 
observations are supported by robust evidence from 
both randomized controlled trials (RCTs) and real-life 
observational studies [4,10].

Anticoagulation control for patients with AF on 
warfarin has traditionally been gauged using the 
time-in-therapeutic-range (TTR) value, with TTR levels 
below 60% considered inadequate [11]. Inadequate 
warfarin control has been associated with an elevated 
risk of both thromboembolic and bleeding events [12–
15]. RCTs have demonstrated that DOACs exhibit supe-
rior efficacy and safety, particularly in settings where 
warfarin control is suboptimal compared to centres 
with well-managed warfarin control [16–19]. However, 
there is limited real-life patient-level data available for 
comparing the quality of anticoagulation control 
between warfarin and DOAC treatments [20–22].

In this study, we assessed the effectiveness and 
safety of warfarin treatment stratified by different indi-
vidual TTR levels and compared it with DOACs. We uti-
lized a large nationwide cohort of OAC-naïve patients 
with new-onset AF, representing all levels of healthcare.

Materials and methods

Study population

The Finnish AntiCoagulation in Atrial Fibrillation 
(FinACAF) Study, identified by the ClinicalTrials Identifier 
NCT04645537 and ENCePP Identifier EUPAS29845, is a 
comprehensive nationwide retrospective register-based 
cohort study. The study encompassed all patients 
diagnosed with AF between 2004 and 2018 in Finland. 
The patients were identified, and patient data were 
collected from three national health care registers cov-
ering the complete Finnish population: the Care 
Register of Health Care (HILMO) for hospitalizations 
and outpatient specialist 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 drug pre-
scriptions. The study design and methods have been 
previously reported [23]. To assess individual TTR val-
ues, laboratory data, including INR, was obtained from 
the six largest national central laboratories. For accu-
rate patient data integration, the Finnish population 
and health care registers were linked using the national 
identification code assigned to all Finnish residents.

The study included patients aged 20  years or older 
with new-onset, non-valvular AF and who initiated 
OAC therapy between 1 January 2011 and 31 
December 2018. The patient collection process is 
described in the Supplementary material online, Figure 
S1, and the used health care registers are summarized 
in Supplementary Table S1.

Treatment and outcome measures

For patients on warfarin, drug exposure began on the 
date of the first purchase if there was an INR measure-
ment within 30  days prior. Intervals between INR mea-
surements were required to be <60  days, and the drug 
exposure period concluded 60  days after the last INR 
measurement [13]. The exposure period was also ter-
minated if 180  days passed without a new warfarin 
purchase or the purchase of any DOAC. The detailed 
protocol for assessing drug exposure is depicted in 
Supplementary material online, Figure S2.

The individual TTR value was calculated during the 
exposure period of warfarin treatment. This period 
started seven days after the initiation of exposure and 
ended at the exposure’s conclusion, using Rosendaal’s 
method [24]. Following interpolation of the method, 
the percentage of time during which the observed 
and calculated INR values fell between 2.0 (≥) and 3.0 
(≤) was determined [24]. TTR was calculated for 
patients who had at least three INR measurements 
taken with intervals shorter than 60  days and patients 
were divided into TTR quartiles from the lowest to the 
highest TTR value [13].

For patients receiving DOACs, the drug exposure 
period commenced on the first date of drug purchase, 
assuming standard dosing (dabigatran 150 mg bd., 
apixaban 5 mg bd. and rivaroxaban 20 mg od.). The 
drug exposure period continued until 30  days after the 
estimated depletion of the drugs if no subsequent 
purchases were made. If a patient switched to another 
OAC or another dose of the used DOAC, the exposure 
period with DOACs immediately terminated.

The outcomes of interest in this study were IS, 
intracranial haemorrhage (ICH), any bleeding and 
all-cause mortality, following the initiation of OAC 
exposure, were obtained from the register of Health 
Care (HILMO) for hospitalizations (codes used for the 
comorbidities and outcome measures, Supplementary 
material online, Table S2). Dates of death were retrieved 
from the National Cause of Death Register. For patients 
with a history of IS, ICH or bleeding before starting 
OAC exposure, a new or recurrent event was consid-
ered an endpoint event if it met the following criteria: 
(1) the event was the main diagnosis of hospitalization 
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and (2) a minimum of 90  days had elapsed since the 
previous diagnosed event.

Participants were followed for the occurrence of IS, 
ICH or bleeding events until 31 December 2018, or 
until death, or until the OAC exposure reached a max-
imum duration of 730  days, whichever came first. The 
follow-up period was capped at 730  days due to the 
limited number of patients with DOAC exposure 
exceeding 730  days (Supplementary material online, 
Figure S2).

To predict the risk of poor INR control in patients 
receiving warfarin treatment, we utilized the modified 
SAMe-TT2R2 score, a clinical tool for predicting the 
quality of warfarin therapy by individual TTR based on 
patient characteristics [11,25]. As smoking status and 
ethnicity information (more than 90% of the Finnish 
population are ethnic Finns) were not available, the 
modified SAMe-TT2R2 score was calculated excluding 
these factors, considering sex (female: 1 point), age 
(<60  years: 1 point), medical history (history of more 
than two of the following: hypertension, diabetes, cor-
onary artery disease, peripheral artery disease, heart 
failure, stroke; pulmonary, hepatic or kidney disease: 1 
point) and treatment (amiodarone: 1 point).

Study ethics

The study protocol was approved by the Research 
Ethics Committee of the Faculty of Medicine of Helsinki 
University, Helsinki, Finland and granted research per-
mission from the Helsinki University Hospital. The 
study was conducted without any direct patient 
involvement or contact in any phase of the study. 
Therefore, no patient consent is needed according to 
Finnish legislation and the consent was waived off due 
to the retrospective nature of this study. Patients’ iden-
tification numbers were pseudonymized, and the 
research group received individualized but unidentifi-
able data. The study conforms to the Declaration of 
Helsinki as revised in 2013 and to European General 
Data Protection Regulation (EGDPR), and followed the 
Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) statement [26].

Statistical methods

Crude and weighted event rates per 100 patient years 
(py) were reported for different OAC groups. Cox 
regression analysis was utilized to estimate event haz-
ard ratios (HRs) with 95% confidence intervals (95% 
CIs) between the OAC groups. Upon visual inspection, 
the second-best TTR quartile was found to be the 

closest to the DOAC groups, thus selected as the ref-
erence group. To account for potential variations in 
baseline characteristics among the patient groups, an 
inverse probability of treatment weighting was 
employed. The treatment weights were derived using 
a generalized boosted model with 10,000 regression 
trees, aimed at achieving balanced treatment popula-
tions that represent the average treatment effect for 
the overall population. The covariates used in the 
weighting process included age, sex, previous stroke 
or transient ischaemic attack, vascular disease, hyper-
tension, diabetes, cancer, use of statins or antithrom-
botic drugs, CHA2DS2-VASc score and HAS-BLED-score. 
To assess the balance between the populations, stan-
dardized mean differences between the groups were 
examined, with a threshold of 0.1 set to determine 
acceptable balance between the weighted groups. The 
statistical analyses were conducted using R version 
4.2.1 (R Foundation for Statistical Computing, Vienna, 
Austria), and a significance threshold of .05 was con-
sidered for the p values.

Results

In total, 74,008 patients with a new diagnosis of AF 
between 2011 and 2018 were included in the study 
(Supplementary material online, Figure S1). Overall, 
43,548 (58.8%) patients initiated OAC therapy with 
warfarin, 12,950 (17.5%) with rivaroxaban, 12,426 
(16.8%) with apixaban, 4545 (6.1%) with dabigatran 
and 539 (0.7%) with edoxaban (Table 1). Among 
patients on warfarin, the mean and median TTR over 
the exposure period were 66% and 72%, respectively. 
The mean TTR values (range) in the warfarin quartiles 
were 32% (0–52%) in the first quartile, 65% (52–72%) 
in the second quartile, 77% (72–83%) in the third 
quartile and 90% (83–100%) in the highest quartile. 
Supplementary material online, Figure S3, depicts the 
trends in the initiation of OACs in patients with 
new-onset AF in Finland from 2011 to 2018.

The study cohort consisted of 49.6% females, 
with a mean age of 73.0  years. Hypertension was 
the most prevalent comorbidity (78.8%). Patients on 
warfarin were, in turn, slightly older and had slightly 
higher CHA2DS2-VASc scores compared to patients 
on apixaban, edoxaban or rivaroxaban (Table 1). 
Patients initiating dabigatran treatment, in turn, 
were more often male and younger, with lower 
CHA2DS2-VASc scores compared to the other treat-
ment groups. The mean follow-up times ranged 
from 273  days with edoxaban to 400  days with 
warfarin.
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Edoxaban was excluded from the main analyses 
due to the small number of patients and limited expo-
sure time. Supplementary material online, Figure S4, 
illustrates the cumulative incidence of the study end-
points, including also edoxaban.

Ischaemic stroke and intracranial haemorrhage

During the follow-up period, there were 1002 IS and 
673 ICH events in the study population. Among 
patients on warfarin, the rates of IS in TTR quartiles 
were 3.45, 1.79, 1.18 and 0.74/100 py from the lowest 

Table 1.  Baseline characteristics of the study cohort according to oral anticoagulant categories.
Warfarin 
1st TTR 
quartile 
(lowest)

Warfarin 
2nd TTR 
quartile

Warfarin 
3rd TTR 
quartile

Warfarin 
4th TTR 
quartile 

(highest) Dabigatran Rivaroxaban Apixaban Edoxaban
SMD before 
weighting

SMD after 
weighting

N 10,883 10,877 10,893 10,895 4545 12,950 12,426 539
Demographics
  Mean age, years 

(SD)
73.6 (11.8) 75.3 (10.3) 75.0 (9.7) 73.7 (9.9) 67.1 (8.6) 70.9 (10.6) 72.2 (10.1) 71.6 (9.7) 0.33 0.017

  Female sex 5305 
(48.7)

5898 
(54.2)

6044 
(55.5)

5624 
(51.6)

1809 (39.8) 5898 (45.5) 5867 (47.2) 232 (43.0) 0.119 0.015

Income quintiles 0.275
  1st (lowest) 2826 

(26.0)
2790 
(25.7)

2584 
(23.7)

2486 
(22.8)

406 (8.9) 1779 (13.7) 1848 (14.9) 82 (15.2)

  2nd 2413 
(22.2)

2532 
(23.3)

2468 
(22.7)

2363 
(21.7)

627 (13.8) 2090 (16.1) 2205 (17.7) 103 (19.1)

  3rd 2077 
(19.1)

2210 
(20.3)

2326 
(21.4)

2281 
(20.9)

838 (18.4) 2519 (19.5) 2451 (19.7) 98 (18.2)

  4th 1869 
(17.2)

1830 
(16.8)

1933 
(17.7)

2026 
(18.6)

1194 (26.3) 2981 (23.0) 2835 (22.8) 132 (24.5)

  5th (highest) 1697 
(15.6)

1515 
(13.9)

1582 
(14.5)

1739 
(16.0)

1480 (32.6) 3578 (27.6) 3085 (24.8) 124 (23.0)

Comorbidities
  Chronic kidney 

disease
702 (6.5) 453 (4.2) 349 (3.2) 275 (2.5) 46 (1.0) 151 (1.2) 336 (2.7) 9 (1.7) 0.102

  Any vascular 
disease

3310 
(30.4)

3191 
(29.3)

3053 
(28.0)

2693 
(24.7)

830 (18.3) 2882 (22.3) 3130 (25.2) 126 (23.4) 0.108 0.01

  Cancer 2344 
(21.5)

2480 
(22.8)

2336 
(21.4)

2172 
(19.9)

692 (15.2) 2420 (18.7) 2551 (20.5) 110 (20.4) 0.074

  Dementia 560 (5.1) 502 (4.6) 426 (3.9) 325 (3.0) 36 (0.8) 311 (2.4) 344 (2.8) 27 (5.0) 0.124
  Diabetes 2971 

(27.3)
2981 
(27.4)

2583 
(23.7)

2333 
(21.4)

1064 (23.4) 2993 (23.1) 3346 (26.9) 157 (29.1) 0.071 0.004

  Dyslipidaemia 5870 
(53.9)

6252 
(57.5)

6108 
(56.1)

5812 
(53.3)

2477 (54.5) 6965 (53.8) 7321 (58.9) 328 (60.9) 0.075

  Heart failure 2580 
(23.7)

2338 
(21.5)

1777 
(16.3)

1382 
(12.7)

310 (6.8) 1241 (9.6) 1649 (13.3) 53 (9.8) 0.167

  Hypertension 8516 
(78.3)

8780 
(80.7)

8752 
(80.3)

8461 
(77.7)

3483 (76.6) 10,059 (77.7) 9902 (79.7) 426 (79.0) 0.037 0.008

  Prior bleeding 1277 
(11.7)

1128 
(10.4)

970 (8.9) 874 (8.0) 345 (7.6) 1214 (9.4) 1299 (10.5) 45 (8.3) 0.05 0.049

  Prior IS or TIA 1783 
(16.3)

1920 
(17.7)

1866 
(17.1)

1749 
(16.1)

689 (15.2) 1632 (12.6) 2105 (16.9) 65 (12.1) 0.079 0.022

  COPD 860 (7.9) 707 (6.5) 438 (4.0) 332 (3.0) 176 (3.9) 595 (4.6) 688 (5.5) 20 (3.7) 0.086
Medications
  Statins 4113 

(37.8)
4580 
(42.1)

4597 
(42.2)

4385 
(40.2)

1758 (38.7) 4816 (37.2) 5248 (42.2) 240 (44.5) 0.074 0.008

  Antithrombotic 1095 
(10.1)

1195 
(11.0)

1077 (9.9) 948 (8.7) 340 (7.5) 1076 (8.3) 1245 (10.0) 39 (7.2)

  ACE or ATR 5247 
(48.2)

5690 
(52.3)

5572 
(51.2)

5305 (48.t) 1810 (39.8) 4718 (36.4) 3766 (30.3) 108 (20.0)

Risk scores
  Mean modified 

HAS-BLED score
2.3 (1.1) 2.3 (1.0) 2.2 (0.9) 2.1 (0.9) 2.0 (1.0) 2.1 (1.0) 2.2 (1.0) 2.1 (1.0) 0.12 0.022

  Mean 
CHA2DS2-VASc 
score

3.7 (1.9) 3.9 (1.7) 3.8 (1.7) 3.5 (1.7) 2.8 (1.5) 3.2 (1.7) 3.5 (1.7) 3.3 (1.6) 0.265 0.036

Exposure, mean 
(median), days

236 (178) 448 (449) 512 (640) 467 (532) 389 (349) 398 (354) 357 (304) 273 (206)

CHA2DS2-VASc score: congestive heart failure (1 point), hypertension (1 point), age ≥75  years (2 points), diabetes (1 point), history of stroke or TIA  
(2 points), vascular disease (1 point), age 65–74  years (1 point), sex category (female) (1 point); COPD: chronic obstructive pulmonary disease; IS: ischemic 
stroke; modified HAS-BLED score: hypertension (1 point), abnormal renal or liver function (1 point each), prior stroke (1 point), bleeding history (1 point), 
age >65  years (1 point), alcohol abuse (1 point), concomitant antiplatelet/NSAIDs (1 point) (no labile INR, max score 8); SMD: standardized mean differ-
ence; TIA: transient ischemic attack; TTR: time-in-therapeutic-range; ACE: angiotensin converting enzyme inhibitor; ATR: angiotensin II receptor blocker.
Values denote proportions (%) or means with standard deviations.
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to the highest quartile, respectively (Figure 1(a), Table 2). 
The rates of IS among patients on standard dose 
DOACs were 1.08/100 py for apixaban, 0.73/100 py for 
dabigatran and 0.83/100 py for rivaroxaban. Compared 
to the third (second best) TTR group (reference), the 
weighted risk of IS was significantly higher in the two 
poorest TTR groups (HR 2.35, 95% CI 1.85–2.85 and 

HR 1.44, 1.18–1.75) (Figure 2). On the other hand, the 
best TTR quartile and rivaroxaban group had slightly 
lower risks of IS, and the risks were similar for apix-
aban, dabigatran and the second best TTR groups.

The crude incidence rates of ICH were 3.60, 0.99, 
0.51 and 0.32/100 py from the lowest to the highest 
TTR quartile, respectively (Table 2). The corresponding 

Figure 1. C rude cumulative incidence curves of (a) ischaemic stroke, (b) intracranial haemorrhage and (c) all-cause mortality in 
the studied oral anticoagulation groups. TTR: time-in-therapeutic-range.
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rates of ICH were 0.62, 0.47 and 0.67/100 py for apix-
aban, dabigatran and rivaroxaban, respectively. The 
weighted risk of ICH was significantly higher in the 
two poorest TTR groups compared to the second best 
TTR group (Figure 2). The weighted risk of ICH was 
also slightly higher for rivaroxaban, while the risk was 
similar for apixaban, dabigatran and the second best 
TTR groups. Notably, the best TTR group had the low-
est risk of ICH.

Bleeding events

The crude incidence rates of any bleeding events were 
highest in the poorest warfarin TTR group and lowest in 
the dabigatran group and the best warfarin TTR group 
(Figure 1(b), Table 2). The weighted risk of bleeding was 
significantly higher in the poorest TTR group compared 
to the second best TTR group (HR 3.49, 95% CI 3.13–
3.89) and all the DOAC groups (Figure 2). The crude and 
weighted risk of bleeding was lower with dabigatran 
compared to all the other DOACs.

All-cause mortality

The all-cause mortality was highest in the two lowest 
TTR groups (Figure 1(c), Table 2). Among patients on 
standard dose DOACs, the rate of death was 2.80/100 
py for apixaban, 1.51/100 py for dabigatran and 
2.08/100 py for rivaroxaban. The Cox weighted risk of 
death was significantly higher (HR 6.79, 5.95–7.76 and 
HR 2.34, 2.06–2.67) in the two poorest TTR groups and 
significantly lower in the best TTR group when com-
pared to the second best TTR group (HR 0.64, 0.54–
0.76; Figure 2).

Warfarin patients analysed as one group

When warfarin patients were analysed as a single 
group, the weighted risk of IS was significantly lower 
(HR 0.69, 0.56–0.85 and HR 0.59, 0.48–0.73) in patients 
on apixaban and rivaroxaban compared to the warfa-
rin group (Figure 3). The weighted risk of ICH was also 
significantly lower in patients on apixaban and rivarox-
aban compared to the warfarin group. Furthermore, 
the risk of death was lower in all DOAC groups com-
pared to warfarin (Figure 3).

Pre-estimation of the choice of optimal oral 
anticoagulation

Supplementary Tables S3 and S4 and Figure S5 pro-
vide information on the modified SAMe-TT2R2-score in 
the four TTR groups of patients on warfarin and 
patients on the DOACs. Patients in the highest TTR 
group had the lowest proportion of patients in modi-
fied SAMe-TT2R2-score classes 2 or higher, primarily 
due to the lower prevalence of heart failure in this 
group. However, the overall difference between the 
TTR groups was only modest. Patients on apixaban 
had the highest proportion of patients in the modified 
SAMe-TT2R2-score classes 2 or higher compared to the 
other DOAC groups.

Discussion

In our comprehensive nationwide study, encompass-
ing all patients with new-onset AF in Finland across 
various health care settings, we identified a significant 
association between individual TTR and the effectiveness 

Table 2. C rude and weighted rates of outcome events according to the treatment categories.
Warfarin 1st 
TTR quartile 

(lowest)
Warfarin 2nd 
TTR quartile

Warfarin 3rd 
TTR quartile

Warfarin 4th 
TTR quartile 

(highest) Apixaban Dabigatran Rivaroxaban

Ischaemic stroke
  Events (n) 238 236 178 102 110 33 105
  Crude ratea 3.45 1.79 1.18 0.74 1.05 0.73 0.83
  Weighted ratea 3.15 1.70 1.16 0.70 1.06 1.32 0.87
Intracranial 

haemorrhage
  Events (n) 249 131 78 44 65 21 85
  Crude ratea 3.60 0.99 0.51 0.32 0.62 0.47 0.67
  Weighted ratea 3.38 0.96 0.51 0.30 0.65 0.70 0.65
Any bleeding
  Events (n) 987 690 548 361 478 130 670
  Crude ratea 14.90 5.38 3.71 2.67 4.64 2.92 5.42
  Weighted ratea 14.29 5.24 3.61 2.59 4.65 2.93 5.84
All-cause mortality
  Events (n) 1147 709 351 211 295 52 265
  Crude ratea 16.45 5.33 2.31 1.53 2.80 1.51 2.08
  Weighted ratea 14.61 4.80 2.04 1.31 2.88 1.56 2.55

TTR: time-in-therapeutic-range.
aRates depict events per 100 patient years.

https://doi.org/10.1080/07853890.2024.2364825
https://doi.org/10.1080/07853890.2024.2364825
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and safety of warfarin therapy. Specifically, we 
observed that half of the patients treated with warfa-
rin, with suboptimal individual TTR (<72%), faced a 
considerably higher risk of IS, ICH and all-cause mor-
tality when compared to patients with adequate TTR 

or those receiving DOACs. Notably, the lowest TTR 
quartile demonstrated a substantially elevated risk of 
adverse events compared to other patients on OAC.

Utilization of all OACs increased in patients with AF 
in Finland during the 2010s. The introduction of 

Figure 2. I nverse-probability-of-treatment-weighted Cox hazard ratios of calculated incidence rates per 100 patient years for direct 
oral anticoagulants compared with warfarin in different time-in-therapeutic-range groups for ischaemic stroke, intracranial haem-
orrhage, any bleeding and death endpoints. Reference group (1)  =  warfarin patients with the second best (TTR group 3) 
time-in-therapeutic-range (TTR).
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DOACs probably enhanced this process, although 
their widespread use was somewhat delayed due to 
the national reimbursement practices [9]. It is import-
ant to note that we observed significant differences in 
baseline characteristics between the DOAC and warfa-
rin groups. Dabigatran, as the first available DOAC for 
AF treatment, was predominantly initiated by younger 
patients with a lower prevalence of coronary heart 
disease and heart failure. Conversely, the differences 
in comorbidities were relatively modest between 
patients on warfarin, apixaban or rivaroxaban.

The overall risk of IS among AF patients receiving 
OAC was generally low; the crude IS rate in all 
patients in our study was 1.31/100 py, with a slightly 
higher rate of 1.54/100 py in warfarin-treated 
patients. Reported IS rates in real-life studies and 
RCTs [4,27,28] have varied, ranging from 1 to 2/100 
py, but higher rates of 2 to 4/100 py have been 

more commonly observed [20–22,29–31]. Our study 
conducted an on-treatment analysis of patients who 
were on an OAC, based on either continuous INR 
measurements (for warfarin-treated patients) or unin-
terrupted drug purchases in DOAC users, which likely 
contributed to the observed lower IS rate. However, 
the relative risks between DOACs and warfarin in  
our study align with previously published data 
[4,10,31,32].

While the overall effectiveness of warfarin was com-
parable to previous reports, the risk of stroke exhibited 
significant variation depending on the quality of anti-
coagulation. Notably, the risk of IS was 2–4 times 
higher in the two poorest TTR groups compared to 
patients with TTR >72% or those on DOAC treatment.

In general, both the crude and relative rates of ICH 
between warfarin and DOACs in our study were con-
sistent with earlier reports [10,16,17,20–22,27–31]. For 

Figure 3. I nverse probability of treatment weighted Cox hazard ratios of calculated incidence rates per 100 patient years for direct 
oral anticoagulants compared with warfarin for ischaemic stroke, intracranial haemorrhage, any bleeding and death endpoints. 
Reference group (1)  =  warfarin.
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warfarin-treated patients, the crude rate of ICH ranged 
from 0.30 to 3.6/100 py across the best to the poorest 
TTR groups. It is well documented that warfarin use 
carries a higher risk of ICH compared to DOACs and 
antiplatelet therapy [3,4,31,33,34]. However, our results 
underscore that while the average risk of ICH is 
increased in patients on warfarin, the range of risk 
from the lowest to highest TTR is quite extensive, with 
a 10-fold difference observed in our patient popula-
tion. In the best TTR group, the rate of ICH was 
remarkably low, 0.30/100 py, one of the lowest 
reported, including RCTs. This marks the first instance 
where any patient group on warfarin has demon-
strated a lower risk of ICH compared to any other 
treatment. Furthermore, our individually assessed TTR 
setup provides a novel finding compared to RCTs, 
where centre-average-based TTR has been utilized. In 
the centre-based setup, warfarin patients, even in cen-
tres with good average TTR, had higher rate of ICH 
compared to patients on DOACs [16–19].

We observed the highest bleeding rate in the poor-
est TTR group on warfarin, while the lowest bleeding 
rates were seen in the best TTR group and in patients 
on dabigatran. The bleeding rates for the other groups 
were very similar. With the exception of apixaban, our 
findings regarding bleeding events align well with 
previous literature [10,31,35].

The overall mortality was higher for patients on 
warfarin compared to those on DOACs, but, similar 
to the results of IS, ICH and bleeding events, this 
finding was driven by the patients in the poor TTR 
quartiles.

Studies conducted before the era of DOACs indi-
cated that suboptimal INR control during warfarin 
treatment is associated with a higher risk of thrombo-
embolic and bleeding events [12,13]. Subsequent RCTs 
revealed that the efficacy and safety of DOACs com-
pared to warfarin decline when the quality of warfarin 
therapy improves, as assessed by centre-based average 
TTR [16–19]. However, only three small studies have 
explored how the quality of warfarin anticoagulation, 
assessed by TTR of individual patients, correlates with 
the treatment outcomes of DOACs in real-life situa-
tions [20–22].

A study from China, involving 1428 patients on war-
farin with a median TTR of 38.8%, revealed that a 
higher TTR was associated with better outcomes. 
However, even patients in the highest TTR group (TTR 
>56.2%) had a higher risk of stroke and ICH compared 
to patients on dabigatran [20]. In another study from 
Taiwan, where the target INR for calculating TTR was 
1.5–2.5 due to the Asian population, the achieved 
mean TTR was also low (44.4%) in 5197 patients and 

only 23.5% of patients had a TTR >70%, in contrast to 
the median TTR of 72% in the present study. The 
effectiveness and safety of warfarin and DOACs were 
comparable when TTR was >50%, but if TTR was below 
50%, DOACs were significantly better [21]. In the most 
recent real-world study from the US on 7163 patients 
on warfarin, apixaban, dabigatran or rivaroxaban, the 
median TTR was 55% and the risk of stroke and bleed-
ing was markedly lower if TTR was ≥60% compared to 
patients with TTR <60% [22]. However, the study was 
underpowered to find significant differences in out-
comes between warfarin and individual DOACs in pro-
pensity score analyses when patients on warfarin were 
divided into <60% and ≥60% TTR groups [22].

The SAMe-TT2R2-score is a validated tool which can 
help to find patients who are less likely to achieve a 
good TTR on warfarin [11,25]. The differences on the 
modified SAMe-TT2R2-score in our study between the 
warfarin TTR groups were only modest. Therefore, it 
appears unlikely that this or any other tool could 
effectively predict optimal anticoagulation control 
during warfarin treatment in non-valvular AF.

Our study has several strengths. First, the nation-
wide basis and large unselected cohort, covering all 
levels of healthcare, represent the most important 
strength. In Finland, all citizens have healthcare cover-
age, ensuring treatment accessibility for all, funded by 
taxation-based support.

Second, this study is the largest to compare warfa-
rin with individual TTR data to DOACs in patients with 
AF. The slightly better quality of warfarin treatment in 
Finland compared to most previous reports ensures 
that warfarin is analysed fairly under optimal condi-
tions [12,15]. Third, the results comparing warfarin as a 
whole to DOACs are consistent with previous reports. 
Nevertheless, our findings related to different TTR 
groups highlight a wide range of outcomes, from very 
poor to good, among patients on warfarin treatment. 
If warfarin is used, TTR must be as good as possible, 
and preferably more than 80% as seen in the pres-
ent study.

We also acknowledge some limitations. The most 
crucial limitation is the retrospective register-based 
study design, subject to the general limitations of such 
approaches. Data accuracy depends on the quality of 
recording. However, the Finnish register for hospitaliza-
tions, from which all endpoints were gathered, has a 
long history of high quality and is well validated [36,37].

Since this is not a randomized study, caution must 
be exercised in interpreting our results. Although we 
used weighting methods to balance measured con-
founders, there may still be unmeasured or unknown 
confounders that could impact the results.
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Finally, our register data did not include information 
about smoking and ethnicity. As a result, the 
SAMe-TT2R2-score had to be calculated without this 
information, which may have weakened the assess-
ment of whether the SAMe-TT2R2-score could be a reli-
able tool for predicting treatment outcomes. Also, 
based on limitations of the administrative data, we 
were unable to detail the reasons for the poor TTR.

Conclusions

In this nationwide study encompassing 74,008 patients 
with AF in Finland, we have established a robust asso-
ciation between the effectiveness and safety of warfa-
rin and the quality of treatment. While the overall 
quality of warfarin treatment was acceptable, half of 
the patients on warfarin – the two poorest TTR groups 
– did not receive adequate anticoagulation treatment. 
The rates of IS, ICH and mortality were 2–10 times 
higher among patients on warfarin in the two lowest 
TTR quartiles, whereas the differences between the 
highest TTR groups and standard dose DOACs were 
only modest.
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