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Abstract

Background: Oral anticoagulants are prescribed for stroke prophylaxis in patients with atrial fibrillation, which is the
most common heart arrhythmia worldwide. The vitamin K antagonist (VKA) warfarin is a long-established anticoagulant.
However, newer direct oral anticoagulants (DOACs) have been recently introduced as an alternative. Given the prevalence
of atrial fibrillation, anticoagulant choice has substantial clinical and financial implications for healthcare systems. In this
study, we explore trends and geographic variation in anticoagulant prescribing in English primary care. Because national
guidelines in England do not specify a first-line anticoagulant, we investigate the association between local policies and
prescribing data.

Methods: Primary care prescribing data of anticoagulants for all NHS practices from 2014 to 2019 in England was
obtained from the ePACT2 database. Public formularies were accessed online to obtain local anticoagulation prescribing
policies for 89.5% of clinical commissioning groups (CCGs). These were categorized according to their recommendations:
no local policies, warfarin as first-line, or identification of a preferred DOAC (but not a preferred anticoagulant). Local
policies were cross-tabulated with pooled prescribing data to measure the strength of association with Cramér’s V.

Results: Nationally, prescribing of DOACs increased from 9% of all anticoagulants in 2014 to 74% in 2019, while that of
warfarin declined accordingly. Still, there was significant local variation. Across geographical regions, DOACs ranged from
53 to 99% of all anticoagulants. Most CCGs (73%) did not specify a first-line choice, and 16% recommended warfarin first
line. Only 11% designated a preferred DOAC. Policies with a preferred DOAC indeed correlated with increased prescribing
of that DOAC (Cramér’s V = 0.25, 0.27, 0.38 for rivaroxaban, apixaban, edoxaban respectively). However, local policies
showed a negligible relationship with the classes of anticoagulants prescribed—DOAC or VKA (Cramér’s V = 0.01).

Conclusions: Nationally, the use of DOACs to treat atrial fibrillation has increased rapidly. Despite this, significant
geographical variation in uptake remains. This study provides insights on how local policies relate to this variation. Our
findings suggest that, in the absence of a nationally recommended first-line anticoagulant, local prescribing policies may
aid in deciding between individual DOACs, but not in adjudicating between DOACs and vitamin K antagonists (i.e.
warfarin) as general classes.
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Background
Atrial fibrillation (AF) impacts millions of individuals
worldwide and is the most common heart arrhythmia.
Individuals with AF have an increased risk of stroke,
which inflicts a heavy burden on both individuals and
societies [1, 2]. Anticoagulants are now recognized as
an important treatment in the prophylaxis of stroke
due to AF.
Warfarin is a long-established anticoagulant which

requires close blood monitoring and dietary modifica-
tions. It is part of a class of drugs called Vitamin K
antagonists (VKAs) that inhibit the enzyme Vitamin
K epoxide reductase. In the past decade, however,
new direct oral anticoagulants (DOACs) have become
available. They operate by a different cellular mechan-
ism, instead inhibiting Factor Xa or thrombin. Ran-
domized controlled trials have shown that DOACs
are non-inferior to warfarin when used for stroke pre-
vention [3–5], and some analyses of clinical effective-
ness suggest they are actually preferable [6]. DOACs
are also convenient due to a lack of mandatory moni-
toring, and—compared to warfarin—have fewer prob-
lematic food and drug interactions.
In England, there is considerable effort at the national

level to coordinate and disseminate information on med-
ical best practices. For example, the National Institute
for Health and Care Excellence (NICE)—with which the
authors are affiliated—convenes panels of physicians,
statisticians, and patient representatives to discuss scien-
tific literature. Ultimately, NICE is responsible for con-
ducting appraisals of new medicines to decide whether
they represent a cost-effective use of resources for the
National Health Service (NHS). These assessments of
value also consider clinical efficacy. Only drugs with a
positive appraisal are routinely commissioned—and
therefore used—in the English NHS.
Currently, four DOACs have received positive ap-

praisals: apixaban, rivaroxaban, dabigatran, and edoxa-
ban. Thus, the NHS is legally obligated to pay for these
medications.
In practice though, local implementation may lag be-

hind the national green light. There are several barriers
to the actual uptake of these newly approved medicines.
DOACs have been deemed by NICE cost-effective in the
long term, and independent analyses have concluded
that DOACs are superior to warfarin in this respect [6].
But the initial cost of a prescription for a DOAC is much
higher than that of warfarin, which may give pause to
local commissioning agencies. Also, while several real-
world studies on DOACs have established reassuring
safety profiles [7, 8], fears of increased bleeding linger,
particularly in the media [9]. There existed no antidote
for rivaroxaban or apixaban until the introduction of
andexanet alfa in 2018—and still, no antidote has been

recommended by a NICE technology appraisal. This is
all in addition to potential inertia derived from pre-
scriber preference and experience level [10]. Finally, a
bevy of local factors such as pharmaceutical rebates,
local incentives and policies, and patient demographics
influence prescribing choices.
In addition to its decision-making capacity, NICE

also issues guidelines on management of diseases and
conditions, which may indicate which treatment
should be considered first line. However, NICE guide-
lines on AF management do not give a clear indica-
tion in this respect. The guidelines do not indicate
whether vitamin K antagonists or DOACs should be
preferred. Moreover, they do not specify which
DOAC should be preferred out of the class. Accord-
ingly, there is likely to be significant variation in the
prescribing practices of anticoagulants nationally be-
tween different areas.
This study aims to determine trends in use of antico-

agulants. In particular, we examine geographical vari-
ation and the impact of local policies on anticoagulant
prescribing choices for the management of atrial fibrilla-
tion. We also assess whether local policies are a barrier
to the uptake of DOACs.

Methods
Review of anticoagulant policies
Policy categories
Formulary websites for every Clinical Commissioning
Group (CCG) in England were accessed online in July
and August 2019. There were 191 active CCGs at time
of review; each CCG is an official body of the NHS that
coordinates and commissions healthcare services for the
local community. Criteria were used by one of the au-
thors (KHH) to classify each CCG’s policy into one of
five categories:

� No local policy preference given (“No”)
� Recommendation for warfarin as an overall first-line

anticoagulant (“Warfarin”)
� Identification of a preferred DOAC (“Apixaban,”

“Rivaroxaban,” or “Edoxaban,” respectively), but not
necessarily preference for DOACs overall

For the last category, we did not include CCGs that in-
dicated a preferred DOAC, but recommended warfarin
as the overall first-line anticoagulant, putting these in-
stead under the “Warfarin” category. This last category
did not necessarily require policies to prefer DOACs as
a class over warfarin. We chose this more inclusive
method of categorization because no CCGs indicated an
explicit preference for a DOAC as an absolute overall
first-line anticoagulant over warfarin.
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Criteria for categorization
Local policies were categorized using a strict set of re-
quirements to reduce subjectivity. The format of the for-
mularies was conducive to this approach, as policies
tended to be clearly flagged using certain phrases.

1. We assigned a category only to policies that were
publically accessible online in a CCG’s official
primary care formulary.

We required that polices were either directly written
on the formulary webpage, or included in policy docu-
ments linked on the webpage. The formulary for each
CCG was identified by Google searches or browsing on
the CCG website. In a few ambiguous cases, confirm-
ation was obtained directly from the CCG through free-
dom of information requests.
We chose to focus on public formularies to maintain

consistency while maximizing the CCGs included in the
study. Moreover, CCGs often integrate these public for-
mularies into the clinical information systems used in
primary care, which can display real-time suggestions of
preferred medications to guide decision-making by pre-
scribers [11].

2. We looked for the words “first line,” “preferred,” or
“recommended” to describe anticoagulant use, or
anticoagulation for atrial fibrillation. If a policy
existed but none of these phrases were used, we
categorized the policy as having “No”
recommendation.

3. We excluded and did not categorize CCGs that
relied only on “traffic light” lists, or CCGs that had
no formularies altogether. “Traffic light” lists only
provided guidance on prescribing responsibilities,
such as whether a medication could be initiated in
primary care or secondary care.

4. We did not categorize recommendations that were
specified to apply only to hospitals (secondary care)
or for other indications such as deep-vein
thrombosis.

5. We only considered information on the formulary
to be a recommendation if one or two, but not
three or more anticoagulants were singled out. If a
policy existed but recommended three or more
anticoagulants, we categorized it as having “No”
recommendation.

Secondary analysis of prescribing data
Data source
The data included all prescriptions of apixaban, rivarox-
aban, edoxaban, dabigatran, and warfarin written by
NHS general practices in England from January 2014 to
August 2019. This information was published by the

NHS Business Services Authority in the ePACT2 data-
base and was accessed in November 2019. The data was
aggregated at the CCG level on a monthly basis.

Statistical analysis
We used descriptive statistics to examine national trends
and variation in anticoagulant use, and to present a
graph of policies.
To analyze the association between prescribing policy

and actual outcome, we cross-tabulated prescribing pol-
icy and ePACT2 anticoagulant prescribing data. We
constructed tables that compared local policies against
prescriptions measured in Daily Defined Doses (DDD).
This is a standardized amount of medication defined by
the WHO to be the average maintenance dose per day
for an adult [12]. In this case, the DDD were calibrated
based on an indication of AF.
This data was all analyzed with chi-square analysis,

which yielded p values that indicated the statistical sig-
nificance of any differences. To assay not just statistical
significance but practical relevance, we then used Cra-
mér’s V to assess the strength of association between
policies and actual prescribing data.

Results
Nationally, prescribing of DOACs steadily increased
from 9% of all anticoagulants in 2014 to 74% in 2019.
That of warfarin declined from 91 to 26%. Figure 1
shows these national trends measured in millions of
DDD in each month-long reporting period from January
2014 to August 2019. Apixaban and rivaroxaban were
the most commonly used DOACs, with 11.6 million and
10.0 million doses respectively in the last reporting
month, compared with warfarin’s 8.7 million. Prescribing
for dabigatran was relatively constant around 1 million
DDD per month. Edoxaban prescribing was low, but

Fig. 1 National trends in anticoagulant prescribing, Jan 2014 –
Aug 2019
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climbed steadily starting in early 2017, representing an
entry point later than the other anticoagulants.
Overall, total anticoagulant prescribing nearly doubled

during the period examined, from 15.0 million doses in
January 2014 to 33.0 million doses in August 2019.
Despite a clear national shift toward DOACs, a differ-

ent picture emerged when examining prescribing in indi-
vidual CCGs. Figure 2 shows a histogram of the
percentage DOACs out of total anticoagulants at the
CCG level. We used only the last year of prescribing
data accessed to reflect more current practices in antic-
oagulation. While the Blackpool CCG only used DOACs
for 53.0% of anticoagulant prescriptions, this proportion
reached as high as 99.5% in the Heywood, Middleton,
and Rochdale CCG in the time period examined. The
mean was 69.8% (SD = 6.6%).
To study possible reasons for the variation in DOAC

use, we looked at local policies. Policy categories were
assigned to 171 CCGs, which represented 89.5% of re-
cently active reporting CCGs during July and August
2019. Reporting CCGs included any CCG that submitted
data on anticoagulant items during this time. The num-
ber of unique reporting CCGs from the entire period Jan
2014 – August 2019 was much higher, at 221. This in-
cluded now-defunct CCGs that since merged into en-
tities listed under other names. The 10.5% we excluded
were CCGs where we were unable to find an official on-
line formulary, often because that CCG did not use a
formulary.
The review revealed that, of 171 CCGs classified, most

(72.5%) did not specify any prescribing recommenda-
tions (“No”). Of the 47 CCGs that did specify recom-
mendations, the majority (59.6%) recommended warfarin
as an overall first-line treatment for anticoagulation

(Table 1). The next most common category was “Rivar-
oxaban,” which represented 17.0% of all recommenda-
tions and 8 CCGs. This was followed by “Edoxaban”
with 12.8% of recommendations (6 CCGs) and “Apixa-
ban” with 10.6% of recommendations (5 CCGs). Note
that here we refer to categories defined previously for
the purposes of this study. For example, “Rivaroxaban”
denotes CCGs that specified rivaroxaban as a first-line
DOAC, but not necessarily as an overall first-line
anticoagulant.
We then studied the correlation between local policies,

as categorized above, and actual prescribing data. This
comparison is shown graphically in Fig. 3. Each column
represents a category of policies, and the colored bars
above show pooled prescribing data in all CCGs bearing
that policy from July to August 2019. The policy catego-
rizations and prescribing data came from the same two-
month time period.
We made two types of comparisons:

1. Prescriptions for warfarin vs. DOACs, for local
policy categories “No” vs. “Warfarin” vs. any DOAC
(“Edoxaban” + “Rivaroxaban” + “Apixaban”) (3 × 2
table)

2. Prescriptions for apixaban vs. all other DOACs, for
local policy categories “Apixaban” vs. all other
DOACs (“Edoxaban” + “Rivaroxaban”) (2 × 2 table)
a. Repeated considering rivaroxaban
b. Repeated considering edoxaban

The results of the first comparison are shown in
Table 2. There was a statistically significant difference
in choice between warfarin and DOACs depending on
whether the local CCG had no recommendation
(“No”), recommended warfarin outright (“Warfarin”),
or specified a preferred DOAC (“Apixaban,” “Rivarox-
aban,” “Edoxaban,” pooled). The p value was < 0.005.
Cramér’s V for this 3 × 2 table was 0.013, representing
a negligible effect size. Cramér’s V ranges from 0 to 1
with larger values showing a stronger association be-
tween variables, and corrects for sample size differ-
ences. Graphically, the blue bar representing warfarin

Fig. 2 Variation in uptake of DOACs across CCGs. For the last 12
months of data available, Sept 2018 – Aug 2019. CCGs with less than
150 total DDD were excluded

Table 1 Distribution of anticoagulant policies adopted by CCGs

Recommendation Number of CCGs

No 124

Warfarin 28

Rivaroxaban 8

Edoxaban 6

Apixaban 5

Total 171

For policies accessed July – Aug 2019
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prescriptions was relatively constant between all five
categories (Fig. 3).
Table 3 shows the results of statistical analysis pre-

formed on three separate 2 × 2 contingency tables. Each
2 × 2 table corresponds to a comparison involving rivar-
oxaban, apixaban, or edoxaban. The purpose of each
comparison was to ascertain whether recommending an
individual DOAC actually correlated with prescribing
preference over alternatives within the same class. For
example, rivaroxaban prescriptions were compared to
non-rivaroxaban DOAC prescriptions (denoted by the
“Other DOAC” column) under two conditions: first in
CCGs that recommended rivaroxaban (“Rivaroxaban”),
and second in CCGs that recommended another DOAC
(“Edoxaban” or “Apixaban”, denoted by the “Other
DOAC” row). This was repeated for apixaban and edox-
aban. Each 2 × 2 table investigates whether prescribing
of a given DOAC meaningfully differs between CCGs
either recommending it or not.
All three p values obtained were very small, less than <

0.005. However, in contrast to Table 2, there were moder-
ately high values for Cramer’s V. For rivaroxaban, apixaban,

and edoxaban, we obtained 0.249, 0.268, and 0.377 respect-
ively. This denoted a moderate association between policy
and prescribing when looking at individual DOAC choice,
with the highest association found for edoxaban.

Discussion
Stroke is costly for both individuals and societies. In
2016, 5.5 million people worldwide died from a stroke
[13]. Of survivors, approximately 20% are unable to walk
without full physical assistance [14], and 20% experience
language impairments [15]. In the U.K., health and social
care spending amounted to £46,039 per patient in the 5
years post-stroke [16].
Encouraging proper anticoagulation therapy is thus an

essential cornerstone of preventive strategy. Given the
importance of anticoagulation in public health, this
study attempted to characterize and investigate trends in
prescribing at both a local and national level. Nationally,
use of DOACs increased dramatically from 9 to 74% of
anticoagulants in just 5 years, while prescriptions for
warfarin fell. This trend could suggest a substitution
effect wherein patients on warfarin are switched to
DOACs. However, there was also near-doubling of
total anticoagulant prescriptions from 2014 to 2019.
This suggests that the increase in DOACs could also
be driven by an initiation of new patients on the
medication, not just switching of existing patients.
This is consistent with findings that rate of DOAC
initiation has increased in recent years compared to a
drop in initiation of VKAs [17].
Certainly, the choice between DOACs and VKAs is an

area of active clinical research [3–5, 7, 8, 18]. However,
to translate any research findings into real-world imple-
mentation, it is crucial to understand the variety of fac-
tors that drive local decision-making. There was wide

Fig. 3 Association between policies and prescribing practices, July – Aug 2019

Table 2 Association between local prescribing policy and
prescribing of warfarin vs. DOACs

Prescriptions (DDD) (millions) p value Cramér’s V

Local policy Warfarin DOACsb

No 11.154 31.092 < 0.005 0.013

Warfarin 2.431 6.644

DOACa 1.374 4.205

For policies accessed July – Aug 2019, and prescribing data spanning the
same period
aIncludes the categories “Apixaban,” “Rivaroxaban,” “Edoxaban”
bIncludes prescriptions of all DOACs: apixaban, rivaroxaban, edoxaban,
and dabigatran

Ho et al. BMC Health Services Research          (2020) 20:279 Page 5 of 8



variation in trends at the local level, with DOAC uptake
ranging from 53.0 to 99.4% in different CCGs. Although
patient demographics must play a role in this discrepancy,
countless other factors could be at play. For example,
knowledge of favorable clinical trial results involving
DOACs could sway physician preferences. There may be
local financial incentives for either DOAC prescription
[19] or warfarin monitoring [20], and pharmaceutical
companies may provide local rebates that make certain
anticoagulants much more cost-effective [21]. There may
be carryover from secondary care. Since NICE does not
recommend any anticoagulant as first-line, local recom-
mendations may influence prescribers.
We characterized this last correlation between local

policies and local prescribing practices. There was negli-
gible correlation (Cramér’s V = 0.013) between type of
local policy (no recommendation, warfarin first-line, or
identification of a preferred DOAC) and class of anti-
coagulant prescriptions (DOAC or VKA). However,
within the category of DOACs, local policies showed a
moderate association with choice of individual DOAC.
The Cramér’s V value was 0.249, 0.268, and 0.377 for
rivaroxaban, apixaban, and edoxaban respectively.
There were significant p values for all comparisons.

However, a large number of observations—DDD values
in the millions—mean even very small differences will
yield p values suggesting statistical significance. In this
case, measures of strength of association, such as Cra-
mér’s V, are more practically relevant [22].
The results suggest that local anticoagulation recom-

mendations do not influence choices between DOACs
and VKAs, but play an important role in determining
choice of specific DOAC.
This interpretation makes sense because DOACs and

VKAs are very different, while individual DOACs are
more similar to each other. For example, warfarin inter-
acts with a number of foods and medications, including
cranberries, alcohol, many antibiotics, and ibuprofen.
DOACs have few interactions. Warfarin requires routine
blood monitoring, while DOACs do not. Only warfarin

is recommended for the treatment of patients with
valvular atrial fibrillation, defined as the presence of
moderate-to-severe mitral stenosis or a mechanical heart
valve [23, 24]. The upfront cost of the two drugs is vastly
different. Under drug tariff prices in the British National
Formulary published by NICE and accessed in October
2019, 4 weeks of the DDD for warfarin cost £1.28. Mean-
while, the cost for 4 weeks of apixaban, rivaroxaban,
edoxaban, or dabigatran was £53.20, £50.40, £49.00, or
£47.60, respectively.
These differences between DOACs and VKAs impact

financing, patient choice, and medical considerations,
which may be the main determinants in prescribing
choices rather than local policy recommendations. For
instance, a Canadian survey showed that food-drug in-
teractions were the single most important attribute in
patients’ anticoagulation preferences [25]. However, local
recommendations that differentiate between the less-
distinguishable DOACs may be perceived as more help-
ful by prescribers. This may be especially true in cases
where the recommendations provide genuine insight
into unique local conditions, such as a rebate received
by the CCG that makes one DOAC comparatively
cheaper. This is known to be the case for edoxaban
wherein a manufacturer rebate program cuts the per-
pack price by 29% [21]. This may account for the rela-
tively strong association between policy and practice for
edoxaban, for which we found a Cramér’s V value 0.109
greater than the next strongest association.
Although there were relatively strong associations be-

tween anticoagulant prescribing and certain policies where
they existed, our review of these policies on public formu-
laries revealed that 72.5% of CCGs did not have any such
policies in place. This—along with the negligible association
found between policies and prescribing of warfarin vs
DOACs—suggests that local policies cannot fully explain
the geographical variation in prescribing shown by Fig. 2,
or the dramatic shift in anticoagulant use shown in Fig. 1.
Although existing studies have explored national

trends and local variation in anticoagulation for patients

Table 3 Association between local DOAC preference and prescribing of DOACs

Prescriptions (DDD) (millions) p value Cramér’s V

Local DOAC Policy Recommended DOAC Other DOACb

Rivaroxaban Rivaroxaban 1.291 0.843 < 0.005 0.249

Other DOACa 0.738 1.333

Apixaban Apixaban 0.609 0.339 < 0.005 0.268

Other DOACa 1.068 2.189

Edoxaban Edoxaban 0.290 0.833 < 0.005 0.377

Other DOACa 0.066 3.016

For policies accessed July – Aug 2019, and prescribing data spanning the same period
aIncludes the two other categories from the set {“Rivaroxaban,” “Apixaban,” “Edoxaban”} besides the one being considered
bIncludes pooled prescriptions of three DOACs from the set {rivaroxaban, apixaban, edoxaban, dabigatran} besides the one being considered
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with atrial fibrillation [7, 17, 26–28], this study repre-
sents the first comprehensive review of local anticoagu-
lation policies in England. Other studies use dedicated
primary care databanks that contain more patient-level
data, while we use national NHS prescribing data aggre-
gated by CCG. The ePACT2 database does not include
indications. Still, previous studies in U.K. primary care
found the majority of patients prescribed anticoagulants
have an indication of AF rather than venous thrombo-
embolism (VTE), the next most common indication
[17]. Patients on anticoagulation for AF typically have a
longer median treatment time than those with VTE [7],
which means more doses. It is reasonable to assume that
the main driver of anticoagulant doses in our data is AF.
This lack of granular patient-level data represents a
trade-off with the wide coverage of the data. Our review
of policies was comprehensive, classifying 89.5% of cur-
rently active CCG that reported data during the time
period studied.
However, a limitation is that our review of local pol-

icies only captured a snapshot at one point in time. Al-
though we used prescribing data from July and August
2019 that roughly coincided with data collection on pol-
icies during the same period, we could not ensure that
these policies remained in effect during the entire two-
month period. Another limitation is that the study is
purely observational. We can draw conclusions about
correlation but not causation. Moreover, we could not
differentiate between existing patients and new patients.
Perhaps the association between policy and prescribing
practice is driven by initiating many new patients on the
recommended DOAC, but existing patients are not be-
ing switched. In this case, our results may simply be re-
flective of local AF screening campaigns that recruit
large numbers of new patients. The finding that local
policy correlates with DOAC choice may only translate
over to cases where the number of new patients shows
robust growth. This represents a barrier to uptake that
policymakers should consider.
Our results indicate that in the majority of CCGs, local

policies as they are currently implemented do not drive
choice of anticoagulant for atrial fibrillation. Future re-
search should aim to characterize the complex influence
of other possible factors, including financial and struc-
tural features of local healthcare economies.

Conclusions
In order to effectively encourage adoption of clinically
robust, cost-efficient therapeutics, it is worthwhile for
national policymakers and researchers to understand the
complex factors driving local prescribing choices. This
study investigates one such factor in the case of anticoa-
gulation for atrial fibrillation: local policies. A review of
policies in England and analysis of corresponding

prescribing data revealed that local recommendations
are indeed moderately correlated with choices between
individual DOACs. However, they do not drive national
trends or variation in prescribing of different classes of
anticoagulants (DOAC vs VKA). Our study provides
insight into the implementation of national healthcare
initiatives in local systems.

Abbreviations
CCG: Clinical Commissioning Group; DDD: Defined daily dose; DOAC: Direct
oral anticoagulant; ePACT2: Electronic Prescribing Analysis and Cost 2;
NHS: National Health Service; NICE: National Institute for Health and Care
Excellence; NOAC: Non-vitamin K antagonist oral anticoagulant; VKA: Vitamin
K antagonist

Acknowledgements
We thank D. Moran for assistance in data acquisition.

Authors’ contributions
KHH designed the study with GL and MvH providing guidance. KHH
conducted the review, analyzed the data, and wrote the manuscript. GL and
MvH edited the manuscript. All authors contributed to discussion of the
results. All authors read and approved the final manuscript.

Funding
This work was supported in part by funding from the Harvard Global Health
Institute (KHH). The funder had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
All data generated and analyzed in this study’s review of local policies and
analysis of prescribing data is available from the corresponding author on
reasonable request.

Ethics approval and consent to participate
Not applicable. The prescribing analysis included only data aggregated by
large geographical areas, and the review of local policies did not include any
human data. The NHS Business Services Authority granted permission to
access the ePACT2 data.

Consent for publication
Not applicable

Competing interests
GL is the Deputy Chief Executive at the National Institute for Health and Care
Excellence. MvH was a clinical fellow at NICE, and KHH was a summer intern
at NICE.

Received: 30 November 2019 Accepted: 28 February 2020

References
1. CDA W. The impact of stroke. Br Med Bull. 2000;56(2):275–86. Available from.

https://doi.org/10.1258/0007142001903120.
2. Jennum P, Iversen HK, Ibsen R, Kjellberg J. Cost of stroke: a controlled national

study evaluating societal effects on patients and their partners. BMC Health
Serv Res. 2015;15(1):466. https://doi.org/10.1186/s12913-015-1100-0.

3. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et al.
Rivaroxaban versus Warfarin in Nonvalvular Atrial Fibrillation. N Engl J Med.
2011;365(10):883–91. Massachusetts Medical Society. https://doi.org/10.1056/
NEJMoa1009638.

4. Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL, et al.
Edoxaban versus Warfarin in Patients with Atrial Fibrillation. N Engl J Med.
2013;369(22):2093–104. Massachusetts Medical Society. https://doi.org/10.
1056/NEJMoa1310907.

5. Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek EM, Hanna M,
et al. Apixaban versus Warfarin in Patients with Atrial Fibrillation. N Engl J
Med. 2011;365(11):981–92. Massachusetts Medical Society. https://doi.org/10.
1056/NEJMoa1107039.

Ho et al. BMC Health Services Research          (2020) 20:279 Page 7 of 8

https://doi.org/10.1258/0007142001903120
https://doi.org/10.1186/s12913-015-1100-0
https://doi.org/10.1056/NEJMoa1009638
https://doi.org/10.1056/NEJMoa1009638
https://doi.org/10.1056/NEJMoa1310907
https://doi.org/10.1056/NEJMoa1310907
https://doi.org/10.1056/NEJMoa1107039
https://doi.org/10.1056/NEJMoa1107039


6. López-López JA, Sterne JAC, Thom HHZ, Higgins JPT, Hingorani AD, Okoli
GN, et al. Oral anticoagulants for prevention of stroke in atrial fibrillation:
systematic review, network meta-analysis, and cost effectiveness analysis.
BMJ. 2017 ;359:j5058. http://www.bmj.com/content/359/bmj.j5058.abstract.

7. Vinogradova Y, Coupland C, Hill T, Hippisley-Cox J. Risks and benefits of
direct oral anticoagulants versus warfarin in a real world setting: cohort
study in primary care. BMJ [Internet]. BMJ Publishing Group Ltd; 2018;362.
Available from: https://www.bmj.com/content/362/bmj.k2505.

8. Larsen TB, Skjøth F, Nielsen PB, Kjældgaard JN, GYH L. Comparative
effectiveness and safety of non-vitamin K antagonist oral anticoagulants
and warfarin in patients with atrial fibrillation: propensity weighted
nationwide cohort study. BMJ. 2016;353:i3189 http://www.bmj.com/
content/353/bmj.i3189.abstract.

9. Wan D, Healey JS, Simpson CS. The Guideline-Policy Gap in Direct-Acting
Oral Anticoagulants Usage in Atrial Fibrillation: Evidence, Practice, and
Public Policy Considerations. Can J Cardiol. 2018;34(11):1412–25: Elsevier.
https://doi.org/10.1016/j.cjca.2018.07.476.

10. Moulson N, McIntyre WF, Oqab Z, Yazdan-Ashoori P, Quinn KL, van Oosten
E, et al. The anticoagulation choices of internal medicine residents for stroke
prevention in non-valvular atrial fibrillation. Postgrad Med J. 2017;93(1100):
308 LP–312 http://pmj.bmj.com/content/93/1100/308.abstract.

11. Saddiq A, Kauser S. Clinical information systems: tools to boost prescribing
safety.(Report). Prescriber. Wiley Subscription Services, Inc.; 2017;28(6):37.

12. World Health Organization. Defined Daily Dose (DDD) [Internet]. [cited 2019.
Available from: https://www.who.int/medicines/regulation/medicines-safety/
toolkit_ddd/en/.

13. Johnson CO, Nguyen M, Roth GA, Nichols E, Alam T, Abate D, et al. Global,
regional, and national burden of stroke, 1990–2016: a systematic analysis for
the Global Burden of Disease Study 2016. Lancet Neurol. Elsevier. 2019;18(5):
439–58. https://doi.org/10.1016/S1474-4422(19)30034-1.

14. Hendricks HT, van Limbeek J, Geurts AC. Zwarts MJ. Motor recovery after
stroke: A systematic review of the literature. Arch Phys Med Rehabil. Elsevier.
2002;83(11):1629–37. https://doi.org/10.1053/apmr.2002.35473.

15. Dobkin BH. Clinical practice. Rehabilitation after stroke. N Engl J Med. 2005;
352(16):1677–84 https://www.ncbi.nlm.nih.gov/pubmed/15843670.

16. Xu X-M, Vestesson E, Paley L, Desikan A, Wonderling D, Hoffman A, et al.
The economic burden of stroke care in England, Wales and Northern
Ireland: Using a national stroke register to estimate and report patient-level
health economic outcomes in stroke. Eur Stroke J. SAGE Publications. 2017;
3(1):82–91. https://doi.org/10.1177/2396987317746516.

17. Loo SY, Dell’Aniello S, Huiart L, Renoux C. Trends in the prescription of
novel oral anticoagulants in UK primary care. Br J Clin Pharmacol. 2017;
83(9):2096–106 John Wiley and Sons Inc https://www.ncbi.nlm.nih.gov/
pubmed/28390065.

18. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, et al.
Dabigatran versus Warfarin in Patients with Atrial Fibrillation. N Engl J Med.
Massachusetts Medical Society. 2009;361(12):1139–51. https://doi.org/10.
1056/NEJMoa0905561.

19. Goldacre B, Reynolds C, Powell-Smith A, Walker AJ, Yates TA, Croker R, et al.
Do doctors in dispensing practices with a financial conflict of interest
prescribe more expensive drugs? A cross-sectional analysis of English
primary care prescribing data. BMJ Open. 2019;9(2):e026886 http://bmjopen.
bmj.com/content/9/2/e026886.abstract.

20. Coleman B. Requirements for a patient self monitoring service for oral
anticoagulation [Internet]. University College London; 2012. Available from:
https://discovery.ucl.ac.uk/id/eprint/1352827.

21. Orlowski A, Wilkins J, Bracey S, Dewar T, Ashton R. Forecasting Model of
Potential Savings In Prescribing of Direct-Acting Oral Anticoagulants. Value
Heal [Internet]. Elsevier; 2018 1;21:S34. Available from: https://doi.org/10.
1016/j.jval.2018.07.259.

22. Sullivan GM, Feinn R. Using Effect Size-or Why the P Value Is Not Enough. J
Grad Med Educ. 2012;4(3):279–82 The Accreditation Council for Graduate
Medical Education https://www.ncbi.nlm.nih.gov/pubmed/23997866.

23. JC T, Samuel WL, Hugh C, CL Y, CJ E, CJ C, et al. 2019 AHA/ACC/HRS
Focused Update of the 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 Clinical Practice
Guidelines and the Heart Rhythm Society in Collaboration With the Society
of Thoracic Surgeons. Circulation. American Heart Association. 2019;140(2):
e125–51. https://doi.org/10.1161/CIR.0000000000000665.

24. Floyd CN, Ferro A. Indications for anticoagulant and antiplatelet combined
therapy. BMJ. 2017;359:j3782 http://www.bmj.com/content/359/bmj.j3782.
abstract.

25. Andrade JG, Krahn AD, Skanes AC, Purdham D, Ciaccia A, Connors S. Values
and preferences of physicians and patients with Nonvalvular atrial
fibrillation who receive Oral anticoagulation therapy for stroke prevention.
Can J Cardiol. 2016;32(6):747–53 http://www.sciencedirect.com/science/
article/pii/S0828282X15014920.

26. Cowan JC, Wu J, Hall M, Orlowski A, West RM, Gale CP. A 10 year study of
hospitalized atrial fibrillation-related stroke in England and its association
with uptake of oral anticoagulation. Eur Heart J. 2018 ;39(32):2975–2983.
https://doi.org/10.1093/eurheartj/ehy411.

27. Robson J, Homer K, Ahmed Z, Antoniou S. Variation in anticoagulation for
atrial fibrillation between English clinical commissioning groups: an
observational study. Br J Gen Pract. 2018;68(673):e551 LP–e558 http://bjgp.
org/content/68/673/e551.abstract.

28. Baker D, Wilsmore B, Narasimhan S. Adoption of direct oral anticoagulants
for stroke prevention in atrial fibrillation. Intern Med J. John Wiley & Sons,
Ltd (10.1111). 2016;46(7):792–7. https://doi.org/10.1111/imj.13088.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ho et al. BMC Health Services Research          (2020) 20:279 Page 8 of 8

https://www.bmj.com/content/362/bmj.k2505
http://www.bmj.com/content/353/bmj.i3189.abstract
http://www.bmj.com/content/353/bmj.i3189.abstract
https://doi.org/10.1016/j.cjca.2018.07.476
http://pmj.bmj.com/content/93/1100/308.abstract
https://www.who.int/medicines/regulation/medicines-safety/toolkit_ddd/en/
https://www.who.int/medicines/regulation/medicines-safety/toolkit_ddd/en/
https://doi.org/10.1016/S1474-4422(19)30034-1
https://doi.org/10.1053/apmr.2002.35473
https://www.ncbi.nlm.nih.gov/pubmed/15843670
https://doi.org/10.1177/2396987317746516
https://www.ncbi.nlm.nih.gov/pubmed/28390065
https://www.ncbi.nlm.nih.gov/pubmed/28390065
https://doi.org/10.1056/NEJMoa0905561
https://doi.org/10.1056/NEJMoa0905561
http://bmjopen.bmj.com/content/9/2/e026886.abstract
http://bmjopen.bmj.com/content/9/2/e026886.abstract
https://discovery.ucl.ac.uk/id/eprint/1352827
https://doi.org/10.1016/j.jval.2018.07.259
https://doi.org/10.1016/j.jval.2018.07.259
https://www.ncbi.nlm.nih.gov/pubmed/23997866
https://doi.org/10.1161/CIR.0000000000000665
http://www.bmj.com/content/359/bmj.j3782.abstract
http://www.bmj.com/content/359/bmj.j3782.abstract
http://www.sciencedirect.com/science/article/pii/S0828282X15014920
http://www.sciencedirect.com/science/article/pii/S0828282X15014920
https://doi.org/10.1093/eurheartj/ehy411
http://bjgp.org/content/68/673/e551.abstract
http://bjgp.org/content/68/673/e551.abstract
https://doi.org/10.1111/imj.13088

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Review of anticoagulant policies
	Policy categories
	Criteria for categorization

	Secondary analysis of prescribing data
	Data source
	Statistical analysis


	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

