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Oral anticoagulation (OAC) for stroke prevention in patients with atrial fibrillation is

underutilised. One of the impediments to warfarin therapy is the frequent monitoring

required, usually at a specialised warfarin clinic. The advent of direct oral anticoagu-

lants (DOACs) facilitates OAC therapy without an onerous monitoring regimen. This

benefit may result in the more significant adoption of DOACs in areas without a war-

farin clinic. This study analysed national administrative data for reimbursed pharmacy

claims to assess OAC prescribing from 2010 to 2017 and compared the use of

DOACs in areas with warfarin clinics compared to those without. Over the study

period, the number of patients on OAC increased by 84%, due to a rapid increase in

DOAC prescribing. The findings demonstrate that DOACs have resulted in an

increase in the overall uptake of OAC therapy in Ireland. However, the increased

utilisation was not evidently related to populations underserved by warfarin clinics.
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1 | INTRODUCTION

Atrial fibrillation (AF) is a frequent cardiovascular presentation and the

most common cardiac arrhythmia.1 Its prevalence has previously been

estimated to be 0.5–3% in the general population, increasing substan-

tially in the elderly.1-3 The primary concern for those with this condi-

tion is a risk of thromboembolic stroke. It is thought that at least 15%

of strokes are due to AF and these strokes are often more detrimental

to the patient's subsequent functional ability compared to those of

other aetiologies.3

There is robust evidence to suggest patients with AF and a high

stroke risk derive a benefit from oral anticoagulation (OAC).4,5 Despite

this evidence, the appropriate use of OAC has been inadequate,

exposing large numbers of patients with AF to an excess risk of

ischaemic stroke. Estimates of this undertreatment in the UK suggest

that 45% of patients do not receive appropriate OAC treatment, and,

of those admitted to UK hospitals with a stroke and AF in early 2013,

only 36% were on OAC.6 These findings have been replicated in other

populations.7-10 Warfarin therapy has been the gold standard OAC

for the prevention of stroke and venous thromboembolism (VTE) as

well as the treatment of VTE.

Direct oral anticoagulants (DOACs) have been added to the arma-

mentarium following -scale randomised trials demonstrating nonin-

feriority to warfarin for stroke prevention in the setting of AF.11-14

DOACs have been integrated into practice in recent years. This is

reflected by updated guidelines on the treatment of AF with subse-

quent increases in the overall uptake of OAC.15-21 DOACs offer an

alternative to warfarin in the setting of AF and VTE with a require-

ment for less intensive monitoring due to their pharmacological pro-

files. DOACs are therefore more convenient for both the prescriber

and the patient.

However, real-world evidence suggests that despite this medical

advance, OACs are still under-utilised.20,22,23 Why is this the case?

The treating physician's overestimation of the risk of a bleeding event

and underestimation of the benefit of OAC have been described as

barriers to treatment.24 Issues from the patient's perspective include
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the fear of bleeding events, as well as poor adherence due to the

chronic nature of OAC treatment.25 Factors that are less often

described are the inconvenience of warfarin monitoring via interna-

tional normalised ratio (INR) testing and frequently changing dosing

regimens.26,27 The unavailability of a local warfarin clinic adds to this

inconvenience, thus affecting those living in rural locations dis-

proportionally.28,29 However, the relationship of OAC prescribing

trends, particularly with the advent of DOAC therapy, and the avail-

ability of anticoagulation monitoring services has not been studied.

Doing so may improve the targeting of interventions to improve OAC

uptake in other health systems.

The aims of this work are to: (i) report the contemporary OAC

utilisation trends in Ireland following the introduction of DOACs; and

(ii) identify if there was a greater uptake of DOACs in areas not served

by a warfarin clinic.

2 | METHODS

2.1 | Health Services Executive–Primary Care
Reimbursement Service

The Health Services Executive–Primary Care Reimbursement Service

(HSE-PCRS) General Medical Services (GMS) scheme is a means-

tested system in Ireland providing prescribed medicines for a small

co-payment per item. The scheme covers approximately 1/3 of the

population, but over-represents females and the elderly.30 The

HSE-PCRS pharmacy claims database used for this study contains

reimbursement records of medicines dispensed by pharmacies to

patients in primary care. Medicines were identified by their 7-digit

World Health Organisation anatomical therapeutic chemical classifica-

tion code.31

2.2 | OAC utilisation in Ireland

Monthly patient numbers were extracted from the HSE-PCRS data-

base. These figures represented the number of patients dispensed

an OAC in each calendar month which was reimbursed under the

GMS scheme. The reimbursement figures are considered a surro-

gate for patients prescribed OAC. These figures may more accu-

rately reflect the actual population treated with OAC as

noninitiation of treatment is eliminated. The patients were identi-

fied by anatomical therapeutic chemical codes for warfarin and

4 DOACs; apixaban, dabigatran, edoxaban, rivaroxaban. The num-

ber of patients eligible in each calendar year was identified from

the HSE-PCRS annual reports.32 The monthly figures were adjusted

for the number of GMS eligible patients prior to analysis and

graphing.

Following a review of the data trends, a transition point was cho-

sen at the beginning of 2013. This divided the study period in 2 seg-

ments; 2010 to 2012 when DOAC were seldom prescribed and 2013

to 2017, when DOAC utilisation increased rapidly. Segmented

regression analyses were used to analyse the PCRS data over the

study period using the chosen cut-off.33 The effect of DOAC prescrib-

ing was quantified in terms of the slope change (β coefficient) for the

periods above, in terms of both DOACs and total OACs. As patients

may repeat prescriptions monthly, the Durbin–Watson (DW) statistic

was applied to test for first-order autocorrelation in the residuals from

the statistical regression analysis. Analysis was performed using

Microsoft Excel (Microsoft Corporation, Seattle, USA) and SPSS soft-

ware version 24 (IBM Corp, Armonk, NY, USA).

2.3 | Analysis of proximity to a hospital-based
warfarin clinic and OAC utilisation

Spatial analysis techniques were employed to explore geographical

patterns in GMS OAC prescribing at a local authority level relative to

hospital-based warfarin clinics. The reimbursement figures were for

the period of January to December 2017. The presence of a warfarin

clinic was established from HSE directories and confirmed by con-

tacting the hospitals. Tableau Personal Desktop version 10.3 was

utilised for all mapping and spatial analysis. Polygon shapefiles of

Local Health Office (LHO) boundaries and point shapefiles of hospital-

based warfarin clinics were used to assist with spatial analysis and to

create interactive visualisations. Proportions of patients on warfarin

by LHO were compared using χ2 tests.

2.4 | Ethics

Ethical approval for the PCRS data was not required as all data were

anonymised.

What is already known about this subject

• Oral anticoagulation (OAC) is underutilised in patients for

stroke prevention. Direct oral anticoagulants (DOACs)

overcome some issues inherent in the use of warfarin

therapy, such as the necessity for frequent monitoring,

often in a warfarin clinic. DOACs have been integrated

into international guidelines and implemented in patient

care.What this study adds

• The use of DOACs has resulted in an increase in the

overall uptake of OAC therapy in Ireland. The increased

utilisation was not evidently related to populations

underserved by warfarin clinics. Further research to iden-

tify populations undertreated with OAC is required to

target quality improvement interventions.
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3 | RESULTS

The number of patients on oral anticoagulation increased from

28 445 in January 2010 to 52 119 in December 2017 (Figure 1). This

represented an increase of 84% when adjusted for patients eligible for

the GMS reimbursement. The period after the 2013 cut-off had a

67% increase in patients on OAC when adjusted for the eligible popu-

lation, which was much greater than the 10% increase evident for the

period prior to 2013. The statistical analysis of the reimbursement

trends corroborated this finding with the change in slope for OAC

was significant after the 2013 cut-off point (β 0.19, 95% confidence

interval = 0.16, 0.22; P < .001).

This increase in patients treated with OAC was not associated

with an increase in patients on warfarin, which showed a 42%

decrease over the study period. The rate of patients on warfarin was

unchanged from January 2010 to December 2012, 17.43 patients per

1000 eligible compared to 17.53. Therefore, the decrease was entirely

in the second period (2013 to 2017).

The increase in patients on OAC was due to the prescribing of

DOACs. As a percentage of all patients on OAC, those prescribed

DOACs increased from 1 to 69% over the study period. As evident in

Figure 1, there was a significant change in the rate of patients pre-

scribed DOACs after the 2013 cut-off (β coefficient 0.31, 95% confi-

dence interval 0.28, 0.34; P < .001). The DW statistic indicated no

significant autocorrelation in the residuals for either the OAC (P = .64)

or DOAC (P = .94) regression analysis.

Analysis of the regional data showed an even divide for areas

with at least 1 hospital-based warfarin clinic present (green squares in

Figure 2), with 59% having a DOAC predominance (areas with warfa-

rin <40% or 40–50% in Figure 2). For areas without a warfarin clinic

(red squares on Figure 2), 50% had a DOAC predominance. The per-

centage of patients on DOACs was not different for the areas with a

warfarin clinic versus those without (χ2 = 0.04; P = .84). Of areas with

a warfarin clinic, 18% had DOAC-prescribing rates of >60%, which

was not different to those without a warfarin clinic at 20% (χ2 = 0.02;

P = .90).

4 | DISCUSSION

This study found an increasing trend in the use of OAC in Ireland. This

increase was driven by patients treated with DOACs, particularly from

2013 onwards. The rapid adoption of this new anticoagulant class

was probably multifactorial. However, on examination of OAC-

prescribing trends in local health office areas served by hospital-based

warfarin clinics, there was no relationship observed. Therefore, the

absence of a warfarin clinic did not appear to influence the instigation

of DOAC treatment.

The underutilisation of OAC is a substantial public health issue.34

While it is difficult to assess the extent of adverse events accurately

due to this issue, the number of patients presenting to hospital with a

stroke and AF while not anticoagulated is well described.22,35 It is,

therefore, of paramount importance to identify why OAC is under-

utilised, including whether availability of specialised clinics is a factor.

The use of warfarin is complicated by the requirement for frequent

monitoring and the difficulty maintaining patients within its narrow

therapeutic window.36,37 DOACs surmount many of these difficulties

and this may explain the increasing trends in OAC usage seen in our

study.

The most recent US guidelines for the management of AF recom-

mend DOACs over warfarin for nonvalvular AF.38 Therefore, the

increasing use of DOAC therapy might be expected to continue. It is

unclear whether adherence to OAC may be improved by use of

DOACs with conflicting evidence.31,39 There is still a concern that less

F IGURE 1 Anticoagulant
prescribing trends 2010–2017 for
general medical scheme eligible
patients
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frequent interaction with healthcare professionals, in a setting such as

a warfarin clinic, may have unintended health consequences for a

largely elderly population on OAC. For example, monitoring of renal

function is recommended by guidelines,16 but this may not occur in

the hectic setting of primary care. Indeed, patients have expressed a

desire to access specialist anticoagulation services following a switch

to DOAC therapy which may reflect their concern regarding bleeding

events and a wish for closer monitoring while on OAC.31

The inconvenience and cost of frequent INR monitoring is greater

for those distant to a warfarin clinic.40 It may be reasonable to expect

that the absence of a local service to manage warfarin therapy would

lead to the more significant adoption of DOAC therapy. However, this

was not borne out by the prescribing patterns seen in this study. It is

possible that the greater convenience afforded by DOACs is widely

applicable, not just to those living in more remote locations. While

studies referred to in this paper suggest rural residence as a factor in

OAC underuse, a Canadian population-based study did not validate

this association.41 Therefore, the influence of both warfarin clinics

and DOAC adoption are likely to be health system dependent.

4.1 | Strengths and limitations

Strengths of the study include the use of reliable administrative data

to assess OAC prescribing patterns. As OAC is a frequently required

therapy, the large numbers of patients included in the study allow

clear trends to be visualised and assessed. A limitation of the study is

that PCRS data does not include an indication for OAC use. While it is

expected that most OAC is prescribed for stroke prevention in the

setting of AF, a proportion of the patients will be treated for VTE. As

mentioned previously, the GMS data over-represents elderly and

female patients. Patients' warfarin treatment may also be managed by

point of care (POC) testing in a primary care setting but POC was not

widely funded by the health service in Ireland, thus limiting its

F IGURE 2 Anticoagulant prescribing patterns relative to warfarin clinic location. % Warfarin Rx, percentage of warfarin in terms of total oral
anticoagulants prescriptions reimbursed; INR, international normalised ratio. Green squares represent hospitals with a warfarin clinic while red
squares represent those without a warfarin clinic. An enlarged map of the Dublin area is inserted to the right. The inserted table gives warfarin as
a percentage of total oral anticoagulation prescribed for local health areas grouped by OAC-prescribing predominance and presence/absence of a
warfarin clinic. ©OpenStreet map
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utilisation. Also, there are no reliable data on extent of INR POC test-

ing in Ireland. Another limitation is the assumption that a clinic only

cared for those in its local health office area. Some clinics are in close

proximity to the local health office area boundaries and patients may

attend the warfarin clinics in a neighbouring local health office area,

thereby contaminating the results.

5 | CONCLUSION

The introduction of DOACs has resulted in an increase in the overall

uptake of OAC therapy in Ireland. The increased utilisation was not

evidently related to populations underserved by warfarin clinics. Fur-

ther research into the pharmaco-epidemiology of oral anticoagulation

use may identify patient cohorts for targeted interventions to improve

appropriate prevention of stroke.
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