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Aims Guidelines recommend anticoagulation (AC) in atrial fibrillation (AF) to reduce stroke and systemic embolism (SSE) risk;
however, implementation has been slow across many populations. This study aimed to quantify the potential impact of chan-
ging prevalence of AF, associated risk, and AC prescribing on SSE hospitalizations and death.

Methods and We evaluated temporal trends of AF, CHA;DS,-VASc, antithrombotic prescriptions, SSE hospitalizations, death, and their

results associations between 2012 and 2018 in a longitudinal cohort of AF patients in Wales UK. Multi-state Markov models were
used to estimate expected SSE rates given the AC coverage, adjusting for CHA;DS,-VASc scores. SSE rates were modelled
for various past and future AC scenarios. A total of 107 137 AF patients were evaluated (mean age = 74 years, 45% female).
AF prevalence increased from 1.75 to 2.22% (P-value <0.001). SSE hospitalizations decreased by 18% (2.34-1.92%, P-value
<0.001). Increased AC coverage from 50 to 70% was associated with a 37% lower SSE rate, after adjustment for individual
time-dependent CHA;DS,VASc scores. The observed AC increase accounted for approximately 80 fewer SSE hospitaliza-
tions per 100 000/year. If 90% AC coverage had been achieved since 2012, an estimated 279 SSE per 100 000/year may have
been prevented. Our model also predicts that improving AC coverage to 90% over the next 9 years could reduce annual SSE
rates by 9%.

Conclusion We quantified the relationship between observed AC coverage, estimating the potential impact of variation in the timing of
large-scale implementation. These data emphasize the importance of timely implementation and the considerable oppor-
tunity to improve clinical outcomes in the Wales-AF population.
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Introduction

Atrial fibrillation (AF) is a major, yet treatable risk factor for stroke and
systemic embolism (SSE), and is implicated in 20-30% of all strokes."
Anticoagulation (AC) significantly reduces the risk of stroke, while
antiplatelet therapy (AP) is no longer recommended.? However, imple-
mentation of these guidelines recommendations has been low in many
populations.*®

Suboptimal rates of AC coupled with an increasing prevalence of AF
are a public health concern.”~"? To reduce the risk of SSE in patients
with AF, guidelines recommend appropriate AC in patients with a mod-
erate to high risk of stroke (CHA,DS,VASc > 2)."*™" In recent years,
there has been an improvement in the rate of AC prescribing among
patients with AF, yet many patients remain untreated with AC despite
its evident effectiveness in preventing adverse thromboembolic
events.'®"? Multiple studies using electronic health records (EHRs)
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have reported on the changes in AC prescribing patterns.”®>? The
use of linked EHR data capturing changes in AF prevalence, adoption
of guideline recommended AC prescribing, and the change in hospital-
ization rate for SSE at the population-level can add to the existing
knowledge by providing insights into the adoption of the clinical guide-
lines in routine practice and the impact on SSE outcomes.

Previous studies using aggregated datasets have shown an increase in
AF prevalence and a reduction in hospitalizations for stroke associated
with an increase in AC prescribing.”? But no specific analyses have been
conducted using longitudinal population-scale, individual-level linked
data to examine relationships between the rate of implementation
and the overall extent of coverage of (guideline recommended) AC
prescribing and systemic embolism (SE) or combined SSE outcomes, al-
lowing estimation of their overall impact at a population-level.
Furthermore, there is a complex interplay between changes in AF
prevalence, increasing AC prescribing, and individual-level stroke risk,
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which all influence the resulting hospitalization rate for SSE in large
populations.

In this study using linked EHR data sources, we aimed to (i) quantify
the impact of the rate of implementation of AC on hospitalizations for
SSE, accounting for changes in AF prevalence, clinical risk factors, and
time; (ii) model the impact of counterfactual scenarios of greater cover-
age of AC guidelines in the past and provide projections of future ben-
efits of meeting therapeutic guidelines based on varying AC coverage in
AF patients in a large population, over the coming years.

Method

We conducted a retrospective observational study using individual-
level population-scale linked primary and secondary care EHR data
over 7 years. Our longitudinal cohort consisted of 107 137 AF patients
(mean age =74 and 45% female) followed up between 2012 and 2018.
Changes in antithrombotic prescriptions, stroke risk score
(CHA,DS,-VASc)'® and hospitalizations for SSE were recorded be-
tween 1 January 2012 and 30 December 2018. A Markov model was
used to estimate hazard ratios (HRs) for hospitalizations, adjusting
for time-dependent covariates, and to simulate scenarios of expected
hospitalization rates under counterfactual past AC coverage and future
implementation levels of therapeutic guidelines.

Inclusion criteria and data sources

Access to anonymized individual-level population-scale primary and
secondary care EHR data sources was available within the Secure
Anonymised Information Linkage (SAIL) Databank—the Trusted
Research Environment (TRE) for Wales UK.**?* SAIL Databank holds
an array of longitudinal anonymized, individual-level, population-scale
data, including Welsh Longitudinal General Practice (WLGP),%® which
is coded using clinical Read codes and Patient Episode Dataset for
Wales (PEDW),%¢ which is coded using International Classification of
Disease version 10 (ICD-10). We identified AF cases as a group of in-
dividuals aged >18 years at AF diagnosis date>”*® (see Supplementary
material online, Tables ST and S2 for diagnostic and drug codes).
Patients with a diagnosis of AF recorded in WLGP from 1 January
2000 (records are less complete prior to this date) who were alive
on 1 January 2012 were included as prevalent cases, while those with
a new diagnosis of AF during the study period were included as incident
cases. PEDW data contains records of all hospitalizations within NHS
Wales secondary care organizations, SSE outcome events were identi-
fied from PEDW (see Supplementary material online, Table S3 holds
ICD-10 codes used to identify outcome events). All patients were fol-
lowed until 31 December 2018. Censoring occurred at the date of
death or loss to follow-up within the primary care record (defined by
end date of registration with the general practice). Patients with less
than 90 days of data coverage during the follow-up period were ex-
cluded from the study (see Supplementary material online, Info S,
Table S4, and Figure S1).

Antithrombotic therapy

Individual prescriptions for antithrombotic therapy (AT) (including AC
and AP) were identified from the primary care data (see Supplementary
material online, Table S2 holds a list of Read codes used to extract rele-
vant prescriptions). In each quarter (3-months) of the study period, pa-
tients were identified as being prescribed AC [including vitamin K
antagonists (VKA) or direct oral anticoagulation (DOAC)], AP (includ-
ing aspirin, P2Y, antagonist therapy, and/or dipyridamole), or no AT
therapy. Patients prescribed both AP and AC within a quarter were as-
signed as AC. Individual prescriptions for specific AT were reassessed
continuously during the study period.

Medical history and demographic
information

Primary and secondary care EHR data were used to identify comorbid-
ities and risk factors for stroke captured continuously during the study
period. The presence of heart failure, hypertension, vascular disease
(defined as prior MI, peripheral vascular disease, or aortic plaque), dia-
betes mellitus, ischaemic stroke [including transient ischaemic attack
(TIA)], sex, and age were used to calculate the individual
CHA,DS,-VASc score at entry into the study and was updated on
the date of new diagnosis of a relevant risk factor or increase in age cat-
egory (see Supplementary material online, Tables S5 and S6 for diagnos-
tic Read and ICD10 codes used in CHA,DS,-VASc and Supplementary
material online, Figure S3 for details of datasets used).

Outcome events: stroke and systemic
embolism

Hospitalizations for (i) stroke (ischaemic and/or haemorrhagic) and sys-
temic embolism (SSE), (ii) stroke and (iii) non-stroke systemic embolism
(SE) during follow-up period were recorded every quarter (see
Supplementary material online, Table S3 for diagnostic codes).
Hospital admissions for SSE spanning a 3-month length interval were
only recorded for the first quarter in which the index hospitalization
occurred (see Supplementary material online, Info S2 and Figure S2
for details).

Ethical approval and information

governance

The data used in this study are available in the SAIL Databank at
Swansea University, Swansea, UK. All proposals to use SAIL data are
subject to review by an independent Information Governance Review
Panel (IGRP). Before any data can be accessed, approval must be given
by the IGRP. The IGRP gives careful consideration to each project to
ensure proper and appropriate use of SAIL data. When access has
been approved, it is gained through a privacy-protecting safe haven
and remote access system referred to as the SAIL Gateway. SAIL has
established an application process to be followed by anyone who would
like to access data via SAIL (https:/www.saildatabank.com/application-
process). This study has been approved by the IGRP as project 0866.

Statistical analyses

Observational data

The numbers of patients with AF, their clinical (stroke risk factors and
AT prescriptions) and demographic characteristics were summarized
annually throughout the study period. The prevalence and incidence
of AF within the population was calculated in each quarter [the denom-
inator being the number of patients registered with a primary care gen-
eral practitioner (GP) on the 1st January of each year]. Prescribing of
AT within the AF cohort was also assessed quarterly. The absolute
numbers of patients and proportion of patients with AF hospitalized
for (i) SSE, (i) stroke, and (i) non-stroke systemic embolism was re-
ported quarterly (proportion calculated from the quarterly AF preva-
lence). Absolute differences and 95% confidence intervals (Cls) were
reported between the mean of the first 12-month period and the
last 12-month period. We used logistic regression models to assess
whether an observed change over time in the proportion of patients
with AF and their clinical and demographic characteristics were statis-
tically significant.
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Estimating the effect of AC and CHA,DS,VASc on
SSE rates

We used a multi-state Markov model with four progressive disease
states: AF (state 1), one hospitalization for SSE (state 2), any subsequent
hospitalization for SSE (state 3), and death (state 4)*° (Figure 1).
Individuals enter the cohort either at a prevalent state, at the start of
2012, or as an incident diagnosis of AF incident diagnosis of AF arising
during the course of the simulation (state 1). From this point, transi-
tions are possible to state 2 (first SSE hospitalization) or the absorbing
state 4 (death). From state 2 (first SSE hospitalization), we considered
possible transitions to state 3 (any further SSE hospitalization) or death.
From state 3, we considered the transition rate to state 4 (death).
Patients with pre-existing conditions such as prior SSE were allowed
to enter the model at state 2. The transition rates were estimated
for time-dependent covariates representing individual AC and
CHA,DS,-VASc level. Although the model did not include the risk fac-
tors individually, the CHA;DS,-VASc score is a well-validated and inter-
nationally recommended predictor of SSE risk 330 comprising a
combination of key SSE risk indicators: heart failure, hypertension, vas-
cular disease, diabetes mellitus, ischaemic stroke, sex, and age. The
model is described in detail in Figure 1.

The four-state Markov model was fitted in R (version 5.3) using the
msm package,29 which is specifically designed for maximum likelihood
estimate of transition rates from interval sampled data, appropriate
here due to our 3-month updating of the covariate status of individuals.
Exact event dates were used for SSE and death. We estimated HRs and
95% Cl for each covariate, for each possible transition pathway in the
model. Hence, we calculated the effect of AC prescribing on SSE event
rates, adjusted for the CHA,DS,-VASc score, and accounted for other
state changes/the competing risk of death in the cohort. This approach
allowed us to use multiple changes in prescribing and risk for each indi-
vidual longitudinally. We also included a year covariate in the model to
adjust for any additional time trends unaccounted by AC and
CHA,DS,-VASc score, likely related to (unspecified) treatment or
management changes.

Simulating the impact of different AC strategies
Given the estimated transition rates, we used the Markov model frame-
work to simulate a population subject to different hypothetical anticoa-
gulation scenarios, and how this would impact the number of SSE events.
We explored four different scenarios over the period 2012—-18, using a
reference scenario (a) in which the prescribing of AC increased from 50
to 70% in a linear manner (approximately the observed change in AC in
our cohort) during that period, and using the observed CHA;DS,-VASc
levels. In comparison, we investigated the following counterfactual past
AC strategies: (b) only 50% of the cohort had received AC throughout
the study period, (c) a constant 70% of the population had prescribed
AC throughout the study period, and (d) AC prescription had started
at the higher level of 70% in 2012 and had risen linearly to 90% by
2018. Model validation was assessed by goodness-of-fit to the observed
trends of SSE and stroke rates over the period 2012-18. The output of
the model provided a close fit to the observed trends as can be seen
using the ‘reference scenario’ of a gradual increase from 50 to 70%
AC prescribing (details in Supplementary material online, Tables). We
chose the ‘50-70’ scenario as a simplified case, for clarity. If the precise
AC prescribing rates were used each year to generate a model output
(rather than the approximate linear increase from 50 to 70%), we found
that we obtained an even closer fit to the data each year, hence the mod-
el was able to closely reproduce observed trends.

Similarly, we forecasted scenarios for the next 9-year period on
three different scenarios, assuming (e) continuing the level of AC ob-
served in 2018 of 70%, (f) a gradual (linear) improvement from 70%
in 2018 to 90% in 2027, (g) an immediate and sustained improvement
with a constant AC level at 90%. For future scenarios, we fixed the size

and CHA,DS,-VASc risk status of the population at the levels observed
in 2018, carrying this value forward unchanged for the future modelling
period. In each scenario, we calculated the total number of expected
SSE events and deaths per 100 000 AF population. Since AF prevalence
is increasing, we also calculated event numbers relevant to the absolute
cohort population size (or Wales population) using an extrapolation of
the AF population increase (and an adjustment for the SAIL Databank
coverage, which is approximately 80% of the Welsh population). All
code and data are openly available on request.

Sensitivity analyses

We conducted a series of analyses to evaluate the sensitivity of the ob-
served trends, and the Markov model was developed based on the ob-
servational data: (I) all rates were calculated both per quarter and as
annual rates and (Il) models were fitted on a subset of the population
under 80 years, to evaluate the effect of age-related morbidities (see
Supplementary material online, Tables S8—S11). The sensitivity of the si-
mulated model was evaluated based on a scenario which matched the
observed counts in the population (a gradual increase in AC rate from
50 to 70% over the 7 years observational period). We also compared
the two models with and without the time (see Supplementary material
online, Tables S8-510).

Results

A total of 107 137 patients with AF, comprising 435 038 patient-years
follow-up were included in the analyses, of whom 52 650 entered the
study as prevalent cases (diagnosis made before 2012) and 54487
who acquired a new diagnosis of AF between 2012 and 2018
(Figure 2). The mean follow-up time during the study was 4.1 years.

The number of patients with AF increased from 55 631 to 71 673 be-
tween the first quarter of 2012 and the last quarter of 2018; an increase
in the prevalence of AF from 1.75 to 2.22%; absolute difference of
0.47%, 95% Cl 0.43-0.68. In the subset of population with a
CHA,DS,-VASc > 2, AF prevalence increased from 1.46 to 1.89%; ab-
solute difference of 0.43%, 95% Cl| 0.42—0.44 between 2012 and 2018.
There were on average 7784 new AF cases per year across the study
period, with an annual incidence in the population increasing from
0.23 to 0.26% from 2012 to 2018 (P<0.001) (see Supplementary
material online, Table S7 for annual incidence).

The mean age of the cohort increased from 74.0 SD +12.10 to 74.9
+12.01 (P <0.001), the proportion of females decreased from 45 to
43% (P <0.001), and the mean CHA,DS,-VASc score increased mod-
estly from 3.21 to 3.31 (P <0.001; Table 7).

Temporal trends

Antithrombotic prescribing

Across the study period, the proportion of patients with AF prescribed
AC increased from 48.5% in 2012 to 66.1% in 2018, representing an in-
crease of 17.6%, 95% Cl 17.5-17.7, P <0.001. The average rate of in-
crease of AC per year was 2.5%. Prescribing of AP therapy
decreased from 27.3 to 8.1%, representing a decrease of 19.2%, 95%
Cl 19.1-19.4, P<0.001. The average rate of decrease of AP per year
was 2.7% (Figure 3). The proportion of patients not prescribed any
AT increased marginally from 24.2 to 25.8%, representing an increase
of 1.6%, 95% Cl 1.5-1.7, P < 0.05.

In patients with a CHA;DS,-VASc >2, the proportion prescribed
AC increased from 52.0 to 70.4%, representing an increase of 18.5%,
95% Cl 18.3-18.6, P <0.05. The average rate of increase of AC per
year was 2.6%. The proportion of patients’ prescribed AP therapy
among those with CHA;DS,-VASc >2 decreased from 27.6 to 8.2%,
representing a decrease of 19.4%, 95% CI 17.9-20.8, P <0.05. The
average rate of decrease in AP was 2.8%. The proportion receiving
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Figure 1 Multi-state Markov model: overview of states and possible transitions considered in this analysis.

no AT increased from 20.4 to 21.3%, representing an increase of 0.9%,
95% Cl1 0.7-1.1, P<0.05.

Among those prescribed AC, the mean CHA,DS,-VASc score in-
creased from 3.4 to 3.6 (P<0.001) and among those not prescribed
AC, the mean CHA;DS,-VASc score decreased from 3.00 to 2.96
(see Supplementary material online, Figures $4 and S5).

SSE hospitalizations

Across the study period, there were a total of 9666 hospitalizations for
SSE among 8992 patients with AF. In 2012, there were 1300 hospitali-
zations for SSE among 1215 patients increasing to 1482 hospitalizations
among 1377 patients in 2018. The annual rate of SSE hospitalizations in
the AF population decreased from 2.3 to 2.1% between 2012 and 2018
(absolute difference =0.20, 95% Cl 0.02-3.7, P < 0.05).

Stroke hospitalizations

There were a total of 8562 hospitalizations for stroke among 8005 pa-
tients with AF. In 2012, there were 1160 hospitalizations for stroke
among 1087 patients, increasing to 1301 hospitalizations record among
1091 patients in 2018. The rate of stroke hospitalizations in the AF
population decreased from 2.1 to 1.8% between 2012 and 2018 (abso-
lute difference =0.3, 95% CI 0.02-3.7, P < 0.05).

Non-stroke systemic embolism (SE)

There were a total of 1144 hospitalizations for non-stroke SE among 1049
patients with AF. In 2012, there were 143 hospitalizations for SE among
133 patients, increasing to 191 hospitalizations recorded among 172 pa-
tients in 2018. The rate of non-stroke SE hospitalizations for the popula-
tion of Wales increased minimally from 0.26 to 0.27% between 2012
and 2018 (absolute difference =0.01, 95% CI 0.001-0.012, P < 0.05).

Estimation of the effect of AC and
CHA,DS,VASc on SSE rates

Multi-state Markov modeling estimated that the increased use of AC
was associated with a 37% lower rate of SSE (HR=0.63, 95% ClI
0.60-0.66, P<0.001), after adjusting for CHA,DS,VASc risk score

and year. As expected, a one-point increase in CHA,DS,VASc score
was associated with a greater likelihood of SSE (HR=2.16, 95% ClI
2.13-2.18) and death (HR=1.44, 95% Cl 1.43-1.45) in AF patients.
Following an SSE event, each point increase in CHA;DS,VASc was asso-
ciated with a 7% higher chance of recurrent SSE (HR =1.07, 95% Cl
1.04-1.09) and 16% higher chance of death (HR =1.16, 95% CI 1.13—
1.18).

Time trends in the model suggested a significant additional improve-
ment in overall SSE outcome rates over the study period, adjusted for
AC and CHA,DS,VASc (see Supplementary material online, Table S8).
We also found that AC was associated with a lower likelihood of death
(Table 2) (For details, see figures and tables provided in Supplementary
material online, Info $3). Three separate models were fitted using either
stroke and systemic embolism, stroke only, or systemic embolism only
as the hospitalization events in the model (see Supplementary material
online, Info S3).

Simulating the impact of different AC

strategies

Our reference prescribing scenario for modeling was a 50-70% linear
increase in the proportion of AF patients prescribed AC from 2012 to
2018, which approximates the changes in prescribing coverage that we
observed in the All-Wales AF cohort. Over the observation period
(2012-18), we estimated that the reference prescribing scenario was
associated with an average of 81 per 100 000 fewer SSE hospitalizations
per year in the AF population, in comparison with a counterfactual
scenario where the AC coverage had remained unchanged, at 50%
throughout (Figure 4). However, if 70% AC had been introduced
(and maintained) from 2012, we estimated that an additional 97 SSE
might have been prevented per year (per 100000 AF). Furthermore,
if AC coverage of 90% had been achieved from 2012, then we esti-
mated that 279 SSE per year (per 100000 AF patients) may have
been prevented, in comparison with the representative reference scen-
ario (see Supplementary material online, Info S3 for modeled data for
Stroke and Systemic Embolism alone).

Extending the scenarios into the future (up until 2027), we specific-
ally focused on modelling the potential impact of AC, considering a
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5,459,040

All individuals with a linkage field in longitudinal SAIL
spine population were accessed for eligibility.

» 1,172,697 Excluded: Individuals
without primary care
records

4,286,343

Individuals with a linkage field in Welsh Longitudinal
General Practice dataset

31,696 Excluded: Individuals

with 2 death record prior to
baseline of 2012-01-01
under 18 at the baseline

140,563

Individuals residing in Wales at time of AF diagnosis
with a diagnostic record for AF between 2000-01-01
and 2018-12-31 in the Wales General Practice
population and valid anonymized linkage field

31,696 Excluded: Individuals
with a death record prior to

> baseline of 2012-01-01
under 18 =t the baseline

108,867

Diagnosis of AF prior 2018-12-31
18+
alive at the baseline

1,730 Excluded: SAIL data coverage

less than S0 days

107,137

Diagnosis of AF prior 2018-12-31
18+
alive at the baseline

18+

52,650 prevalent cases
Diagnosis of AF prier 2012-01-01

54,487 incident cases
Diagnosis af AF between
2012-01-01 and 2018-05-30

alive at the baseline 18+

alive at the baseline

Figure 2 Summary of record extraction at each stage of study.
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Figure 3 Top panel: trends in SSE rates per 100 000 AF patients in the study cohort. Bottom panel: quarterly trend of AF and AC in the cohort.
Shaded regions illustrate the relative prevalence of AC in the (increasing) AF population (see Supplementary material online, Figure S4 for SE and
ST outcome events). AC, anticoagulation; AF, atrial fibrillation; SE, systemic embolism; SSE, stroke and systemic embolism.

stable distribution of CHA,DS,VASc score over time. If AC coverage
remained stable at 70% (reference scenario), we would expect 1610
SSE per 100000 AF patients per year (similar to observed outcomes
in the cohort during 2018). This would represent an estimated 140 few-
er SSE per 100 000 patients per year compared with a stable 50% AC
scenario. If AC coverage were to increase to 90%, we estimate that this
would be associated with a further reduction of 150 SSE per 100 000
patients per year vs. a stable 70% coverage scenario; representing a
9% lower rate of SSE in the AF population (see Supplementary
material online, Tables S12—S17 for full tables of scenario output).
We also estimated how these predicted changes in rates of SSE
might translate into the changes in absolute numbers of SSE events in
the population of Wales. We extrapolated a 4% annual increase of
the size of the AF per year in our projection, to be consistent with

the observed annual increase in AF patient numbers in the real-world
population study. If future AC coverage remained stable at 70% (refer-
ence scenario), we would expect to observe a total of 12467 SSE
events in AF patients in Wales between 2019 and 2027. This would
be 1084 fewer SSE events compared with stable 50% AC scenario; re-
presenting 8% lower rate of SSE in Wales if AC coverage had not im-
proved. If AC coverage could be increased gradually from 70 to 90%
over the same period, we would expect 774 fewer SSE; representing
a 6% lower rate of SSE in the AF population in Wales. However, if
AC coverage were increased immediately to 90% from 2019 onwards,
we estimate that this would be associated with a further reduction of
1162 SSE; representing a 10% lower rate of SSE in those with AF in
Wales (see Supplementary material online, Tables $12-S17 for full ta-
bles of scenario output).
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Table 2 Estimated hazard ratios for events,
adjusted for CHA,DS,VASc, anticoagulation, and
year, derived from multi-state Markov model

Hazard ratio for
one unit increase in
CHA,DS,VASc
score (95% CI)

Hazard ratio for
anticoagulation
compared with no
anticoagulation

State transition

(95% CI)
AF-SSE 0.63 (0.60-0.66) 216 (213-2.18)
AF-Death 0.28 (0.27-0.29) 1.44 (1.43-1.45)
SSE-Multiple SSE 042 (0.39-0.45) 1.07 (1.04-1.09)
SSE-Death 0.20 (0.19-0.22) 1.16 (1.13-1.18)

)

Multiple SSE-Death 0.24 (0.21-0.27) 1.18 (1.14-1.23

AF, atrial fibrillation; SSE, stroke and systemic embolism; Cl, confidence interval.

Discussion

To our knowledge, this is the first real-world population-scale study
that has examined changes in the prevalence of AF, clinical characteris-
tics, antithrombotic prescribing, and hospitalizations for both stroke
and systemic embolism for patients at an individual-level across multiple
EHR data sources. We observed a 26% increase in the prevalence of AF
and a small increase in associated CHA,;DS,VASc risk in this population
between 2012 and 2018. We also observed an increase in the AF popu-
lation AC coverage from 50 to 70% and a 15% reduction in the rate of
hospitalization for SSE over this period.

It is well known that the AC improves outcomes in AF patients and
the European Society of Cardiology guidelines for AF management, pub-
lished in 2012,*° recommended OAC in preference to AP therapy in
(most) patients with a CHA,;DS,VASc score >1. However, the direct

impact of these recommendations on clinical outcomes, with regard
to the level and rate of implementation of AC coverage at a population
level has not been demonstrated in a large, real-world study. We, there-
fore, undertook this study to determine the changing trends in the size
and thromboembolic risk (CHA,;DS,VASc risk factors) of the AF popu-
lation, the level of AC coverage and SSE events in a large population from
2012 to shortly before the COVID pandemic. Our key questions given
the changing demographic of this population being: whether such guide-
lines are met, and what was the consequences over time of unmet thera-
peutic need which we measured by the rate of SSE hospitalization."*?

As expected, we observed that the increasing proportion of AF pa-
tients prescribed AC was associated with a decrease in hospitalization
rate for SSE, despite the increasing mean CHA,DS,VASc score of the
AF population over the period of assessment. Although these are fa-
vourable outcomes, with coverage in line with other previous studies,
the level and rate of increase in coverage is far from ideal.’>3* Our mod-
el confirmed a very good fit with the observed outcomes between
2012 and 2018 providing us with the confidence that the simulated out-
comes would be representative of clinical events in the AF population.
Our model shows the expected magnitude of the benefit that might
have been observed if the increase in coverage had been made more
rapidly and extensively across the population. Furthermore, our mod-
el(s) allowed us to estimate the potential population impact of future
changes in the level of AC coverage and rate of implementation,
from the current starting point in our population. Unsurprisingly the
quicker and more comprehensively these improvements can be imple-
mented, the greater the impact on outcomes, illustrated by our esti-
mate that almost 400 more SSE events in AF patients might be
prevented if AC coverage could be increased to 90% immediately, com-
pared with a gradual increase in coverage to 90% over the subsequent 9
years. This is a conservative estimate, as it assumes there will be no in-
crease in the CHA,DS,-VASc score in the population.

Our national longitudinal study of anonymized population-scale
individual-level data provides new and original knowledge on temporal
trends in the increased prevalence of AF and associations between AC,
CHA,DS,VASc risk score and the falling incidence of stroke and

2400 = a- Anticoagulation rate of 50% throughout
2300
» 2200 = ¢- Anticoagulation rate of 90% throughout
=
g 2100
o
w 2000
vy
o 1900
(=]
& 1800
o
£ 1700
=
Z 1600
1500
1400
Year 2012 2013 2014 2015 2016 2017 2018
a - AC 50% throughout 2,360 2,240 2,150 2,030 1,930 1,840 1,750
b - AC 70% throughout 2,140 2,030 1,960 1,850 1,770 1,690 1,610
¢ - AC 90% throughout 1,920 1,830 1,760 1,670 1,600 1,540 1,460
d - AC 50% increasing to 70% 2,360 2,210 2,080 1,940 1,820 1,710 1,610

Figure 4 Estimated stroke and systemic embolism (SSE) rates per 100 000 based on four anticoagulation (AC) coverage scenarios: (a) AC rate of 50%
at the start of 2012 staying stable at 50% till the end; (b) AC rate of 70% at the start of 2012 staying stable at 70% till the end; (c) AC rate of 90% at the

start of 2012 staying stable at 90% till the end; (d) AC rate of 50% at 2012 gradually increasing to 70% by the end.
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systemic embolism, in Wales, UK. The unique data linkage within the
TRE enables us to track patients from the point of AF diagnosis to
any prescribed medication and monitor for this population any incident
hospitalization for Stroke and Systemic Embolism (SSE), adding to the
existing evidence based on aggregated level data only.”* We were lim-
ited to those patients who have had a coded diagnosis of AF in their pri-
mary care records; hence, the ascertainment of AF cases as well as the
outcomes are highly dependent on what is recorded in the datasets.
However, these recorded diagnoses represent those considered by
the responsible clinicians for the care of these patients. Notably, the
SAIL Databank team performs standard quality assurance steps on all
data received to SAIL to check the consistency of data flows over
time and ensure that only data approved for project use is provisioned
and accessible within the TRE.

Although all secondary care hospitals in Wales provide data to SAIL
Databank, our data may slightly underestimate the effect size due to
only 80% of primary care practices contributing data to SAIL
Databank at the time of this study.

In keeping with many previous studies, adverse outcomes
were assessed from secondary care data only. Therefore, any SSE
events not resulting in hospitalization managed in a different care setting
or if the patient died prior to hospitalization will not have been re-
corded. This is likely to underestimate the true benefit of SSE reduction
with AC. However, to our knowledge, there are no linkable data held in
the SAIL Databank that could permit further exploration of this issue.

We observed a reduction in hospitalization rates for SSE during the
study period, independent of changes to CHA,DS,-VASc score and an-
tithrombotic prescribing. There are a number of possible explanations
for this observation, including the improvement of patient pathways
that may result in better management of risk factors and the earlier pro-
vision of AC. We acknowledge that although prescriptions for AT were
evaluated, it was not possible to determine whether these medications
were actually dispensed or taken as intended. Furthermore, changing
patterns of other unrecorded comorbidities, the prescribing of other
prognostically relevant medicines and behaviours may also have influ-
enced outcomes. However, it was beyond the scope of this study to
evaluate these issues. Nonetheless, despite these caveats, the output
from our model provided a close estimate of the observed outcomes.

Our simulation analyses include adjustment for CHA,DS,VASc
score and assumes that the risk-benefit balance of anticoagulating pa-
tients who are currently not receiving any AC is similar to those who
are already anticoagulated. However, we recognize that some patients
may not be anticoagulated due to contraindications and/or other clin-
ical issues which we could not explore in this study. Although we can-
not recommend wider generalization of these simulated findings, we
believe that they provide meaningful and important insights into the po-
tential clinical benefit from a more timely implementation of evidence
based treatment at a population level.

There are a number of additional factors that may have contributed
to our observation of improving outcomes in this population. These in-
clude the improvement of patient pathways as well as the 2012 updates
of the European AF guidelines that may result in more effective oppor-
tunistic detection of AF, better management of cardiovascular risk fac-
tors and comorbidities in addition to the earlier provision of AC.

This study was conducted in the Welsh NHS, where healthcare is
free at the point of care, including the provision of medicine, this should
be considered when comparing the results of this study to other health-
care systems where affordability may influence access to treatment and
outcomes.

22,31,34,35

Conclusion

Although the beneficial impact of AC in the reduction of thrombo-
embolic risk in AF patients has been clearly demonstrated in clinical

trials, the overall level of benefit ‘at scale’ in a real-world cohort has
not previously been fully characterized.® In this study, we have quanti-
fied the relationship between increasing AC coverage and falling rates
of SSE and mortality and provided a model framework to estimate
the past and future impact of differing scenarios of population AC
coverage. These data emphasize the missed opportunities of delays in
meeting therapeutic targets for a simple, inexpensive pharmaceutical
intervention, and the need for continued efforts to improve population
AC coverage as quickly and comprehensively as possible.

Data availability

The data sources used in this study are available in the SAIL Databank at
Swansea University, Swansea, UK, but as restrictions apply, they are not
publicly available. All proposals to use SAIL data are subject to review by
an independent Information Governance Review Panel (IGRP). Before
any data can be accessed, approval must be given by the IGRP. The IGRP
considers each project to ensure proper and appropriate use of SAIL
data. When access has been granted, it is gained through a privacy protect-
ing trusted research environment and remote access system, referred to as
the SAIL Gateway. SAIL has established an application process to be fol-
lowed by anyone who would like to access data via SAIL at https://www.sail-
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online.
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APPENDIX

Abbreviated Description

term

AC Anticoagulation

AF Atrial fibrillation

AP Antiplatelet therapy

AT Antithrombotic

CHA,DS,-VASc Congestive heart failure, Hypertension, Age (65—
74), Diabetes, Stroke history, Vascular disease,
Age (75+), Sex

Cl Confidence interval

DOAC Direct oral anticoagulation

GP General Practice

EHR Electronic health record

HR Hazard ratios

ICD-10 International Classification of Disease — 10th
revision

PEDW Patient Episode Dataset for Wales

SAIL Secure Anonymised Information Linkage

SE Systemic embolism

SSE Stroke and systemic embolism

TIA Transient ischaemic attack

TRE Trusted Research Environment

VKA Vitamin K antagonists

WLGP Welsh Longitudinal General Practice
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