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Abstract
Aims  Non-vitamin K antagonist oral anticoagulants 
(NOACs) were in pivotal randomised controlled trials at 
least non-inferior to warfarin for stroke prevention in atrial 
fibrillation, but time in therapeutic range (TTR) for warfarin 
was lower (mean 55%–65%) than in Swedish general care 
where TTR is >70%. We compared efficacy and safety of 
NOACs and warfarin treatment for stroke prevention in 
Sweden.
Methods  Retrospective cohort study of all non-selected 
oral anticoagulation naïve atrial fibrillation patients 
with first prescription for NOACs or warfarin between 
December 2011 and December 2014, excluding patients 
with mitral stenosis or mechanical valvular prosthesis. 
Data were obtained from cross-linked national registers, 
propensity scores were used as continuous covariates, 
and associations between treatment and outcomes were 
evaluated by multivariable Cox regressions.
Results  The study comprised 18 638 patients on NOAC 
and 49 418 on warfarin treatment, with 90 204 patient-
years follow-up. Age (mean) was 73.4 vs 73.7 years, 
p<0.001, and CHA

2DS2-VASc points (mean) 3.38 vs 3.24, 
p<0.001, in NOAC and warfarin groups, respectively. HRs 
(95% CI) for NOACs versus warfarin were 1.04 (0.91–1.19) 
for all-cause stroke or systemic embolism, 1.16 (1.00–
1.35) for ischaemic stroke, 0.85 (0.76–0.96) for major 
bleeding, 1.22 (1.01–1.46) for gastrointestinal bleeding, 
0.60 (0.47–0.76) for intracranial haemorrhage and 0.89 
(0.81–0.96) for all-cause mortality.
Conclusion  In this large non-selected anticoagulation 
naïve Swedish atrial fibrillation cohort, the risks for all-
cause stroke or systemic embolism were similar with 
NOACs and warfarin, but NOACs were associated with 
significantly lower risks of all-cause mortality, major 
bleeding and intracranial haemorrhage but higher risk of 
gastrointestinal bleeding. Better safety suggests NOACs 
as preferred treatment for patients with atrial fibrillation 
starting oral anticoagulation.

Introduction
Warfarin and other vitamin K antagonists 
(VKA) have for long time been established 
as a highly effective stroke prevention treat-
ment in atrial fibrillation. In a meta-analysis 
of in total 2900 patients based on six trials 
conducted more than two decades ago, 

warfarin treatment was shown to reduce 
stroke by approximately two-thirds and 
total mortality by a quarter, but VKA have 
also been associated with elevated bleeding 
risk compared with placebo or no treat-
ment.1 2 Due to a narrow therapeutic range, 
the benefit of warfarin is highly dependent 
on time within the therapeutic range (TTR) 
measured as international normalised ratio 
(INR) 2.0-3.0.3–5

Non-vitamin K antagonist oral anticoag-
ulants (NOAC) were approved for stroke 
prevention in patients with atrial fibrilla-
tion in 2010. All currently available NOACs, 
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Key questions

What is already known about this subject?
►► Non-vitamin K antagonist oral anticoagulants 
(NOACs) were in pivotal randomised controlled 
trials non-inferior to warfarin for stroke prevention 
in atrial fibrillation (AF), but the mean time in 
therapeutic range (TTR) of 55%–65% for warfarin 
in these studies was substantially lower than 
the ≥70% recommended in the European AF 
guidelines.

►► In Sweden, patients with AF receiving warfarin 
treatment in clinical trials as well as non-selected 
AF patients in general practice or at anticoagulation 
clinics have repeatedly been shown to have mean 
TTR above the recommended 70%.

What does this study add?
►► In this large non-selected anticoagulation naïve 
Swedish AF cohort, the risks for all-cause stroke 
or systemic embolism were similar with warfarin 
and NOACs (apixaban, dabigatran and rivaroxaban), 
but NOACs were associated with significantly lower 
risks of all-cause mortality, major bleeding and 
intracranial haemorrhage than warfarin.

How might this impact on clinical practice?
►► NOACs should be the preferred treatment for 
patients with AF starting oral anticoagulation for 
stroke prevention even in healthcare settings where 
warfarin treatment is of high quality.
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apixaban, dabigatran, edoxaban and rivaroxaban, have 
been shown to be at least non-inferior, dabigatran 150 mg 
and apixaban even superior, for stroke prevention 
compared with dose-adjusted warfarin in randomised 
controlled trials (RCT), comprising  >71 000 patients in 
total.6–9 A meta-analysis of these trials10 showed a 13% 
reduction in all-cause stroke or systemic embolism and a 
20% reduction in major bleeding events. In these trials, 
mean TTR was 55%–65%, with large variations between 
countries, centres and patients. Thus, the vast majority of 
warfarin-treated study patients had TTR lower than the 
desired minimum of 70%.11 12 Observational data from 
non-selected patients in usual clinical practice worldwide 
often exhibit even lower TTR.13–15 In contrast, results 
from Swedish patients enrolled in clinical trials16 17 as well 
non-selected patients in general practice or at anticoagu-
lation clinics18 19 have repeatedly shown mean TTR above 
the recommended 70%.

We aimed to evaluate the efficacy and safety of NOACs 
compared with high standard warfarin management in 
non-selected patients with atrial fibrillation not previ-
ously exposed to oral anticoagulants.

Methods
Retrospective cohort study using data from the National 
Swedish Patient Register, Dispensed Drug Register, Cause 
of Death Register and the socioeconomic longitudinal 
integration database for health insurance and labour 
market studies (LISA) register.

For the identification of patients and record linkage, 
we used the individual civic registration numbers that 
are given to all permanent residents in Sweden irre-
spective of citizenship. These numbers are used in all 
contacts with healthcare including pharmacies across 
the country and make it possible to follow each individ-
ual's medical history over a lifetime. Opting out is not 
possible.

The Swedish Patient Register carries information about 
all hospitalisations in the country since 1987 with infor-
mation about codes for diagnoses, surgery, investigative 
procedures and trauma. Laboratory values and results of 
examinations are not available in the register.

The Drug Register stores details about every dispensed 
prescription in Sweden since 1  July 2005. All pharma-
cies in the country are required to participate by law, 
and information is transferred electronically whenever a 
drug is dispensed. The Drug Register does not contain 
information about prescriptions which has not been 
dispensed, drugs used during hospital stay or over-the-
counter drugs.

The LISA register carries detailed information about, 
for example, educational level, occupation, income, 
immigrant status and marital status.

The Cause of Death Register carries detailed informa-
tion about deaths, with at least one underlying cause of 
death and up to 48 contributing causes of death.

These Swedish registers have frequently been used for 
epidemiological and outcome studies and the general 
quality of data is good according to validation studies.20–23

Identification of the study population
A new-user retrospective cohort was defined as all indi-
viduals aged  ≥18 years with atrial fibrillation who had 
filled their first prescription for apixaban, dabigatran, 
rivaroxaban or warfarin during the study period between 
1  December 2011 and 31  December 2014. The study 
starting date was chosen based on the date when the 
first NOAC dabigatran was made available for general 
prescription and reimbursed for stroke prevention in 
atrial fibrillation in Sweden. Rivaroxaban was available 
from October 2012 and apixaban from May 2013, while 
edoxaban was not available for stroke prevention in atrial 
fibrillation during the study period. The study period and 
the observation period were the same; thus, minimum 
follow-up was 1 day for the latest included patient.

The first filled prescription for NOAC or warfarin 
during the study period defined index date. Patients who 
had received any oral anticoagulant before the index 
prescription were excluded in order to make sure that 
only oral anticoagulation naïve patients were included; 
this lookback period for previous oral anticoagulation 
drug use goes back to 1  July 2005 when the Swedish 
Drug Register was started, thus at a minimum 6 years 
and 5 months for patients with earliest index dates in this 
study. Patients with mitral stenosis or mechanical valvular 
replacement prosthesis were excluded as NOACs are 
neither approved nor recommended for these patients.24

Baseline characterisation of study groups
The Patient Register was also used for characterisation 
of previous and concomitant diseases for each subject at 
inclusion in the study. Unless otherwise specified, registry 
information from 1997 up to and including index date 
was used. The definitions, according to International 
Classification of Diseases, 10th edition (ICD-10) codes, 
are presented in  online supplementary table 1. Other 
medication at baseline was defined by filled prescriptions 
made within 6 months before index in the Drug Register.

Follow-up and study outcomes
Time at risk was counted from the day of the first purchase 
of respective anticoagulant. Subjects were monitored 
until first purchase of another oral anticoagulant, first 
outcome event or were censored at the end of the study 
period.

The Patient Register and the Cause of Death Register 
were used for identification of safety and efficacy outcome 
events, defined by ICD-10 codes. Although the Patient 
Register also holds information about outpatient visits, 
only diagnoses given in conjunction with hospitalisation 
or death were used to define outcome events. For isch-
aemic stroke, systemic embolism and myocardial infarc-
tion, only the principal and the first secondary diagnoses 
were considered. For major bleeding events, all principal 
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Figure 1  Efficacy and safety outcomes with NOAC compared with warfarin in 18638 NOAC patients with 14 457 years of risk 
and 49 418 warfarin patients with 75 747 person-years at risk. Multivariable Fine-Gray competing risks models were used to 
evaluate the association between outcomes and treatment regime, accounting for the competing risk of death for all outcomes 
except all-cause mortality. Multivariable Cox regression was used to evaluate the association between mortality and treatment 
regime. Multivariable adjustments for age (continuous), gender, marital status, immigrant status, higher education (>12 years), 
income in the top quartile, first atrial fibrillation diagnosis within 3 months before index, intracranial bleed, gastrointestinal 
bleed, urogenital bleed, other bleed, anaemia, coagulation or platelet defect, renal failure, liver disease, ischaemic stroke, 
heart failure, hypertension, diabetes, myocardial infarction, valvular disease (other than exclusion criteria), pacemaker/
implantable cardioverter defibrillator, thyrotoxicosis with preceding years, hypothyroidism, chronic obstructive pulmonary 
disease, asthma, pulmonary embolism, cancer within 3 years, alcohol index, hospitalisation for fall accident ≥2 times, dementia, 
baseline use of aspirin, clopidogrel, or non-steroidal anti-inflammatory drugs, days from index to 31 December 2014 and 
propensity score for likelihood of receiving NOACs rather than warfarin treatment. *Intracranial bleeding events consists 
of haemorrhagic stroke, subdural haematomas and traumatic intracranial bleeding. NOAC, non-vitamin K antagonist oral 
anticoagulant; SDH, subdural haematoma; SHR, sub-HR.

Arrhythmias and sudden death

and secondary diagnoses were considered, in accordance 
with the results of a recent Swedish validation study.25 
ICD-10 codes for the study endpoints are listed in online  
supplementary table 2.

Statistical methods
Baseline characteristics are presented descriptively and 
differences were tested with Wilcoxon-Mann-Whitney's 
rank sum test and Pearson's Χ2 test. Incidence rates were 
calculated as events per 100 person-years at risk for each 
outcome.

Propensity scores for the likelihood of treatment with 
an NOAC rather than warfarin were obtained by logistic 
regression with the following independent variables: 
NOAC treatment; female sex; age (continuous); married 
or cohabitating; immigrant status; higher education (>12 
years); highest income quartile; newly diagnosed atrial 
fibrillation; any previous intracranial haemorrhage; any 
other major bleeding event; anaemia; coagulation defect; 
renal failure; liver disease; previous ischaemic stroke; 
heart failure; hypertension; diabetes; previous myocar-
dial infarction; valvular disease other than mitral stenosis 
or mechanical heart valve; implanted pacemaker or 
implantable cardioverter defibrillator; hyperthyroidism 
in the previous year; previous hypothyroidism; chronic 

obstructive pulmonary disease; asthma; previous pulmo-
nary embolism; cancer diagnosis within the previous 
3 years; an alcohol index diagnosis; dementia; use of 
non-steroidal anti-inflammatory drug, acetylsalicylic 
acid or clopidogrel at study inclusion. These individual 
propensity scores were used as a continuous covariate in 
the multivariable analyses.

Multivariable competing risk regression of sub-HRs 
accounting for the risk of dying before reaching speci-
fied outcomes was done according to the method of Fine 
and Gray26 to evaluate the association between outcomes 
and treatment regime, and multivariable Cox regression 
to evaluate the association between mortality and treat-
ment regime. The covariates used are presented in a 
footnote to figure 1. We investigated potential violations 
against the proportional hazards assumption graphically 
and using Schoenfeld residuals but detected no problems 
with any of the endpoints.

The number of days from inclusion to the end of the 
study period on 31 December 2014 was used as a covariate. 
The rationale for this is to capture confounding from 
temporal effects, for example, that drugs with a shorter 
mean observation period (ie, NOACs) are likely to have 
more complications than a drug that has been used for a 
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Table 1  Baseline patient characteristics

Variable

All
(n=68  
056)

NOAC
(n=18  
638)

Warfarin
(n=49  
418)

Age, mean (median) 73.6 (74) 73.4 (74) 73.7 (75)

Women 30 714 45.6% 45.0%

Married/cohabitant 36 192 52.9% 53.3%

Immigrant 7623 11.5% 11.1%

Higher education (>12 years) 14 753 25.7% 20.2%

Income, mean* (median) 216 (165) 232 (172) 209 (163)

Years since first AF diagnosis, 
mean (median)

1.93 (0.04) 2.48 (0.08) 1.72 (0.03)

CHA2DS2-VASc score, mean 
(median)

3.34 (3) 3.24 (3) 3.38 (3)

Bleeding history

 ���  Any major bleeding 6659 10.2% 9.6%

 ���  Intracranial 882 1.6% 1.2%

 ���  Gastrointestinal 2210 3.4% 3.2%

 ���  Other major bleeding 4236 6.4% 6.2%

Thromboembolic history

 ���  Ischaemic stroke 8838 13.4% 12.8%

 ���  Unspecified stroke 423 0.7% 0.6%

 ���  Systemic embolism 605 0.7% 1.0%

 ���  Transient ischaemic attack 4128 6.1% 6.1%

 ���  Pulmonary embolism 1867 1.9% 3.1%

Anaemia 6267 8.8% 9.4%

Coagulation or platelet defect 688 0.9% 1.1%

Renal failure 2768 2.5% 4.7%

Liver disease 866 1.4% 1.2%

Heart failure 14 942 19.5% 22.9%

Hypertension 41 889 61.1% 61.7%

Diabetes 12 253 16.1% 18.7%

Myocardial infarction 9150 10.8% 14.4%

Valvular disease† 6515 7.6% 10.3%

Pacemaker/Implantable 
cardioverter defibrillator

5055 8.2% 7.1%

Thyrotoxicosis within preceding 
year

499 0.7% 0.8%

Hypothyroidism 4642 6.9% 6.8%

Chronic obstructive pulmonary 
disease

5002 6.8% 7.6%

Asthma 3924 5.9% 5.7%

Cancer within preceding 
3 years

6043 8.6% 9.0%

Alcohol index‡ 2023 3.3% 2.9%

Dementia 1031 1.9% 1.4%

Hospitalised for fall 
accidents≥2 times

2872 4.8% 4.0%

Continued

longer time (ie, warfarin) because complications due to 
treatment are more common shortly after initiation.

Statistical significance was considered when p 
values<0.05. All analyses were performed using Stata 
V.14.0 (Stata).

The study was approved by the Stockholm regional 
ethics committee (approvals #2014/894–31, #2014/876-
31/4, #2014/1065–31) and conformed to the Declara-
tion of Helsinki.

Results
During the 37-month inclusion period, 68 056 new users of 
anticoagulants who fulfilled the study criteria were identi-
fied: 49 418 on warfarin and 18 638 on NOAC treatment 
(apixaban 6547 (33.3% on reduced dose), dabigatran 
6651 (33.5% on 110 mg dose) and 5440 rivaroxaban 
(32.4% on reduced dose)). For patient flow chart, see 
figure 2. The median follow-up for the mortality outcome 
was 0.71 years in the NOAC group and 1.74 years in the 
warfarin group, p<0.001.

Baseline characteristics
Baseline patient characteristics are presented in table 1. 
The proportions of men and women were similar with 
NOACs and warfarin; mean age was also similar (73.4 vs 
73.7 years). Within the NOAC group, dabigatran patients 
were younger (70.2 years) than patients on apixaban 
(75.0 years) and rivaroxaban (75.1 years).

The proportion of individuals with higher education 
was higher with NOACs than with warfarin (25.7% vs 
20.2%). The mean income was also higher with NOACs 
than with warfarin.

The mean CHA2DS2-VASc score was lower in the NOACs 
than in the warfarin cohort (3.24 vs 3.38 points). Within 
the NOAC cohort, the proportion of patients with a score 
of 0 or 1 was higher with dabigatran (25.1%) than with 
rivaroxaban (12.9%) and apixaban (13.8%). The propor-
tion of patients who were cardioverted during follow-up 
was 23.3% with dabigatran, 19.5% with warfarin, 7.9% 
with apixaban and 5.8% with rivaroxaban.

Patients on NOACs had a longer history of atrial fibril-
lation as measured from the very first diagnosis of atrial 
fibrillation in the Patient Register (mean 2.48 vs 1.72 
years). The proportion with prior thromboembolic and 
major bleeding events were similar among NOAC-treated 
patients than with warfarin-treated patients, as well as 
several concomitant diseases including hypertension. 
Heart failure, diabetes mellitus, renal failure and history 
of myocardial infarction were more common in patients 
on warfarin.

Outcomes
Outcomes are presented in figure 1. The unadjusted inci-
dence of the composite of all-cause stroke or systemic 
embolism was similar with NOACs and warfarin (2.27% 
vs 2.03% per year). After adjustment for cofactors and 
for the competing risk of death, there were no statistically 
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Variable

All
(n=68  
056)

NOAC
(n=18  
638)

Warfarin
(n=49  
418)

Aspirin, clopidogrel or NSAID 
at index

9572 12.7% 14.6%

*Disposable annual income or pension in thousands of Swedish 
crowns, after taxes and related to number of persons in the 
household.
†Other valvular disease than what is counted as exclusion criteria, 
for example, mostly mitral regurgitation, aortic sclerosis and/or 
stenosis common among elderly subjects.
‡Set of diagnostic codes used by the Swedish Board of Health 
and Welfare for reporting of alcohol-related mortality. See 
appendix.
AF, atrial fibrillation; NOAC, non-vitamin K antagonist oral 
anticoagulant; NSAID, non-steroidal anti-inflammatory drug.

Table 1  Continued 

Figure 2  Patient flow chart. NOAC, non-vitamin K antagonist oral anticoagulant.

Arrhythmias and sudden death

significant differences in all-cause stroke or systemic embo-
lism (sub-HR (SHR) 1.04, 95% CI(0.91 to 1.18) (figure 2).

The unadjusted incidence of ischaemic stroke was 
not statistically significantly different with NOACs and 
warfarin (1.88% vs 1.51% per year). After adjustments, 
there was a 16% higher risk for ischaemic stroke with 
NOACs than with warfarin at borderline statistical signif-
icance (SHR 1.16, CI 1.00 to 1.35).

The unadjusted incidence of major bleeding events was 
lower with NOACs than with warfarin (2.70% vs 3.01% 
per year). After adjustments, a statistically significant 15% 

lower risk of major bleeds with NOACs than with warfarin 
was seen (SHR 0.85, CI 0.76 to 0.96).

The incidence of intracranial bleeding was higher with 
warfarin than with NOACs (0.89% vs 0.56% per year). 
After adjustments, the risk was 40% lower with NOACs 
than with warfarin (SHR 0.60, CI 0.46 to 0.76).

When the analysis was confined to haemorrhagic 
stroke, that is intracerebral and subarachnoidal bleeding 
events, which constituted a little less than half of all intra-
cranial bleeding events, the apparent benefit of NOACs 
did not quite reach statistical significance (SHR 0.71, CI 
0.51 to 1.01). The apparent benefit of NOACs was larger 
regarding the composite of subdural haematomas and 
traumatic intracranial bleeding events (SHR 0.42, CI 0.28 
to 0.62).

Gastrointestinal bleeds were more frequent with 
NOACs than with warfarin (1.25% vs 0.97% per year). 
After multivariable adjustments, an excess risk of 22% 
with NOACs rather than with warfarin remained (SHR 
1.22, CI 1.01 to 1.46). However, other extracranial major 
bleeding events, mostly urogenital, were less frequent 
with NOAC than with warfarin (SHR 0.85, CI 0.71 to 
1.00).

The unadjusted incidence of all-cause mortality was 
lower with NOACs than with warfarin (5.16% vs 6.01% 
per year). After adjustments, a statistically significant 
survival benefit was seen with NOACs relative to warfarin 
(HR 0.89, CI 0.81 to 0.96).
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Figure 3  Subgroup analyses of all-cause stroke or systemic embolism, NOAC compared with warfarin. NOAC, non-vitamin K 
antagonist oral anticoagulant; TIA, transient ischaemic attack.

The incidences of myocardial infarction and systemic 
embolism were similar between the treatment groups.

Subgroup analyses
All-cause stroke and systemic embolism were similar 
across many subgroups, with a statistically significant 
interaction indicating potential benefit of NOACs in 
patients with CHA2DS2-VASc score 0–1 (figure 3).

A reduction in risk of major bleeding events with NOACs 
compared with warfarin was consistent across several 
subgroups, but with interactions indicating greater reduc-
tion with NOACs compared with warfarin in patients 
younger than 65 years, those with CHA2DS-VASc scores 0–1 
and without a history of myocardial infarction (figure 4).

A reduction in mortality was consistent across most 
subgroups, but less pronounced in NOAC patients with a 
history of stroke or transient ischaemic attack (figure 5).

Discussion
In this large non-selected anticoagulation-naïve Swedish 
atrial fibrillation cohort starting oral anticoagulation 
treatment, the incidence of all-cause stroke or systemic 
embolism did not statistically differ between patients 
receiving NOAC or well-managed warfarin treatment. 

NOAC use was associated with lower risks of all-cause 
mortality, major bleeding, haemorrhagic stroke and 
intracranial haemorrhage, but with higher risks of gastro-
intestinal bleeding events.

Educational level and income was higher with NOACs 
than with warfarin. Patient cost probably played a minor 
role because Swedish subsidies prevent patients from 
having to spend more than 2200 SEK (€244) for medi-
cines annually and the low price of warfarin is coun-
terbalanced by patient's costs for regular INR controls. 
Thus, the cost to patients is neutral.

The safety results of this study, that is, significantly 
fewer major bleeding events except for gastrointestinal 
bleeding, and significantly lower mortality, with NOACs 
than with warfarin were similar in direction and magni-
tude to both the meta-analysis of the four pivotal RCTs 
of NOAC versus warfarin,10 and the to date largest 
published real-world data set of NOAC compared with 
VKA consisting of >134 000 elderly Medicare patients27 in 
the USA treated with dabigatran or warfarin.

There was no reduction in all-cause stroke or systemic 
embolism with NOACs compared with warfarin in 
contrast to the statistically significant although modest 
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Figure 4  Subgroup analyses of major bleeding events, NOAC compared with warfarin. NOAC, non-vitamin K antagonist oral 
anticoagulant; TIA, transient ischaemic attack.

Arrhythmias and sudden death

reduction in the aforementioned RCT meta-analysis.10 
There was even a trend for higher risk for ischaemic stroke 
with NOACs versus warfarin after adjustments including 
competing risks for death, the latter significantly reduced 
by NOACs. This result might reflect the fact that warfarin 
treatment in Sweden generally is of much higher stan-
dard than in the pivotal NOAC trials.18 19 Similar results 
on stroke/thromboembolism and ischaemic stroke, 
respectively, have recently been shown in a cohort study 
from Denmark,28 where warfarin treatment is also  of 
high standard. Ischaemic stroke was neither reduced by 
NOACs compared to warfarin in the RCT meta-analysis,10 
the latter based on the outcomes of the original four 
RCTs where only dabigatran 150 mg was shown to reduce 
ischaemic stroke.6–9

Subgroup analyses should be cautiously interpreted, 
especially regarding all-cause stroke or systemic 
embolism where the main results showed no differ-
ence between NOACs and warfarin. The reduction 
in major bleeding events and mortality by NOACs 
compared with warfarin seemed more pronounced 

in younger patients at lower stroke risk. Importantly, 
neither the elderly, patients at higher stroke risk, nor 
any other subgroup appeared to benefit more from 
warfarin than from NOACs for any of those safety 
outcomes.

A substantially higher risk for intracranial haemor-
rhage and haemorrhagic strokes with warfarin than 
NOAC has consistently been shown.6–9 The present 
finding of a pronounced reduction in subdural 
haematomas and traumatic intracranial bleeding 
events is intriguing. A potential explanation is the 
different effects on coagulation system.29At sites of 
cerebral vascular injury, exposed tissue factor induces 
thrombin generation that can overcome the inhibitory 
effects of NOACs whereas the markedly reduced levels 
of FVIIa by warfarin will impair this response and 
increase the likelihood of a severe bleeding even by a 
modest trauma to the head, although this hypothesis 
remains to be proven and further studies exploring 
traumatic intracranial bleedings in patients with oral 
anticoagulants are warranted.
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Figure 5  Subgroup analyses of all-cause mortality, NOAC compared with warfarin. NOAC, non-vitamin K antagonist oral 
anticoagulant; TIA, transient ischaemic attack.

Limitations and strengths
This study has limitations. It was observational and may, 
despite propensity scores and adjustment for an extensive 
number of variables and competing risks, be subject to 
residual confounding from factors not adjusted for in the 
analysis. Thus, we refrained from analyses of the smaller 
groups of each individual NOAC versus warfarin where the 
risk for residual confounding was deemed even higher.

The databases did not include laboratory results; there-
fore, we could not assess anaemia, renal function (eg, 
for evaluation of proper dose reductions of NOACs) or 
the quality of warfarin treatment. However, results from 
Swedish patients enrolled in clinical trials16 17 as well 
non-selected patients in general practice or at antico-
agulation clinics,18 19 have repeatedly shown mean TTR 
above the recommended 70% and we have no reason to 
assume otherwise in this  study cohort. Furthermore, in 
the meta-analysis of the randomised controlled NOACs 
versus warfarin trials,10 there was a suggestion of even 
greater relative reduction in bleeding with NOACs at 

centres with poor INR control. This would, if anything, 
suggest an underestimation of the improved safety by 
NOACs versus warfarin in this study if TTR would be less 
than in previously published Swedish results.

Strengths include the large contemporary sample 
rendering more than 9000 outcome events, universal 
coverage of the prescription registry, and hence inclu-
sion of all oral anticoagulation users nationwide, the 
universal coverage of the high-precision20 registries for 
determining the outcomes and no loss to follow-up. 
Although the total number of outcome events was high, 
there was limited possibility for subgroup analysis of sepa-
rate outcomes such as ischaemic stroke, haemorrhagic 
stroke or myocardial infarction. Another strength is 
that the warfarin and NOAC cohorts were rather similar 
regarding age, gender, history of thromboembolic and 
bleeding events from the outset. We nevertheless used 
propensity scores and multivariate regression to adjust 
for differences on observed variables and follow-up 
between the treatment groups.
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Conclusion
In this large non-selected Swedish atrial fibrillation cohort 
without previous oral anticoagulation treatment, NOACs 
were no better than well-managed warfarin for preven-
tion of all-cause stroke or systemic embolism. NOAC use 
was associated with lower risks of all-cause mortality, major 
bleeding and intracranial haemorrhage, but with higher 
gastrointestinal bleeding risk. The substantially improved 
safety and lower mortality with NOACs compared with 
warfarin suggests NOACs as the preferred treatment for 
patients with atrial fibrillation starting oral anticoagula-
tion for stroke prevention.
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