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Background 

Stroke prevention is central to the management of atrial fibrillation (AF), but there remains a residual risk of adverse 
outcomes in anticoagulated AF patients. Hence, current guidelines have proposed a more holistic or integrated approach 
to AF management, based on the Atrial fibrillation Better Care (ABC) pathway, as follows: (A) avoid stroke with 
anticoagulation; (B) better symptom control with patient-centred symptom directed decisions on rate or rhythm control; 
and (C) cardiovascular and comorbidity management, including lifestyle factors. There has been no formal healthcare 
cost analysis from the UK National Health Service (NHS) perspective of ABC pathway implementation to optimize the 
management of AF. Our aim was to estimate the number of patients with AF in the UK each year up to 2040, their 
morbidity and mortality, and the associated healthcare costs, and secondly, to estimate improvements in morbidity and 
mortality of implementing an ABC pathway, and the impact on costs. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Results In 2020, there were an estimated 1 463 538 AF patients, resulting in £286 million of stroke care and £191 million of care 
related to bleeds annually. By 2030, it is expected that there will be 2 115 332 AF patients, resulting in £666 million of 
stroke healthcare and £444 million of healthcare related to bleeds. By 2040, this is expected to rise to 2 856 489 AF 
patients, with £1096 million of stroke healthcare and £731 million of healthcare related to bleeds for that year. If in 2040 
patients are managed on an ABC pathway, this could prevent between 3724 and 18 622 strokes and between 5378 
and 26 890 bleeds, and save between 16 131 and 80 653 lives depending on the proportion of patients managed on the 
pathway. This would equate to cost reductions of between £143.9 million and £719.6 million for the year. 
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Conclusion 

We estimate that there will be a substantial healthcare burden in the UK NHS associated with AF, from strokes , bleeds , 
and mortality over the next decades. If patients are managed with a holistic or integrated care approach based on the 
ABC pathway, this could prevent strokes and bleeds that equate to substantial NHS healthcare cost reductions, and save 
lives. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Key learning points 

What is already known: 
� Current guidelines have proposed an integrated approach to atrial fibrillation (AF) management, based on the Atrial fibrillation Better Care 
(ABC) pathway, as follows: (A) avoid stroke with anticoagulation; (B) better symptom control with patient-centred symptom directed 
decisions on rate or rhythm control; and (C) cardiovascular and comorbidity management, including lifestyle factors. 

� There has been no formal healthcare cost analysis from the UK National Health Service (NHS) perspective of ABC pathway implemen- 
tation to optimize the management of AF. 

What this study adds: 
� We estimate a substantial healthcare burden of AF patients, from strokes , bleeds , and mort ality in the UK NHS over the next decades. 
� If patients are managed based on the ABC pathway, this management approach could prevent strokes and bleeds, and save lives that 
equate to substantial NHS healthcare cost reductions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

As the commonest sustained cardiac arrhythmia, atrial fibrillation
(AF) is managed across a wide spectrum of healthcare professionals,
ranging broadly from general practitioners to emergency room practi-
tioners, internal medicine specialists, and cardiologists. While many AF
patients are asymptomatic and managed in the community, the risks of
stroke and mortality are no different to symptomatic patients.1 The
increasing mean age of the general population translates to greater
healthcare costs for the UK National Health Service (NHS), with the
greatest contribution from hospit alizations .2 

Stroke prevention is central to the management of AF, but there
remains a residual risk of adverse outcomes in AF patients despite
oral anticoagulation. Indeed, mortality in anticoagulated AF patients
remains high, but only 1 in 10 deaths are related to stroke, while 7
in 10 are cardiovascular related.3 Hence, current guidelines have pro-
posed a more holistic or integrated approach to AF management.4 , 5

Such a streamlined approach is needed to ensure that the main pillars
of AF care are delivered irrespective of how the patient is managed
by different healthcare professionals. 
Following confirmation of the diagnosis of AF, patients are char-

acterized and evaluated using the 4S-AF scheme,6 i.e. stroke risk
assessment (with the CHA2 DS2 VASc score), symptom severity (using
the [European Heart Rhythm Association (EHRA) score], severity of
burden (whether spontaneously terminating or permanent), and sub-
strate (age, structural heart disease, and comorbidities). The patient
is then treated according to the Atrial fibrillation Better Care (ABC)
pathway,7 as follows: (A) avoid stroke with anticoagulation; (B) better
symptom control with patient-centred symptom-directed decisions
on rate or rhythm control; and (C) cardiovascular and comorbidity
management, including lifestyle factors. 
The ABC pathway is associated with improved clinical outcomes

in numerous retrospective and prospective cohorts from different
regions of the world,8 as well as post-hoc analysis from adjudicated
outcomes from clinical trials.9 , 10 The mAFA-II clinical trial, which was
a prospective cluster randomized trial, showed a significant reduction
in the primary outcome with the ABC pathway intervention using an
mHealth app, compared to usual care.11 , 12 Ongoing clinical trials are
testing the impact of implementation of the ABC pathway in Europe
(AFFIRMO13 ) and in rural China (MIRACLE-AF; NCT04622514). 
In this study, our aim was to estimate the impact of implementing

an ABC pathway in the UK between 2020 and 2040. We consid-
ered the impact in terms of morbidity (strokes and major bleeds),
mortality, and associated healthcare costs from the health service
perspective. 
Methods 

This study used published evidence to estimate the annual prevalence of
AF and the number of major non-fatal (strokes and major bleeds) and fatal
events experienced by the population of AF patients. We also estimated
healthcare costs associated with non-fatal events. We developed a math-
ematical model to estimate the expected effect of implementing an ABC
pathway for AF patients. The approach to identifying parameters for the
model is described below. 

PICO framework 

The analysis conducted is summarized in the following Population, Inter-
vention, Comparator, Outcomes (PICO) framework: 

� Population: people with AF. 
� Intervention: ABC pathway. 
� Comparator : st andard management (may include ‘A’, ‘B’, or ‘C’ but not

all three). 
� Outcomes: strokes, major bleeds, deaths (all-cause and cardiovascular),

and healthcare costs associated with strokes and major bleeds. 

Prevalence of AF 

We estimated the prevalence of AF in the UK population based on two
routine data sources. The first was a publication of an analysis of a large
primary care record database and reported the prevalence of AF in adults
aged over 35 between 2000 and 2016 based on the records of over
5 million patients in the UK.14 The publication demonstrated that the
trajectory of AF prevalence changed differently over time in different age
groups. There was a relatively flat line in younger age groups and a much
steeper slope for older age groups. This reflects both the accumulation
of prevalent AF cases in older groups (as patients diagnosed with AF at
a younger age become older) and a higher incidence rate of AF in older
groups. Within each of three age groups (35–54, 55–74, and 75 + years),
we extrapolated from the age-specific linear trends of the prevalence of
AF between 2000 and 2016 to estimate the percentage prevalence within
each age group for each year from 2020 to 2040. 

The second data source was the official government figures for the UK
population projection as compiled by the Office for National St atistics .15

We multiplied the expected percentage prevalence of AF for each year
and age group by the projected population in the respective age group
for the same year to estimate the number of patients with AF for
each year up to 2040. This incorporates the changing demographics
(i.e. growing proportion of older adults) of the UK population over
time. 
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Table 1 Pa ra meters used to estimate the number of patients with AF, number of fatal and non-fatal events, 
assoc iated costs , a nd t he impact of implementing ABC c a re pat hway 

Description Pa ra meter Source 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Prevalence of AF 
Population percentage prevalence of AF—annual data were 
used in the analysis; selected years are presented here (all 
years are shown in Supplementary material online) 

2020 
35–54: 0.35% 

55–74: 3.27% 

75 + : 13.82% 

2030 
35–54: 0.42% 

55–74: 3.76% 

75 + : 19.51% 

2040 
35–54: 0.49% 

55–74: 4.26% 

75 + : 23.29% 

Derived from Adderley et al .14 

Projected UK population—annual data were used in the 
analysis; selected years are presented here (all years are 
shown in Supplementary material online) 

Thousands of people 
2025 

35–54: 17 298 
55–74: 15 637 
75 + : 6599 

2030 
35–54: 17 543 
55–74: 16 380 
75 + : 7309 

2035 
35–54: 17 814 
55–74: 16 435 
75 + : 7976 

2040 
35–54: 17 584 
55–74: 16 326 
75 + : 8911 

ONS15 

Risk of fatal and non-fatal events (1-year probability) 
Strokes 0.014 Romiti et al .8 

Additional calculations Major bleeds 0.030 
Death from all causes 0.049 
Deaths from cardiovascular causes 0.023 

Unit costs 
Stroke: one-year costs including acute (0–3 months) and 
post-acute (4–12 months) healthcare in patients with AF 

£13 508 Luengo-Fernandez et al .31 

PSSRU unit costs19 

Major bleed: one-year healthcare costs associated with 
gastrointestinal bleeds in patients with AF 

£4297 Ramagopalan et al .18 

PSSRU unit costs19 

Impact of implementing the ABC pathway (odds ratio) 
Strokes 0.55 (95% CI 0.37–0.82) Romiti et al .8 

Major bleeds 0.69 (95% CI 0.51–0.94) 
Death from all causes 0.42 (95% CI 0.31–0.56) 
Deaths from cardiovascular causes 0.37 (95% CI 0.23–0.58) 
CI: confidence interval. 
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isks of fat a l a nd non-fat a l events wit hout 
n ABC pathway 

 systematic literature review and meta-analysis by Romiti et al .8 re-
orted the number of strokes, major bleeds, deaths from all causes, and
eaths from cardiovascular causes within study samples of AF patients.
he follow-up periods varied between the studies included in the meta-
nalysis, so we calculated a one-year probability of each event for each
tudy. We then used the weights attributed to each study as part of the
eta-analysis to calculate a weighted mean one-year probability for each
vent type. The number of events was estimated for each calendar year
y applying the event probability to the estimated number of people with
F in the respective year. 

osts of non-fat a l events 
ur cost estimates relate to the health and social care perspective, as
ecommended by healthcare decision-makers in the UK.16 Our model

https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad055#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad055#supplementary-data
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Figure 1 Estimated number of AF patients in the UK between 
2020 and 2040. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

included direct primary, secondary, and community healthcare costs as-
sociated with non-fatal events (strokes and major bleeds) beyond the
index hospital admission. This is a key driver of costs associated with AF
and stroke in particular. The source study used for the cost of stroke
was from a large study of AF patients based in Oxford in England (The
OXVA SC (Ox ford Vascular) Study).17 This study used a robust bottom-up
methodology to capture and cost healthcare resource use associated with
stroke in AF patients . In 2008/09 prices , they reported that 3-month
costs associated with non-fatal strokes were £10 413 and annual costs
in the post-acute period were £804 higher than before the stroke. We
added 9 months of the annual post-acute cost difference to the 3-month
acute cost to calculate a one-year cost associated with stroke (£11 016).
The source study used for the cost of major bleeds used a UK large
primary care dataset (Clinical Practice Research Datalink) linked with
secondary care dat a (Hospit al Episode St atistics) to estimate one-year
costs associated with major gastrointestinal bleeds in patients with AF.18

They reported a mean cost of £3989 in 2017/18 prices. The healthcare
costs associated with strokes and major bleeds were inflated from source
papers to 2020/21 GBP (£) using the NHS ‘Pay and Prices’ and ‘Cost
Inflation’ Indices.19 We multiplied these costs to the estimated number
of events in 2020 to estimate associated healthcare costs. At the time of
the analysis, inflation rates in the UK (and across much of the globe) were
unusually high and unstable. The government’s target for inflation remains
at 2%.20 We assumed that it would take until 2030 to reach this level
where it would remain until 2040. For the years between 2020 and 2030,
we applied the following interest rate to the cost of the respective event
from the previous year: 2021—3%; 2022 and 2023—10%; 2024–26—5%;
and 2027–29—3%. 

Impact of implementing an ABC care 

pathway 

We estimated the impact of implementing an ABC pathway on the num-
ber of fatal and non-fatal events and associated healthcare costs based on
the findings reported in the Romiti et al .’s8 met a-analysis . They reported
a pooled odds ratio (OR) for each event type among AF patients who
received ABC care vs. AF patients who did not receive ABC care. We
multiplied each OR by the respective event probability in the absence
of ABC care to estimate the event probability for patients receiving
ABC care. We subtracted the number (and cost) of events estimated
for patients receiving ABC care from those not receiving ABC care as
a proxy for the impact of ABC care. However, this assumes a 100%
level of fidelity or implementation to ABC care and the meta-analysis
reported that the prevalence of ABC implementation management across
the included studies was only around 20%. Therefore, we also estimated
the impact of ABC pathway management at 20%, 30%, 40%, 50%, 60%,
70%, 80%, and 90% implementation. 

Results 

Table 1 summarizes the model parameters used to estimate the
population prevalence of AF up to 2040, the number of fatal and
non-fat al events , associated costs , and impact of implementing the
ABC pathway. 
Figure 1 shows the estimated number of AF patients in the UK

between 2020 and 2040 (panel a) and the costs associated with
strokes and major bleeds in this population (panel b). The graph
shows a clear increase that reflects the growing size and ageing of
the population, increasing population percentage prevalence of AF,
and increasing healthcare costs over time. 
Supplementary material online, Figure S1 shows trends over time

in reported (2000–16) and estimated (2017–40) prevalence of AF in
the UK using data published by Adderley et al .14 for 2000–16 with
linear extrapolation within each age group for 2017–40. 
In 2020, there were an estimated 1 463 538 AF patients, resulting
in £286 million of stroke care and £191 million of care related to
bleeds annually. By 2030, it is expected that there will be 2 115 332
AF patients, resulting in £666 million of stroke care and £444 million of
care related to bleeds. By 2040, this is expected to rise to 2 856 489
AF patients, with £1 096 million of stroke care and £731 million of
care related to bleeds for that year. 
The estimated impact of ABC pathway management for each year

from 2020 to 2040 is reported in full for each level of implementation
in Supplementary material online, Tables S1–S11 . 
Figure 2 shows the estimated number of strokes (panel a) and

major bleeds (panel b) prevented for three different levels of im-
plementation of ABC pathway-based care (20, 50, and 80% of AF
patients managed according to the ABC pathway) between 2020 and
2040. 
Figure 3 shows the estimated number of all cause deaths (panel

a) and cardiovascular deaths (panel b) prevented for three dif-
ferent levels of ABC care (20, 50, and 80% of AF patients
managed according to the ABC pathway) between 2020 and
2040. 
Table 2 summarizes the estimated impact of ABC on each of

the outcomes explored in 2030 and 2040. The differences between
the two years reflect the increasing prevalence of AF and increas-
ing healthcare costs. In 2030, between 2758 and 13 790 strokes
and between 3983 and 19 913 major bleeds could be prevented.
The associated reduction in healthcare costs of this is estimated
to be between £87.4 and £437.1 million. In 2030, implementa-
tion of ABC pathway management could prevent between 11 945
and 59 726 deaths, around half of which would be due to car-
diovascular causes. By 2040, the reduction in healthcare costs is

https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad055#supplementary-data
https://academic.oup.com/ehjqcco/article-lookup/doi/10.1093/ehjqcco/qcad055#supplementary-data
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Figure 2 Estimated number of strokes and major bleeds prevented 
by ABC management of AF patients. 
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Figure 3 Estimated number of deaths bleeds prevented by ABC 

management of AF patients. 
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stimated to be between £143.9 and £719.6 million and reduction
n deaths is estimated to be between 16 131 and 80 653 for the
ear. 

iscussion 

n this analysis, we estimate that by 2040 there will be 2 856 489 AF
atients, with £1096 million of stroke healthcare and £731 million
f healthcare related to bleeds that year in the UK. In 2040, the
BC pathway could prevent between 3724 and 18 622 strokes and
etween 5378 and 26 890 bleeds, and save between 16 131 and
0 653 lives, depending on the proportion of patients managed on the
athway. This would equate to healthcare cost reductions of between
143.9 and £719.6 million. 
As the population prevalence of AF increases over time, enhanced
atient management based on the ABC pathway will become even
ore vit ally import ant to improving patient outcomes and making
fficient use of health service resources. Our prior modelling analysis
stimated that given the number of newly diagnosed AF patients at age
5 will rise over the decade between 2020 and 2030, screening and
reatment of AF has the potential to substantially reduce the health
nd social care costs of AF-related stroke in the NHS.21 
There is limited existing evidence regarding the cost-effectiv eness
f the ABC pathway. A study from China used data from the mAFA-II
rial to estimate the cost-effectiv eness of using mHealth as a means
f streamlining and integrating care for AF patients via the ABC
athway, from the perspective of a public healthcare provider in
hina.22 They reported that this was likely to be cost-effective over
0 years compared with usual care. Although not typical ABC path-
ay management, the SAFETY program in Australia reported that
roviding AF patients with a structured post-discharge package of
oordinated care had a high probability of being cost-effectiv e o v er
 lifetime horizon.23 

In the UK context, the components of ABC pathway-based care
hat are likely to result in additional use of NHS resources may well
lready be in place, as evident in the NHS Health Checks and CVD
revention Strategy focused on ‘atrial fibrillation, blood pressure, and
holesterol’24 and efforts to prevent AF-related strokes (‘Detect,
rotec t, Perfec t’).25 Also, it is worth reemphasizing that the core of
he collaborative care element of the ABC pathway is the improved
ommunication and collaboration between healthcare professionals,
hether general practitioners or hospital doctors . This should re -
lly just be made part of optimized guideline-directed ‘usual care’
lready, so in theory should not require additional resources. Indeed,
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uideline-adherent management has been associated with improved
linical outcomes when managing patients with AF.26 –28 

imitations 
s is typical for this type of analysis, it was necessary to make assump-
ions to generate estimates from published data. A key assumption is
hat the longitudinal trend in the prevalence of AF would continue
long the same trajectory as has been observed in routine primary
are data between 2000 and 2016. We have also assumed that the
revalence of AF in the UK (England, Scotland, Wales, and Northern
reland) is the same as for England. 
Our cost estimates do not account for any increases in healthcare

osts required to provide AF patients with ABC pathway man-
gement. We also do not account for increases in AF detection
ith screening, which may become more prevalent over the years.
onetheless, systematic AF screening is not currently standard care

n the UK, given current recommendations from the UK National
creening Programme29 and others.30 We anticipate that the impact
f screening may be increased costs associated with managing more
F patients, but decreased costs in other areas as we identify more
ases at earlier stages and are able to support patients to live well for
onger with AF. 
We have included one-year costs for strokes and bleeds as we have

stimated annual snapshots of costs, but recognize that for stroke in
articular there are likely to be longer-term increases in health and
ocial care.31 If people move into residential care following a stroke,
here is likely to be a substantial cost associated with this. This is
elevant given that AF-related strokes are more likely to be disabling,
ith lower chance of discharge to the patient’s own home.32 We have
lso not included costs from a broader societal perspective, such as
hose associated with informal care (i.e. unpaid care provided by family
embers or volunteers) or lost earnings. 
We recognize that our analysis does not account for the direct cost
f ABC pathway management per se. However, the present analysis
s not an economic evaluation of ABC pathway management. Rather,
ur analysis provides a guide for commissioners and policymakers who
re interested in implementing it as to the potential healthcare cost
avings. 

onclusion 

e estimate that there will be a substantial healthcare burden of AF
atients, from strokes , bleeds , and mort ality in the UK NHS over
he next decades. If patients are managed with a holistic or integrated
are approach based on the ABC pathway, this management approach
ould prevent strokes and bleeds, and save lives equating to cost
eductions of between £143.9 million and £719.6 million in 2040. 

upplement a ry materia l 
upplementary material is available at European Heart Journal—
uality of Care and Clinical Outcomes online. 
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