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1  |  INTRODUC TION

Patients with non-valvular atrial fibrillation (AF) are at risk of throm-
boembolic complications such as ischemic stroke. Hence, most 

patients with AF had at least one additional risk factor for ischemic 
stroke are recommended oral anticoagulants for stroke prevention.1,2 
OACs significantly reduce ischemic stroke risk by 64% and all-cause 
mortality by 26% compared to placebo of control,3 but increase risk 
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Abstract
Background: Oral anticoagulants (OAC) can reduce ischemic stroke/systemic embo-
lism (SSE) in patients with non-valvular atrial fibrillation (AF) while increasing the risk 
of major bleeding. We aimed to analyze the number needed to treat for the net ben-
efit (NNTnet) of warfarin and non-vitamin K antagonist oral anticoagulants (NOACs).
Methods: We analyzed the results from multicenter national AF registry from 27 hos-
pitals in Thailand. Follow-up data were collected every 6 months until 3 years. Main 
outcomes were SSE, major bleeding, and intracranial hemorrhage (ICH). NNT was cal-
culated from the absolute risk reduction (ARR) of SSE or absolute risk increase (ARI) 
of major bleeding or ICH. We compared NNTnet of warfarin versus no OAC, NOACs 
versus no OAC, and NOACs versus warfarin. Warfarin was also categorized into time 
in therapeutic range (TTR) < and ≥65%.
Results: We studied a total of 3405 patients (mean age 67.8 ± 11.3 years, 1424 (41.8%) 
were female). The incidence rates of SSE, major bleeding, and ICH were 1.51, 2.25, 
and 0.78 per 100 person-years, respectively. Warfarin had negative NNTnet −37 com-
pared to no OAC. NOACs had positive NNTnet 101 and 27 compared to no OACs 
and warfarin. Warfarin with TTR 65% had positive NNTnet 42 compared to no OAC. 
NOACs had comparable NNTnet as warfarin with TTR ≥65%.
Conclusion: Warfarin had a negative NNTnet compared to no OAC. Only warfarin 
with TTR 65% has positive NNTnet. NOACs had positive NNTnet compared to no 
OAC and when compared to warfarin.
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of major bleeding including intracranial hemorrhage (ICH), which is of 
particular concern in Asians.4 More recently, the non-vitamin K an-
tagonist oral anticoagulants (NOACs; also referred to as Direct Oral 
Anticoagulants, DOACs) are at least as good as warfarin for the re-
duction of ischemic stroke with the rate of ICH approximately half 
compared to warfarin.5

However, the relative risk reduction does not necessarily trans-
late into the absolute benefit to the patients and also the impact 
on healthcare policy. A treatment that had relative risk reduction of 
greater than 50% might have only a small absolute risk reduction and 
thereby should not be necessarily recommended to be used in the 
population as a whole. Despite the superior recommendation for the 
use of NOACs compared to warfarin for AF patients who are at risk of 
ischemic stroke, the rate of warfarin use still remains high especially in 
low-income or low-to-middle-income countries (LIC and LMIC) mainly 
because of the high costs of medications.1,6 Besides, Asian population 
have an increased risk of major bleeding and ICH compared to non-
Asians, irrespective of whether warfarin or NOACs are used.7–10

In this study, we aimed to determine the number needed to treat 
for the net clinical benefit of warfarin and NOACs in patients with 
AF using the data from the nationwide prospective COhort of anti-
thrombotic use and Optimal INR Level in patients with non-valvular 
atrial fibrillation in Thailand (COOL-AF) registry.

2  |  METHODS

2.1  |  Study population

The COhort of antithrombotic use and Optimal INR Level in pa-
tients with non-valvular atrial fibrillation in Thailand (COOL-AF) 
registry is a prospective nationwide registry involved 27 hospitals 
in Thailand. Patients with a diagnosis of non-valvular AF with age 
at least 18 years were enrolled. The enrollment period was 2014–
2017. The exclusion criteria were (1) rheumatic valve disease (2) 
mechanical valve (3) ischemic stroke within 3 months (4) AF from 
transient reversible cause (5) ongoing participation in clinical 
trial (6) life expectancy less than 3 years (7) hematologic disease 
that increased bleeding risk such as thrombocytopenia (plate-
let <100 000/mm3) (8) current hospitalization (9) refusal to par-
ticipate and (10) inability to come for follow-up visits. This study 
was approved by the Institutional Review Board of the Central 
Research Ethic Committee (CREC)(Certificate of Approval num-
ber 003/2014). All patients gave written informed consent before 
participation. The study was performed following the principles of 
the Declaration of Helsinki and the International Conference on 
Harmonization for Good Clinical Practice Guidelines. The study 
protocol has been previously published.1

Written informed consent was obtained from every patient. 
All methods were conducted in accordance with the principles 
set forth in the Declaration of Helsinki and the International 
Conference on Harmonization for Good Clinical Practice 
Guidelines.

2.2  |  Study protocol

Investigators were instructed to enroll consecutive AF patients ac-
cording to the inclusion and exclusion criteria. After the informed 
consent process, investigators reviewed medical record, inter-
viewed patients and entered the data into the case record form 
(CRF) and into the web system. All data were doubled entry by 
the data management site to ensure the correctness of the data. 
Verification process was performed by communication between 
the central site and the study site, and the mistake was corrected 
accordingly. Site monitoring was performed for every study site 
to ensure that the study was conducted in concordance with the 
Good Clinical Practice (GCP) guideline and to maintain good data 
quality.

2.3  |  Data collection

Data were collected at baseline and every 6 months until 3 years. 
The following data were collected; age, sex, comorbid conditions 
and cardiovascular risk factors such as hypertension, cigarette 
smoking, type 2 diabetes (T2D), hypercholesterolemia, coronary ar-
tery disease, chronic kidney disease, investigation data such as ECG, 
laboratory results, eachocardiography, medications. Components of 
CHA2DS2−VASc score [C = congestive heart failure (1 point); H = hy-
pertension (1 point); A = age > 75 years (2 points); D = diabetes (1 
point); S = stroke (2 points); V = vascular disease (1 point); A = age 
65–74 (1 point); and Sc = female sex category (1 point)]11 and HAS-
BLED score [uncontrolled Hypertension, Abnormal renal, or liver 
function; history of Stroke; history of Bleeding; Labile INR; Elderly 
(age above 65 years); and, Drugs or alcohol (1 point each)]12 were 
recorded.

2.4  |  Outcomes

Main outcomes of this study were ischemic stroke or systemic em-
bolism (SSE), major bleeding, and intracranial hemorrhage (ICH). 
Ischemic stroke was defined as sudden-onset neurologic deficit last-
ing greater than 24 h or transient ischemic attack (TIA) for the dura-
tion of the neurologic deficit less than 24 h. Systemic embolism was 
defined as a clinical and objective evidence of the sudden loss of 
end-organ perfusion. Major bleeding was defined using criteria pub-
lished by the International Society of Thrombosis and Haemostasis 
(ISTH), which includes at least one of the following (1) fatal bleed-
ing, (2) bleeding in critical area or organs, or (3) bleeding that re-
sults in a decrease in hemoglobin level of 20 g/L or more, or that 
requires a transfusion of 2 units of red cells or more. ICH was de-
fined as the bleeding within the skull (may be intracerebral bleeds, 
subarachnoid bleeds, subdural bleeds, or epidural bleeds). According 
to the Bleeding Academic Research Consortium (BARC) definition, 
microbleeds and secondary hemorrhagic transformation were not 
counted as ICH.13
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All events were reviewed and validated by the study investigator 
team at the data management unit. After validation, all data were 
sent to the adjudication committee for confirmation. In cases with 
inconclusive evidence or further questions, additional data or expla-
nation was requested from the study site for clarification.

2.5  |  Statistical analysis

Description of continuous data were made by mean and stand-
ard deviation (SD) and categorical data by count and percentages. 
Incidence rates of clinical outcomes are shown as rate per 100 
person-years. Test for the differences of continuous data were made 
by the student's t-test for unpaired data and for categorical data by 
the chi-square test. Actual 3-year risks of outcomes were displayed 
as percentages and 95% confidence interval (CI). The relative risk 
reduction (RRR) or increase (RRI) was calculated from the propor-
tion of the change in absolute risk in treatment group compared to 
no treatment group. Absolute risk reduction (ARR) or increase (ARI) 
was calculated from the change in actual risk between treatment 
group and no treatment group. Number needed to treat (NNT) for 
benefit (NNTbenefit) and harm (NNTharm) was calculated from the re-
ciprocal of ARR and ARI. NNT of net clinical benefit (NNTnet) derived 
from the reciprocal of difference in ARR and ARI.14 The calculation 
for relative risk reduction or increase, absolute risk reduction or in-
crease, and number needed to treat for net clinical benefit is shown 
in Table S1. In this study, we calculate NNTnet of warfarin compared 
to no OAC, NOAC compared to no OAC, and NOAC compared to 
warfarin. A separate subgroup analysis of patients with time in ther-
apeutic range (TTR) <65% and ≥65% for warfarin group. The sensi-
tivity analysis was performed on NNTnet for patients in the low-risk 
and intermediate to high-risk category.

Low risk was defined by CHA2DS2-VASc score = 0 in male or 
1 in female, intermediate to high-risk was defined as CHA2DS2-
VASc score ≥1 in male or ≥2 in female. All statistical analysis was 
performed by the SPSS Statistics software (SPSS, Inc., Chicago, IL, 
USA) and MedCalc Statistical Software version 12.5.0.0 (MedCalc 
Software bv, Ostend, Belgium). A p-value <0.05 was considered sta-
tistical significance.

3  |  RESULTS

3.1  |  Study population

We studied a total of 3405 patients (mean age was 67.8 ± 11.3 years, 
1424 (41.8%) were female). Patients were classified into a low-risk 
group and intermediate to high-risk group. Table 1 shows baseline 
characteristics of study population and details in low-risk and inter-
mediate to high-risk groups. Patients in the intermediate to high-risk 
group are older, more likely female, and had more co-morbid condi-
tions compared to the low-risk group. A flow diagram of the study 
population is shown in Figure 1.

3.2  |  NNTbenefit, NNTharm, and NNTnet

The incidence rates of SSE, major bleeding, and ICH were 1.51, 2.25, 
and 0.78 per 100 person-years, respectively. The incidence rate of 
SSE, major bleeding, and ICH for the whole group, no OAC, and each 
OAC category including warfarin and NOACs are shown in Table 2. 
Warfarin was further subcategorized into those with TTR < and 
≥65%.

Table  3-part A shows the RRR, RRI, ARR, ARI, NNTbenefit, 
NNTharm, and NNTnet of SSE versus major bleeding and SSE versus 
ICH for (1) warfarin compared to no OAC, (2) NOAC compared to no 
OAC, and (3) NOAC compared to warfarin.

Warfarin had a negative NNTnet compared to no OAC for SSE 
versus major bleeding and also for SSE versus ICH which meant that 
warfarin overall had more risk than benefit. NNTnet was smaller for 
SSE versus major bleeding indicated that the magnitude of differ-
ences was greater for SSE versus major bleeding compared to SSE 
versus ICH.

NOAC had a positive NNTnet compared to no OAC both for 
major bleeding and ICH. NNT was similar for major bleeding and ICH 
indicated that the effect of NOAC on major bleeding and ICH was 
relatively similar. NOACs had a positive NNTnet compared to warfa-
rin for both major bleeding and ICH.

3.3  |  Warfarin versus no OAC or NOACs according 
to TTR <  and ≥65% (Table 4-part a)

Among 2340 patients with warfarin, TTR was calculated in 2233 
patients (95.4%); 1432 (64.1%) had a TTR <65%, and 801 (35.9%) 
had TTR ≥65%. The NNTnet was positive for both SSE versus major 
bleeding and SSE versus ICH in warfarin group with TTR ≥65% 
compared to no OAC whereas the negative NNTnet becomes more 
prominent in patients with TTR <65%. NOACs were superior to war-
farin with TTR <65%, but were not superior to warfarin with TTR 
≥65%.

Figure 2 shows restricted cubic spline curves of adjusted hazard 
ratio of SSE or major bleeding (Figure 2A), and SSE or ICH (Figure 2B) 
on the Y-axis and TTR on the X-axis. When considering both isch-
emic and bleeding events, the benefit of warfarin was observed 
when the TTR was above 74.9% for SSE or major bleeding and 69.4% 
for SSE or ICH.

3.4  |  Sensitivity analysis

Table 3-part B shows sensitivity analysis in the low-risk group and 
intermediate to high-risk group of RRR, RRI, ARR, ARI, NNTbenefit, 
NNTharm, and NNTnet of (1) warfarin compared to no OAC, (2) 
NOAC compared to no OAC, and (3) NOAC compared to warfarin. 
NNTnet for patients with intermediate to high stroke risk was −84.5 
for warfarin versus no OAC, 51.7 for NOAC versus no OAC, and 32.1 
for NOAC versus warfarin.
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The negative NNTnet of warfarin versus no OAC was pres-
ent in both low-risk and intermediate to high-risk groups for both 
major bleeding and ICH, which was similar to the positive NNTnet 
of NOAC versus no OAC and NOAC versus warfarin. An exception 
was for the NNTnet of warfarin versus no OAC on ICH in which 
the intermediate to high-risk group which had a positive NNTnet 
but the magnitude of NNT was large indicating that the effect was 
relatively small.

Table 4-part B shows the effect of splitting warfarin according 
to TTR (< and ≥65%) on the primary results of NNT for net benefit 
of warfarin and no OAC, and warfarin and NOACs for low-risk and 
intermediate to high-risk group. The results were aligned with the 
whole population dataset.

We performed additional analysis to determine the impact of 
antiplatelet use on the NNTnet. The NNTnet of warfarin versus no 
OAC was −31.8 and −12.7 for patients with and without antiplatelet, 

TA B L E  1 Baseline characteristics of study population and details in low-risk and intermediate to high-risk groups.

Variables All (n = 3405) Low risk (n = 287) Intermediate to high risk (n = 3118) p-value

Age (years) 67.8 ± 11.3 54.6 ± 8.0 69.0 ± 10.7 <.001

Female gender 1424 (41.8%) 91 (31.7%) 1333 (42.8%) <.001

BMI (kg/m2) 25.2 ± 4.7 24.7 ± 3.9 25.2 ± 4.8 .020

Time after diagnosis of AF (years) 3.4 ± 4.3 2.9 ± 3.8 3.4 ± 4.4 .037

Atrial fibrillation <.001

Paroxysmal 1148 (33.7%) 148 (51.6%) 1000 (32.1%)

Persistent 645 (18.9%) 46 (16.0%) 599 (19.2%)

Permanent 1612 (47.3%) 93 (32.4%) 1519 (48.7%)

Symptomatic AF 2620 (76.9%) 245 (85.4%) 2375 (76.2%) <.001

History of heart failure 913 (26.8%) 1 (0.3%) 912 (29.2%) <.001

History of CAD 547 (16.1%) 0 (0.0%) 547 (17.5%) <0.001

CIED 341 (10.0%) 24 (8.4%) 317 (10.2%) .330

History of ischemic stroke/TIA 592 (17.4%) 0 (0.0%) 592 (19%) <.001

Diabetes mellitus 839 (24.6%) 0 (0.0%) 839 (26.9%) <.001

Hypertension 2330 (68.4%) 0 (0.0%) 2330 (74.7%) <.001

Smoking 678 (19.9%) 72 (25.1%) 606 (19.4%) .022

Dyslipidemia 1917 (56.3%) 73 (25.4%) 1844 (59.1%) <.001

Renal replacement therapy 40 (1.2%) 2 (0.7%) 38 (1.2%) .771

Dementia 29 (0.9%) 0 (0.0%) 29 (0.9%) .169

Systemic embolism 25 (0.7%) 2 (0.7%) 23 (0.7%) .938

History of peripheral vascular 
disease

44 (1.3%) 0 (0.0%) 44 (1.4%) .048

History of PCI 253 (46.2%) 0 (0.0%) 253 (8.1%) <.001

History of CABG 65 (12.0%) 0 (0.0%) 65 (2.1%) .014

History of bleeding 324 (9.5%) 5 (1.7%) 319 (10.2%) <.001

CKD 1756 (51.6%) 34 (11.8%) 1722 (55.2%) <.001

Anemia 1293 (38.0%) 16 (5.6%) 1277 (41%) <.001

HAS-BLED score <.001

0 490 (14.4%) 165 (57.5%) 325 (10.4%)

1-2 2375 (69.8%) 121 (42.2%) 2254 (72.3%)

≥3 540 (15.9%) 1 (0.3%) 539 (17.3%)

Antiplatelet 892 (26.2%) 69 (24.0%) 823 (26.4%) .386

Anticoagulant 2568 (75.4%) 102 (35.5%) 2466 (79.1%) <.001

Warfarin 2340 (68.7%) 81 (28.2%) 2259 (72.5%) <.001

NOACs 228 (6.7%) 21 (7.3%) 207 (6.6%) .600

Abbreviations: AF, atrial fibrillation; BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; CIED; cardiac 
implantable electronic device; CKD, chronic kidney disease; NOACs, Non-vitamin K antagonist oral anticoagulants; PCI, percutaneous coronary 
intervention; TIA, transient ischemic attack. Bold indicate statistical significance.



    |  5 of 13KRITTAYAPHONG et al.

respectively. For NOAC versus warfarin, the NNTnet was 7.4 and 
36.3 in patients with and without antiplatelet, respectively.

4  |  DISCUSSION

In this prospective nationwide AF registry, we demonstrate that 
choice of OAC is important as a major determinant of NNT of net 
clinical benefit of the benefit and risk of OAC for stroke prevention 
in patients with AF. Warfarin was associated with a negative NNTnet 
compared with no OAC. Only warfarin with TTR ≥65% had a positive 
NNTnet compared to no OAC, while NOACs had positive NNTnet 
compared to no OAC and when compared to warfarin.

Patients with AF with at least one additional risk of ischemic 
stroke are recommended to use OAC for stroke prevention.2,15,16 In 
a meta-analysis, warfarin can reduce ischemic stroke by 64% and all-
cause mortality by 26% when compared to placebo or control.3 From 
a systematic review of 16 randomized studies and 31 observational 
studies, the rate of major bleeding was 2.1 per 100 person-years in 
randomized studies and 2.0 per 100 person-years in observational 
studies.17 Indeed, the annual rate of ICH was 0.3%–0.6% for warfa-
rin and 0.1%–0.2% for NOACs.18,19 In the clinical trials, NOACs were 
associated with approximately 50% reduction in the rate of ICH 
compared to warfarin.5 It has been recommended that stroke pre-
vention management in AF patients should depend on the balance 
of the benefit in stroke reduction and risk of major bleeding of OAC, 
and shared decision making between patient, family, and physicians 
is suggested.2,15,20

The risks of SSE were 1.51 per 100 person-years are less than 
the reported from some Asian countries such as Taiwan21 and Hong 
Kong22 but similar to the reports from the European EORP-AF regis-
try23 and from GARFIELD registry.24

In contrast, the major bleeding rate in our study was 2.25 per 100 
person-years which is greater than the report from Western pop-
ulations23 and the GARFIELD-AF registry.24 Indeed, our observed 
rate was similar to the results from some Asian countries such as 
Taiwan25 and Japan.26 This is consistent with data from Asian popu-
lations with AF which had more bleeding complication compared to 
non-Asians.7,27 The explanation for the increased risk of bleeding in 
Asians may reflect greater use of warfarin, genetic predisposition, 
lower body weight, and other factors.27 The rate of ICH from our 
study was 0.78 per 100 person-years which was higher than some 
other reports. The main OAC used in our study was warfarin, which 
accounted for 91.1% of patients using OAC. Indeed, the report rates 
of ICH from warfarin were 0.3%–0.6% per year.18,19 Also, Asian pop-
ulation had a greater risk of ICH associated with warfarin.7

The NNTnet was positive for both SSE versus major bleeding and 
SSE versus ICH in warfarin group compared to no OAC which indicates 
that when we give warfarin the ARI of increased major bleeding was 
greater than the ARR of SSE reduction. If we have a good TTR control 
of ≥65%, the NNTnet becomes positive which strongly emphasizes 
that in order to have benefit of warfarin greater than increased risk, 
we need to have a good TTR control in patients receiving warfarin. 
In our study, only 35.9% of patients who were on warfarin had a TTR 
≥65% which meant that most patients taking warfarin in our study may 
have ARI more than ARR. A previous study on the EURObservational 

F I G U R E  1 Flow diagram of the study 
population.
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Research Program-AF General Registry (EORP-AF) showed a positive 
NNTnet for OAC compared to no OAC.28 In EORP-AF study propor-
tion of warfarin was slightly greater than NOACs which is different 
from our study. In our study, warfarin accounted for 91% of patients 
using OAC. And we found that warfarin had no benefit from NNTnet in 
our population unless the TTR was at least 65%. High-quality warfarin 
treatment based on a good TTR has been recommended in the recom-
mendation in Asian population.2,9

For NOACs, the results of NNTnet convincingly show that 
NOACs are the preferred agents for SSE reduction in our population, 
since NOACs had positive NNTnet compared to no OAC and when 
compared to warfarin. These data were consistent across the risk 
groups. Ding et al.29 showed that AF patients with stable dose war-
farin with INR 2–3 for at least 6 months had a positive NNTnet when 
compared to no OAC, and the magnitude of NNTnet from real world 
data was smaller than the results from clinical trials suggesting that 
OAC had benefit that was greater than risk in the real world, more 
than seen in clinical trial results. Nonetheless, non-Asian and Asian 
populations may have a different risk and benefit profile from OAC 
use, as has been discussed earlier.

The rate of OAC use in our study was 35.5%. OAC use in low-risk 
patients is not uncommon. Data from GARFIELD-AF and ORBIT II reg-
istry showed that the rate of OAC use in low-risk group was 46% and 

57%, respectively.30 The results of our survey for the reason of OAC 
use in low-risk group indicated that most common reason was physi-
cian preference (43.1%). Other reasons were left ventricular systolic 
dysfunction not qualifying CHA2DS2-VASc criteria (the criteria need 
left ventricular ejection fraction lower than 40% or having heart fail-
ure) (10.8%), left ventricular thrombus (4.9%), post-AF ablation (12.8%), 
cardioversion (8.8%), hyperthyroidism (2%), hypertrophic cardiomyop-
athy (2%), endomyocardial fibrosis (2%), previous OAC use from refer-
ral hospital (4.9%), and patient preference (8.8%).31

There were 24.6% of patients in our study that OAC was not 
used. We have reported the reason for not using OACs in 796 pa-
tients. The reasons were as follows: low stroke risk 39.9%, taking an-
tiplatelets (26.5%), patient preference (20.9%), physician preference 
(10.4%), fear of bleeding (10.2%), fall risk (2.6%), OAC compliance 
concern (1.8%), others (1.0%).32

In our study, 24.6% of AF patients were not on OAC. A recent re-
port from Italy showed that among patients with a hospital diagnosis 
of AF, 38.9% were not on OACs33 which is greater than the results 
from our study. An Italian study revealed that warfarin use was more 
common than NOAC use, and warfarin had a higher risk of ICH and 
major bleeding compared to NOACs.

The introduction of NOACs clearly changed the practice land-
scape of stroke prevention in AF.34 GARFIELD AF registry has shown 

Number of 
patients

Number of 
events

100 
person-years

Rate per 100 
person-years

SSE—all patients 3405 134 88.99 1.51 (1.26–1.78)

OAC 2568 92 67.19 1.37 (1.10–1.68)

Warfarin 2340 87 60.94 1.43 (1.14–1.76)

TTR < 65% 1432 64 37.24 1.72 (1.32–2.19)

TTR ≥65% 801 18 21.98 0.82 (0.49–1.29)

NOAC 228 5 6.25 0.8 (0.26–1.87)

No OAC 837 42 21.81 1.93 (1.39–2.60)

Major bleeding—all 
patients

3405 199 88.36 2.25 (1.95–2.59)

OAC 2568 174 66.22 2.63 (2.25–3.04)

Warfarin 2340 163 60.03 2.72 (2.31–3.17)

TTR < 65% 1432 115 36.56 3.15 (2.60–3.78)

TTR ≥65% 801 39 21.74 1.79 (1.28–2.45)

NOAC 228 11 6.19 1.78 (0.89–3.18)

No OAC 837 25 22.14 1.13 (0.73–1.67)

ICH—all patients 3405 70 89.85 0.78 (0.61–0.98)

OAC 2568 64 67.56 0.95 (0.73–1.21)

Warfarin 2340 59 61.30 0.96 (0.73–1.24)

TTR < 65% 1432 43 37.49 1.15 (0.83–1.55)

TTR ≥ 65% 801 9 22.06 0.41 (0.19–0.78)

NOAC 228 5 6.26 0.8 (0.26–1.86)

No OAC 837 6 22.29 0.27 (0.10–0.59)

Abbreviations: ICH, intracranial hemorrhage; NOACs, non-vitamin K antagonist oral 
anticoagulants; OAC, oral anticoagulants; SSE, ischemic stroke/systemic embolism; TTR, time in 
therapeutic range.

TA B L E  2 incidence rate per 100 
person-years of ischemic stroke/systemic 
embolism (SSE), major bleeding, and 
intracranial hemorrhage (ICH) among 
patterns of oral anticoagulants (OAC).
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TA B L E  3 Number needed to treat for net clinical benefit of warfarin and NOACs.

SSE risk at 3-years Warfarin vs No OACa NOAC vs No OACa
NOAC vs 
warfarina

Risk of comparator group (%) 5.02 (3.62–6.78) 5.02 (3.62–6.78) 3.72 
(2.98–4.59)

Risk of treatment group (%) 3.72 (2.98–4.59) 2.19 (0.71–5.12) 2.19 
(0.71–5.11)

Relative risk reduction 0.26 0.56 0.41

Absolute risk reduction (%) 1.30 2.82 1.52

NNTbenefit 76.92 35.40 65.58

Major bleeding risk at 3-years

Risk of comparator group (%) 2.99 (1.93–4.41) 2.99 (1.93–4.41) 6.97 
(5.94–8.12)

Risk of treatment group (%) 6.97 (5.94–8.12) 4.82 (2.41–8.63) 4.82 
(2.41–8.63)

Relative risk increase 1.33 0.62 −0.31

Absolute risk increase (%) 3.98 1.84 −2.14

NNTharm 25.13 54.42 −46.70

NNTnet −37.33 101.29 27.28

ICH risk at 3-years

Risk of comparator group (%) 0.72 (0.26–1.56) 0.72 (0.26–1.56) 2.52 
(2.46–2.59)

Risk of treatment group (%) 2.52 (1.92–3.25) 2.19 (0.71–5.12) 2.19 
(0.71–5.11)

Relative risk increase 2.52 2.06 −0.13

Absolute risk increase (%) 1.80 1.48 −0.33

NNTharm 55.42 67.74 −304.52

NNTnet −198.20 74.14 53.96

Warfarin vs No OACa NOAC vs No OACa NOAC vs Warfarina

Low risk
Intermediate to high 
risk Low risk

Intermediate to high 
risk Low risk

Intermediate to 
high risk

SSE risk at 3-years

Risk of 
comparator group 
(%)

2.16 
(0.59–5.54)

5.83 (4.12–8.00) 2.16 
(0.59–5.54)

5.83 (4.12–8.00) 1.23 
(0.03–6.88)

3.81 (3.05–4.70)

Risk of treatment 
group (%)

1.23 
(0.03–6.88)

3.81 (3.05–4.70) 0.00 
(0.00–0.00)

2.42 (0.78–5.64) 0.00 
(0.00–0.00)

2.42 (0.78–5.64)

Relative risk 
reduction

0.43 0.35 1.00 0.59 1.00 0.37

Absolute risk 
reduction (%)

0.93 2.02 2.16 3.41 1.23 1.39

NNTbenefit 107.81 49.47 46.25 29.30 81.00 71.86

Major bleeding risk at 3-years

Risk of 
comparator group 
(%)

0.00 
(0.00–0.00)

3.83 (2.48–5.66) 0.00 
(0.00–0.00)

3.83 (2.48–5.66) 4.94 
(1.35–12.64)

7.04 (5.99–8.22)

Risk of treatment 
group (%)

4.94 
(1.35–12.64)

7.04 (5.99–8.22) 0.00 
(0.00–0.00)

5.31 (2.65–9.51) 0.00 
(0.00–0.00)

5.31 (2.65–9.51)

Relative risk 
increase

- 0.84 - 0.39 −1.00 −0.25

(Continues)
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a global trend of the increased use of NOACs in AF patients.35 The 
rate of NOAC use in our study is low. There are many reasons for 
the low rate of NOAC use in our study. The COOL-AF registry en-
rolled AF patients during 2014–2017 and may not reflect the current 
data. NOACs can be reimbursed only in a small proportion of AF 
patients. Government policy promotes the use of warfarin due to 
the cost concern. However, recent real-world showed that the trend 
of NOAC use in Thailand significantly increased.36

Our study calculated NNTnet for SSE and major bleeding due 
to the purpose of the comparison among each OAC strategy. We 
did not focus on death which is one of the major outcomes in AF 
patients. The incidence rate of death in our registry is 4.21 per 100 
person-years. This is similar to the mortality rate of 3.8% reported 
from the GARFIELD AF registry and 5.5% from Fushimi registry. 
The result from XANTUS program which included AF patients who 
were on rivaroxaban demonstrated a low 1-year mortality rate of 
1.7%.37 Part of the reason may be related to the use of NOAC in all 
cases and the patients were being carefully followed-up. A report 
from Italy showed a high mortality of 10% per year which may be 
related to the in-hospital setting as the criteria for enrollment and 
the mean age was high (78 years) compared to less than 70 years in 
other registries.33

4.1  |  Limitations

There are some limitations of this study. First, there were a low 
number of patients receiving NOACs. Therefore, interpretation 
of the results comparing NOACs with no OAC and NOACs with 

warfarin based on a relatively low number of NOACs. Second, our 
results were from large size hospitals and patients being managed by 
cardiologists. Even so, NOACs use and the proportion of TTR ≥65% 
were low. Third, we do not consider OAC change during follow-up 
into consideration. The OAC change during follow-up might have 
an impact on clinical outcome. Among 2568 patients with OAC at 
baseline, 211 (8.2%) the OAC was discontinued during follow-up 
whereas 270 out of 837 patients (32.3%) with no OAC at baseline 
changed to be on OAC during follow-up. Fourth, We did not collect 
data on NOAC dosing. Since it has been reported that inappropriate 
NOAC underdosing is common and has a negative impact on clinical 
outcome.38 However, despite NOAC underdosing influence the 
outcome, the results of our study are still positive for the benefit of 
NOAC compared to warfarin and no OAC.

5  |  CONCLUSION

Warfarin had a negative NNTnet compared to no OAC. Only war-
farin with TTR 65% has a positive NNTnet. NOACs had positive 
NNTnet compared to no OAC and when compared to warfarin.
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Warfarin vs No OACa NOAC vs No OACa NOAC vs Warfarina

Low risk
Intermediate to high 
risk Low risk

Intermediate to high 
risk Low risk

Intermediate to 
high risk

Absolute risk 
increase (%)

4.94 3.20 0 1.48 −4.94 −1.72

NNTharm 20.25 31.21 - 67.58 −20.25 −57.99

NNTnet −24.93 −84.54 46.25 51.73 16.20 32.09

ICH risk at 3-years

Risk of 
comparator group 
(%)

0.00 
(0.00–0.00)

0.92 (0.34–2.00) 0.00 
(0.00–0.00)

0.92 (0.34–2.00) 2.47 
(0.30–8.92)

2.52 (1.91–3.27)

Risk of treatment 
group (%)

2.47 
(0.30–8.92)

2.52 (1.91–3.27) 0.00 
(0.00–0.00)

2.42 (0.78–5.64) 0.00 
(0.00–0.00)

2.42 (0.78–5.64)

Relative risk 
increase

- 1.74 - 1.62 −1.00 −0.04

Absolute risk 
increase (%)

2.47 1.60 0.00 1.50 −2.47 −0.11

NNTharm 40.50 62.38 - 66.88 −40.50 −927.80

NNTnet −64.87 239.10 46.25 52.15 27.00 66.70

Abbreviations: ICH, intracranial hemorrhage; NNT, number needed to treat; NOACs, non-vitamin K antagonist oral anticoagulants; OAC, oral 
anticoagulants; SSE, ischemic stroke/systemic embolism; vs., versus.
aComparator group.

TA B L E  3 (Continued)
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TA B L E  4 Number needed to treat for net clinical benefit (1) warfarin with TTR < and ≥65% vs. no OAC and (2) NOACs vs. Warfarin with 
TTR < and ≥65%.

SSE risk at 3-years
Warfarin (TTR < 65%) vs No 
OACa Warfarin (TTR ≥ 65%) vs No OACa

NOAC vs warfarin 
(TTR < 65%)a

NOAC vs warfarin 
(TTR ≥ 65%)a

Risk of comparator 
group (%)

5.02 (3.62–6.78) 5.02 (3.62–6.78) 4.47 (3.34–5.71) 2.25 (1.33–3.55)

Risk of treatment 
group (%)

4.47 (4.36–4.58) 2.25 (2.14–2.35) 2.19 (0.71–5.12) 2.19 (0.71–5.12)

Relative risk reduction 0.11 0.55 0.51 0.02

Absolute risk reduction 
(%)

0.55 2.77 2.28 0.05

NNTbenefit 182.27 36.09 43.93 1844.73

Major bleeding risk at 3-years

Risk of comparator 
group (%)

2.99 (1.93–4.41) 2.99 (1.93–4.41) 8.03 (6.63–9.64) 4.87 (3.46–6.66)

Risk of treatment 
group (%)

8.03 (7.88–8.18) 4.87 (4.71–5.02) 4.82 (2.41–8.63) 4.82 (2.41–8.63)

Relative risk increase 1.69 0.63 −0.40 −0.01

Absolute risk 
increase (%)

5.04 1.88 −3.21 −0.04

NNTharm 19.83 53.13 −31.19 −2254.67

NNTnet −22.25 112.53 18.24 1014.60

ICH risk at 3-years

Risk of comparator 
group (%)

0.72 (0.26–1.56) 0.72 (0.26–1.56) 3.00 (2.17–4.05) 1.12 (0.51–2.13)

Risk of treatment 
group (%)

3.00 (2.91–3.09) 1.12 (1.05–1.20) 2.19 (0.71–5.12) 2.19 (0.71–5.12)

Relative risk increase 3.19 0.57 −0.27 0.95

Absolute risk 
increase (%)

2.29 0.41 −0.81 1.07

NNTharm 43.75 245.85 −123.49 93.51

NNTnet −57.56 42.30 32.40 −98.50

Warfarin (TTR < 65%) vs No 
OACa

Warfarin (TTR ≥ 65%) vs No 
OACa

NOAC vs Warfarin 
(TTR < 65%)a

NOAC vs Warfarin 
(TTR ≥ 65%)a

Low risk
Intermediate to 
high risk Low risk

Intermediate to 
high risk Low risk

Intermediate to 
high risk Low risk

Intermediate to 
high risk

SSE risk at 3-years

Risk of 
comparator 
group (%)

2.16 
(0.59–
5.54)

5.83 (4.12–8.00) 2.50 
(2.03–
3.04)

4.53 (4.41–4.64) 0.00 
(0.00–
0.00)

2.36 (2.25–2.47) 2.16 
(0.59–
5.54)

5.83 (4.12–8.00)

Risk of 
treatment 
group (%)

2.50 
(2.03–
3.04)

4.53 (4.41–4.64) 0.00 
(0.00–
0.00)

2.42 (2.21–2.64) 0.00 
(0.00–
0.00)

2.42 (2.21–2.64) 0.00 
(0.00–
0.00)

2.36 (2.25–2.47)

Relative risk 
reduction

−0.16 0.22 1.00 0.47 - −0.03 1.00 0.60

Absolute risk 
reduction (%)

−0.34 1.30 2.50 2.11 - −0.06 2.16 3.47

NNTbenefit −296.00 76.78 40.00 47.38 - −1682.43 46.25 28.80

Major bleeding risk at 3-years

Risk of 
comparator 
group (%)

0.00 
(0.00–
0.00)

3.83 (2.48–5.66) 5.00 
(4.33–
5.74)

8.12 (7.97–8.27) 5.41 
(4.68–
6.21)

4.84 (4.69–5.00) 0.00 
(0.00–
0.00)

3.83 (2.48–5.66)

(Continues)
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Warfarin (TTR < 65%) vs No 
OACa

Warfarin (TTR ≥ 65%) vs No 
OACa

NOAC vs Warfarin 
(TTR < 65%)a

NOAC vs Warfarin 
(TTR ≥ 65%)a

Low risk
Intermediate to 
high risk Low risk

Intermediate to 
high risk Low risk

Intermediate to 
high risk Low risk

Intermediate to 
high risk

Risk of 
treatment 
group (%)

5.00 
(4.33–
5.74)

8.12 (7.97–8.27) 0.00 
(0.00–
0.00)

5.31 (5.00–5.64) 0.00 
(0.00–
0.00)

5.31 (5.00–5.64) 5.41 
(4.68–
6.21)

4.84 (4.69–5.00)

Relative risk 
increase

- 1.12 −1.00 −0.35 −1.00 0.10 - 0.26

Absolute risk 
increase (%)

5.00 4.28 −5.00 −2.80 −5.41 0.47 5.41 1.01

NNTharm 20.00 23.35 −20.00 −35.67 −18.50 212.28 18.50 99.15

NNTnet −18.73 −33.54 13.33 20.35 18.50 −188.50 −30.83 40.59

ICH risk at 3-years

Risk of 
comparator 
group (%)

0.00 
(0.00–
0.00)

0.92 (0.34–2.00) 5.00 
(4.33–
5.74)

2.95 (2.86–3.04) 0.00 
(0.00–
0.00)

1.18 (1.10–1.26) 0.00 
(0.00–
0.00)

0.92 (0.34–2.00)

Risk of 
treatment 
group (%)

5.00 
(4.33–
5.74)

2.95 (2.86–3.04) 0.00 
(0.00–
0.00)

2.42 (2.21–2.64) 0.00 
(0.00–
0.00)

2.42 (2.21–2.64) 0.00 
(0.00–
0.00)

1.18 (1.10–1.26)

Relative risk 
increase

- 2.20 −1.00 −0.18 - 1.05 - 0.28

Absolute risk 
increase (%)

5.00 2.03 −5.00 −0.53 - 1.24 0.00 0.26

NNTharm 20.00 49.38 −20.00 −188.70 - 80.81 - 387.95

NNTnet −18.73 −138.35 13.33 37.87 - −77.11 46.25 31.11

Abbreviations: ICH, intracranial hemorrhage; NNT, number needed to treat; NOACs, non-vitamin K antagonist oral anticoagulants; OAC, oral 
anticoagulants; SSE, ischemic stroke/systemic embolism; TTR = time in therapeutic range.
aComparator group.
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