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Aims Screening for atrial fibrillation (AF) is recommended by the European Society of Cardiology guidelines to prevent strokes.
Cost-effectiveness analyses of different screening programmes for AF are difficult to compare because of varying set-
tings and models used. We compared the impact and cost-effectiveness of various AF screening programmes in the
Netherlands.

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

Methods and
results

The base case economic analysis was conducted from the societal perspective. Health effects and costs were analysed
using a Markov model. The main model inputs were derived from the ARISTOTLE, RE-LY, and ROCKET AF trials com-
bined with Dutch observational data. Univariate, probabilistic sensitivity, and various scenario analyses were performed.
The maximum number of newly detected AF patients in the Netherlands ranged from 4554 to 39 270, depending on
the screening strategy used. Adequate treatment with anticoagulation would result in a maximum of >3000 strokes
prevented using single-time point AF screening. Compared with no screening, screening 100 000 people provided a gain
in QALYs ranging from 984 to 8727 and a mean cost difference ranging from –6650 000€ to 898 000€, depending on
the screening strategy used. The probabilistic sensitivity analysis (PSA) demonstrated a 100% likelihood that screening
all patients ≥75 years visiting the geriatric outpatient clinic was cost-saving. Four out of six strategies were cost-saving
in ≥74% of the PSA simulations. Out of these, opportunistic screening of all patients ≥65 years visiting the GPs office
had the highest impact on strokes prevented.

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

Conclusion Most single-time point AF screening strategies are cost-saving and have an important impact on stroke prevention.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Keywords Cost-effectiveness � Atrial fibrillation � Screening

What’s new?
� A single decision analytic model can be used to assess the cost-
effectiveness of single-time point screening for atrial fibrillation
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∗ Corresponding author. Tel: ++31-50-524 5800, E-mail: r.tieleman@mzh.nl
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Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium,
provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

(AF) for several nationwide screening strategies, thus enhancing
comparability.

� Both opportunistic screening of all patients 75 years and older visit-
ing a geriatric outpatient clinic as well as opportunistic screening of
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Table 1 Screening strategies for atrial fibrillation in the Netherlands

Screening strategy
Number
screened Detection rate Specificity(%)

Costs of
screening per

person
screened(€) Confirmationa(€)

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

A: Opportunistic screening of all
patients 65 years and older
visiting a GP

3374 697 Age-dependent
from Lowres et al.

90 19.40 27.60

B: Opportunistic screening of
patients 65 years and older
visiting a GP with blood
pressure measurement (e.g.
hypertension clinic, coronary
heart disease clinic)

1449 316 Age-dependent
from Lowres et al.

90 19.20 82.00

C: Systematic screening at the GP
of people 75 years and older

1437 430 Age-dependent
from Lowres et al.

90 39.40 27.60

D: Opportunistic screening of all
patients 75 years and older
visiting a geriatric outpatient
clinic

75 732 Age-dependent
from Lowres et al.

90 53.75 27.60

E: Opportunistic screening of all
people 65 years and older
during seasonal influenza
vaccination at the GP

2150 240 Age-dependent
from Lowres et al.

90 20.40 27.60

F: Self-screening using a
smartphone app and
confirmation by a GP in people
65 years and older

3374 697 Age-dependent
from Lowres et al.

90 4.00 82.00

For a detailed breakdown and description of the costs of screening and confirmation, please refer to Supplementary material online, Table S2. ‘Costs of atrial fibrillation (AF)
screening in the Netherlands’.
GP, general practitioner.
aCost of confirmation per positive screening result.

all people 65 years and older during seasonal influenza vaccination
at the GP are very likely to be cost saving in the Netherlands.

� Opportunistic screening of all patients 65 years and older visiting
the GPs office had the highest impact on strokes prevented in the
Netherlands.

Introduction
The ESC guideline on atrial fibrillation (AF) treatment advises oppor-
tunistic screening for AF to prevent ischemic stroke (IS) in patients
≥65 years of age (class 1, level of evidence B), and systematic screen-
ing in ≥75 years of age or with a high thrombo-embolic risk (class 2A,
level of evidence B).1 Opportunistic screening can be done in various
ways, e.g. in all patients ≥65 years of age visiting the GPs office, only in
≥65-year-old during blood pressure measurement, or during vaccina-
tion programmes such as influenza vaccination.2 Systematic screening
for AF in patients ≥75 years of age has a class two recommendation,
based on the STROKESTOP study.3 Furthermore, screening can be
performed in high-risk populations, e.g. in geriatric patients visiting a
specialized outpatient clinic.4 Screening programmes utilizing mHealth
solutions offer the potential of screening at home, possibly increasing
the number of people screened.5,6 Many AF screening programmes
have been analysed for cost-effectiveness, all with their own inputs in
modelling and calculations, in different countries, and with different
perspectives (societal or health insurance).6–9 This makes it difficult
to compare the cost-effectiveness of the different strategies. Apart
from the different cost-effectiveness of the various programmes, the

diagnostic yield, i.e. the potential total number of patients detected or
strokes prevented by screening may also differ. In the present study,
we compared the cost-effectiveness of different AF screening scenar-
ios using the same inputs in a Markov-model and calculated the total
potential number of strokes prevented by the different screening sce-
narios when implemented in the Netherlands.

Methods
Design and setting
A static decision analytic model was developed to study the economic
impact of AF screening over a life-time horizon. The patient population
explored in the model was a population of newly detected AF cases that
would be diagnosed with screening for AF. Various screening strategies
were evaluated, please see Table 1. A decision tree incorporated all rele-
vant variables in the screening procedure, and this decision tree served as
the input for the Markov model, see Figure 1.

The decision tree started with hypothetical cohorts for the following
AF screening strategies:

1. Opportunistic screening of all patients >65 years and older visiting a
GP.

2. Opportunistic screening of patients 65 years of age and older visit-
ing a GP with blood pressure measurement (e.g. hypertension clinic,
coronary heart disease clinic).

3. Systematic screening at the GP of people 75 years and older.
4. Opportunistic screening of all patients 75 years and older visiting a

geriatric outpatient clinic.
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410 M. van Hulst et al.

Figure 1 Short decision tree representing the AF screening outcome. The decision tree output was used as an input for the Markov model. A
schematic representation of the Markov structure can be found in the Supplementary material online, Figure S1.

5. Opportunistic screening of all people 65 years and older during sea-
sonal influenza vaccination at the GP.

6. Self-screening using a smartphone app and confirmation by a GP in
people 65 years and older.

The screening strategies are described in detail in Table 1. For the eval-
uation of the costs and gain in quality adjusted life-years (QALYs), these
cohorts were transformed into cohorts of 100 000 people screened per
strategy. Newly detected AF patients were based on the age-dependent
detection rates described by Lowres et al.,10 see Table A1. In the base-
case scenario, we assumed that 3% of the undetected AF patients would
be detected per year in routine medical practice.8

Model
Patients with newly diagnosed AF were followed in 3-month cycles life-
long or until death using a Markov model approach. In the base case,
anticoagulation therapy with a NOAC (apixaban, dabigatran, edoxaban,
or rivaroxaban equally distributed) was used as stroke prevention. Patient
preference for treatment initiation of an anticoagulant was 85% in the base
case, except for self-screening. A patient preference of 85% was based on
unpublished data and anticoagulant persistence after 1 year found in the
literature.8 After self-screening, a smaller share of patients (50%) initiated
anticoagulation.5, 11 We assumed that the treatment continuation rate
was 98% per 3-month cycle.12 The efficacy and adherence were assumed
to remain constant over time. The following health states were included
in the base case: stable AF, IS (minor, major, or fatal), intracranial haem-
orrhage (ICH; minor, major, or fatal), myocardial infarction (MI), systemic
embolism (SE), gastrointestinal (GI) haemorrhage, and death-by-age. All
major extracranial haemorrhages (ECHs) were assumed to be GI haem-
orrhages. All patients who experienced an event moved to a matching
post-event phase after one cycle of 3 months. Costs and effects were re-
flected in a societal perspective, but productivity losses were not taken
into account owing to the high age of the patients. The exclusion of pro-
ductivity losses may underestimate the cost-effectiveness of AF screening
because indirect costs such as informal care by children after an event and
the patients’ inability to babysit are not included in the evaluation. The
model was developed in STATA (version 16.0 MP; StataCorp LLC). Health
gains were discounted by 1.5%; all unit costs were converted to costs for
2019 by correcting for inflation and discounted by 4%. All event probabil-
ities, utilities, costs, and other parameters, including their references, are

listed in the Supplementary material online, please refer to Supplementary
material online, Table S1: Markov model inputs: event probabilities, utilities,
and costs.

Events
The risks of clinical events for NOACs were based on combined clinical
trial data from ARISTOTLE (Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation),13 RE-LY (Randomized Eval-
uation of Long-Term Anticoagulation Therapy),14,15 and ROCKET AF
(Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared
with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial
in Atrial Fibrillation).16 The event rates for NOACs were calculated as
weighted means from the trials. The event rate for SE was based on the
event rate percentage/year and relative risk in ARISTOTLE since the other
trials did not report this specific event. Minor IS were all events classified
minor or non-disabling (40.6 vs. 50.6% base case), IS major were all events
classified major or disabling (37.1 vs. 39.2% base case), and IS fatal were all
events leading to death (22.3 vs. 10.2% base case). For ICH, 17.0% of the
events were considered minor, 41% major, and 42% fatal. The severity of
ICH was assumed to be equal in the base case. The clinical events for pa-
tients with AF without stroke prevention were based on published data of
relative risks of patients without stroke prevention compared with war-
farin.17,18 The mortality rate for the simulated population was adjusted
for age by increasing the age-specific mortality rate during a patient’s life-
time, starting at 75 years. The mortality rate was 3.7 times higher after an
ischaemic event or ICH; after a MI, the age-related mortality was 1.051
times higher.

Utilities
The majority of baseline patient utilities and disutilities were calculated
on the basis of EQ-5D scores matching the International Classification of
Diseases (ICD) codes of the specific clinical events. Anticoagulant therapy
disutility was applied to NOACs. The utilities for IS and ICH were based
on a non-randomized controlled cluster trial, which explored the medical
costs concerning stroke services. Quality of life for IS and ICH was mea-
sured at hospital discharge and 6 months after the event occurred, and
subdivided based on modified Rankin Scales (mRSs) of 0–1, 2–3, 4, and
5. For IS, the utilities were based on two categories: mRS 1–2 (minor)
and 3–5 (major). For ICH, a weighted average was calculated between the
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Table 3 Base-case results from the health economic evaluation of screening for AF in the Netherlands

Screening strategy

Mean costs per
100 000a

(1000€)

Mean utilities
per 100 000a

(QALYs)

ICER
(additional
€ per QALY

gained)

Relative CER
(€ per QALY

gained)
Probability

cost-saving (%)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

D: Opportunistic screening of all
patients 75 years and older visiting
a geriatric outpatient clinic

–6650 8727 Dominant –762 100.0

E: Opportunistic screening of all
people 65 years and older during
seasonal influenza vaccination at
the GP

–146 1756 Dominated –83 73.8

A: Opportunistic screening of all
patients 65 years and older visiting
a GP

–140 1673 Dominated –84 73.9

F: Self-screening using a smartphone
app and confirmation by a GP in
people 65 years and older

–89 984 Dominated –91 75.2

NS: No screening 0 0 Dominated N.A. N.A.
B: Opportunistic screening of
patients 65 years and older visiting
a GP with blood pressure
measurement

424 1686 Dominated 251 2.3

C: Systematic screening at the GP of
people 75 years and older

898 2392 Dominated 375 0.9

Screening strategies are in ascending order from lowest to highest mean costs per 100 000 screened people.
Incremental costs and utilities are not shown because all strategies are dominated by screening strategy D. GP, general practitioner; CER, cost-effectiveness ratio; ICER,
incremental cost-effectiveness ratio; N.A., not applicable; QALY, quality adjusted life-year.
aHypothetical cohort of 100 000 people screened.

mRS scores based on frequency. A higher disutility was allocated to the
first cycle of IS and ICH; after the first cycle, all patients moved to the
post-event phase with matching utility. The utility of major GI haemor-
rhage was based on the assumption that a temporary utility of 0.8 applied
for one week. Minor haemorrhage had no disutility.

Costs
Screening costs for AF consisted of costs of screening, primary care
costs, and costs for the evaluation of the confirmatory ECGs of positive
screening results, including false-positive results and newly diagnosed AF
patients, see Table 1.

The costs of screening were based on material costs (i.e. MyDiagnos-
tick or Microlife Office). Personnel costs were an estimation based on the
hour tariff and the number of hours needed for the screening scenario.
The costs of a cardiologist for confirmation were included, meaning car-
diologist costs for evaluating all ECGs of people suspicious for AF. Please
refer to Supplementary material online, Table S2, ‘Costs of AF screening
in the Netherlands’.

Drug costs for NOACs were based on total costs as presented by
the Dutch Care Institute (see Supplementary material online, Table S1).
The ratio of the NOACs (apixaban 5 mg, dabigatran 150 mg, edoxaban
60 mg, and rivaroxaban 20 mg) was assumed to be equally distributed.
For the NOAC users, we included the cost of an annual GP visit with the
measurement of renal function.

The costs for IS and ICH are described in Supplementary material on-
line, Table S1. The same underlying calculation based on the severity of the
event is applied to the costs as mentioned for the utilities of the IS and
ICH states. Higher costs were applied to the acute IS and ICH; after the
first cycle, all patients moved to the post-event phase with matching costs.
Costs for fatal IS and fatal ICH were applied separately; costs for fatal IS
were derived from a study evaluating the cost-effectiveness of treatment

with statins in the prevention of coronary heart disease. The costs for SE
are based on the assumption that 50% of the patients do not need inten-
sive treatment; the costs are an average of the lowest and highest costs as
defined by the Dutch Health Authority (NZA). The costs for acute MI are
the mean treatment costs, non-differentiating for type of MI and type of
intervention applied. Costs for minor ECH were based on one emergency
room (ER) visit; costs for major ECH were based on treatment costs for
a GI haemorrhage. For both minor and major ECH, it was assumed that
full recovery occurred within 3 months.

Sensitivity analysis
A series of univariate sensitivity analyses were performed to assess the im-
pact of important model assumptions as well as determining the relative
effect of individual parameters. The effect of costs was assessed by taking
50% of the mean value as the lower value and 200% of the mean value
as the upper value. The total costs of screening were explored with plau-
sible variations in key assumptions. The model was designed to estimate
the uncertainty surrounding the cost-effectiveness results by using prob-
abilistic sensitivity analysis (PSA). All model parameters, except for total
screening costs, were varied over plausible ranges mainly based on their
statistical distribution [95% confidence interval (95% CI)]. Event proba-
bilities and utilities were assumed to have Beta distributions; costs were
assumed to have Gamma distributions. The sensitivity analyses were also
used to consider the broader issue of the generalizability of the results.

Results
Base case
The maximum number of newly detected AF patients in the Nether-
lands ranged from 4554 to 39 270, depending on the screening strat-
egy used. Compared with no screening, screened people who were
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Figure 2 Tornado diagram representing the incremental costs expected from a lower and upper value for each variable in the univariate sensitivity
analyses. The values for each value used in the sensitivity analysis can be found in the Supplementary material online, Table S1. (A) opportunistic
screening of all patients >65 years and older visiting a GP; (B) opportunistic screening patients 65 years of age and older visiting a GP with blood
pressure measurement; (C) systematic screening at the GP of people 75 years and older; (D) opportunistic screening of all patients 75 years and
older visiting a geriatric outpatient clinic; (E) opportunistic screening of all people 65 years and older during seasonal influenza vaccination at the GP;
(F) self-screening using a smartphone app and confirmation by a GP in people 65 years and older. GIH, gastrointestinal haemorrhage; GP, general
practitioner; ICH, intracranial haemorrhage; MH, major haemorrhage; NOAC, Non-Vitamin K anticoagulant. Other events include events other
than ICH, GIH, and MH (such as systemic embolism and myocardial infarction).

newly diagnosed with AF and treated with an NOAC over a life-
time horizon experienced fewer IS (minor, major, or fatal), MI, and
SE but more ICH (non-fatal or fatal), GI haemorrhage, and minor
haemorrhage. Total cost of screening ranged from €4.3 to 75.9 mil-
lion. Newly detected AF patients and total number of events that oc-
curred in combination with total screening costs are summarized in
Table 2.
Compared with no screening, screening 100 000 people provided

a gain in QALYs ranging from 984 to 8727. The mean cost differ-
ence between screening and no screening ranged from €–6650 000
to 898 000 per 100 000 screened people. Relative to no screening,
strategies A, D, E, and F were cost saving. Screening strategy D was
the dominant strategy; all other strategies were dominated (Table 3).
As AF screening in strategy D is directed only towards a small specific
population, introducing either nationwide screening strategy A, E, or
F is cost-saving compared with no screening.
Undiscounted for costs and effects, screening provided an addi-

tional gain in QALYs ranging from 1948—10 036 and a mean cost dif-
ference ranging from €–9136 000–299 000 (Supplementary material
online, Table S3). Strategy D remained the dominant strategy. Also,
for nationwide screening, screening strategies A, E, and F remained
cost-saving (mutually exclusive) options without discounting.

Sensitivity analysis
Univariate sensitivity analyses were conducted for the preva-
lence of AF, AF detection in usual practice, costs for IS/ICH/all
events, probability of all events, costs of NOACs, persistence of

NOACs use, screening costs, and utilities to determine the im-
pact on the net cost compared with no screening of the model
(Figure 2).
The costs of IS, MI, and SE (defined as ‘other costs’ in Figure 2)

were of particular influence with the upper limit, leading to more
cost-savings for all screening strategies compared with the costs used
in the base case. With half of the base case costs for IS, MI and SE,
screening for AF was not cost saving anymore for any of the evaluated
screening strategies. Variation in the event probabilities of IS, MI and
SE (defined as ‘Probabilities other events’ in Figure 2) yielded a similar
although less sensitive pattern. Doubling the event probabilities would
give more cost savings of AF screening; halving the event probabilities
would render the AF screening strategies with net costs compared
with no screening. Only halving the costs of or event probabilities
of IS, MI, and SE would lead to a net cost of screening strategy D
compared with no screening. Strategy D and E were sensitive to the
prevalence of AF. Net cost of screening strategy C compared with no
screening was sensitive to the screening costs. Decreasing the cost
of stroke prevention with NOACs would give more cost savings for
AF screening. In general, the impact of persistence, costs, and event
probabilities of bleeding and detection in usual practice is modest to
minor.
The PSA with 1000 Monte Carlo simulations showed that the prob-

ability of cost-saving ranged from 0.9 to 100% for screening strategies
relative to no screening (Figure 3 and Table 3). At a willingness to pay
above €10 000 per QALY gained, screening strategies A, D, E, and
F reached a probability of >90% to be cost-effective, increasing to
>95% at a willingness to pay of €20 000 per QALY gained (results not
shown). As the probability of cost-saving was 100% for strategy D,
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Figure 3 Results of 1000 Monte-Carlo model simulations of AF screening strategies in the Netherlands. The cost difference (€) and QALYs gained
are compared with no screening for 100 000 screened people. (A) opportunistic screening of all patients >65 years and older visiting a GP; (B)
opportunistic screening of patients 65 years of age and older visiting a GP with blood pressure measurement; (C) systematic screening at the GP
of people 75 years and older; (D) opportunistic screening of all patients 75 years and older visiting a geriatric outpatient clinic; (E) opportunistic
screening of all people 65 years and older during seasonal influenza vaccination at the GP; (F) self-screening using a smartphone app and confirmation
by a GP in people 65 years and older. GP, general practitioner; QALY, quality adjusted life-year.

a cost-effectiveness acceptability curve (CEAC) was drawn without
strategy D (Figure 4 ). Excluding strategy D, the probability that either
strategy A or E was cost-saving, i.e. a willingness to pay of €0 per
QALY gained, reached 72.4%. In this case, the probability that strategy
F was cost-saving reached 27.6%. The probability of strategies B and
C being cost-saving was 0%. At increasing willingness to pay, also the
probability of either A or E being cost-effective increased. At a will-
ingness to pay of €20 000 per QALY gained, the probability of either
strategy A or E being cost-effective was 99.4%. Overall, strategy E
showed the highest probability of cost-effectiveness in the CEAC.

Discussion
This study evaluated the cost-effectiveness of nationwide screening
programmes for AF in the Netherlands. AF screening programmes
gave net health/utility gains, with QALYs gained ranging from 984 to
8727 per 100 000 screened people. Relative to no screening, screen-
ing programmes A (opportunistic screening of all patients of 65 years
and older visiting a GP), D (opportunistic screening of all patients 75
years and older visiting a geriatric outpatient clinic), E (opportunistic
screening of all people 65 years and older during seasonal influenza
vaccination at the GP), and F (self-screening using a smartphone app
and confirmation by a GP in people 65 years and older) was cost-
saving, reducing costs €140 000, €6650 000, €148 000, and €89 000
per 100 000 screened people, respectively. The cost-effectiveness ra-
tios of screening programmes B [opportunistic screening patients 65
years of age and older visiting a GP with blood pressure measure-
ment (e.g. hypertension clinic, coronary heart disease clinic)] and C

(systematic screening at the GP of people 75 years and older) rela-
tive to no screening were €251 and €375 per QALY gained, respec-
tively. Such cost-effectiveness ratios are very acceptable when com-
pared with an informal cost-effectiveness threshold of willingness to
pay of €20 000 per QALY gained in the Netherlands. Formally, the
cost-effectiveness of mutually exclusive health care programmes is
evaluated in an incremental cost-effectiveness analysis. In this incre-
mental cost-effectiveness analysis, strategy D (opportunistic screen-
ing of all patients 75 years and older visiting a geriatric outpatient
clinic) was dominant. All other evaluated screening strategies for AF
were dominated by strategy D. Moreover, the probability that strat-
egy D is cost-saving is 100%. Therefore, when only cost-effectiveness
is taken into account, our study shows a preference for implementing
AF screening strategy D. However, apart from the cost-effectiveness
of the different screening strategies, the total number of strokes pre-
vented also determines the impact of the screening programmes. For
instance, screening strategy D is directed towards a specific popula-
tion limited in size, with a moderate impact on the total number of
strokes prevented. Focussing the evaluation on nation-wide screen-
ing of larger populations (strategies A, B, C, E, and F; so excluding
D), showed that either strategy A or E are cost-effective screen-
ing strategies with the highest probability of cost-saving and cost-
effectiveness. Overall, in the evaluation excluding strategy D, Strategy
E displayed the most favourable cost-effectiveness ratio and proba-
bility of cost-saving and cost-effectiveness, probably due to the fact
that—in line with screening patients visiting a geriatric outpatient
clinic—this concerns a patient population with an increased risk of
(asymptomatic) AF.
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Figure 4 Cost-effectiveness acceptability curve for screening for AF in the Netherlands. Strategy D—opportunistic screening of all patients 75
years and older visiting a geriatric outpatient clinic was excluded from the evaluation. Screening scenarios are compared with no screening. (A)
opportunistic screening of all patients >65 years and older visiting a GP; (B) opportunistic screening of patients 65 years of age and older visiting a
GP with blood pressure measurement; (C) systematic screening at the GP of people 75 years and older; (E) opportunistic screening of all people
65 years and older during seasonal influenza vaccination at the GP; (F) self-screening using a smartphone app and confirmation by a GP in people
65 years and older. GP, general practitioner; QALY, quality adjusted life-year. The percentage cost-effectiveness of strategies (B) and (C) is 0%.

Next to cost-effectiveness, being so close in our evaluation, one
could also aim at the screening strategy with the highest impact
on stroke reduction. In this case, strategy A (screening all 65 years
and older patients visiting the GPs office) is the preferred option.
This approach can prevent >3000 fatal and non-fatal strokes in the
Netherlands, resulting in a significant reduction in costs over a life-time
horizon.
One could presume that opportunistic screening of all patients≥75

years who visit the GPs office would probably be a good mix between
strategy A (most impact) and D (most cost-effective), but this was
not evaluated in the present study. Strategy C (systematic screening
of patients ≥75 years of age) was the least cost-effective strategy
because of high screening costs.
Although strategy F (self-screening using a smartphone app and

confirmation by a GP in people 65 years and older) aims at more or
less the same population as strategy E, it is less preferred due to fewer
health gains. In strategy F, we expected 50% of participants would self-
refer to a GP after a positive signal for AF. Hence, lower use of OAC
in patients with self-detected AF and relatively high costs of confirma-
tion by a 12-lead ECG at the GPs office are to be expected.5,11 In the
Apple Heart Study, only 21% of participants with an irregular pulse
returned the ECG patch.5 So, our self-referral rate of 50% can actu-
ally be considered in favour of strategy F. To make this self-screening
approach work, low-cost confirmation and high uptake of anticoagu-
lation in positive individuals could make it more cost-effective. There-
fore, this screening strategy might work better in combination with
one of the strategies where the GP has access to a single-lead ECG AF
detection device and is aware of the importance of OAC in screen-
detected AF.

Regarding the attendance or willingness to participate in
(systematic) screening programmes, the STROKESTOP study showed
that non-participants had more comorbidities, and more often
polypharmacy, a lower grade of education, were more likely to live
alone, had a lower income, and developed more events during follow-
up compared with the participants and controls.19 This means that
special attention and more efforts need to be made to target these
groups within screening programmes in order to improve public
health. In particular, due to the socio-economic and demographic sta-
tus and associated risk factors for stroke, such as hypertension, smok-
ing, obesity and alcohol intake, the impact of screening and subsequent
stroke prevention with anticoagulation and focus on the reduction of
modifiable, lifestyle, risk factors for stroke is expected to give more
health-gains and reduction of health care usage in non-participants
compared with the screened population. From a societal perspective,
it would be worthwhile to explore this research question in a future
study.
The present study evaluated strategies all using a single-time point

screening to detect persistent/permanent AF or paroxysmal AF with a
high burden. Controversies exist about screening for shorter episodes
of paroxysmal AF, since the thrombotic risk of these episodes may
be lower and prophylactic anticoagulation may not result in fewer
strokes, while the costs of screening and verification may increase sub-
stantially.20 Despite health economic evaluations of AF screening have
been published for various screening strategies, countries, and target
populations, it is difficult to compare our evaluation with other stud-
ies due to the underlying heterogeneity.6–9 A recent health economic
evaluation of a photoplethysmographic procedure for screening for
AF (Preventicus Heartbeats) in six European countries showed that
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for the Netherlands, screening for AF was close to cost-neutral.21 In
this multi-country analysis, the authors also showed that in countries
with high healthcare costs, screening for AF is favourable from a health
economic point of view.
The cost-effectiveness of screening for AF is particularly sensitive

to the costs and transition probabilities of IS, MI, and SE. Therefore,
if decision makers require a reduction in the uncertainty of the cost-
effectiveness of AF screening, despite being cost-saving in most strate-
gies, investments in future studies which reduce the uncertainty in the
costs and transition probabilities of IS, MI, and SE should be consid-
ered. The cost-effectiveness of AF screening is not sensitive to the
detection of AF in usual, routine medical care. Simplified, the cost-
effectiveness of AF screening is based on the number of detected AF
patients due to screening programme in addition to the number of
AF patients detected in usual care minus the number of AF patients
detected in usual care. So, in an incremental cost-effectiveness evalua-
tion comparing an AF screening programme to usual care, the impact
of detection AF in usual care is mostly cancelled out. As with most
cost-effectiveness analyses, the impact of AF screening on deaths and
strokes prevented is modelled. Real-world data on the impact of AF
screening on strokes and deaths prevented is rife. Therefore, we sug-
gest to evaluate AF screening programmes when implemented with
population studies and registries such as the DUTCH-AF registry.22

As NOACs coming available as generic drugs in the next few years,
it may be expected that due to the decreasing cost of stroke preven-
tion, AF screening becomes even more cost-effective than presented
in our current evaluation.

Conclusion
In conclusion, the majority of single-time point AF screening strate-
gies are cost-saving. Screening all patients visiting the geriatric outpa-
tient clinic was shown to be the most cost-effective. Opportunistically
screening of all patients ≥65 years visiting the GPs office had the high-
est impact on strokes prevented.
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Supplementary material is available at European Heart Journal—
Quality of Care and Clinical Outcomes online.
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