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Abstract
Introduction: Non-vitamin K oral anticoagulants (NOACs) were shown to have better 
outcomes than warfarin for non-valvular atrial fibrillation (NVAF). Given limited local real-
world data, this study aims to evaluate the safety and efficacy of NOACs versus warfarin for 
NVAF in Singapore.
Methods: This single-centre retrospective cohort study included 439 patients ≥ 21 years old 
that were newly prescribed with oral anticoagulants (OACs) for NVAF in 2015. Follow-ups 
for patients upon OAC initiation lasted either for 2 years or until the occurrence of bleeding  
or thromboembolism event or death (whichever was earlier). Primary endpoints included  
major bleeding and stroke, while secondary endpoints included overall bleeding and 
thromboembolic events. Time-to-events was evaluated via Kaplan-Meier survival analysis. 
Data on time in therapeutic range (TTR) and compliance were analysed.
Results: Patients were assigned to 4 groups: warfarin (157, 35.8%), rivaroxaban  
(154, 35.1%), apixaban (98, 22.3%) and dabigatran (30, 6.8%). With a mean age of 70.8 
(±10.8) years old, the population were predominantly males (56.5%) and comprised Chinese 
(73.8%), Malays (18.7%) and others (7.5%). The rates of stroke per year were 0.7%, 1.7%, 
2.2% and 0% for warfarin, rivaroxaban, apixaban and dabigatran, respectively (P=0.411), 
whereas those of major bleeding were 2.7%, 1.4%, 2.2% and 0% (P=0.560). As compared to 
warfarin, no significant differences were observed for risks of stroke and of major bleeding 
for rivaroxaban (adjusted hazard ratio (HR) 4.19, 95% confidence interval (CI) 0.68–26.05, 
P=0.124 and adjusted HR 0.43, 95% CI 0.12–1.59, P=0.207) and apixaban (adjusted  
HR 5.33, 95% CI 0.85–33.34, P=0.074 and adjusted HR 1.54, 95% CI 0.39–6.15, P=0.538). 
Mean TTR was 68.8% (±24.3%) for warfarin. Compliance rates for rivaroxaban, apixaban, 
and dabigatran were 56.6%, 59.2%, and 44.8%, respectively (P=0.177).
Conclusion: NOACs were associated with similar stroke and major bleeding rates as  
warfarin for NVAF. 
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Introduction
Atrial fibrillation (AF) is the most common form of  
sustained cardiac arrhythmia associated with significant 
morbidity and mortality. According to the Framingham  
Heart Study, patients with AF are susceptible to increased 
risks of stroke and death by up to 5-fold and 2-fold, 
respectively.1,2 Furthermore, the lifetime risk of AF has 

been found to be approximately 25% for those ≥ 40 years 
old regardless of gender, while its prevalence increases 
exponentially with age.3,4 In Singapore, the overall 
prevalence of AF has been estimated to be 1.5% for 
individuals ≥ 55 years old and nearly quadrupled to 5.8% 
for those ≥ 80 years old.5,6 Consequently, complications 
from AF, such as stroke or thromboembolism, impose 
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a substantial burden to the economy and public health 
sector due to the need for medications, hospitalisations and 
long-term care.7 Therefore, initiation of anticoagulation 
is essential for patients with AF in view of the significant 
health and economic burden, especially for a society with 
an ageing population like Singapore. 

Warfarin has been used traditionally as an OAC for 
thromboprophylaxis and stroke prevention in NVAF. 
However, the presence of numerous drug and food 
interactions warrants the need for routine blood tests 
to determine the International Normalised Ratio (INR) 
for dose titrations, which can be cumbersome for 
patients. Moreover, its narrow therapeutic index makes it  
challenging for maintenance, while INR fluctuations  
above or below the stipulated range may compromise its 
safety or efficacy, leading to bleeding or thromboembolism, 
respectively.8-10 In recent years, the introduction of 
NOACs for use in NVAF has served to mitigate the 
problems associated with warfarin. Major randomised 
clinical trials, which included Apixaban for Reduction 
in Stroke and Other Thromboembolic Events in Atrial 
Fibrillation (ARISTOTLE), Rivaroxaban Once Daily  
Oral Direct Factor Xa Inhibition Compared with 
Vitamin K Antagonism for Prevention of Stroke and 
Embolism Trial in Atrial Fibrillation (ROCKET-AF) and  
Randomised Evaluation of Long-Term Anticoagulation 
Therapy (RE-LY), demonstrated favourable safety 
and efficacy outcomes when apixaban, rivaroxaban 
and dabigatran were compared against warfarin,  
respectively.11-18 However, head-to-head trials comparing 
the safety and efficacy outcomes between NOACs and  
warfarin were not extensive. Furthermore, limited real- 
world data is available for the local population in  
Singapore. This study aims to evaluate the safety and  
efficacy outcomes between NOACs and warfarin for  
patients with NVAF in Singapore. 

Methods
In this single-centre retrospective cohort study, patients 
aged ≥ 21 years old with NVAF and newly initiated 
with OACs between 1 January 2015 and 31 December 
2015 were identified from electronic medical records. 
Firstly, the pharmacy system was used to generate a 
list of patients on warfarin, rivaroxaban, apixaban or 
dabigatran, regardless of indication and time of initiation. 
Secondly, patients newly started on these OACs in 2015 
were then identified. Lastly, the indication for NVAF was  
determined from consultation notes by cardiovascular 
medicine or pharmacy anticoagulation clinic, Hospital 
Inpatient Discharge Summary, and patients’ problem 
lists through Sunrise Care Manager. Those receiving 
anticoagulation for other indications (e.g. deep vein 

thrombosis or pulmonary embolism) and diagnosed 
with valvular AF (presence of rheumatic mitral stenosis, 
mechanical or bio-prosthetic heart valve or mitral valve 
repair) were excluded from the study.9 Follow-ups for 
patients upon OAC initiation lasted either for 2 years 
or until the occurrence of bleeding, thromboembolism 
event or death (whichever was earlier). For scenarios 
involving a switch or discontinuation of OACs during the 
study period, the allocation of patients was such that they 
would be categorised as belonging to the treatment groups  
based on the first OAC prescribed. Ethics approval 
was obtained from SingHealth Centralised Institutional  
Review Board.

Data on patient baseline demographics and clinical 
characteristics required for the computation of  
CHA2DS2-VASc and HAS-BLED scores were collected. 
Information on other relevant factors potentially affecting 
the outcomes of this study were also gathered, such as 
compliance, concomitant medications (e.g. antiplatelets), 
comorbidities (e.g. hypertension, heart failure or diabetes), 
and smoking or alcoholic status. Creatinine clearance 
(CrCl) was calculated through Cockcroft-Gault equation  
to evaluate the dose appropriateness of NOACs in 
accordance to the American Heart Association/American 
College of Cardiology/Heart Rhythm Society 2014 
Guidelines.9 Patients on rivaroxaban received a 20mg 
once-daily regimen if CrCl > 50ml/min (dose adjusted 
to 15mg once daily if CrCl was 15–50ml/min). Patients 
on apixaban received a 5mg twice-daily regimen if  
CrCl > 25ml/min (dose adjusted to 2.5mg twice daily if  
any 2 of the following factors were present: age ≥ 80 
years old, weight ≤ 60kg, and serum creatinine > 1.5mg/
dl). Patients on dabigatran received a 150mg twice-daily 
regimen if CrCl > 30ml/min (dose adjusted to 110mg  
twice daily if high bleeding risk was present).9

Primary safety and efficacy endpoints included major 
bleeding and stroke, respectively. According to criteria 
stipulated by the International Society on Thrombosis and 
Haemostasis, major bleeding is defined as symptomatic 
bleeding that occurs at a critical site (e.g. intracranial, 
intraspinal, intraocular, intra-articular, intramuscular  
with compartment syndrome, retroperitoneal or  
pericardial), results in a decrease in haemoglobin by ≥ 
2g/dl, necessitates transfusion of ≥ 2 units of packed 
red cells, or causes death.19 An expert consensus 
document collaboratively drafted by the American Heart  
Association and American Stroke Association defines 
stroke as an episode of acute neurological dysfunction  
that is secondary to ischaemia or haemorrhage and lasts 
for ≥ 24 hours or until death.20 

Secondary safety and efficacy endpoints included  
overall bleeding and thromboembolic events. This 
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study defines overall bleeding as a composite of major 
bleeding and clinically relevant non-major bleeding. The 
International Society on Thrombosis and Haemostasis 
defines clinically relevant non-major bleeding as any 
acute overt bleeding which does not fulfil the criteria for 
major bleeding but necessitates hospitalisation, medical 
intervention by healthcare professionals, and an increased 
level of care.21 This study defines thromboembolic events 
as a composite of stroke, transient ischaemic attack, and 
systemic embolism. A transient ischaemic attack refers 
to a transient episode of neurological dysfunction caused 
by focal brain, spinal cord or retinal ischaemia without 
acute infarction.20,22 Systemic embolism refers to an acute 
vascular occlusion of an extremity or organ, with evidence 
via imaging, surgery or autopsy.13 The number of events 
occurring for each endpoint and follow-up duration were 
recorded for all treatment groups. Subsequently, the  
crude incidence (per 100 person-years) was calculated 
through the following formula: 

no. of events x 100%
mean follow-up days × no. of patients365

The event rates per 100 person-years were presented as 
proportions of patients per year.

The TTR was calculated through the Rosendaal method 
to assess the quality of anticoagulation for patients on 
warfarin. It measures the duration of time in which the 
INR values are within the desired therapeutic range.23  
In this study, the target INR range for NVAF could either  
be between 2.0 and 3.0 according to international  
guidelines or be decided by the clinician.9,10 A deviation  
of 0.2 from the target INR range was allowed and  
considered therapeutic. INR values during the first 7 
days of warfarin initiation and periods of instability  
(e.g. hospitalisation) were excluded from TTR calculation.

Given that therapeutic drug monitoring for NOACs 
(anti-Xa and anti-IIa levels) are not routinely available, 
compliance is important in determining the quality of 
anticoagulation. The medication possession ratio (MPR)  
was used to evaluate the compliance of NOAC users. It 
is defined as: 

total number of days of medications dispensed
last Rx date – first Rx date + no. of days of medications 

dispensed from last Rx

for a given period of time. A minimum of 2 
prescription refills is required for MPR calculation.24-26 
Compliance to NOACs is achieved when MPR ≥ 
0.8. Medication prescribing and collection data were 
obtained electronically from Sunrise Care Manager and 
Pharmacy Management System, whereas those from non- 

governmental institutions (e.g. private clinics and  
hospitals or overseas refills) could not be tracked and  
were excluded. 

For categorical variables, Pearson’s chi-square test and 
Fisher’s Exact test were used to evaluate the differences 
in baseline demographics and clinical characteristics  
(e.g. gender, ethnicity and comorbidities) between 
the treatment groups. For numerical variables, one-
way ANOVA and Kruskal-Wallis test were used for  
comparing parametric (e.g. age and follow-up days) 
and non-parametric data distribution (e.g. CHA2DS2-
VASc and HAS-BLED scores), respectively. Logistic  
regression was used to test for differences in the incidence 
between the treatment groups for each endpoint with 
the warfarin group as reference. Odds ratios (OR) with 
95% confidence intervals (CI) were obtained. Kaplan-
Meier survival analysis and log-rank test were done to 
evaluate the differences in the time-to-event between 
the treatment groups for each endpoint with the warfarin 
group as reference. Cox regression analysis was  
performed for the bleeding and thrombosis outcomes 
whereby the individual factors of the HAS-BLED and 
CHA2DS2-VASc scores were specified as covariates to 
control for confounding. Adjusted hazard ratios (HR)  
with 95% CIs were reported. Survival curves were plotted  
for visual comparisons. Post-hoc comparisons were 
conducted using warfarin group as reference, when overall 
comparison showed significant differences between 
the treatment groups. A P value of <0.05 is considered 
statistically significant. All statistical analyses were 
performed with the Statistical Package for the Social 
Sciences Software for Windows, Version 19.0 (IBM  
Corp, Armonk, US).

Results
A total of 564 patients newly prescribed with OACs  
between 1 January 2015 and 31 December 2015  
were assessed for suitability for inclusion in this study. 
Upon selection, 439 patients taking the OACs for  
NVAF were included and then assigned to 4 groups: 
warfarin (157, 35.8%), rivaroxaban (154, 35.1%),  
apixaban (98, 22.3%) and dabigatran (30, 6.8%)  
(Fig. 1). With a mean age of 70.8 (±10.8) years old, 
the population were predominantly males (56.5%) 
and comprised Chinese (73.8%), Malays (18.7%), and  
others (7.5%). Median CHA2DS2-VASc scores were  
similar between the treatment groups (P=0.156). The 
initiation of OACs was warranted and appropriate as  
per guideline recommendations since the majority  
(85.2%) of the patients had CHA2DS2-VASc scores  
of ≥ 2.9,10 The rivaroxaban and dabigatran groups had 
significantly lower median HAS-BLED scores than  
the warfarin group. The rates of switching from one  
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OAC to another were as follows: those initially on  
warfarin (13%), rivaroxaban (21%), apixaban (13%)  
and dabigatran (37%). The follow-up duration for all 
patients was 684.1 (±157.0) days and there was no loss  
to follow-up (Table 1). Other baseline characteristics  
are also listed in Table 1.

For the primary outcomes, the crude incidences per  
year for stroke and major bleeding were 1.3% (95%  
CI 0.8–2.4) and 1.9% (95% CI 1.2–3.1), respectively. 
The rates of stroke per year were 0.7%, 1.7%, 2.2%, and 
0% for warfarin, rivaroxaban, apixaban and dabigatran, 
respectively, with no statistically-significant differences 
between the groups (P=0.411). The rates of major  
bleeding per year were 2.7%, 1.4%, 2.2% and 0% for  
the respective groups, likewise with no statistically-
significant differences between them (P=0.560) (Table 2). 

Time-to-event analyses have revealed no significant 
difference in the risks of stroke for the rivaroxaban  
(adjusted HR 4.19, 95% CI 0.68–26.05, P=0.124) and 
apixaban groups (adjusted HR 5.33, 95% CI 0.85–33.34, 
P=0.074) as compared to the warfarin group. There 
was also no significant difference in the risks of major  
bleeding for the rivaroxaban (adjusted HR 0.43, 95%  
CI 0.12–1.59, P=0.207) and apixaban groups (adjusted 
HR 1.54, 95% CI 0.39–6.15, P=0.538) as compared to  
the warfarin group. For the dabigatran group, no stroke 
or major bleeding was observed, hence the associated HR  
with the 95% CI could not be determined (Fig. 2).

For the secondary outcomes, the crude incidences  
per year for thromboembolic events and overall 

bleeding were 1.0% (95% CI 2.1–4.4) and 5.7% (95%  
CI 4.4–7.4), respectively. The rates of thromboembolic 
events per year were 1.0%, 3.4%, 6.6% and 0% for  
warfarin, rivaroxaban, apixaban and dabigatran, 
respectively, with statistically-significant differences 
between the groups (P=0.003). The rates of overall  
bleeding per year were 4.7%, 5.5%, 8.3% and 4.0% for 
the respective groups, with no statistically-significant 
differences between them (P=0.406) (Table 2). 

Time-to-event analyses have shown that the  
rivaroxaban (adjusted HR 4.42, 95% CI 1.18–16.62, 
P=0.028) and apixaban groups (adjusted HR 7.10, 95% 
CI 1.97–25.63, P=0.003) had significantly higher risk 
of thromboembolic events than the warfarin group. For 
the dabigatran group, no thromboembolic events were  
observed, hence the associated HR with the 95% CI  
could not be determined. As compared to the warfarin  
group, there was no significant difference in the risks  
of overall bleeding for the rivaroxaban (adjusted  
HR 1.19, 95% CI 0.51–2.74, P=0.688), apixaban  
(adjusted HR 2.41, 95% CI 0.96–6.02, P=0.061) and 
dabigatran groups (adjusted HR 0.95, 95% CI 0.20– 
4.45, P=0.945) (Fig. 2).

The mean TTR for the warfarin group was 68.8% 
(±24.3%). The percentages of patients with MPR ≥ 0.8  
were 56.6%, 59.2% and 44.8% for the rivaroxaban,  
apixaban and dabigatran groups, respectively, by which 
they were considered to have been compliant with the 
medications. The compliance rates were found to be  
similar among the NOAC groups (P=0.177).

Fig. 1. Flowchart of study enrolment process
NVAF: non-valvular atrial fibrillation; OAC: oral anticoagulant
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Table 1. Baseline characteristics of patients in the respective treatment groups

Overall Warfarin Rivaroxaban Apixaban Dabigatran P value

n (%) 439 (100) 157 (35.8) 154 (35.1) 98 (22.3) 30 (6.8) -

Female, n (%) 191 (43.5) 66 (42.0) 66 (42.9) 46 (46.9) 13 (43.3) 0.889

Race, n (%)

Chinese 324 (73.8) 110 (70.5) 116 (75.3) 73 (74.5) 25 (83.3)

Malay 82 (18.7) 35 (22.3) 28 (18.2) 15 (15.3) 4 (13.3) 0.648

Others 33 (7.5) 12 (7.6) 10 (6.5) 10 (10.2) 1 (3.3)

Mean age, years (SD) 70.8 (10.8) 70.4 (10.4) 70.5 (11.1) 72.9 (10.6) 67.4 (11.4) 0.069

CHA2DS2-VASc scores

Median (IQR) 3.0 (2.0–4.0) 3.0 (2.0–4.0) 3.0 (2.0–4.0) 3.0 (2.0–4.0) 2.0 (1.0–4.0) 0.156

0, n (%) 22 (5.0) 2 (1.3) 8 (5.2) 6 (6.1) 6 (20.0) -

1, n (%) 43 (9.8) 20 (12.7) 10 (6.5) 10 (10.2) 3 (10.0) -

≥2, n (%) 374 (85.2) 135 (86.0) 136 (88.3) 82 (83.7) 21 (70.0) -

HAS-BLED scores

Median (IQR) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0)* 1.0 (1.0–2.0) 1.0 (1.0–1.0)* <0.001

0, n (%) 77 (17.5) 19 (12.1) 37 (24.0) 15 (15.3) 6 (20.0) -

1-2, n (%) 320 (72.9) 113 (72.0) 108 (70.1) 75 (76.5) 24 (80.0) -

≥3, n (%) 42 (9.6) 25 (15.9) 9 (5.9) 8 (8.2) 0 (0.0) -

History of thrombosis and bleeding, n (%)

Previous 

thromboembolic

events

72 (16.4) 31 (19.7) 16 (10.4)* 20 (20.4) 5 (16.7) 0.051

Previous overall 

bleeding
15 (3.4) 8 (5.1) 0 (0) 6 (6.1) 1 (3.3) 0.157

Comorbidities, n (%)

Hypertension 338 (77.0) 125 (79.6) 128 (83.1) 65 (66.3)* 20 (66.7) 0.007

Heart failure 120 (27.3) 57 (36.3) 33 (21.4)* 26 (25.5) 4 (13.3)* 0.007

Diabetes 169 (38.5) 63 (40.1) 63 (40.9) 35 (35.7) 8 (26.7) 0.449

Ischemic heart disease 154 (35.1) 58 (37.7) 51 (33.1) 38 (24.7) 7 (4.5) 0.406

Concomitant antiplatelets, n (%)

SAPT 146 (33.3) 65 (41.4) 50 (32.5) 22 (22.4)* 9 (30) 0.018

DAPT 26 (5.9) 13 (8.3) 9 (5.8) 2 (2.0) 2 (6.7) 0.288

Mean CrCl, ml/min (SD) 60.3 (27.9) 58.6 (29.9) 60.5 (25.5) 58.7 (28.6) 70.9 (28.4) 0.166

Mean follow-up duration, days (SD) 684.1 (157.0) 691.7 (145.3) 690.5 (141.4) 684.5 (160.5) 609.8 (246.0) 0.137

CHA2DS2-VASc: congestive heart failure, hypertension, age ≥ 75 years old, diabetes mellitus, stroke/transient ischaemic attack, vascular disease,  
age 65–74 years old, sex category (female); CrCl: creatinine clearance; DAPT: dual anti-platelet therapy; HAS-BLED: hypertension, abnormal renal  
and liver function, stroke, bleeding history or predisposition, labile International Normalised Ratio, elderly age > 65 years old; IQR: interquartile range; 
SAPT: single anti-platelet therapy; SD: standard deviation
*P<0.05 when compared to warfarin group (reference group)
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Fig. 2. Cox-regression survival curves depicting time-to-event for each endpoint
CI: confidence interval; HR: hazard ratio
*P<0.05 when compared to warfarin group (reference group)
Note: Cumulative survival of 1.0 represents no event and survival plots are presented up to 2 years. Initial number of patients at risk differed from the number 
of patients recruited into each study group because some patients died during the recruitment year (or less than 1 year)

Primary Endpoints

A) Stroke B) Major Bleeding

C) Thromboembolic Events D) Overall Bleeding
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Table 2. Incidence of bleeding and thrombosis event in the respective treatment groups

Overall
(n = 439)

Warfarin
(n = 157)

Rivaroxaban
(n = 154)

Apixaban
(n = 98)

Dabigatran
(n = 30)

P value

Strokea

Events, n (%) 11 (2.5) 2 (1.3) 5 (3.2) 4 (4.1) 0 (0.0) 0.411

Incidence ratee 1.3 0.7 1.7 2.2 0.0 -

Thromboembolic eventsb

Events, n (%) 25 (5.7) 3 (1.9) 10 (6.5) 12 (12.2) 0 (0.0) 0.003

Incidence ratee 1.0 1.0 3.4 6.6* 0.0 -

Major bleedingc

Events, n (%) 16 (3.6) 8 (5.1) 4 (2.6) 4 (4.1) 0 (0.0) 0.560

Incidence ratee 1.9 2.7 1.4 2.2 0.0 -

Overall bleedingd

Events, n (%) 47 (10.7) 14 (8.9) 16 (10.4) 15 (15.3) 2 (6.7) 0.406

Incidence ratee 5.7 4.7 5.5 8.3 4.0 -
a
Ischaemic stroke only

b
Composite of stroke, transient ischaemic attack and systemic embolism

c
Symptomatic bleeding that occurred at a critical site, resulted in a decrease in haemoglobin by ≥ 2g/dl, required transfusion of ≥ 2 units of packed red 

cells, or caused death
d
Composite of major bleeding and clinically relevant non-major bleeding

e
Per 100 person-years

*P<0.05 when compared to warfarin group (reference group)

Discussion
The rivaroxaban and apixaban groups demonstrated  
similar time-to-events for stroke, major bleeding and  
overall bleeding as compared to the warfarin group. 
However, the 2 groups had significantly shorter time 
to thromboembolic events as compared to the warfarin  
group. The dabigatran group demonstrated similar time  
to overall bleeding as compared to the warfarin group.  
No stroke, major bleeding and thromboembolic events 
occurred in the dabigatran group.

The outcomes on stroke and major bleeding for the 
rivaroxaban and apixaban groups were consistent with  
the literature, including studies involving patients of  
Asian origin.16,27-30 The shorter time to thromboembolic 
events for these 2 groups might have been attributed to 
the relatively low compliance in this real-world study  
(the proportions of patients with MPR ≥ 0.8 were 56.6% 
and 59.2% for the rivaroxaban and apixaban group, 
respectively). The pharmacokinetic consideration is that 
the short half-life of NOACs will lead to an elevated  
risk of thrombosis when doses are missed, hence the 
importance of compliance. Studies involving populations 
in Taiwan and Singapore have found lower serum drug  
levels among Asians prescribed rivaroxaban than non-

Asians.31,32 This deviation from the expected levels in  
clinical studies might have led to the shorter time to 
thromboembolic events for the rivaroxaban group in this 
study. Most patients on rivaroxaban (82.6%) received 
an appropriate renally adjusted dose based on CrCl  
(excluding 6 patients with incomplete data). All patients 
on apixaban (100%) received an appropriate dose  
adjusted based on their age, weight and CrCl (excluding 5 
patients with incomplete data).

It is difficult to elucidate the safety and efficacy for 
dabigatran because of the low incidence of outcomes.  
This is attributed to the small sample size, with one 
underlying reason being the clinicians’ preference 
for rivaroxaban or apixaban given their less stringent  
criteria for renal dose adjustments. Another plausible 
reason is that the population in this study were  
generally more advanced in age with poorer renal  
function, for whom dabigatran would be inappropriate  
(since it is contraindicated in individuals with  
CrCl < 30ml/min who were excluded from the RE-
LY trial).13 Patients in the dabigatran group are mostly  
younger with mean age of 67.4 (±11.4) years old and 
better renal function as reflected by the mean CrCl of  
70.9 (±28.4) ml/min. With the exception of 1 patient,  
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those on dabigatran received an appropriate renally  
adjusted dose based on CrCl. Future research with 
larger sample sizes is necessary to more accurately  
characterise the safety and efficacy of dabigatran for  
NVAF management in the real-world setting. 

In this study, the warfarin group had a higher mean TTR  
of 68.8% (±24.3%) than those reported in major clinical 
trials (ranging from 55% to 65%).11-13 This could be  
attributed to compliance reinforcement and regular INR 
monitoring by the pharmacist-led anticoagulation clinics. 
The high TTR might have contributed to the lower rate 
of stroke and thromboembolic events in the warfarin 
group as compared to the rivaroxaban and apixaban 
groups. Therefore, warfarin remains an option for  
NVAF management when TTR can be optimised. 

The international consensus for defining compliance 
to medications is a compliance rate of at least 80%. The 
International Society for Pharmaceutical and Outcomes  
Research defines compliance as MPR ≥ 0.8.25,33  
The data on compliance herein revealed that an  
MPR ≥ 0.8 was noted for 56.6% of patients on  
rivaroxaban, 59.2% of those on apixaban, and 44.8% 
of those on dabigatran. The relatively low compliance 
rate might be a contributory factor to the higher rates  
of stroke and thromboembolic events in the  
rivaroxaban and apixaban groups as compared to 
the warfarin group. Hence, compliance to NOACs is  
important to achieve better outcomes. Numerous  
reasons have been found to underlie non-compliance  
such as polypharmacy, side effects of medications, 
costs, personal beliefs and forgetfulness.34 For NOACs,  
compliance remains a problem in the real-world setting 
because they are more expensive than warfarin and less 
affordable for some patients.26,35  In Singapore, NOACs 
are classified as ‘non-standard’ drugs that are not eligible 
for subsidies (unless the patients qualify for financial 
aid schemes such as Medication Assistance Fund).36 
Affordability is thus a vital aspect of compliance in  
the practical setting that needs to be addressed in  
order to optimise the usage of NOACs for NVAF 
management locally. 

Medication-use strategies may be employed to  
enhance patients’ compliance to NOACs. Firstly, in view 
of the rising trend of NOAC use for NVAF in Singapore, 
pharmacist-led anticoagulation clinics can be expanded 
to include NOAC monitoring, where compliance 
reinforcement, renal function tests, dosage adjustments, 
identification of drug interactions, and smooth transition 
between OACs can be performed.37 According to Shore  
et al., compliance to dabigatran improved with the 
introduction of pharmacist-led clinics for monitoring.38 

Furthermore, medication therapy management and 

counselling sessions in the outpatient setting can be 
conducted for patients non-compliant to NOACs.  
Secondly, the involvement of medical social workers is 
also important to ensure that NOACs remain affordable 
to patients, such that compliance is not compromised. 
Thirdly, a team-based approach to include doctors,  
nurses, pharmacists, case managers and medical 
social workers is essential for the success in ensuring  
compliance to NOACs, but the implications of such 
an approach warrant further investigations in the local 
context, especially in terms of its cost-effectiveness.  
Lastly, validated questionnaires for compliance may 
be conducted for patients on NOACs to identify drug- 
related problems and non-compliance.24 

Despite challenges for NOACs involving compliance 
and affordability, there are reasons to support their use 
for NVAF in Singapore. Although NOACs cost more  
than warfarin, the healthcare resource utilisation was  
found to be lower for NOACs in several real-world 
studies.39 The higher cost of NOACs is usually offset by 
the lower medical costs incurred from fewer outpatient 
visits (since NOACs do not necessitate INR monitoring) 
and lower hospitalisation rates (since NOACs contribute 
to better clinical outcomes), as compared to warfarin. 
Furthermore, a meta-analysis by Wang et al. showed  
that the risks of ischaemic stroke, major bleeding and  
all-cause mortality were lower among Asians than non-
Asians on standard-dose NOACs.40 Therefore, NOACs 
can be considered in NVAF management in Singapore 
due to the financial and clinical benefits, though  
desirable outcomes were not herein observed.

Several limitations in this study need to be addressed. 
Firstly, the power of this single-centre study was limited 
by its small sample size, especially the dabigatran group. 
Hence, pooled data from various institutions could be 
obtained subsequently to enhance the quality of results. 
Secondly, the reasons for switching OAC and its effects 
were not accounted for and the outcomes were analysed 
based on the OAC that was first initiated. Ideally,  
patients enrolled should only be taking a single OAC 
throughout the entire study period, but the small sample 
size limited the setting of such an inclusion criterion. 
Nonetheless, this mirrors the real-world situation  
whereby adherence to a single OAC is not always  
achievable. Thirdly, the effects of some baseline 
characteristics on the outcomes were not evaluated  
due to inadequate data. These included concomitant 
medications (e.g. NSAIDs or amiodarone), comorbidities 
(e.g. hyperlipidaemia, ischaemic heart disease or 
cancer) and type of AF (e.g. paroxysmal, persistent or  
permanent). Furthermore, significant differences were 
noted between the treatment groups for certain baseline 
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characteristics. For example, the rivaroxaban and  
dabigatran groups had significantly lower median  
HAS-BLED scores as compared to the warfarin group,  
which might have led to an underestimate of the true  
bleeding risk. Factors contributing to risks of thrombosis 
and of bleeding were assigned as covariates for survival 
analyses to mitigate the effect of such differences. Lastly, 
the impacts on the rates of hospitalisation and healthcare 
resource utilisation in Singapore were not compared  
between NOACs and warfarin in this study.

Conclusion
Among patients with NVAF, NOACs were associated  
with similar rates of stroke and major bleeding as  
compared to warfarin. Warfarin remains an option for  
NVAF management when TTR can be optimised.

Acknowledgements
The authors thank Ms Carmen Kam and Ms Tan Pei Ting (Research  
Unit, Changi General Hospital) for their assistance in performing  
statistical analysis for this research project, Ms Xie Yiming, Ms Kao 
Hui Wen Casandra, Mr Kuek Jing and Mr Shawn Ignatius Tan Boon 
Heng (pharmacists, Changi General Hospital) for their assistance in  
acquiring the data necessary for this study, and Mr Woo Weng Leong 
(pharmacist, Changi General Hospital) for his efforts on reviewing the 
language and grammar for the manuscript.

REFERENCES
1.		 Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an  

independent risk factor for stroke: the Framingham Study. Stroke 
1991;22:983-8. 

2.		 Benjamin EJ, Wolf PA, D’Agostino RB, et al. Impact of atrial  
fibrillation on the risk of death: the Framingham Heart Study.  
Circulation 1998;98:946-52.

3.		 Lloyd-Jones DM, Wang TJ, Leip EP, et al. Lifetime risk for  
development of atrial fibrillation: the Framingham Heart Study. 
Circulation 2004;110:1042-6.

4.		 Fuster V, Rydén LE, Cannom DS, et al. ACC/AHA/ESC 2006  
guidelines for the management of patients with atrial fibrillation – 
executive summary. Circulation 2006;114:700-52.

5.		 Omar R, Teo WS, Foo D, et al. Atrial fibrillation in Singapore  
and Malaysia: current trends and future prospects. J Arrhythm 
2011;27:171-85.

6.		 Yap KB, Ng TP, Ong HY. Low prevalence of atrial fibrillation in 
community-dwelling Chinese aged 55 years or older in Singapore: a 
population-based study. J Electrocardiol 2008;41:94-8.

7.		 Le Heuzey JY, Paziaud O, Piot O, et al. Cost of care distribution  
in atrial fibrillation patients: the COCAF study. Am Heart J 
2004;147:121-6.

8.		 Lane DA, Lip GY. Barriers to anticoagulation in patients with atrial 
fibrillation: changing physician-related factors. Stroke 2008;39:7-9.

9.		 January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS  
guideline for the management of patients with atrial fibrillation: a  
report of the American College of Cardiology/American Heart 

Association Task Force on practice guidelines and the Heart  
Rhythm Society. J Am Coll Cardiol 2014;64:e1-76.

10.	 Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC guidelines for 
the management of atrial fibrillation developed in collaboration with 
EACTS. Eur Heart J 2016;37:2893-962. 

11.	 Granger CB, Alexander JH, McMurray JJ, et al. Apixaban versus  
warfarin in patients with atrial fibrillation. N Engl J Med 2011; 
365:981-92.

12.	 Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin  
in nonvalvular atrial fibrillation. N Engl J Med 2011;365:883-91.

13.	 Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus  
warfarin in patients with atrial fibrillation. N Engl J Med 2009; 
361:1139-51.

14.	 Hori M, Matsumoto M, Tanahashi N, et al. Rivaroxaban vs. warfarin 
in Japanese patients with atrial fibrillation – the J-ROCKET AF  
study. Circ J 2012;76:2104-11.

15.	 Almutairi AR, Zhou L, Gellad WF, et al. Effectiveness and safety of 
non-vitamin K antagonist oral anticoagulants for atrial fibrillation  
and venous thromboembolism: a systematic review and meta- 
analyses. Clin Ther 2017;39:1456-78.

16.	 Yao X, Abraham NS, Sangaralingham LR, et al. Effectiveness and  
safety of dabigatran, rivaroxaban, and apixaban versus warfarin in 
nonvalvular atrial fibrillation. J Am Heart Assoc 2016;5:e003725.

17.	 López-López JA, Sterne JAC, Thom HHZ, et al. Oral anticoagulants 
for prevention of stroke in atrial fibrillation: systematic review,  
network meta-analysis, and cost effectiveness analysis. BMJ 
2017;359:j5058.

18.	 Ruff CT, Giugliano RP, Braunwald E, et al. Comparison of the 
efficacy and safety of new oral anticoagulants with warfarin in  
patients with atrial fibrillation: a meta-analysis of randomised trials. 
Lancet 2014;383:955-62.

19.	 Schulman S, Kearon C. Definition of major bleeding in clinical 
investigations of antihemostatic medicinal products in non-surgical 
patients. J Thromb Haemost 2005;3:692-4.

20.	 Sacco RL, Kasner SE, Broderick JP, et al. An updated definition of 
stroke for the 21st century: a statement for healthcare professionals 
from the American Heart Association/American Stroke Association. 
Stroke 2013;44:2064-89.

21.	 Kaatz S, Ahmad D, Spyropoulos AC, et al. Definition of clinically 
relevant non-major bleeding in studies of anticoagulants in atrial 
fibrillation and venous thromboembolic disease in non-surgical 
patients: communication from the SSC of the ISTH. J Thromb  
Haemost 2015;13:2119-26.

22.	 Easton JD, Saver JL, Albers GW, et al. Definition and evaluation of 
transient ischemic attack. Stroke 2009;40:2276-93.

23.	 Rosendaal FR, Cannegieter SC, van der Meer FJ, et al. A method to 
determine the optimal intensity of oral anticoagulant therapy. Thromb 
Haemost 1993;69:236-9.

24.	 Lam WY, Fresco P. Medication adherence measures: an overview. 
Biomed Res Int 2015;2015:217047.

25.	 Rolnick SJ, Pawloski PA, Hedblom BD, et al. Patient characteristics 
associated with medication adherence. Clin Med Res 2013;11:54-65.

26.	 Lai YF, Neo JK, Cheen MH, et al. Comparison of medication  
adherence and treatment persistence between new oral anticoagulant 
and warfarin among patients. Ann Acad Med Singapore 2016;45:12-7.

27.	 Okumura Y, Yokoyama K, Matsumoto N, et al. Three-year clinical 
outcomes associated with warfarin vs. direct oral anticoagulant use 
among Japanese patients with atrial fibrillation – findings from the 
SAKURA AF Registry. Circ J 2018;82:2500-9.



November 2020, Vol. 49 No. 11

847NOAC Use in Non-valvular Atrial Fibrillation—Wen Jun Tiew et al.

28.	 Chan YH, See LC, Tu HT, et al. Efficacy and safety of apixaban, 
dabigatran, rivaroxaban, and warfarin in Asians with nonvalvular  
atrial fibrillation. J Am Heart Assoc 2018;7:e008150.

29.	 Martinez BK, Sood NA, Bunz TJ, et al. Effectiveness and safety  
of apixaban, dabigatran, and rivaroxaban versus warfarin in frail  
patients with nonvalvular atrial fibrillation. J Am Heart Assoc 
2018;7:e008643.

30.	 Coleman CI, Briere JB, Fauchier L, et al. Meta-analysis of real- 
world evidence comparing non-vitamin K antagonist oral  
anticoagulants with vitamin K antagonists for the treatment of  
patients with non-valvular atrial fibrillation. J Mark Access Health 
Policy 2019;7:1574541.

31.	 Lin SY, Kuo CH, Yeh SJ, et al. Real-world rivaroxaban and  
apixaban levels in Asian patients with atrial fibrillation. Clin  
Pharmacol Ther 2020;107:278-86. 

32.	 Ng Tsai HO, Goh JJN, Aw JWX, et al. Comparison of rivaroxaban 
concentrations between Asians and Caucasians and their correlation 
with PT/INR. J Thromb Thrombolysis 2018;46:541-8.

33.	 Peterson AM, Nau DP, Cramer JA, et al. A checklist for medication 
compliance and persistence studies using retrospective databases.  
Value Health 2007;10:3-12.

34.	 Mathes T, Jaschinski T, Pieper D. Adherence influencing factors –  
a systematic review of systematic reviews. Arch Public Health 
2014;72:37.

35.	 Yeo SH, Toh MPH, Lee SH, et al. Temporal trends and patient 
characteristics associated with drug utilisation after first-ever 
stroke: insights from chronic disease registry data in Singapore.  
Ann Acad Med Singapore 2020;49:137-54.

36.	 Ministry of Health Singapore. Drug subsidies & schemes, 1  
September 2020. Available at: https://www.moh.gov.sg/cost-financing/
healthcare-schemes-subsidies/drug-subsidies-schemes. Accessed on 
23 September 2020.

37.	 Uppuluri EM, McComb MN, Shapiro NL. Implementation of a  
direct oral anticoagulation screening service at a large academic  
medical center provided by a pharmacist-managed antithrombosis 
clinic as a method to expand antithrombotic stewardship efforts. J 
Pharm Pract 2020;33:271-5.

38.	 Shore S, Ho PM, Lambert-Kerzner A, et al. Site-level variation in  
and practices associated with dabigatran adherence. JAMA 
2015;313:1443-50.

39.	 Mittal VS, Wu B, Song J, et al. Healthcare resource utilization and  
costs among nonvalvular atrial fibrillation patients initiating  
rivaroxaban or warfarin in skilled nursing facilities: a retrospective 
cohort study.  Curr Med Res Opin 2020;36:529-36.

40.	 Wang KL, Lip GY, Lin SJ, et al. Non-vitamin K antagonist 
oral anticoagulants for stroke prevention in Asian patients  
with nonvalvular atrial fibrillation: meta-analysis. Stroke  
2015;46:2555-61. 


