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Abstract

Background—-~Prevalence of atrial fibrillation (AF) is over 10% at age =80 years, but the impact
of population ageing on rates of AF-related ischaemic events is uncertain.

Methods and Results—We studied age-specific incidence, outcome and cost of all AF-related
incident strokes and systemic emboli from 2002-2012 in the Oxford Vascular Study (OXVASC).
We determined trends in incidence of AF-related stroke since a sister study in 1981-1986,
extrapolated numbers to the UK population and projected future numbers. Of 3096 acute cerebral
or peripheral vascular events in the 92,728 study population, 383 incident ischaemic strokes and
71 systemic emboli were related to AF, of which 272 (59.9%) occurred at =80 years. Of 597 fatal
or disabling incident ischaemic strokes, 262 (43.9%) were AF related. Numbers of AF-related
ischaemic strokes at age >80 increased nearly three-fold from 1981-1986 to 2002-2012
(extrapolated to the UK: 6621 to 18,176), due partly to increased age-specific incidence (RR 1.52,
96%Cl 1.31-1.77, p=0.001), with potentially preventable AF-related events at age=80 costing the
UK £374 million/year. At current incidence rates, numbers of AF-related embolic events at age
>80 will treble again by 2050 (72,974/year), with 83.5% of all events occurring in this age group.

Conclusions—Numbers of AF-related incident ischaemic strokes at age =80 years have trebled
over the last 25 years, despite the introduction of anticoagulants, and are projected to treble again
by 2050, along with the numbers of systemic emboli. Improved prevention in older people with
AF should be a major public health priority.
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Introduction

The increase in life-expectancy, due partly to prevention of premature vascular deaths, and
the consequent increase in the elderly population have implications for the effective
targeting of preventive medicine and healthcare costs. A key issue for prevention of vascular
disease and for future burden is the extent to which incidence of non-fatal events is also
moving to older ages. If disease incidence moves to older ages at the same rate as life-
expectancy increases, such that age-specific incidence falls, then some aspects of screening
and prevention will also need to be targeted towards older age groups, but overall disease
burden may not increase (depending on how outcome is related to age). Such a “right-shift”
of incidence to older ages is evident for some conditions, such as acute coronary events.1 If,
however, disease incidence does not move to older ages and age-specific incidence remains
constant then the absolute number of elderly individuals affected will increase. If, in
addition, disease incidence at older ages also increases, due for example to a greater
susceptibility in individuals who would previously have had a premature vascular death, then
the absolute number of older individuals affected could increase dramatically.

Stroke is a major cause of death and disability,1, 2 leaving five million people permanently
disabled in Europe each year at a cost of 38 billion euros in 2006.3 Atrial fibrillation (AF) is
one of the most common preventable causes of stroke. AF-related ischaemic strokes tend to
be severe and to incur high mean costs,4 and non-cerebral systemic embolism secondary to
AF is also a major clinical burden.5, 6 With 2.3 million people estimated to have AF in the
USA,7 with prevalence increasing from 0.5% at 50-59 years to 10% at >80 years, and with
age-specific prevalence possibly also increasing,7-9 the burden and cost of AF-related
stroke and systemic embolism could increase dramatically. However, anticoagulation with
warfarin is highly effective in primary prevention of AF-related embolic events,10, 11 and
several new oral anticoagulants may be of at least equivalent clinical benefit,12 albeit with
some disadvantages.13,14 Yet, there is widespread under-use of warfarin for AF,15-17
particularly in the elderly.18-20 Although there are few published data on the safety of
newer anticoagulants at age >80 years,12,21 there is good evidence that warfarin is more
effective than aspirin in primary prevention in high-risk elderly patients with AF.22

We could therefore be facing a substantial increase in potentially preventable AF-related
embolic events at older ages due to the multiplicative effects of increased life-expectancy,
the strongly age-related prevalence of AF with no evidence of right-shift to older ages and
possibly increasing age-specific prevalence, and low-rates of use of anticoagulation in older
people with AF with little evidence of any recent improvement.15,20 One major barrier to
action at public health policy level is that in contrast to the numerous studies documenting
low rates of anticoagulation (web-tables 1A-C), there are few published data on the
consequences and costs of such under-treatment in terms of potentially preventable embolic
events at the population level and no data on projected future burden. We therefore did a
prospective population-based study of all stroke and systemic embolism associated with AF
in Oxfordshire, UK, during 2002-2012, to determine age and sex-specific incidence, rates of
prior AF, pre-morbid treatment in relation to age, sex, risk scores and contraindications, pre-
morbid disability, clinical outcome and cost. By comparison with a sister study in the same
population in 1981-86, we also determined the change in numbers of AF-related ischaemic

Circulation. Author manuscript; available in PMC 2017 April 07.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Yiin et al.

Methods

Page 3

strokes, reflecting the combined impact of trends in age-specific incidence of AF, ageing of
the population and the impact of anticoagulation. Finally, we projected future numbers of
AF-related thromboembolic events in older people if prevention is not improved.

OXVASC is a population-based study of the incidence and outcome of all acute vascular
events in a mixed urban/rural population of Oxfordshire, UK. Methods and definitions of
events (supplemental methods) have been reported previously.2, 23 Briefly, the study
population comprises 92,728 individuals registered with nine general practices (about 100
family doctors) that refer patients to the main Oxford Hospitals. The OXVASC population
was 94% white, 3.1% Asian, 1.5% Chinese and 1.4% Afro-Caribbean.24 Based on the Index
of Multiple Deprivation (IMD),25 the electoral wards covering our population were less
deprived than the rest of England (mean IMD score: 8.69 vs 16.98, t-test - p<0.001), but had
a broad range of deprivation with 22% of wards ranking in the lower third nationally.
Ascertainment of acute vascular events started in 15t April 2002 and is on-going. Case
ascertainment uses multiple overlapping methods of hot and cold pursuit (supplemental
methods) and has been shown to be near-complete.23,26 For this paper, only incident
strokes and systemic emboli ascertained up to 31/03/12 were included. OXVASC has local
research ethics committee approval.

All patients gave informed consent to participate, or assent was gained from a relative.
Patients were seen by study physicians as soon as possible after presentation (supplemental
methods: details of assessment and investigation). Clinical study reports of all strokes were
reviewed by the senior study neurologist and reports of all peripheral vascular events were
reviewed by a vascular surgeon. We obtained additional premorbid baseline clinical
characteristics, lipid profile, BP measurements and medications by interviewing patients and
relatives and by review of primary care and hospital records.

Stroke was defined as an event with appropriate symptoms lasting longer than 24 hours.
23,27 Systemic emboli included all cases of presumed-embolic acute limb ischaemia or
acute visceral ischaemia (including aortic, renal, splenic, hepatic and intestinal). AF-related
events were defined as those associated with paroxysmal, persistent or permanent AF28,29
(defined on the basis of an ECG showing either absent p waves or atrial flutter with an
irregular ventricular response) documented before the event, at the time of assessment, or
within one month after the event.30 Patients were subdivided according to whether AF had
been documented prior to the acute event (“known prior AF”), with confirmation from
primary care or hospital records.

In all patients with known prior AF, we used pre-morbid clinical characteristics to calculate
the CHADS, score31 and CHA,DS,VVASc score32 for risk of embolic ischaemic events and
the HAS-BLED score33 for the risk of bleeding on anticoagulation. In those patients not on
anticoagulation at the time of the event, we reviewed primary care and hospital records to
identify any written explanation as to why anticoagulation was not used and identified any
reasons for previous discontinuation. Aetiologic subtype of stroke was classified with the
TOAST criteria (Trial of Org 10172).34
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All patients had face-to-face follow-up at one and six-months after the event.
Institutionalization was defined as living in a nursing home, residential home or community
hospital. Disabling/fatal stroke or systemic emboli were defined as having a modified
Rankin scale (mRS) score >2 at 6-months. Pre-morbid disability was also defined as
mRS>2, with major disability defined as mMRS>3 (i.e. not independently mobile).

Incidence of AF-related ischaemic stroke in OXVASC was compared with that in the
Oxfordshire Community Stroke Project (OCSP), which was a high-quality population-based
study of first-ever stroke in 1981-86 in an overlapping general practice population. Analysis
of event rates in OCSP was restricted to the nine practices that were common to both studies.
The methods of OCSP have been reported previously,30 and are summarized in
supplemental methods. Case-ascertainment, assessment and follow-up were similar to
OXVASC.

The definitions of incident ischaemic stroke and of AF were the same in OCSP and
OXVASC and rates of brain imaging or autopsy after stroke were similar.2, 23,30 Baseline
and one-month cardiovascular examinations were similar and ECG was done routinely at
baseline, but ambulatory cardiac monitoring was not.

5-year costs after AF-related stroke and systemic emboli

We estimated the one-year hospital costs and 5-year residential care costs incurred by
patients with incident AF-related ischaemic stroke and systemic emboli in the first 5-years
of the study to ensure a minimum 5-year follow-up. Hospital records were reviewed for any
accident & emergency (A&E) visit, emergency transport, outpatient care visit, day case or
hospitalization for the initial event and during the first year thereafter. Details of costing
study methodology in OXVASC have been published previously.35 Only hospital costs in
the first year after the index event were included given that we have shown previously that
subsequent hospital service use and costs revert back to pre-morbid levels.35 All resource
use was priced using 2008/09 unit costs and derived from the schedule of reference costs for
NHS trusts.36 We restricted the long-term costs of institutionalization into a nursing or
residential care home following stroke/systemic emboli to patients who were
institutionalized within the first 6 months after the event to avoid over-estimation of costs
due to non-related conditions. Institutionalization was costed as the cost per week in a
private nursing home (£715 in 2008), with costs incurred after the first year discounted using
an annual rate of 3.5%.

Statistical analysis

Sex-specific rates (per 1000 population per year) of AF-related incident ischaemic strokes
and systemic emboli were calculated in 10-year age bands, with confidence intervals (CI)
estimated assuming a Poisson distribution. We used original individual patient data and the
1981-1986 age-sex study population data from OCSP to recalculate the rate of AF-related
incident ischaemic strokes in OCSP for the OXVASC general practices, and standardized all
rates in both studies to the 2010 census population of UK.37 We used Poisson regression
models to compare the standardized incidence of AF-related ischaemic strokes in OXVASC
versus OCSP. We used Chi-squared or Fisher’s Exact test to compare categorical variables
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and Student’s #test for continuous variables. Costs were reported as means together with
their standard deviations (SD).

We extrapolated numbers of AF-related incident ischaemic strokes from age-specific
incidence rates in OCSP to the 1984 UK population structure and extrapolated rates of all
AF-related embolic events in OXVASC to the 2010 UK population structure. We projected
likely future numbers of AF-related embolic events using 2002-2012 incidence rates from
OXVASC and the Office of National Statistics (ONS) predictions of UK population
structures in 2030 and 205037 assuming no change in age-specific incidence. Numbers of
events observed and projected were determined in 10-year age bands and also separately for
age >80 years. We performed statistical analysis and graphical presentation using SPSS
software version 20.0, Microsoft Excel 2010 for Windows and SAS software version 9.2.

Among 3096 acute incident (2497) and recurrent (599) cerebral or peripheral vascular events
in OXVASC during 2002-2012, 748 (24.2%) were AF-related, of which 454 were incident
ischaemic strokes (383) or systemic emboli (71). Of these 454 patients, 274 with ischaemic
stroke and 62 with systemic emboli had documented prior AF. Incidence rates of these AF-
related embolic events were similar in men and women but increased steeply with age
(figure 1), with 272/454 (59.9%) events occurring at =80 years (table 1).

Of the 454 patients with AF-related incident events, 436 (96.0%) had non-valvular AF, 129
(28.4%) had paroxysmal AF and 325 (71.6%) had permanent AF (web-tables II-111). Of the
1248 incident ischaemic strokes in OXVVASC, AF-related strokes were more likely to be
major (NIHSS = 5-9 vs 0-4; age-adjusted OR=1.71, 95%CI 1.21-2.41, p=0.002) or severe
(NIHSS=10 vs 0-4; age-adjusted OR=3.18, 2.32-4.36, p<0.0001) than non-AF-related
strokes. Of all 597 incident ischaemic strokes that were fatal or disabling at six months, 262
(43.9%) were AF-related and 193 (32.3%) occurred in patients with known prior AF.

Of 474 patients with incident ischaemic stroke from 1981-86 in the OCSP, 56 (11.8%) had
known prior AF and 29 (6.1%) had new or missed AF (web-table IV). The proportions of
incident ischaemic strokes in which AF was purely paroxysmal were similar in the two
studies (111/383 in OXVASC vs 23/85 in OCSP, p=0.72), including among those at age <80
years with new paroxysmal AF (16/29 vs 3/7, p=0.68; web-table V) and at age =80 with
paroxysmal AF and non-disabling ischaemic stroke at one month follow-up (6/37 vs 2/7,
p=0.59; web-table VI). The standardized incidence of AF-related ischaemic stroke was
higher in OXVASC vs OCSP (RR standardized to 2010 UK population=1.26, 1.01-1.57,
p=0.041), as was the mean/SD age at AF-related stroke (80.0/9.7 vs 77.3/9.0; p=0.016). The
standardized incidence increased from 0.38 (0.21-0.54) events/1000 population/year in
OCSP t0 0.48 (0.33-0.63) in OXVASC (web-table 1V), due entirely to increased incidence at
older ages (figure 2). Incidence at age >80 years increased significantly (6.12/1000/year vs
4.02/1000/year; age/sex adjusted RR=1.52, 1.31-1.77, p=0.001) in contrast (interaction
p=0.036) to incidence at <80 years (0.18/1000/year vs 0.15/1000/year). Extrapolating these
stroke incidence rates at age =80 to the UK populations in 1984 (OCSP) and 2010
(OXVASC) yielded an increase in expected annual number of events from 6621 to 18,176.
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The characteristics of patients with AF-related ischaemic stroke in OCSP vs OXVASC were
broadly similar (table 2, web-tables VIIA-D and VIII). However, although premorbid use of
antihypertensive and antiplatelet agents was substantially higher in OXVASC (both
p<0-0001), warfarin use remained low (47/383 vs 3/85, p=0.018). Among 336 patients with
incident stroke or systemic embolism and known prior AF in OXVASC (figure 1), only 56
(16.7%) were anticoagulated at the time of the event (46/274 ischaemic stroke and 10/62
systemic emboli), with no increase in rates of anticoagulation more recently (24/158 in
2002-2007 vs 32/178 in 2007-2012, p=0.49) or in patients with a previous TIA (11/56;
20%). Anticoagulation rates were somewhat higher (difference - p=0.02) for persistent/
permanent AF (46/233) than for paroxysmal AF (10/103). Of the 56 patients who were
anticoagulated at the time of the event, the INR was subtherapeutic (usually INR<2) in 34
(60.7%). Further details on the under-treatment of patients with incident embolic event and
known prior AF are in table 3, web-appendix 1, web-tables IX-XIX, and web-figures I-11I.
Of 128 patients with incident intracerebral bleed in OXVASC, 19 had known prior AF, of
whom 12 were on anticoagulants (4 aged =80 years).

Of the 383 AF-related ischaemic strokes, 190 (77 patients aged <80 and 113 aged =80 at
time of incident event) occurred during the first 5 years of OXVASC. Mean total care costs
were £22,423, of which £12,417 were due to hospital care (i.e. inpatient, outpatient and
emergency visits) costs and £10,007 due to long-term institutionalization (table 4). Although
patients aged <80 incurred similar hospital costs to those aged =80 (£12,934 vs. £12,064
respectively), they incurred lower institutionalization costs (£6,670 vs. £12,280
respectively). The 5-year risk of institutionalization in long-term care homes is reported in
web-figure 1V. Of the 71 AF-related systemic emboli, 32 (10 patients aged <80 and 22 aged
>80 at time of incident event) occurred during the first 5 years of OXVASC. Mean hospital
care costs were £13,720. Systemic emboli patients incurred no long-term institutionalization
costs over the period of interest (i.e. two patients were institutionalized in long-term care
homes, but this occurred 6 months after the event). For the subset of potentially preventable
AF-related events in patients who were aged >80 and not anticoagulated, total care costs
averaged £26,454 for stroke and £14,482 for systemic emboli; £374 million per year when
extrapolated across the UK (web-tables XVVA-B).

Extrapolating current age and sex-specific rates of AF-related incident embolic events in
OXVASC to the 2010 UK population yields an estimate of 34,258 events per year, 22,152
(64.7%) at age =80 years (figure 3, web-tables XVIA-D). Assuming age-specific incidence
rates do not change, population projections suggest that there will be 87,353 incident AF-
related events (71,178 ischaemic strokes and 16,175 systemic emboli) in 2050 (figure 3,
web-tables XVIE-G), 72,974 (83.5%) at age =80 years and 35,603 (40.8%) at age =90 years.
By 2050, the estimated care costs, at 2008 prices, of AF-related incident ischaemic stroke
would be £1.7 billion, and £221 million for systemic emboli. In those aged >80 years, the
costs due to stroke alone would be £1.4 billion, with over 50% of costs (£720 million) due to
institutionalization in long term nursing or residential care (web-tables XVVA-B).
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Discussion

Although the high prevalence of AF in the elderly and the widespread under-use of
anticoagulation are well described, the impact on event rates at the population level has not
previously been determined. By studying the combined burden of AF-related stroke and
peripheral embolic events we have made several observations that have important
implications for the future burden of disease and for improving prevention. As expected in
view of the aging population, the number of AF-related ischaemic strokes (and presumably
also other embolic events) at older ages has increased over the last 25 years. However, this
increase in absolute numbers is greater than expected on the basis of demographic change
alone because of a concomitant increase in incidence of AF-related ischaemic stroke at age
>80 years, despite the advent of convincing trial evidence of the effectiveness of
anticoagulation. Crucially from an overall burden of disease perspective, this increase in
events at older ages has not been counterbalanced by a reduction in incidence of events at
younger ages i.e. there has been no “right-shift” in age-specific incidence. Even assuming as
we have that age-specific incidence of AF-related stroke at older ages does not continue to
increase, without improved prevention the absolute number of AF-related ischaemic strokes
and systemic emboli will treble again by 2050, based on demographic change alone.

We also documented in detail the consequences and costs of potentially preventable AF-
related ischaemic events at the population level. Only 9% of patients aged =80 years with
ischaemic stroke or systemic emboli related to known prior AF were on premorbid
anticoagulants, despite the vast majority having a high CHADS, score and low bleeding
risk, and despite the low rate of documented contraindications (webappendix 1, web-tables
IX-X1V, web-figures I-111). Consequently, there was a 50-fold imbalance in this age group
between numbers of AF-related embolic events (n=208) and numbers of anticoagulant-
associated intracranial haemorrhages (n=4). Importantly, over half of patients aged =80 and
not anticoagulated were previously independent (mRS<2), and nearly 90% were
independently mobile (mRS<2), but nearly three quarters were dead or more disabled six
months after the event (web-tables XIVA-B). Consequently, half of all disabling or fatal
incident ischaemic strokes at age =80 in the OXVASC population were AF-related. This
under-use of anticoagulation was in stark contrast to the high rates of use of antihypertensive
drugs and statins in these patients (table 2). Given our projection that by 2050, over 80% of
AF-related embolic events will occur at age =80 and over 40% at age =90, this under-use of
anticoagulants in relatively fit older individuals is a major problem for public health.

Rates of anticoagulation for AF at age =80 years in the UK range from 21% to 46% (web-
tables 1A-C), despite the BAFTA trial22 having shown safety and effectiveness in the
elderly. We found relatively high rates of pre-morbid antiplatelet drug use in older patients
with known prior AF, consistent with evidence that physicians overestimate the bleeding
risks of warfarin and underestimate its benefits and overestimate the benefits of antiplatelet
drugs for stroke prevention in AF.16 Although the benefit of anticoagulants over antiplatelet
drugs in high-risk patients with AF is maintained at older ages,22,38 there is a particular
reticence to prescribe warfarin in healthy elderly patients with AF.39 The availability of new
oral agents, which post-dated our study period, might change this, but there is little evidence
so far of any impact on rates of anticoagulation in older age groups.40,41
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We found no evidence of any reduction in AF-related ischaemic events during 2002-2012,
despite the introduction in 2006 of AF registers in primary care as part of a remuneration
scheme in UK and despite publication of the BAFTA trial in 2007.22 AF registers are clearly
potentially useful tools, but only 118 (26%) of 454 patients with incident AF-related
ischaemic strokes or systemic emboli in OXVASC did not have documented prior AF and
were not aware of the diagnosis and in some of these apparently undocumented cases, the
AF would have been either very recent or potentially induced by the ischaemic event itself.
Overall, therefore, our findings show that most of the clinical burden of potentially
preventable embolic events is due to under-treatment and not under-detection. It is
noteworthy that until April 2012 the same scheme rewarded primary care physicians equally
for use of anticoagulants or antiplatelet agents in patients with AF (web-table XVII).

More incentives for physicians to prescribe anticoagulants might help but it is paramount
that international clinical guidelines and reimbursement systems should focus on older age
groups. More research into barriers to prescribing anticoagulants and patients’ reluctance to
take them might be useful, but the long-standing and apparently intractable nature of the
problem suggests that other approaches will also be required. The considerable current
burden and cost of potentially preventable AF-related events, the projected future cost (£1.4
billion/year by 2050), and a population prevalence of AF of over 10% at age 80 would
justify consideration of direct public education about the importance of AF. The lack of data
on the safety and effectiveness of new anticoagulants at older ages12, 21 must also be
addressed, and further trials of non-anticoagulant approaches to prevention42 should be a
priority, including pragmatic comparisons with antiplatelet treatment alone rather than
anticoagulants.

Projections of future event rates will always be imprecise. We think that our estimates are
reasonably valid since demographic changes in our study population that underlie the results
of under-anticoagulation and projected numbers of future events are applicable to most
developed countries. Although studies of the likely future burden of AF itself have been
confined to the USA,7, 8 numbers of individuals with AF are projected to increase 2.5-fold
by 2050 (5.6 to 12.1 million) if age-specific prevalence remains stable,8 or by 3-fold (15.9
million) if prevalence continues to increase.7 Our findings relating to the incidence of AF-
related embolic events, rather than the prevalence of AF, suggest that unless current rates of
anticoagulation increase in the elderly, the number of events will simply parallel the future
increase in prevalence. A very substantial fall in age-specific prevalence would be required
to offset the increasing number of embolic events due simply to the increasing numbers of
older people. Crucially, in contrast to more purely atherosclerotic vascular events, such as
acute coronary events, and other high-risk conditions, such as abdominal aortic aneurysms,
which are moving to older age groups, a fall in age-specific prevalence of AF seems unlikely
since other major risk factors for AF, such as diabetes and obesity, are increasing in
prevalence.43 Indeed, it is possible that prevalence of AF at older ages will increase more
rapidly in future as premature death due to acute coronary events continues to fall, thereby
increasing the numbers of individuals with risk factors for AF who survive to older ages, and
as long-term survival in patients with established cardiac disease continues to improve.
Moreover, although the association between most vascular risk factors and risk of stroke
diminishes with age, the importance of AF as a cause of stroke increases steeply with age.44
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It should also be noted that the trebling in numbers of events at age =80 years over the last
25 years occurred despite awareness amongst clinicians of the importance of stroke
prevention in AF, despite screening in primary care, despite the availability of warfarin and
despite high rates of use of antihypertensive drugs and statins.

Our study has several limitations. First, our findings cannot necessarily be generalized to
other populations or healthcare systems. For example, rates of prior anticoagulation in
patients with incident ischaemic stroke in OXVASC are somewhat lower than those in other
recent stroke incidence studies (web-figure V). However, under-use of anticoagulants is
widely documented in all countries in which it has been studied, population aging is
widespread, and other studies show that a high proportion of AF-related strokes occur at age
over 80 years.45,46 In addition, the OXVASC population has a lower mean deprivation level
than the overall UK population. Second, it is possible that better detection of paroxysmal AF
might have biased our comparisons of OCSP and OXVASC. However, the proportion of
stroke cases with paroxysmal AF was similar in both time periods, including among those at
age <80 years with new paroxysmal AF. Third, it is also possible that ascertainment of more
minor strokes was more effective in OXVASC than in OCSP, possibly accounting for the
apparent increase in age-specific incidence. However, study methods were designed to be
very similar, previous comparisons showed no evidence of a difference in effectiveness of
ascertainment,2 and AF-related strokes at age >80 years tend to be severe (web-table XIVA-
B) such that ascertainment will be high. Indeed, the proportion of non-disabling AF-related
strokes at age =80 years was similarly low in both studies (web-table V1) and overall
severity and case-fatality of AF-related strokes in the two studies were virtually identical
(web-table VIII). Fourth, not all apparently AF-associated systemic emboli or stroke will
definitely have been due to AF and not all would have been prevented by prior
anticoagulation. However, warfarin reduces the rate of ischaemic stroke and systemic emboli
in primary prevention in AF by about 70% compared with placebo,10, 11 and so most of the
events in untreated patients would have been preventable. In keeping with this conclusion,
we found an alternative aetiology for stroke in only a small proportion of cases (web-table
I11). Fifth, we did not have individual patient data on anticoagulation in our underlying study
population. However, the overall anticoagulation rate in Oxfordshire for individuals with a
CHADS, score =2 is somewhat greater than elsewhere in the UK (web-table IC), suggesting
that our measure of the burden of potentially preventable AF-related events is unlikely to be
an over-estimate, particularly since we exclude AF-associated TIAs and also all recurrent
AF-related embolic events. Sixth, ambulatory cardiac monitoring was not routinely
performed in either study, which might have led to under-ascertainment of paroxysmal AF.
Seventh, as we only included institutional costs (hospital and care homes), our costs
associated with AF-related embolic events are likely to be an underestimate since we did not
include the indirect costs borne by relatives/friends when providing unpaid care to AF-
related embolic event patients. Eighth, we could not meaningfully determine whether
premorbid anticoagulation was associated with a lower overall cost due to the small number
of patients receiving anticoagulation prior to their index event (n=17) in the first 5 years of
our study (web-table XVI11). However, there was a small trend for more favourable
functional outcome at 6 months for patients with ischaemic stroke that received premorbid
anticoagulation (web-table X1X). Finally, we do not have individual patient risk factor data
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for the underlying population in OCSP to adjust the comparative incidence rates for
differences in the characteristics of the underlying population over and above age and sex.

In conclusion, without improved prevention, the UK faces a substantial increase in
potentially preventable AF-related embolic events due to the multiplicative effects of
increased life-expectancy and increased prevalence rates at older ages, without any evidence
of a counterbalancing reduction in age-specific incidence at younger ages. AF projection
studies in the USA7,8 suggest that our findings will be generalizable to North America.
Improved prevention of embolic events in people with AF should be a major public health
priority throughout the developed world and will become increasingly important in the
developing world as populations age.
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Figure 1.
Age- and sex-specific rates per 100,000 population per year in OXVASC for all incident AF-
related ischaemic stroke and systemic embolism combined (A) and separately (B).
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Figure 2.

Age-specific rates (per 100,000 population per year) of incident AF-related ischaemic stroke
in OCSP (1981-1986) and OXVASC (2002-2012). Error bars signify the upper 95%
confidence interval.
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Figure 3.
Projected number of AF-related incident ischaemic strokes (dark gray bar) and incident

systemic emboli (light gray bar) extrapolated from OXVASC to the UK population in 2010,
2030 and 2050 stratified by age and based on the current incidence rate in OXVASC.
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Table 2
Baseline characteristics and medication use in patients with AF-related incident ischaemic stroke in OXVASC
and OCSP
OCSP (1981-86; n=85) OXVASC (2002-2012; n=383) p
Baseline characteristics
Male sex (%) 39 (45.9) 171 (44.6) 0.836
Mean age (SD) 77.3(9.0) 80.0 (9.7) 0.016
Premorbid risk factor
Congestive cardiac failure 17 (20.0) 99 (25.8) 0.259
Hypertension 61 (71.8) 282 (73.6) 0.725
Age=75 52 (61.2) 280 (73.1) 0.028
Diabetes 14 (16.5) 58 (15.1) 0.759
Previous TIA 22 (25.9) 60 (15.7) 0.025
Previous MI 15 (17.6) 72 (18.8) 0.805
Angina 13 (15.3) 102 (26.6) 0.028
Current smoking 22 (25.9) 30 (7.8) <0.0001
Hypercholesterolaemia™ 39(45.9) 118 (30.8) 0.008
Peripheral vascular disease 8(9.4) 56 (14.6) 0.206
Valvular heart disease 22 (25.9) 82 (21.4) 0.370
Premorbid medications
Antiplatelet agent(s) 8(9.4) 202 (52.7) <0.0001
Lipid lowering agent 0 102 (26.6) <0.0001
Antihypertensive(s) 19 (22.4) 280 (73.1) <0.0001
Anticoagulant 3(3.5) 47 (12.3) 0.018

#defined as =6.0 mmol/l
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Table 3

Relationship between premorbid antithrombotic therapy, pre-morbid CHADS, score and age of onset of
incident AF-related ischaemic stroke or systemic embolism

Age group  Warfarin  No anti-thrombotics Mono-antiplatelet Dual-antiplatelet

n, (%) n, (%) n, (%) n, (%)
<60 5 (55.6) 1(11.1) 3(33.3) 0
60-69 8 (28.6) 7 (25.0) 13 (46.4) 0
70-79 24 (26.4) 19 (20.9) 44 (48.4) 4(4.4)
80-89 19 (12.9) 42 (28.6) 83 (56.5) 3(2.0)
>90 0 17 (27.9) 39 (63.9) 5(8.2)
Total 56 (16.7) 86 (25.6) 182 (54.2) 12 (3.6)
CHADS, <2
<60 1(20.0) 1(20.0) 3(60.0) 0
60-69 6 (33.3) 4(22.2) 8 (44.4) 0
70-79 6 (19.4) 6 (19.4) 19 (61.3) 0
80-89 3(17.6) 8 (47.1) 5 (29.4) 1(5.9)
>90 0 3(37.5) 4 (50.0) 1(12.5)
Total 16 (20.3) 22 (27.8) 39 (49.4) 2(2.5)
CHADS, 22
<60 4(100) 0 0 0
60-69 2(20.0) 3(30.0) 5 (50.0) 0
70-79 18 (30.0) 13 (21.7) 25 (41.7) 4(6.7)
80-89 16 (12.3) 34 (26.2) 78 (60.0) 2 (15)
=90 0 14 (26.4) 35 (66.0) 4(7.5)
Total 40 (15.6) 64 (24.9) 143 (55.6) 10 (3.9)
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Table 4

Mean hospital and long-term institutionalization care costs after AF-related incident embolic vascular events,
and incident embolic vascular events in patients with known prior AF

All patients <80 years >80 years >80 years & not treated with warfarin

AF-related incident embolic vascular events

syduosnuelA Joyiny sispun4 DA @doing ¢

syduasnuel Joyiny sispund JINd adoin3 ¢

Ischaemic stroke, n 190 77 113 105
Hospital costs £12,417 (14,759) £12,934 (15,016) £12,065 (14,638) £12,425 (15,048)
Long-term costs * £10,007 (35,034)  £6,670(28,732) £12,280 (38,706) £13,216 (40,011)
Total care costs £22,423 (41,802) £19,603 (35,676) £24,345 (45,561) £25,641 (47,000)
Systemic emboli, n 32 10 22 19
Hospital/total costs  £13,720 (21,593)  £13,969 (19,905) £13,606 (22,769) £14,842 (24,283)
Incident embolic vascular events in patients with known AF
Ischaemic stroke, n 126 54 72 65
Hospital costs £12,042 (14,920) £12,801 (16,000) £11,474 (14,144) £11,849 (14,725)

Long-term costs *

£11,303 (37,778)

£8,792 (33,782)

£13,185 (40,650)

£14,605 (42,568)

Total care costs £23,345 (44,456) £21,593 (40,822) £24,659 (47,237) £26,454 (49,377)
Systemic emboli, n 31 9 22 19
Hospital/total costs  £13,634 (21,944)  £13,702 (21,094) £13,606 (22,769) £14,842 (24,283)

Circulation. Author manuscript; available in PMC 2017 April 07.

Unless stated, costs are reported as means and standard deviation (S.D.)

*
Excludes institutionalization costs for 5 patients (all aged > 80 years) who were already institutionalized before the index event.
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