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ABSTRACT
Objectives To investigate the use of oral
anticoagulants (AC) and antiplatelet agents (AP) in the
management of atrial fibrillation (AF) among patients in
primary care in England.
Design Epidemiological study.
Setting 1857 general practices in England representing
a practice population of 13.1 million registered patients.
Patients 231 833 patients with a history of AF.
Main outcome measures The primary outcome was
AC and AP use by CHADS2 score and age groups
<30 years, 30–49 years, 50–64 years, 65–79 years and
>79 years.
Results 231 833 patients with a history of AF were
identified, giving a prevalence among uploading
practices of 1.76%. Prevalence of AF varied markedly
between practices, related to differing practice age
profiles. The total number of patients with AF in a
practice was strongly predicted by the number of
patients aged 65 years and over in the practice. 57.0%
of the AF population had a CHADS2 score ≥2 and
83.7%≥1. 114 212 (49.3%) patients received AC
therapy. AC uptake increased with increasing CHADS2
score up to a score of 3, but thereafter reached a
plateau. Among 132 099 patients with a CHADS2 score
≥2, 72 211 (54.7%) received an AC, 14 987(11.3%)
were recorded as having a contraindication or having
declined AC therapy, leaving 44 901 (34.0%) not on AC
therapy and without a recorded contraindication or
recorded refusal. Among patients not prescribed an AC,
79.9% were prescribed an AP. The use of AC declined in
the elderly (for CHADS2≥2, 47.4% of patients ≥80
years, compared with 64.5% for patients aged <80
years, p<0.001). By contrast, AP uptake was more
prevalent among elderly patients.
Conclusions Over one-third of patients with AF and
known risk factors who are eligible for AC do not receive
them. There is a high use of AP among patients not
receiving AC. Uptake of AC is particularly poor among
patients aged 80 years and over.

INTRODUCTION
Atrial fibrillation (AF) is a major preventable cause
of stroke.1 Despite the fact that anticoagulation is
very effective in preventing strokes due to AF,2

there is extensive evidence that anticoagulants (AC)
remain underused.3–11 This underuse of AC is
reflected in the low utilisation among patients with
known AF presenting with stroke.12 Appropriate
AC is particularly important among the elderly, as
this group is at greatest risk of strokes attributable
to AF.13

Risk factors for stroke among patients with AF
are well recognised.14 Many of these risk factors
are based on simple clinical information from the
patient’s history that is readily available in primary
care databases. Database interrogation, therefore,
has the potential to identify patients at increased
risk of stroke and to determine whether these
patients are treated with AC therapy.
The Guidance on Risk Assessment and Stroke

Prevention in Atrial Fibrillation (GRASP-AF) tool is
a software suite which searches general practice
clinical information systems to enable practices to
identify patients with a history of AF and review
the risk profile of individual patients. The tool is
based on the widely used CHADS2 risk evaluation
system.15 The aggregated uploaded information
from GRASP-AF is the basis of the present study
which provides insights into the prevalence and
contemporary management of AF in England.

METHODS
The GRASP-AF registry
The GRASP-AF tool is based on the use of
MIQUEST (Morbidity Information QUery and
Export SynTax), a common query process sup-
ported by all the primary care databases in
England. The tool, which was developed jointly by
the West Yorkshire Cardiovascular Network and
PRIMIS (Primary Care Information Services) from
The University of Nottingham, is managed by NHS
Improvement in conjunction with PRIMIS. It is
based on the CHADS2 risk evaluation system.
Practice participation and uploading of data to the
central server is voluntary.

Study population
A set of Read codes was identified (see online sup-
plementary appendix 1) to search for patients with
a history of AF, or atrial flutter, occurring at any
time in a patient’s history. In a subgroup of
patients, interrogation additionally included a
search for an AF resolved code, where this had
been recorded. Patients listed as AF resolved were
still included in the overall analysis.
Further searches were undertaken to identify

Read codes of clinical characteristics related to
stroke risk (see online supplementary appendix 1).
In the initial iteration of the tool reported here,
estimation of stroke risk was based on the individ-
ual components of CHADS2 score, namely a
history of heart failure, a history of hypertension,
the patient’s age, a history of diabetes and a history
of stroke or transient ischaemic attack. All
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diagnoses were considered positive for CHADS2 scoring if the
patient had a history of these conditions at any time in the past.

The database was additionally interrogated to determine
whether the patient had been issued with a prescription for AC
within the last 6 months (initially warfarin, acenocoumarol and
phenindione, but later expanded to include the new oral AC,
dabigatran, rivaroxaban and apixaban), or whether an AC had
been prescribed by a third party. Interrogation was also under-
taken to detect whether the patient had an existing coding for a
contraindication to AC, or if a patient had declined AC therapy.
Interrogation similarly assessed prescription issue for antiplatelet
agents (AP) therapy (aspirin, clopidogrel or dipyridamole), and
whether an AP agent had been coded as contraindicated or
declined.

Data uploading
The GRASP-AF tool is designed to provide patient-level data on
the CHADS2 score and AC and AP prescribing within a practice.
Additionally, the data are summarised at practice level as a dash-
board (see online supplementary appendix 2). Practices also
have the opportunity to upload anonymised aggregated data to
a central server. Uploaded data were aggregated by age bands
(less than 30 years, 30–49 years, 50–64 years, 65–79 years and
80 years and over), use of AC or AP drugs and by CHADS2
score. Population data for the practice, aggregated along the
same age bands, was also uploaded for AF prevalence analysis.

Practices were encouraged to send data on first using the
GRASP-AF tool in order to obtain a baseline set of results,
which they could then use to compare with later uploads to
assess any changes. Only the initial upload was considered for
the current analysis. This report relates to data uploaded
between 25 July 2009 and 31 March 2012.

Cohort analysis
Using the total number of patients with AF as the numerator
and the total number of patients registered in practices as the
denominator, we calculated the prevalence of AF by age group.
The use of AC and AP for each CHADS2 score was calculated
from the number of AF patients issued a prescription for an AC
or AP divided by the number of AF patients with that CHADS2
score.

For each age group and for combinations of age groups, the
relationship between the total number of patients with AF in an

individual practice, and the total number of registered patients
in that practice was depicted using scatter plots, quantified using
generalised linear models with heteroskedasticity-consistent esti-
mation, and the linear dependence measured using Pearson’s
correlation coefficient, to identify the age group which had the
strongest association with total AF burden in the practice.

The relationship between the proportion of patients with AF
on AC and AP was investigated using generalised linear models
with a logit link and binomial distribution. For AC and AP,
sequential models were fitted which regressed the proportion of
patients with AF on an anticoagulant on age group, CHADS2
score, age group*CHADS2 score interaction, and compared
with the null model. All analyses were performed using R
V.2.10.1 (http://www.r-project.org/). Ethical approval was not
required under NHS research governance arrangements for the
project.

RESULTS
Prevalence of AF
In total, 1857 general practices uploaded their data during the
period of the study. Among an overall practice population of
13.1 million patients, 231 833 patients with a history of AF
were detected by the tool. The overall prevalence of patients
with a history of AF was 1.76%. Interrogation for an AF
resolved code was undertaken in a subgroup of 389 general
practices. In these practices, an AF-resolved code, with no later
AF diagnosis code, was recorded in 6.1% of all patients with a
history of AF.

Figure 1 shows that the prevalence of AF varied between
practices and increased substantially with age. Considering all
age groups combined, the median prevalence among uploading
practices was 1.70% (IQR 1.28%–2.08%).

The overall number of patients in a practice was a relatively
poor predictor of the total number of patients with AF in that
practice. By contrast, the total number of patients aged 50 years
and over, 65 years and over and 80 years and over in individual
practices, each strongly correlated with the total number of
patients with AF for that practice. The strongest association
between age group and total number of patients with AF was
observed for patients aged 65 years and over—an increase in
1000 patients aged 65 years and over in a practice was asso-
ciated with, on average, an increase of 101.5 patients with AF
(95% CI 100.7 to 102.2) (figure 2).

Figure 1 Prevalence of atrial
fibrillation by age group. For each age
group, the box plot represents the IQR,
and the whiskers extend by a further
1.5 times the IQR. Individual outlying
practices beyond this are shown as
individual points.
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Prescription of AC and AP
Overall, the proportion of patients with AF who were prescribed
AC and AP was 49.3% and 42.5%, respectively, with 6.9% of
patients being prescribed both AC and AP. The proportion of
patients with AF who were prescribed AC and AP varied by prac-
tice (IQR: AC 44.4–55.1%; AP 37.7–47.8%). For both AC and
AP, a greater proportion of patients was recorded as therapy con-
traindicated than therapy declined (AC: contraindicated 8.7%,
declined 1.9%; AP: contraindicated 14.0%, declined 0.5%). The
proportion of patients in whom there was a recorded contraindi-
cation to the therapies varied considerably by practice (IQR: AC
2.6–12.0%; AP 6.1–20.0%). Among the AF-resolved subgroup,
9.4% were prescribed AC, 30.2% an AP and 1.9% both.

CHADS2 scores and anticoagulation
In total, 57.0% of the AF population had a CHADS2 score of
≥2 and 83.7%≥1. The proportion of patients with a CHADS2
score of ≥2 varied by practice (IQR 52.4–61.9%). Table 1
shows that the prescription of both AC and AP increased with
increasing CHADS2 score for scores 0–3, and plateaued there-
after to reach 58.1% for AC and 46.5% for AP at a score of 6.

Among patients with a CHADS2 score ≥2, 54.7% were pre-
scribed an AC, 9.2% were listed as AC contraindicated and 2.2%
were recorded as having declined AC therapy. In total, 34.0% of
patients with AF who had a CHADS2 score ≥2 were, therefore,
not recorded as having been prescribed an AC with no recording
of a contraindication or having declined AC therapy.

The uptake of AP also increased with CHADS2 score. Among
patients with a CHADS2 score ≥2, 36.2% were prescribed

solely an AP, with 90.9% being prescribed either an AC or AP or
both. Among patients who did not receive an AC, 79.9% were
prescribed an AP.

Age and prescription of AC and antiplatelet therapy
Figure 3A shows that the uptake of AC therapy increased with
age for patients aged less than 80 years, but decreased in patients
aged 80 years and over. By contrast, AP use continued to increase
with age in patients aged 80 years and over (figure 3B).

This age-dependent difference in the prescription of anti-
coagulant therapy for AF was explored further by assessing AC
and AP use across the range of CHADS2 scores in relation to
age (figure 4). For CHADS2 scores 1–6, the proportion pre-
scribed an AC was lower in those aged 80 years and over, than
in those aged less than 80 years. Conversely, for patients with a
CHADS2 score from 1 to 6, the proportion with AF prescribed
an AP was higher in those aged 80 years and over and remained
relatively constant across scores (figure 4B). In the generalised
linear models, the evidence for an effect of age group on the
prescription of AC and AP by CHADS2 score was strong (AC
p<0.001, AP p<0.001). Overall, among high-risk patients with
CHADS2≥2, the prescription of AC was 47.4% for patients
aged 80 years and over compared with 64.5% for patients aged
under 80 years. This difference was only partly accounted for
by differences in recorded contraindications to AC (≥80 years,
11.2% vs <80 years, 6.5%) or patients declining AC (≥80 years,
2.7% vs <80 years, 1.5%).

Figure 5 shows how the proportion of patients with a
CHADS2≥2 prescribed AC varied between practices. The

Table 1 Frequency of prescriptions, contra-indications and declines for anticoagulant therapy and antiplatelet therapy by CHADS2 score

CHADS2
score

Number with
CHADS2 score
(% of all AF
patients)

Oral anticoagulant Oral antiplatelet
Anticoagulant
or antiplatelet
(%)

Anticoagulant
and
antiplatelet
(%)

Prescribed,
(%)

Contraindicated,
(%)

Declined,
(%)

Prescribed,
(%)

Contraindicated,
(%)

Declined,
(%)

0 37771 (16.29) 12857 (34.04) 3206 (8.49) 497 (1.32) 13238 (35.05) 3641 (9.64) 233 (0.62) 24325 (64.40) 1770 (4.69)
1 61963 (26.73) 29144 (47.03) 4777 (7.71) 1059 (1.71) 27109 (43.75) 7189 (11.60) 307 (0.50) 52371 (84.52) 3882 (6.27)
2 67494 (29.11) 35431 (52.50) 5711 (8.46) 1582 (2.34) 29537 (43.76) 9664 (14.32) 283 (0.42) 60318 (89.37) 4650 (6.89)
3 34927 (15.07) 20105 (57.56) 3202 (9.17) 710 (2.03) 15016 (42.99) 6340 (18.15) 138 (0.40) 32123 (91.97) 2998 (8.58)
4 21481 (9.27) 12076 (56.22) 2294 (10.68) 433 (2.02) 9830 (45.76) 3931 (18.30) 78 (0.36) 19950 (92.87) 1956 (9.11)
5 7084 (3.06) 3952 (55.79) 798 (11.26) 116 (1.64) 3381 (47.73) 1392 (19.65) 13 (0.18) 6642 (93.76) 691 (9.75)
6 1113 (0.48) 647 (58.13) 123 (11.05) 18 (1.62) 517 (46.45) 260 (23.36) 3 (0.27) 1046 (93.98) 118 (10.60)

AF, atrial fibrillation.

Figure 2 Scatter plot of the total
number of patients with atrial
fibrillation in a practice related to the
number of patients in a practice, aged
65 years and over. Each dot represents
an individual practice. Black line:
regression line, β=0.1015 (95% CI
0.1007 to 0.1022). Blue lines: 75%
prediction interval. Modelling was
performed using a square root
transform of both variables to account
for heteroskedasticity. Pearson’s
correlation coefficient, R=0.98,
p<0.001.
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uptake of AC was higher among patients aged under 80 years
than in those aged 80 years and over. Approximately one-
quarter of practices (23.5%) prescribed AC to 56.5% or more

of eligible patients aged 80 years and over, whereas for patients
aged less than 80 years, three-quarters of practices (76.5%)
achieved this same level of AC uptake.

Figure 3 The proportion of atrial
fibrillation patients prescribed
anticoagulant therapy (A) and
antiplatelet therapy (B) by age group.

Figure 4 Proportion (95% CI) of
atrial fibrillation patients prescribed
anticoagulant therapy (A) and
antiplatelet therapy (B) by CHADS2
score for patients aged 80 years and
over, and for patients aged under
80 years.
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DISCUSSION
AF prevalence
This study of AF in general practices in England reveals that the
overall prevalence of AF among practices uploading data from
2009 through 2012 was 1.76%. This estimate is higher than
previous reports. In 2006, NICE (National Institute for Health
and Clinical Excellence) estimated the prevalence of AF was
1.28%.16 This was based on a 1998 survey of 211 general prac-
tices representing a total population of 1.4 million patients in
England and Wales.7

It is not surprising that the prevalence estimate in the current
study exceeds previous UK-based estimates. This may partly reflect
a recognised trend for AF prevalence to increase over time.6 17 It
also may reflect the methodology of the current study which
included patients with a diagnosis of AF at any time in their
patient record. In designing the interrogation tool it was decided
from the outset to include all episodes of AF and not to make any
attempt based on database interrogation to assess whether suscep-
tibility to AF might have resolved. This was left to clinician judge-
ment and individual case review. While it is certainly true that
there are situations in which AF may be regarded as resolved,
many patients with a single episode of AF are susceptible to recur-
rence, and a case can, therefore, be put forward for both regular
review and for continuing AC despite apparent resolution.

The marked effect of age on AF prevalence observed in the
present study is well recognised. This effect largely accounted
for apparent differences in prevalence between individual prac-
tices. The total number of patients with AF in a practice could
be predicted as 10.15% of the number of patients aged 65 years
and over. This relation provides a potential tool for practices to
benchmark their individual AF prevalence value in relation to
their practice age profile. It also provides a means of projecting
the increase in AF prevalence which will be associated with
ageing of the population.

Anticoagulant uptake among patients with AF
The GRASP-AF tool provides an estimate of the number of
patients with AF who are currently receiving an AC. Overall,

just less than half (49.3%) the number of patients with a history
of AF received an AC.

The study also provides an estimate of the number of patients
eligible for treatment in relation to risk stratification strategies.
If treatment were to be targeted on patients with a CHADS2≥2,
this would cover 57% of the AF population. This is almost iden-
tical to a recent estimate of 56.9% which was based on 583 UK
general practices.6 If the treatment threshold for AC therapy is
reduced to CHADS2≥1, this would target 84% of the AF popu-
lation. It is not possible to retrospectively analyse our data to
assess the consequences of using the more sensitive
CHA2DS2VASc risk stratification system.14 The tool has now
been modified to additionally make a CHA2DS2VASc risk score
available to users.

It is clear from the current data that there is a relationship
between patients’ degree of risk as determined by CHADS2
score and AC uptake. Our study clearly shows that AC uptake
increased through CHADS2 scores 0–3, and thereafter reached a
plateau. A very similar relation is apparent in the recently
reported study of UK practices.6 These findings differ from the
observations of Gallagher et al,18 which were based on observa-
tions on 41 910 patients with chronic AF in a UK general prac-
tice database. Data collection in their study commenced in
2000. They found that patients with a lower CHADS2 score
were more likely to be prescribed warfarin than patients with a
higher CHADS2 score. Our findings also differ from those of
Sandhu et al19 who assessed the uptake of AC in relation to risk
among 42 834 Canadian patients with non-valvular AF assessed
during the period 2000–2005. They found that AC uptake did
not vary across CHADS2 risk categories. Our study, together
with that of Holt et al, suggest that risk stratification plays a
greater role in contemporary therapy than was the case a decade
ago, and may indicate that the 2006 NICE guideline has had
some impact on therapy among general practices in England.

Gallagher et al18 reported that approximately 60% of patients
with a CHADS2 score ≥2 in the UK did not receive warfarin.
Holt et al6 found that this had reduced to 47.0%, and our own
study suggests further improvement to 45.3%. After allowing
for patients in whom AC was contraindicated or declined,
34.0% of patients with CHADS2≥2 in the current study did not
receive an anticoagulant.

The fact that 36.2% of patients with CHADS2≥2 were pre-
scribed AP without AC suggests an over-reliance on AP for
stroke prevention in AF. The superiority of warfarin over aspirin
for stroke prevention in high-risk patients was clearly recognised
in the NICE guidance which applied throughout the duration of
the study.16 The high use of AP may partly reflect the recom-
mendations of the Quality and Outcomes Framework (QOF) of
the NHS (National Health Service) which provided equal
emphasis on AC and AP in stroke prevention throughout the
study period. This may have contributed to the fact that 90.9%
of patients with CHADS2≥2 were treated with either an AC or
AP or both, thereby fulfilling the stated objectives of QOF at
that time.

Our data shows an age-dependent inequality in the prescrip-
tion of AC and AP. Reduced prescribing of AC among elderly
patients with AF has been observed in previous studies.4 11 18–22

A recent survey of UK general practices database records from
2000 to 2009 showed that this underuse of AC therapy in the
elderly is not adequately explained by either an increase in
comorbidities or in bleeding risk.23 The current study has
shown that there is an increase in prescribing of AP agents for
elderly patients. This is in stark contrast with the results of the
Birmingham Atrial Fibrillation Treatment of the Aged (BAFTA)

Figure 5 Proportion of patients with CHADS2≥2 prescribed
anticoagulant therapy by age under 80 years and age 80 years and
over, with kernel density estimates for each age group distribution.
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study24 demonstrating superiority of warfarin over aspirin in
stroke prevention in the elderly and, perhaps, represents a mis-
conception that aspirin is safer than warfarin in a more elderly
population. It illustrates the risk-treatment paradox previously
reported in AF management,19 that patients at higher risk of
stroke, and more likely to benefit from AC therapy, are not
receiving appropriate treatment—perhaps because of a perceived
increased risk of side effects associated with warfarin therapy in
the elderly.

The GRASP-AF data also demonstrate the considerable vari-
ation between practices both in the uptake of AC among high-
risk patients and in the coded contraindications to AC therapy.
That such variation exists, suggests that there is substantial
scope to improve AC uptake in AF. Based on the observations
from the current study of the proportion of patients who are
high-risk (CHADS2≥2), and the proportion of these patients
who are not on AC with no documentation of contraindication
or therapy decline, combined with Office of National Statistics
(ONS) population estimates for England,25 we estimate that
there were approximately 169 000 such patients in England
between 2009 and 2012. Most of these patients were taking
aspirin. Based on a number needed to treat from the BAFTA
study of 50 to prevent one thromboembolic event or intracranial
haemorrhage,24 in excess of 3000 strokes could potentially be
prevented annually if these individuals were commenced on AC
in preference to AP.

Limitations of the current study
The data in this report represent uploaded information from
21.2% of general practices in England. In that practices that
elected to upload their data, GRASP-AF is not a random
sample, and it is possible that the sample, although large, is not
representative of the primary care population in England. The
proportion of patients aged 65 years and over in the population
of practices uploading GRASP-AF data, is higher than that
reported by the ONS 2010 estimate for England (17.3% vs
16.5%).25 There may, therefore, be a slight over-representation
of elderly patients among practices uploading data.

The GRASP-AF tool interrogates general practice records, and
is limited by the accuracy of coding in these records. The results
reported in this study may under-represent comorbidities and,
hence, overall stroke risk.6 For recorded contraindications,
coding may once again be an under-representation, but as it
represents perceived contraindications, there is the additional
possibility for over-representation. The modelling of aggregated
data to quantify the relationship between AF burden and age,
and to study the interaction between AC use by CHADS2 score
in the elderly may be biased by mathematical coupling of the
data. Nonetheless, we explored a number of model strategies to
find good model fits and robust estimates.

CONCLUSIONS
Over 20% of general practices in England have uploaded data
on their AF patients using the GRASP-AF tool. Analysis of these
data show that uptake of AC has improved in comparison with
previous studies, but even so, over one-third of high-risk
patients remain untreated. AP agents are very frequently used as
an alternative, particularly among the elderly. Education on the
benefits of AC in comparison with AP offers great potential for
stroke prevention.
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